
1

4th International 
Disaster and Risk 
Conference

26-30 August 2012
Davos, Switzerland

www.grforum.org

IDRC 
DAVOS 2014
"Integrative Risk Management - 
The role of science, technology & practice"

Extended Abstracts
Oral presentations,
Special Panels,
Sessions and Workshops

24-28 August 2014 
Davos, Switzerland

DAVOS 
2014
IDRC 5
th



2

Platinum Sponsors

Bronze Sponsors

Official Carrier

Silver Sponsors

Risk management solution

DAVOS 
2014
IDRC 5
th

  
ISSN 2296-8172

SPONSORS

2



3

Platinum Sponsors

Bronze Sponsors

Official Carrier

Silver Sponsors

Risk management solution

DAVOS 
2014
IDRC 5
th

  
ISSN 2296-8172

SPONSORS

4 Patronage Institutions
5 IDRC Davos 2014 Strategic Advisory Group
5 IDRC Davos 2014 Scientific and Technical Advisory Group
8 Co-hosting Institutions
8 Endorsing Partners
11  IDRC Davos 2014 Proceedings - Extended Abstracts

Contents

3



4

United Nations Environment Programme

Patronage InstItutIons

International Labour Organization

United Nations Institute for Training and Research

United Nations Educational, Scientific and Cultural Organization

Patronage InstItutIons



5

IDrC Davos 2014 sCIentIfIC anD teChnICal aDvIsory grouP

IDrC Davos 2014 strategIC aDvIsory grouP

trias aditya, Associate Professor, Department of Geodetic Engineering, Faculty of Engineering UGM, Yogyakarta, Indonesia

David alexander, UCL Institute for Risk and Disaster Reduction, University College London, United Kingdom

tahmeed M. al-hussaini, Professor, Department of Civil Engineering, Bangladesh University of Engineering & Technology 
(BUET), Dhaka, Bangladesh

Khedidja allia, Chemical Engineering Professor and research director at the University of Sciences and Technology (USTHB), 
Algiers, Algeria

ali asgary, Associate Professor and Graduate Program Director, MADEM, Disaster and Emergency Management Program, York 
University, Toronto, Canada

Christoph aubrecht, Research Associate, Austrian Institute of Technology GmbH, Foresight & Policy Development Departement, 
Vienna, Austria

alice Balbo, Global Adaption Coordinator and Resilient Cities Project Manager, ICLEI - Local Governments for Sustainability, 
Bonn, Germany

samira Barghouti, Dean of Research & Cooperation, University for Arabs, Jerusalem-Palestine

Bockline omedo Bebe, Associate Professor of Livestock Production, Faculty of Agriculture, Egerton University, Nakuru, Kenya

Per Becker, Director/Associate Professor, Centre for Societal Resilience/Lund University Centre for Risk Assessment and 
Management (LUCRAM), Lund, Sweden

Djillali Benouar, University of Science and Technology Houari Boumediene, Bab Ezzouar, Algeria

nik Bessis, Professor of Computer Science and Director of Distributed and Intelligent Systems (DISYS) Research Centre, University 
of Derby, United Kingdom

Janos J. Bogardi, Executive Officer, Global Water System Project, Bonn, Germany

Jean-Claude Bolay, Director, Cooperation and Development Center and Vice-Presidency for Academic Affairs, UNESCO Chair in 
Technologies for Development, Ecole Polytechnique Federale de Lausanne, Lausanne, Switzerland

stefan Brem, Head of Risk Analysis and Research Coordination,Federal Department of Defense, Civil Protection and Sport 
Federal Office for Civil Protection Policy Division, Berne, Switzerland

Deborah Mary Brosnan, President, Brosnan Center Professor (adj) of Biology, Virginia Tech and Brosnan Center, Blacksburg, VA, 
United States of America

Peter Burgherr, Group Leader Technology Assessment, Laboratory for Energy Systems Analysis, Paul Scherrer Institut , Villigen, 
Switzerland

Christopher g. Burton, Senior Scientist, GEM Foundation, Pavia, Italy

andrew e. Collins, Director of the Disaster and Development Centre, Northumbria University, Newcastle-upon-Tyne, United 
Kingdom

louise Comfort, Director, Center for Disaster Management at the Graduate School for Public and International Affairs, University 
of Pittsburgh, Pittsburgh, PA, United States of America

ranjith Dissanayake, Professor of Civil Engineering, Department of Civil Engineering, University of Peradeniya, Peradeniya, Sri 
Lanka

opha Pauline Dube, Associate Professor in the Department of Environmental Science, University of Botswana, Gaborone, 
Botswana

Craig Duncan, Senior Information Management Officer, Information Management Unit, United Nations International Strategy 
for Disaster Reduction UNISDR, Geneva, Switzerland

alam edris, Assistant Professor, Department of Geography and Envt. Studies, University of Chittagong, Chittagong, Bangladesh

Idrc davos 2014 strategIc & scIentIfIc and technIcal advIsory grouP

Walter J. ammann, Chairman of the International Disaster and Risk Conference IDRC Davos, Founder and President of the 
Foundation Global Risk Forum GRF Davos, Davos, Switzerland

Pedro Basabe, Senior Programme Officer, UN Office for Disaster Risk Reduction, Geneva, Switzerland

Mechthilde fuhrer, Deputy Executive Secretary of the European and Mediterranean Major Hazards Agreement of the Council of 
Europe, Strasbourg, France

virginia Murray, Vice-Chair of the UNISDR Scientific and Technical Advisory Group, Public Health Consultant in Global Disaster Risk 
Reduction, Public Health England, London, United Kingdom

han Qunli, Director, Division of Ecological and Earth Sciences (SC/EES), Secretary, Man and the Biosphere (MAB) Programme, 
UNESCO Headquartes, Paris, France

stephan schreckenberg, Head Risk Research Relations, Swiss Re, Zurich, Switzerland

Muralee thummarukudy, Chief of Disaster Risk Reduction at United Nations Environment Programme, Geneva, Switzerland

Dennis Wenger, Chair of the UNISDR Scientific and Technical Advisory Group, National Science Foundation (NSF), Arlington, VA, 
United States of America



6

Mustafa erdik, Professor of Earthquake Engineering at, and currently serves as the Director of, Kandilli Observatory and 
Earthquake Research Institute in Bogazici University in Istanbul, Istanbul, Turkey

Michael h. faber, Professor of Risk and Safety and Head of the Department,Department of Civil Engineering, Technical 
University of Denmark, Lyngby, Denmark

Marie-valentine florin, Managing Director, IRGC – International Risk Governance Council, Geneva, Switzerland

Carl gibson, Director of Risk Management, La Trobe University, Melbourne, Australia; volunteer fire-fighter holding the rank of 
Lieutenant, Victoria’s Country Fire Authority, Melbourne, Australia

Paulo gonçalves, Founder and Director of the Master in Humanitarian Logistics and Management (MASHLM) and Master in 
Humanitarian Operations and Supply Chain Management (MASHOM), and Associate Professor of Management at the University 
of Lugano (USI), Lugano, Switzerland

gutu tesso, Disaster risk reduction and climate change expert, World Vision International - East Africa Office (WVI - EARO), 
Nairobi, Kenya

Bernhard M. hämmerli, Computer scientist and professor at the Lucerne University of Applied Sciences, Switzerland and Gjovik 
University College, Norway, Lucerne, Switzerland

rezaul haq, Self-taught biologist and environmental scientist, Khulna, Bangladesh

raúl gonzález herrera, Chief of the Natural Hazard Risk Reduction Division, Universidad de Ciencias y Artes de Chiapas UNICACH, 
Chiapas, Mexico

ryusuke hashimura, Associate Professor, Department of EcoDesign, Sojo University, Kumamoto, Japan

Makarand (Mark) hastak, Professor and Head of the Division of Construction Engineering and Management as well as Professor 
of Civil Engineering at Purdue University, West Lafayette, IN, United States

sam hettiarachchi, Professor of Civil Engineering, University of Moratuwa and Chair, Risk Assessment Working Group of UNESCO/
IOC/ICG/IOTWS, Moratuwa, Sri Lanka

yasamin o. Izadkhah, Assistant Professor, Risk Management Research Center, International Institute of Earthquake Engineering 
and Seismology (IIEES), Tehran, Iran

Paul Kovacs, Executive Director, Institute for Catastrophic Loss Reduction, Adjunct Research Professor, Economics, Western 
University and President & CEO Property and Casualty Insurance Compensation Corp., Ontario, Canada

elisabeth Krausmann, Principal Scientist, European Commission, Joint Research Centre, Ispra, Italy

Wolfgang Kröger, Executive Director, ETH Risk Center, ETH Zurich, Zurich, Switzerland

seda Kundak, Department of Urban and Regional Planning, Faculty of Architecture, Istanbul Technical University, Istanbul, 
Turkey

thomas r. loster, Chairman, Munich Re Foundation, Munich, Germany

alexandros Makarigakis, Chief of the Cross Cutting Thematic Unit on Disaster Risk Reduction (DRR), UNESCO Headquarters, Paris, 
France

Claudio Mahler, Researcher of the National Research Council (CNPq) and Scientist of FAPERJ, Rio de Janeiro, Brazil

James r. Martin II, Chair and Professor of Civil Engineering at Clemson University, Clemson, SC, United States of America

adolfo C. Mascarenhas, Local and Indigenous Knowledge Systems, Commission of Science and Technology, Dar es Salaam, 
Tanzania

andré Musy, Professor Emeritus of École Polytechnique Fédérale of Lausanne (EPFL), Lausanne, Switzerland

satoru nishikawa, Vice-President, Japan Water Agency (JWA), Saitama, Japan

yuichi ono, Professor, International and Regional Cooperation Office Disaster Information Management and Public 
Collaboration Division International Research Institute of Disaster Science (IRIDeS), Tohoku University, Sandai, Japan

george Pararas-Carayannis, President, Tsunami Society International, Honolulu, United States of America

helene Maria Paulinyi, Federal University of Minas Gerais, Belo Horizonte, Brazil

francesco Pisano, Director for Research, Technology Applications and Knowledge Systems, United Nations Institute for Training 
and Research, Geneva, Switzerland

stefan Pickl, Chair for Operations Research Management, Safety & Security Alliance, COMTESSA Computer Science Faculty, Core 
Competence Center C3 for Operations Research, Universität der Bundeswehr, Munich, Germany  

ortwin renn, Department of Social Sciences, University of Stuttgart, Stuttgart, Germany

alejandro linayo rivero, President, Disaster Risk Management Research Centre, Merida, Venezuela

Jane e. rovins, Executive Director, Integrated Research on Disaster Risk (IRDR), Beijing, China

Idrc davos 2014 scIentIfIc and technIcal advIsory grouP



7

Kyoji sassa, Executive Director of the International Consortium on Landslides and Professor Emeritus of Kyoto University, Kyoto, 
Japan

Charles scawthorn, Visiting Professor, Waseda University, Tokyo and Visiting Researcher, Univ. California, Berkeley, CA, United 
States of America

haresh C. shah, Obayashi Professor of Engineering, Emeritus, Stanford University, Founder; Senior Advisor, Risk Management 
Solutions, Inc., Stanford, CA, United States of America

Daya shanker, Assistant Professor of Engineering Seismology in the Department of Earthquake Engineering, Indian Institute of 
Technology Roorkee, Roorkee, India

Peijun shi, Beijing Normal University, Beijing, China

esmail shieh, Professor of Urban Planning, School of Architecture and Urban Planning, Iran University of Science and 
Technology (IUST), Tehran, Iran

shital hardik shukla, Assistant Professor, Sardar Patel Institute of Economic and Social Research, Ahemedabad, India

Walter r. stahel, Founder-director of The Product-Life Institute Geneva; Head of Research, Climate Risk and Insurance, Geneva 
Association, Geneva, Switzerland

Jishnu subedi, General Secretary, Center of Resilient Development, Kathmandu, Nepal

helen t. sullivan, PhD, Department of Psychology Rider University, Lawrenceville, NJ, United States of America

akhilesh surjan, Associate Professor, Inter-Graduate School Program for Sustainable Development and Survivable Societies (GSS 
Program), Kyoto University and Visiting Associate Professor, United Nations University’s Institute for Sustainability and Peace 
(UNU-ISP), Kyoto, Japan

Kaoru takara, Professor of Disaster Prevention Research Institute, Kyoto University and Adjunct Professor of United Nations 
University (UNU), Kyoto, Japan

tan ngoh tiong, Dean, School of Human Development and Social Services, SIM University, Singapore

Zeynep turkmen sanduvac, Social Worker, BA / Public Administration, MA, Bogazici University, Istanbul, Turkey

thomas usländer, Head of Department, Fraunhofer-Institute for Information and Data Processing (IITB), Department of 
Information Management, Karlsruhe, Germany

eric veulliet, CEO, alpS - Centre for Climate Change Adaptation Technologies, Innsbruck, Austria

Christian Wilhelm, Head Natural Hazards, Forestry Department Grisons, Chur, Switzerland

ashvin Wickramasooriya, Senior Lecturer in Geology, Department of Geography, University of Peradeniya, Peradeniya, Sri Lanka

Mehdi Zare, Associate Professor of Engineering Seismology and Director of National Center for Earthquake Prediction, 
International Institute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran

John n. Zeppos, OTE Group BCM Deputy Director of COSMOTE Mobile Telecommunications S.A., Maroussi, Greece

Christopher W. Zobel, Professor of Business Information Technology, Virginia Tech, and member of the ISCRAM Board of 
Directors, Blacksburg, VA, United States of America

Idrc davos 2014 scIentIfIc and technIcal advIsory grouP



8

Co-hostIng InstItutIons
Bnu Beijing Normal University, Beijing, China

eur-oPa EUR-OPA Major Hazards Agreement, Strasbourg Cedex, France

unIversIty of Denver Graduate School of Social Work at the University of Denver, Denver, United States of America

sWIss re Swiss Reinsurance Company Ltd, Zurich, Switzerland

International organizations, non-governmental organizations and initiatives

acclimatise, Nottingham, UK and New York, NY, United States of America

aCt Adaptation to Climate Change Team, Vancouver, Canada

aCt Aksi Cepat Tanggap Foundation, Jakarta, Indonesia

adaptation fund, Washington DC, United States of America

aDrC Asian Disaster Reduction Center, Kobe, Japan

afaD Prime Ministry Disaster and Emergency Management Presidency, Ankara, Turkey

africaadapt, Dakar, Senegal

ayM African Youth Movement, Ikot Expene, Nigeria

Banyaneer, Upper Sturt, Australia

BCI Business Continuity Institute, Caversham, United Kingdom

CaDMe Coastal Area Disaster Mitigation Efforts, Rajahmundry, India

Caneus International, Montreal, Canada

CCCo Climate Change Coordination Office of Can Tho City, Vietnam

Ceos Committee on Earth Observation Satellites, Frascati, Italy

CIIfen Centro Internacional para la Investigación del Fenómeno de El Niño, Guayaquil-Ecuador 

CItynet, Seoul, Korea

Crisis Mappers

DIalogIK Non-profit institute for communication and cooperation research, Stuttgart, Germany

DIe German Development Institute / Deutsches Institut für Entwicklungspolitik, Bonn, Germany

Disabled rehabilitation foundation, Abuja, Nigeria

DKKv German Committee for Disaster Reduction, Bonn, Germany

eCo Ecological Christian Organization, Kampala, Uganda

eMI Earthquakes and Megacities Initiative, Manila, Philippines

eMsC European-Mediterranean Seismological Centre, Arpajon Cedex, France

engineers.ch, Winterthur, Switzerland

e2e Engineering2empower, Notre Dame, IL, United States of America

eurogeosurveys The Geological Surveys of Europe, Brussels, Belgium

european Commission, Brussels, Belgium

geM Global Earthquake Model, Pavia, Italy

gfMC The Global Fire Monitoring Center, Freiburg, Germany

gfurr Global Forum on Urban and Regional Resilience, Virginia Tech, Blackburg, VA, United States of America

gIZ Deutsche Gesellschaft für Internationale Zusammenarbeit GmbH, Eschborn, Germany

green africa Directory, Noordhoek, South Africa

green earth Citizen, Linköping, Sweden

g31000 Global Institute for Risk Management Standards, NY, United States of America

haD Huvadhoo Aid, Gaaf Dhaal Hoadedhdhoo, Republic of Maldives

helmholtz alliance energy-trans, Karlsruhe, Germany

housing foundation of Iran, Tehran, Iran

hsD The Hague Security Delta, The Hague, Netherlands

IaWe International Association for Wind Engineering, Kanagawa, Japan

ICCIP International Climate Change Information Programme, Hamburg, Germany

ICeo-KhraZ Iranian Construction Engineering Organization, Khorasan Razavi Province, Mashhad, Iran

ICl International Consortium on Landslides, Kyoto, Japan

ICleI Local Governments for Sustainability, Bonn, Germany

enDorsIng Partners

co-hostIng InstItutIons and endorsIng Partners



9

ICPeM Institute of Civil Protection and Emergency Management, Birmingham, UK

ICtP International Coalition of Tourism Partners, Haleiwa, HI, United States of America

Ig-WrDrr International Thematic Group for Wind-Related Disaster Risk Reduction, Kangawa, Japan

International federation of red Cross and red Crescent societies, Geneva, Switzerland

IPl International Programme on Landslides, Kyoto, Japan

IrgP/IhDP Integrated Risk Governance Project, Beijing, China

IsCraM International Association for the Study of Information Systems for Crisis Response and Management

IssDa International Society for Sustainable Development and Agriculture, Göttingen, Germany

IuCn International Union for Conservation of Nature, Gland, Switzerland

Kll Kathmandu Living Labs, Kathmandu, Nepal

Munich re foundation, Munich, Germany

nCDM Nepal Center for Disaster Management, Lalitpur, Nepal

nrDP National Rural Development Program, Islamabad, Pakistan

nset National Society for Earthquake Technology-Nepal, Kathmandu, Nepal

ong Inclusiva, Peñaflor, Chile

PeDrr Partnership for Environment and Disaster Risk Reduction

Preventative Measures ltd, Nassau, Bahamas 

Proact network, Nyon, Switzerland

rMs Risk Management Solutions, Newark, NJ, United States of America

rrMs Russian Risk Management Society, Moscow, Russia

science and environmental Journalists association, Nepal

seDf Sustainable Environment and Development Foundation, Sindh, Pakistan

seI Stockholm Environment Institute, Stockholm, Sweden

sgeB Swiss Society for Earthquake Engineering and Structural Dynamics, Zurich, Switzerland

sIsC Italian Society for Climate Sciences, Venice, Italy

sofadecca Society of Fire and Disaster Emergency Community Conflict Agency, Nairobi, Kenya

srgDI Sustainable Rural Growth and Development Initiative, Blantyre, Malawi

su MaDre naturaleZa Canal Capital  Environmental Program of the Public TV, Bogota DC, Colombia

swissleg, Lugano, Switzerland

swiss ngo Drr Platform, Switzerland

tDMMo Tehran Disaster Mitigation and Management Organization, Tehran, Iran

tIeMs The International Emergency Management Society, Brussels, Belgium

tsunami society International, Honolulu, HI, United States of America

t3 Risk Management SA, Geneva, Switzerland

united nations framework Convention on Climate Change secretariat, Bonn, Germany

unoosa United Nations Office for Outer Space Affairs, Bonn, Germany

uossM Union of Syrian Medical Relief Organisations, Paris, France

varD Voluntary Association for Rural Development, Dhaka, Bangladesh

WaDeM World Association for Disaster and Emergency Medicine, Madison, WI, United States of America

universities and research institutions

academia raetica, Davos Platz, Switzerland

aDreM Academy of Disaster Reduction and Emergency Management, Beijing, China 

atPs African Technology Policy Studies Network, Nairobi, Kenya 

agora Center Security, Risk and Crisis, University of Jyväskylä, Finland

aIt Asian Institute of Technology, Bangkok, Thailand

CDr Centre for Disaster Resilience, University of Salford, Salford, United Kingdom

Centre for societal resilience at lund university, Lund, Sweden

CIgIr Disaster Risk Management Research Centre, Mérida, Venezuela

Cooperation & Development Center, École Polytechnique fédérale de lausanne ePfl, Lausanne, Switzerland

CrsCaD Center for Rebuilding Sustainable Communities after Disasters - University of Massachusetts, Boston, United States of 
America

C.r.s.t.r.a Centre de Recherche Scientifique et Technique sur les Régions Arides, Biskra, Algeria

Disaster and emergency Management Program, York University, Toronto, Canada

DMII Disaster Management Institute of Indonesia, Tanggerang, Indonesia

endorsIng Partners



10

Dtu Technical University of Denmark, Lyngby, Denmark

egerton university, Egerton, Kenya

eth risk Center, Zurich, Switzerland

global Cities research Institute, Carlton, Australia

hamburg university of applied sciences / haW hamburg, Hamburg, Germany

humanitarian operations research Center, Università della Svizzera Italiana, USI, Lugano, Switzerland

IIeD-america latina Instituto Internacional de medio ambiente y desarrollo-América Latina, Buenos Aires, Argentina

Institute of evolutionary Biology and environmental studies, University of Zurich, Zurich, Switzerland

Institute of geography, Tbilisi State University, Tbilisi, Georgia

Inter-graduate school Program for sustainable Development and survivable societies, Kyoto University, Kyoto, Japan

International risk governance Council, École Polytechnique Fédérale de Lausanne EPFL, Lausanne, Switzerland

IrIDes International Research Institute of Disaster Science, Tohoku University, Sendai, Japan

IssC International Social Science Council, Paris, France

Istanbul technical university, Istanbul, Turkey

Jimma university, Jimma, Ethiopia

Kyoto university, Kyoto, Japan

lIPI Indonesian Institute of Science, Jakarta, Indonesia

Mae Mid-America Earthquake Center, University of Illinois at Urbana-Champaign, United States of America

MashlM Master of Advanced Studies in Humanitarian Logistics and Management, Università della Svizzera italiana USI, Lugano, 
Switzerland

MashoM Master of Advanced Studies in Humanitarian Operations and Supply Chain Management, Università della Svizzera 
Italiana USI, Lugano, Switzerland

national Drought Mitigation Center, Lincoln, NE, United States of America

ngI Norwegian Geotechnical Institute, Oslo, Norway

nKua National and Kapodistrian University of Athens, Athens, Greece

northumbria university, Disaster and Development Network, Newcastle upon Tyne, UK

ntu Nanyang Technological University, Institute of Catastrophe Risk Management (ICRM), Singapore, Singapore

PDf Peace & Development Foundation, Multan, Pakistan

Pelastusopisto / emergency services College, Kuopio, Finland

PsI Paul Scherrer institut, Villigen, Switzerland

rCr Risk and Crisis Research Centre, Mid Sweden University, Härnösand, Sweden

reeCs Resources, Environment and Economics Center for Studies, Inc., Quezon City, Philippines

rMIt Climate Change Program, Carlton, Australia

saritsa foundation A Mobile University for Disaster Risk Reduction and Climate Change, Mumbai, India 

sCnat ProClim- Forum for Climate and Global Change Swiss Academy of Sciences, Berne, Switzerland

sIM university, Singapore, Singapore

soJo university, Nishi-ku, Kumamoto, Japan

start National Consortium for the Study of Terrorism and Responses to Terrorism, University of Maryland, University of Mary-
land, College Park, MD, United States of America

tbilisi state university, Tbilisi, Georgia

the Disaster resilience lab, Netherlands

tPu-JurC Wind Engineering Joint Usage/Research Center of Tokyo Polytechnic University, Kanagawa, Japan

uCCrn Urban Climate Change Research Network, NY, United States of America

uCl-IrDr Institute for Risk and Disaster Reduction, University College London, London, UK

university of Moratuwa, Moratuwa, Sri Lanka

World academy of art and science, Napa, CA, United States of America

ZIrIus Center for Interdisciplinary Risk and Innovation Studies, University of Stuttgart, Stuttgart, Germany

endorsIng Partners



11

Proceedings of the International disaster and risk conference

Idrc davos 2014
extended abstracts

oral Presentations, special Panels, 
sessions & Workshops

International disaster and risk conference
Integrative risk Management - the role of science,

technology and practice

24 - 28 august 2014
davos, switzerland

edited by
Marc stal

daniel sigrist
Walter ammann

global risk forum grf davos, switzerland



12

DAVOS 
2014
IDRC 5
th

IDrC Davos 2014 extenDeD aBstraCts
The IDRC Davos 2014 Extended Abstracts are structured in alphabetical order: introductory pages are followed by all the submitted 
contributions ordered by the first author’s last name for oral presentations, or by the session chair or convenor for the special 
panels, sessions and workshops. Each contribution is bookmarked to ease browsing and finding different contributions.

Access to the IDRC Davos 2014 Extended Abstract Collection:
Open the PDF document bookmark bar to access the contributions by clicking on the respective bookmark.

Please note that during the editorial process no grammatical and spelling corrections were made to the posters and abstracts.

All rights reserved.
This publication may not be reproduced in whole or in part without permission from the publisher, Global Risk Forum GRF 
Davos.

Published and distributed by the Global Risk Forum GRF Davos, 7270 Davos Platz, Switzerland.  
Tel.: +41 (0)81 414 16 00; Fax: +41 (0)81 414 16 10; www.grforum.org

Copyright © Global Risk Forum GRF Davos



Contents

Vulnerability between residence height and aging rate in urban area: A case of Osaka, Japan
ABE, Miwa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Can we learn to be resilient? Constraints for social learning in heatwave risk management in
London, UK
ABELING, Thomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

Effectiveness of risk information containing religious messages in adopting tsunami resilience
preparedness
ADIYOSO, Wignyo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

Improving assistance to people with disabilities in disasters and crises in Europe
ALEXANDER, David E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

Fate, management and treatment of hazardous waste: Case of expired pharmaceuticals
ALLIA, Khedidja . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

The Seasonal Rainfall Prediction: Early Warning Tool for Disaster Risk Reduction in Nigeria
ALOZIE, Joseph E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

Session Abstract: Innovations in Environmental, Social and Climate Change Risk Valuation
AMADO, Jean-Christophe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

Potential of satellite data in catastrophic flood risk mapping and assessment: Case studies from
Asia and Africa
AMARNATH, Giriraj . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

The role of science in the UK’s response to Typhoon Haiyan
ARMSTRONG, Colin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

Best risk governance practices of shale gas development in Europe
ARNOLD, Nikolaus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

“Resilience of communities” and land use planning on the provincial territory of Potenza
ATTOLICO, Alessandro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

Mashhad, the city of community contribution in DRR
AZIZI, Amir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

Area business continuity management, a new opportunity for public-private partnerships
BABA, Hitoshi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

Organizational risk profile measurement and management
BANASIEWICZ, Andrew D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

Resilience in urban contexts: From South America to Europe.
BARBERIS RAMI, Mat́ıas Ezequiel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

A new multidisciplinary approach to learn lessons from disasters (Forensic Investigations of
Disasters (FORIN): Researching causes in 2003 Algiers (Algeria) earthquake disaster
BENOUAR, Djillali . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

13



An integrated risk and crisis management approach for terrorist attacks in public transport
networks
BENTLER, Christian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

Applying the SD approach to cascading effects in case of flood events
BERARIU, Romana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Cyclone resilient landscape, a landscape approach conducted in the case of Vatomandry,
Madagascar
BERGSTRA, Esther . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

Analyzing of biophysical indicators of land degradation
BOLASHVILI, Nana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

The role of public-private stakeholder collaboration to achieve critical infrastructures resilience:
Main findings from the EU-CIPS MIRACLE project
BOUCHON, Sara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

Evaluation of mass casualty incident (MCI) exercises to improve concepts and training for staff
by using a MCI-benchmark system
BRAUNER, Florian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

Economic considerations in risk management: Lessons learned from H1N1 influenza
BRENDER, Nathalie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

Understanding the role of human and nonhuman actants in post-disaster contexts: A tentative
deployment of Actor Network Theory to evaluate its usefulness
BREWER, Graham John . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

Preventive community relocations: Institutional mechanisms and constraints for Disaster Risk
Reduction strategies
BRONEN, Robin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

Assessing relocation potential in Hurricane Sandy affected coastal communities
BUKVIC, Anamaria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

Comparative Risk Assessment of Energy Technologies in the Context of Energy Security, Critical
Infrastructure Protection and Sustainability
BURGHERR, Peter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

Session Abstract: Secure and Resilient Energy Systems: the Central Role of Risk Management
BURGHERR, Peter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

Session Abstract: Opportunities and Challenges of Implementing ecosystem-based DRR
BUYCK, Camille . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

Community-based risk management strategies: A survey on landslide risk knowledge and
perception
CALVELLO, Michele . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

Complex system thinking: An integral feature of disaster preparedness for unexpected
interdependent risks
CAVALLO, Antonella . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

14



The role of first language reversion in communication and outreach
CHANDLER, Robert C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

Medical preparedness for natural disaster in India: Perspectives & future measures
CHANDRA, Hem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

Investigating the effectiveness of using immersive virtual world exercises to teach disaster,
development and other: A comparative study of tools developed by Coventry University
CHEN, Yung-Fang . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

Ecological challenges of land degradation and human vulnerability in Anambra state, Nigeria
CHINWEZE, Chizoba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155

Tensions and complexities in creating a sustainable and resilient built environment: Achieving a
turquoise agenda in the UK
CHMUTINA, Ksenia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

Towards integrated urban security and resilience: A tool for decision-makers
CHMUTINA, Ksenia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163

Climate refugees: The case of Newtok, Alaska
COMTE, Adrien . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

What do older people’s life experiences tell us about emergency preparedness?
CORNELL, Victoria Jane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171

The importance of a whole of community approach to using social media for disaster resilience
and how the Emergency 2.0 Wiki can help
CULLETON, Eileen Mary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176

Can the observance of human rights of individuals enhance their resilience to cope with natural
disasters?
DA COSTA, Karen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180

Finding the missing thread: The inclusion of a human rights-based approach in tackling climate
change mitigation, adaptation and Disaster Risk Reduction
DA COSTA, Karen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184

City resilience framework: A holistic evidence-based framework for understanding city resilience
DA SILVA, Jo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

Multi-organizational collaboration – an experimental study on how emergency services and
personnel at an elderly care unit view an incident
DANIELSSON, Erna Viveka . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192

Global governance: A promising scenario for disaster risk reduction
DE MAJO, Veronica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196

The impact of ITS technologies in intelligent city in times of crisis
DELBARI, Mohammad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200

Climate change-related relocation in lesser developed country cities: A review of existing
guidelines for informal settlements
DOBERSTEIN, Brent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210

15



The theoretical and practical teaching of chemistry in the disaster management education in
Hungary
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Vulnerability between Residence Height and Aging Rate in Urban Area: A 

Case of Osaka, Japan 

Miwa Abe1 
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ABSTRACT: In the urban area where residents live in high-rise buildings, living at such heights can also be considered an urban 

vulnerability factor. When natural disasters hit these areas, people have to evacuate from upper floors by using the stairs, 

alternatively, he/she may give up evacuating for safety. This study focuses on people, particularly the elderly population, who are 

living in Kita-ward, Osaka city which is one of the biggest area in Japan. It aims to understand the relationship between residence 

conditions of the elderly and mapping the relations between residence height and aging rate by GIS. Resident data was collected 

from all households in Kita-ward. It was done with cooperation from Kita-ward office in Osaka city. A new GIS map compared 

the residence height that the aged population is living, and it shows risk of aging people in the area. To understand vulnerability 

of aging people, this study compared a general map of population aging rate against the new map which takes into consideration 

the residence height that the aged population is living. Findings show that by including the residence height as a factor, risk of 

aging people is significantly different, suggesting that planning of disaster prevention should not only consider housing condition 

but also the height of residence. 

Keywords: Aging Rate, Living Height, Disaster Evacuation, Urban  

1. INTRODUCTION 

The ageing population rate in Japan have reached 24.4% in 1st October, 20121). In 1950, the rate was less than 5%, which 

increased to 7% in 1970 and it have continued ever since. In an announcement by National Institute of Population and Social 

Security Research, the elderly population will continue to rise, and it is predicted that elderly population will achieve a peak in 

2042. Not only would the elderly population reach a peace the ageing population will also continue to rise and reach 39.9% in 

2060.  It means approximately one in 2.5 people is elderly aged 65 and over. In 1950, one elderly was supported by 12.1 people 

in their productive years. However one elderly is supported by 2.6 people in their productive years in 2012. These issues are not 

only in agricultural areas at the country side, but is also happening in urban areas.  For example, ageing population rate in Tokyo 

is 21.3%, and the rate in Osaka is 23.7% in 2012.It is expected to rise that the rate in Tokyo will be 33.5% and the rate in Osaka 

will be 36.0% in 2040. Ageing population is a common social issue in modern societies, hence it is important consider to tackle 

the problem of aging such as disaster planning and social welfare. However, people’s life style, housing condition, human 

networks and so on are different between country area and urban area. In particular, living style such as the number of housemate 

(single life or not), housing type (independent housing or condominium building), the approach of elderly issues are different.  

This studies looks at the ageing population rate aged 65 and over. In the past, the rate was calculated based on the elderly 

population per total population in target area. It did include people’s living condition. However, many people in urban area are 

living at condominium. It means their living place is in a vertical direction. If people want to go outside, they must move up and 

down. Once disaster happen in the area, people need to have access to the land without lift till recovery of electricity. Taking this 

circumstances into consideration, this study will assess the state of ageing population rate is in the urban area relating to the 

people’s residence height. It will be a new risk index for elderly people. And two types of maps of the ageing population rate and 

aging risk index will be compared to determine the differences. 

2. NATURAL DISASTER AND VULNERABLE PEOPLE 

What is the risk for elderly people observed in this study? For elderly people who are living urban area, living at condominium 

will be one of the risk. For example, lift cannot be used following an earthquake due to electricity outage and affected people 

living on the upper floors will have to use the stairs to evacuate to the ground floor. In cases where there is not enough space, 

people may just stay in their rooms. Furthermore, people would need to go to the ground floor to receive relief goods and this is 

challenging for the elderly people living at the upper floors. Vulnerable people has different definition in each local government, 

but usually it includes elderly people, physically handicapped people, small baby, expectant and nursing mothers and people from 

other counties. National government have drawn up new guideline for evacuation and support after disasters and guideline on 

how to make the evacuation manual in 20052), because death of elderly people by disaster is accounted for over half of total death 

of victims.  

Kosaka3) pointed out the three issues about elderly in the disaster management. These issues were evaluated from research about 

affected elderly people at the Great Hanshin-Awaji Earthquake in 1995 and survey of shingle life of elderly and using elderly 

facilities in urban area. First issue is vulnerability of housing construction. Elderly was easily affected by earthquake because 

their age and housing problems. Second issue is low quality of evacuation life at evacuation centre. Even at the centre, sometime 
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elderly people will be isolated. Third issue is the ability of collecting information. At the time of disaster, people need to get 

information early, in turn, to be connected to getting support. Elderly people is vulnerable in the time of disaster3). However on 

the other hand some researchers have pointed out that anybody will be a victim4)5). Certainly, just after disasters, elderly people 

may have the most damage, but in terms of evacuation time, this situation will be changed. Young people who are living alone 

does not have human networks in own community and would also require support from others. 

3. THE ELDERLY AND CONDOMINIUM BUILDING 

The refugee following disaster can be classified into 2 groups - refugee at home and refugee at evacuation centre. Watanabe6) 

have added to a new class namely refugee of upper tier (floor) in the urban area. This is because in the urban area, evacuation life 

in upper floor is difficult to obtain and store water and relief goods. Watanabe pointed out that evacuation life of upper floor is 

difficult and many elderly people living in the upper floors would require support to evacuate, hence many choose not to 

evacuate. 

Construction ministry have drawn up the principle of housing design for longevity society7）in June, 1995. In principle, high-rise 

housing which is over 6 floors would need to have lifts and as far as possible medium-rise housing which is 3 to 5 floor should 

also have lifts in Paragraph 5, item 1 of Article 3. Although these condominium has lifts, however, how many people actually use 

lift after an earthquake? It is more likely that stairs are used for evacuation during times of emergency. In urban area, housing can 

be as high as 30 floors or more. Elderly people who are living in these high floors will not evacuate from his room because 

evacuation is impossible for them without a lift. There are two types of people – those who can evacuate and those who cannot 

evacuate. Let’s to return the recovery period of infrastructures after the Great Hanshin-Awaji Earthquake in 19958). According to 

the data, recovery of infrastructure takes a fair amount of time. Electricity was recovered after 6 days but temporary recovery of 

water supply took 43 days. Even if people can use the lift, they would need to move from the upper floors to ground floors to 

obtain water. In the past disaster, Kaneko9) observed low evacuation rate of the elderly people after Waste Off Fukuoka 

Earthquake in 2005. He speculated that elderly people cannot evacuate from upper floor because of the lack of lift. Age is not a 

vulnerable factor, but complex factors such as age, living height and living with who influences the vulnerability. For elderly 

people, if they can receive support from their family or neighbours, they are not vulnerable to disaster. And if they live in lower 

floors, evacuation is easy for them.   

4. METHODOLOGY 

4.1 Details of Study Area 

Study area is Kita ward in Osaka city and there are 24 wards. It located in centre of the city, commercial area are spread around 

Osaka station. City Hall is located there and there are 19 areas which are separated based on elementary school zone. Population 

is 119,717 with 72,097 households as of 1st May, 2014. Area of ward is 10.33km2, population density is 11,590 person per 

square kilometre. Population is still rising10). National population census11) in 2010 shows that daytime population is 382,705 

person. Many housing are constructed using concrete rebar and iron frame in Kita ward, and 85% of housing are it11). This 

number is the biggest in Osaka city, the difference is 2.4 times than the lowest ward which is Ikuno ward (35%). Regarding as 

apartment complex, floor number 6 to 10 is 38.4%, over 11 is 48.6%. It means that apartment complex which is over 6th floor 

account for over 90% in the ward. It shows that Kita ward is high building area and many people lives in there. 

4.2 Data Analysis and Analytical Method 

Data analysis based on Abe and Yosano12), used residence height and aging rate in each floor. All data was collected by the Basic 

Resident Register in Kita ward, Osaka city, with the cooperation from Kita ward office. Data collected are residence height, age, 

household composition of all households in each area, which were released in 1st July and 1st October in 2011. Collected data 

was divided into 4 classes - residence height at lower floor (1st to 2nd floor), middle floors (3rd to 5th floor), higher floors (6th to 

14th floor) and super-high floors (over 15th floor). This classification was based on City Planning Act Paragraph 1, item 7 of 

Article 6 and the principle of housing design for longevity society. In Japan, there is no definition for super-high floors, as such, 

the interim standard will be floor 15 and above. All population is based on age which is over 65 or not. The classification of 

elderly was based on the report by United Nations and World Health Organization. Class one is 7 to 14% of aging rate (aging 

society), Class two is 14 to 21% of aging rate (aged society), Class three is over 21% (super-aged society). In addition, Class four 

is 23.1% (Japanese aging average) and Class five is 50%. The aging population rate in each floor is the aging population rate in 

each floor in the area per total population in the area. Investigation period is between 19th July in 2011 to 11th January 2012. 

Accident error of data collection was 6.4% among household and 0.5% among the population. Based on this data, GIS map of 

aging population rate in each floor was generated and compared with existing aging rate map. 
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5. RESULT OF DATA ANALYSIS 

Figure 1a to Figure 1d are the result of data analysis. Figure 1a shows the lower floor levels. High aging population area is spread 

around Osaka station, which is commercial area. Compared to the middle floor levels (Figure 1b to Figure 1d), lower floor levels 

has a higher aging rate. Characteristics in this area is that it is a sparsely populated with many elderly people living there. As a 

result, although elderly population is lower than other area, but aging rate is high. In the surrounding area around the commercial 

area, the elderly population and total population is both high, therefore aging rate is high as well. The area of the high aging rate 

at the middle floor levels (Figure 1b) is lower than lower floor levels but higher than the national average. The aging rate was 

expected be higher at the higher floor levels, however, it was observed that the aging rate is the same between the middle floor 

and higher floor levels (Figure 1c). In certain areas, the aging rate was higher in the higher floors than the middle floors, 

indicating that the higher the floors, the higher the aging rate. Especially in the east part of the ward. Understanding the living 

conditions of the elderly people in these areas is important as there is a higher possibility that they would require support during a 

disaster. These area have City-provided housing and housing by Urban Renaissance Agency. These houses were bought between 

1960s to 1970s when the people were in their 30’s to 40’s and they have aged since. The non-colored area in Figure 1d indicates 

area with no super-high floor condominiums. In east part of the ward, one area shows 14 to 21% aging rate. The area has been 

under development by private company in recent years. The buildings are new and the elderly people moved into the ward, hence 

the rise in the aging rate. 

Aging Rate: Low Floor (1~2F)

Aging Rate

高齢化率 中層階Aging Rate: Middle Floor (3~5F)

Aging Rate

 

a) Low Floor Level                                                                         b) Middle Floor Level 

高齢化率 高層階Aging Rate: High Floor (6~10F)

Aging Rate

高齢化率 超高層階Aging Rate: Super High Floor (11F~)

Aging Rate

 

     c) High Floor Level                                                                            d) Super-high Floor Level 

Figure 1: Aging Rate of Each Floor Level 
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6. CONCLUSIONS 

This study attempts to understand the relations between residence height and aging rate in urban area to identify high risk area for 

the elderly people. Target data is all households in the Kita ward and population data was divided accordingly to the four floor 

levels. Findings were that the largest aging rate area are concentrated in commercial area around Osaka station and it is in the low 

floor level. Comparing the aging rate at middle floor level and high floor level, some high floor level areas show high aging rate 

than middle floor level. It means aging rate has a higher score at upper floor levels. Therefore in that area elderly people have to 

evacuate from upper floor to the ground floor, with support from others. It is important to consider the elderly population living 

condition (e.g. residence height) when developing evacuation plans. The current maps that does not provide such information 

may be inadequate when it comes to consideration of evacuation plan for the elderly. For the future disaster prevention plan, it 

should include the living condition such as residence height in the urban area. 
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ABSTRACT: This study explores constraints on social learning in local government disaster risk management strategies. The 

focus of the study is on local authorities, public health organizations, and voluntary sector organizations in London, and the way 

in which their heatwave planning approaches are shaped by the UK National Heatwave Plan. Local authorities are identified in 

the UK as agents of disaster risk management through the 2004 Civil Contingencies Act, which provides a legal mandate for 

local authorities to plan for and respond to contingencies, including heatwaves. This role raises questions on whether local au-

thorities are well positioned to lead on the development and implementation of risk planning strategies that are flexible and adap-

tive to changing risk contexts. The analysis in this paper explores constraints on social learning in local risk planning organiza-

tions. London, UK, a global frontrunner in urban climate change adaptation, serves as an in-depth case study, drawing on six 

months of empirical research with local risk management organizations. Findings suggest that scarce administrative capacities 

and volatile political priorities constrain critical reflection and innovation in local planning organizations. Learning unfolds as 

incremental problem-solving, rather than fundamental change, and is directed at coping with dysfunctionalities of existing risk 

planning strategies. This prevalence of single-loop, rather than double or triple-loop learning stabilizes the planning regime of the 

National Heatwave Plan and potentially undermines transformation towards preventive, rather than response-based disaster risk 

management strategies. The research thus calls into question whether local authorities in the UK are well positioned to act as 

agents of change and transformation in disaster risk management. 

Keywords: heatwave, disaster risk management, social learning, organizations, climate change 

1. INTRODUCTION 

What constrains social learning in disaster risk management approaches at the local level? This question seems to become in-

creasingly relevant in the context of climate change, as local authorities are often identified as lead agencies for the implementa-

tion of adaptive disaster risk management strategies. In the UK, local authorities have a primary responsibility to plan for and 

respond to emergencies and disasters, including those related to extreme weather, following the provisions of the 2004 Civil Con-

tingencies Act (CCA). The local level thus emerges as a space where climate change resilience is negotiated, and local risk plan-

ning organizations are at the heart of this dynamic.  

This paper explores limits of social learning in local level heatwave risk management in London, UK. It focuses on the imple-

mentation of the UK National Heatwave Plan through local authorities, public health organizations, and the voluntary sector. 

Based on theories of social learning, the analysis explores institutional obstacles to paradigm shifts in local risk planning. It sug-

gests that scarce administrative capacities and lacking political support at the local level limit disaster risk management to an 

adherence to essential legal requirements for emergency planning. While this provides for a minimum level of risk planning 

throughout local authorities, it also undermines capacities of critical reflection and innovation. There seems to be limited scope at 

the local level for questioning not only actions (single-loop learning), but also assumptions and context of local risk planning 

(double- and triple-loop learning).  

Research was conducted in the context of the ongoing EU FP7-funded project “emBRACE- Building Resilience Amongst Com-

munities in Europe”. Work presented in this paper focuses on the organizational and institutional aspects of community resilience 

towards heat and supports a PhD project at King’s College London and at the United Nations University – Institute for Environ-

ment and Human Security (UNU-EHS). The empirical analysis is based on data from six months of fieldwork in London, UK. 49 

semi-structured expert interviews were conducted between April 2013 and April 2014. The majority of respondents represent 

London local authorities (n=28), but also the NHS (n=6), Public Health England (n=4), the voluntary sector (n=4), the Greater 

London Authority (n= 3), the London Fire Brigade and the London Ambulance Service (n=2), and national government (n=2). 

This extended abstract is structured in four sections. The next section outlines the context of heatwave risk in the UK. It aims at 

demonstrating the increasing relevance of heat stress as a natural hazard affecting the UK. The third section discusses the roles 

and responsibilities of local level risk planning organizations as agents of disaster risk management in the UK. The fourth section 

explores scarce administrative resources and lacking political support as two constraining factors for local heatwave risk man-

agement. The fifth section briefly reflects on the added value of this research for the Hyogo Framework for Action.  

1. HEATWAVE RISK IN THE UK 

29



 

2 

 

 

In July 2013, a “level 3” heatwave alert was issued by the UK Met Office for parts of the United Kingdom, including London, to 

warn the public and risk planning organizations at all administrative scales of the potentially adverse effects of extreme tempera-

tures. July 2013 is considered as the third warmest July since 1910, with temperatures in the UK exceeding 30°C for seven con-

secutive days (PHE 2013b). Although the impact of the heatwave on public health remained limited, the Met Office suggested 

that July 2013 was the most notable UK heatwave since 2006, when approximately 680 people died due to the adverse effects of 

extreme heat (PHE 2013a).  

The July 2013 heatwave can be seen as a reminder that the UK is increasingly at risk of experiencing adverse effects related to 

extreme temperatures. The country faced several heatwave events over the last decade, most notably in 2003. The 2003 European 

heatwave is associated with about 2000 deaths in the UK, and 45000-70000 across Europe (Robine et al. 2007; WHO 2009). Its 

impacts were particularly strong in France, where up to 15000 people died due to the heat. Less extreme, but significant heatwave 

events in the UK took place in 2006 and 2009 (Green et al. 2012; PHE 2013a).  

In the context of climate change, heatwaves are expected to become more frequent, extensive, and significant in impact (EEA 

2012; IPCC 2012; WorldBank 2012). In contrast to other extreme weather events such as flooding or storms, heatwaves are a 

natural hazard directly attributable to man-made climate change, according to the 2012 Special Report on Extreme Weather from 

the Intergovernmental Panel on Climate Change (IPCC). The significance of heat stress as a climate change related hazard was 

re-iterated by the IPCC in its recent 5th Assessment Report, which suggested that an increase in hot temperature extremes over 

most land areas is “virtually certain” (IPCC, 2014: 20).  

The scientific evidence for climate change related increases in extreme hot temperatures contrasts with seemingly low public and 

professional perceptions of heatwave risk in the UK (Abrahamson et al. 2009). A recent study found that in the UK, flooding 

events shape public perceptions about climate change risks more than heatwaves (Taylor et al. 2014). According to the authors, 

their findings also point to the risk of underestimating the adverse effects of extreme temperatures, constraining preparedness and 

prevention measures. Against the background of extensive flooding in the UK in 2013 and early 2014 (EA 2014), much attention 

from media, government, and the public seemed to be directed at extreme weather events other than heatwaves. This discrepancy 

between strong scientific evidence for, and low public and professional perceptions of heatwave risk raises questions about the 

prospects of heatwave risk management in the UK. 

3. LOCAL GOVERNMENT LEGAL MANDATE FOR HEATWAVE PLANNING 

Local authorities have a legal mandate to plan for and respond to contingencies in the UK. The mandate stems from the 2004 

Civil Contingencies Act, which identifies local authority organizations as agents of disaster risk management. Extreme weather 

events are part of the legal mandate, which creates demand at the local level for knowledge and advice on how to plan for and 

respond to extreme heat. In London, the provisions of the 2004 Civil Contingencies Act are supplemented by the “Minimum 

Standards for London”, a London-specific emergency planning policy that identifies minimum requirements for local authority 

emergency planning strategies. Both policies provide a strong legal platform for heatwave planning at the local level.  

The legal mandate for heatwave planning in the UK is reinforced through the 2012 Health and Social Care Act. This law funda-

mentally changed the architecture of public health delivery in the UK. Amongst others, it transferred some public health services 

from the National Health Service to local authorities (DH 2012). Responsibilities in public health services that were transferred to 

the local authority became subject to the organization’s legal mandate for emergency planning outlined above. Following the 

Health and Social Care Bill, public health services are therefore subject to the legal requirement for emergency planning, too, if 

they are part of the local authority.  

Legal mandates for heatwave planning created demand for disaster risk knowledge and information and advice on heatwave risk 

management in local authorities. This demand is met through the UK National Heatwave Plan. The heatwave plan is a non-

mandatory document that provides knowledge and advice on heatwave planning to local authorities, public health organizations, 

and organizations from the voluntary sector. The heatwave plan is issued by the UK Department of Health, and by Public Health 

England. It was first developed in 2004, as a response to the 2003 European heatwave. Since then, it is updated annually. The UK 

National Heatwave Plan shapes local heatwave risk management strategies in London. It outlines roles and responsibilities for 

heatwave planning in local organizational contexts. As a consequence, it is utilised by emergency planning, public health, and 

social care teams as a point of reference to implement risk planning strategies in their organization. This makes the National 

Heatwave Plan influential in shaping local risk management strategies.  

4. LOCAL LEVEL CONSTRAINTS ON HEATWAVE PLANNING 

Heatwave planning at the local level seemed to be constrained, amongst others, by scarce administrative resources and a lacking 

political prioritization of heatwave risk. The impact of budgetary constraints seemed to be felt across organizations at the local 

level. Several respondents reported layoffs within their organization and suggested that these had negative implications for the 
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organization’s ability to deliver heatwave planning services to the public. This concerned, for example, an emergency planning 

team of a London local authority that was reduced to a single planner. The reduction of personnel was perceived by the respon-

dent to translate into a loss of quality in risk planning services, limiting heatwave planning to the implementation of essential 

legal requirements. Several respondents from other planning organizations in London suggested that a reduction of non-essential 

services affected heatwave planning, in particular. This seemed to be partly due to low risk perceptions, as the absence of signifi-

cant heatwave events in the recent past seemed to undermine a consideration of heatwaves as a priority issue of risk planning. 

Planning was thus reduced to a minimum, and was often limited to the adoption of the National Heatwave Plan to the local or-

ganizational context, with little or no energy spent on critically reviewing and questioning its provisions and advice.  

Shifting political priorities also seemed to constrain heatwave planning at the local level. This concerned, in particular, those 

areas of risk management that lacked a robust legal basis. While emergency planning operations are legally required under the 

2004 CCA, heatwave risk management efforts that concerned social, environmental, and technical risk dimensions lacked a com-

parable legal mandate. The provisions of the CCA put a focus on short-term response, rather than long-term, preventive planning. 

Several respondents from outside the emergency planning community of practice expressed their frustration over this lack of 

legal basis for social, environmental, and technical heatwave planning. Political support was considered vital by many respon-

dents for work in these areas. Respondents reported, for example, that there was very little support for work relating to the main-

tenance and promotion of social networks, the extension of urban green spaces, or building designs accounting for adverse effects 

of extreme heat.  

A lack of administrative capacities and political support for long-term, preventive risk planning strategies seemed to constrain 

changes to heatwave planning at the local level to incremental adjustments, rather than more fundamental changes. Social learn-

ing within risk management organizations often seemed to unfold as small lessons-learned, and was directed at dysfunctionalities 

of existing risk planning strategies. This can be associated with a reinforcement of the planning regime outlined in the National 

Heatwave Plan. Constraints from a lack of resources and political support undermined critical reflection and innovation. Individ-

ual examples suggest that where capacities were not constrained and political support was existent, social learning seemed to be 

able to unfold as a questioning not only of actions, but also of the context or even assumptions on which risk planning strategies 

are delivered. These forms of double and triple loop learning (Argyris & Schön 1996; Flood & Romm 1996) were observed, for 

example, during the 2012 Olympic games, where local risk planning organizations in London enjoyed excess capacities and 

strong political support. Respondents from regional risk planning organizations in London reported that during the Olympics, 

these capacities facilitated critical reflection on the appropriateness of existing risk planning strategies, and initiated a substantial 

change in organizational planning approaches. This suggests that transformational change can unfold, and that local capacities are 

critical for this to happen. 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Findings from this research provide added value to the Hyogo Framework for Action by contributing to the implementation of 

two of its priority action points. This concerns, in particular, the goal to “Ensure that disaster risk reduction is a national and a 

local priority with a strong institutional basis for implementation” (UNISDR, 2007: 16) and the attempt to “Use knowledge, in-

novation and education to build a culture of safety and resilience at all levels”(UNISDR, 2007: 18).  

The research adds perspective to the role of institutional support for disaster risk management. It suggests that a legal mandate 

indeed seems to be pivotal for the delivery of heatwave risk management strategies in a local government context. However, it 

also points to some of the negative implications that a dominant role of such an institutional basis can have for social learning. If 

creative energy from within local risk planning organizations is used to cope with dysfunctionalities of existing risk planning 

strategies, this potentially undermines critical reflection on the appropriateness of existing risk planning strategies.  

Perspective is also added to the role of knowledge and innovation for the development of a culture of resilience. The research 

uncovers some of the dynamics of how disaster risk knowledge can guide local heatwave planning, but how it can also maintain 

and reinforce existing risk planning regimes, undermining transformative changes. The UK National Heatwave Plan is an exam-

ple of disaster risk knowledge that is integral in shaping heatwave planning at the local level. While this seems to add to a culture 

of risk planning locally, it might also undermine the development of new and alternative forms of knowledge on heatwave risk 

within local risk planning organizations.  

6. CONCLUSIONS 

This paper aimed at exploring some of the constraints on social learning in local disaster risk management strategies. It focused 

on the delivery of heatwave planning approaches through local authorities, public health organizations, and the voluntary sector 

in London, UK. The analysis suggested that amongst others, constraints stem from scarce administrative resources and lacking 

political support. These factors contribute to social learning in heatwave planning at the local level to unfold as incremental ad-

justments of actions (single-loop learning). Creative energy within risk planning organizations seemed to be directed at coping 

with dysfunctionalities of existing risk planning regimes. Little scope seemed to exist for critical reflection about the appropriate-

ness of existing risk planning strategies (double- and triple-loop learning). These dynamics can be associated with a reinforce-

ment of the risk planning strategies of the National Heatwave Plan, and call into question whether local authorities in the UK are 

well positioned to act as agents of change and transformation in disaster risk management.  

31



 

4 

 

 

7. ACKNOWLEDGEMENTS 

This study has been carried out in the framework of the EU-FP7 project emBRACE: Building Resilience Amongst Communities 

in Europe (Grant Agreement 283201; http://embrace-eu.org/). 

8. REFERENCES 

Abrahamson, V. et al., 2009. Perceptions of heatwave risks to health: interview-based study of older people in London and 

Norwich, UK. Journal of Public Health, 31(1), pp.119–26. 

Argyris, C. & Schön, D., 1996. Organizational learning II: Theory, method, and practice, Reading: Addison-Wesley. 

DH, 2012. Overview of health and social care structures - the Health and Social Care Act 2012, London: Department of Health. 

Available at: https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/138258/A3.-Factsheet-

Overview-of-health-and-care-structures-240412.pdf. 

EA, 2014. UK floods 2014: government response and recovery, Environment Agency. Available at: 

https://www.gov.uk/government/news/uk-floods-2014-government-response. 

EEA, 2012. Climate change, impacts and vulnerability in Europe 2012. An indicator based-report., Copenhagen: European 

Environment Agency. 

Flood, R.L. & Romm, N.R.A., 1996. Contours of diversity management and triple loop learning. Kybernetes, 25(7-8), pp.145–

163. 

Green, H.K. et al., 2012. Rapid estimation of excess mortality: nowcasting during the heatwave alert in England and Wales in 

June 2011. Journal of epidemiology and community health, 66(10), pp.866–8. 

IPCC, 2012. Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A Special Report of 

Working Groups I and II of the Intergovernmental Panel on Climate Change, Cambridge University Press, Cambridge, 

UK, and New York, NY, USA. 

IPCC, 2014. Summary for Policymakers. In Climate Change 2013: The Physical Science Basis. Contribution of Working Group I 

to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, UK, and New York: 

Cambridge University Press. 

PHE, 2013a. Heatwave Plan for England. Protecting Health and Reducing Harm from Severe Heat and Heatwaves, London: 

Public Health England. 

PHE, 2013b. Hot dry spell July 2013. Available at: http://www.metoffice.gov.uk/climate/uk/interesting/2013-heatwave. 

Robine, J.M. et al., 2007. Report on excess mortality in Europe during summer 2003 Report on excess mortality in Europe during 

summer 2003, EU Community Action Programme for Public Health. 

Taylor, A., de Bruin, W.B. & Dessai, S., 2014. Climate Change Beliefs and Perceptions of Weather-Related Changes in the 

United Kingdom. Risk analysis : an official publication of the Society for Risk Analysis, (7). 

UNISDR, 2007. Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and Communities to Disasters. 

Extract from the final report of the World Conference on Disaster Reduction (A/CONF.206/6), Geneva: UNISDR. 

WHO, 2009. Improving public health responses to extreme weather/heat-waves -EuroHEAT Technical Summary, Copenhagen: 

World Health Organization. 

WorldBank, 2012. Turn Down the Heat. Why a 4°C Warmer World Must be Avoided., Washington, D.C.: World Bank. 

 

32



1 
 

5th International Disaster and Risk Conference IDRC 2014 

‘Integrative Risk Management - The role of science, technology & practice‘ 

24-28 August 2014 in Davos, Switzerland 
 

 

EXTENDED ABSTRACT 

 

 

Effectiveness of Risk Information Containing Religious 

Messages in Adopting Tsunami Resilience Preparedness 

 

Wignyo Adiyoso
1 
and Hidehiko Kanegae

2 

 

1
 National Development Planning Agency (BAPPENAS), Indonesia 

2
Graduate School of Policy Science and Institute of Disaster Mitigation of Urban Cultural 

Heritage (DMUCH), Ritsumeikan University, Kyoto JAPAN 

 

ABSTRACT 

 

The ultimate goal of risk communication in disaster risk reduction is expected that the 

public has knowledge of risk, becomes aware of risk, and changes their attitude and in turn 

take preparation for a disaster. This study examines integration of Islamic teaching 

messages included in the risk information (leaflet) in determining Tsunami Resilient 

Preparedness (TRP) using experimental method in the real setting community in 

Yogyakarta Indonesia. It also evaluates the effectiveness of the role of religious leader who 

encourage and reinforce that intervention leaflet can influence the people to take 

preparedness or not. Questionnaire surveys were distributed to community members 

involving 173 residents living in tsunami prone areas that divided into intervention and 

non-intervention groups. Using the MANOVA analysis revealed that although intervention 

and non-intervention groups have changed score of means in pre-test and post-test, it is 

clear that effects of leaflet developed containing religious messages has affected greater the 

changes of TRP’s resident in intervention group than non-intervention. Intervention leaflet 

developed containing religious messages was effective in influencing residents not only 

their knowledge but also behaviour. Another finding is that sub-group reinforced by 

religious leader increase in their preparedness behaviour particularly in TEWS-family, 

emergency plan-individual, emergency plan-family, emergency plan-community, capacity-

community and capacity-society. This finding shows the important role of religious leader 

in shaping community including religious issues.  

 

Keywords: Disaster manager, risk communication, tsunami preparedness, religious 

teaching and resilience 
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1. INTRODUCTION 

 

The ultimate goal of risk communication in disaster risk reduction is expected that 

the public have knowledge risk, become aware of risk, and change their attitude and in turn 

take preparation on tsunami disaster (Ajzen, et al., 2010). The effective of risk 

communication is depended on many factors, but basically it is determined by source of 

information, channel (media), message, characteristic of receiver and social context. 

Effective risk information was also determined by scientific data (number), credible and 

trusted source of information, accurate, specific, simple, consistent, understandable and 

personalized. 

This study examines integration optimistic views messages includes in the risk 

information (leaflet) and in determining tsunami resilience preparedness (TRP) using 

experimental method in the real setting community in Yogyakarta. Another objective of 

this study is to evaluate the effectiveness of the role of religious leader who encourage and 

reinforce intervention leaflet can influence the people to take TPS or not.  

It is argued that risk information distributed to the public will be more effective if 

it is reinforced by religious leader who have similar idea with the messages. It is expected 

that this study will also have insight the various variables other than religious aspect in 

influencing people to take TRP.  

 

  

2. RISK COMMUNICATION CONCEPT 

 

Previous discussion argued that religion aspect especially Islamic teachings have 

positive and can contribute to the disaster risk reduction. However, the integration of 

cultural and indigenous knowledge issues have still never been resolved (Shaw, 2012). 

Kulatunga (2010) raises important questions on how to integrate positive value of culture 

including religion in disaster risk reduction and how to make disaster risk reduction 

strategies that embedded with cultural values of certain society.  

The importance of preparedness is that it can maintain public’s awareness as well 

as promoting preparatory behavior on disaster. Protective behavior is critical since it can 

save many lives (families, neighbors and other community members) and minimizes the 

loss of properties. Tohoku, Japan disaster 2011 has shown the effectiveness of behavioral 

performance in several schools as “only” 5 out of 2,900 school children died in Kamaishi” 

(Vervaeck&Daniell, 2011).  

In terms of disaster preparedness, however, the most crucial function of the risk 

communications are to raise awareness, to give better perception and to guide in changing 

behavior. As stated by Coppola (2007), public preparedness through the risk 

communication should address public in raising awareness of hazard and guiding behavior 

in anticipating hazard. Therefore, the objectives of risk communication are not only limited 

to improve the knowledge, increase risk perception and awareness, but it should also 

address the preparedness behavior).  Murata et al., (2010) is concerned about the 

importance of the process of translating knowledge into action by giving disaster 

information so they will be preparing in encountering tsunami.  

It is necessary to address all of stages of change proposed including maintaining 

behavior change. Therefore, it is argued that conventional risk communication that only 

addresses knowledge and awareness is not sufficient.  Risk communication should also 

address behavior and maintenance of behavior.  
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3. METHOD 

 

This study used two different types of risk information. The first type is 

“intervention leaflet” as risk information that developed based on persuasive message 

approach and containing religious messages. The risk information leaflets were exposed to 

different communities as “non-intervention group” and “intervention group”. The 

intervention leaflet for intervention group consisted of two leaflet: general tsunami 

preparedness information and preparing disaster kits leaflet.  In terms of religious message, 

general intervention leaflet contained messages reflecting religious values. The first leaflet 

in intervention group contain information about the causes of tsunami, signs of tsunami, 

expert prediction of tsunami occurrence, specific action how to prepare (before) and how 

respond (during emergency) tsunami disaster. The second leaflet was tsunami specific 

tsunami preparedness related to disaster kits. Dependent variables are tsunami resilience 

preparedness (TRP) containing people actions taken for preparing tsunami. TRP are TEWS 

(individual, community and society), Emergency Plan  (individual, community and 

society), and Adaptive Capacity (individual, community and society).   

 

 

4. FINDINGS 

 

There was an effectiveness of intervention leaflet in influencing resident in 

intervention group to take TRP TEWS such as knowledge about tsunami, sharing 

discussing information of TEWS and evacuation route with family members and intention 

to participate tsunami drill organized by community but not for participate in tsunami drill 

organized by government. In terms of Emergency Plan, intervention was effective in 

influencing resident in improving their knowledge about tsunami facilities in their areas 

and emergency phone number, intention to preparing disaster kits, discussing and sharing 

tsunami information with neighbor and understanding how to contact local government 

and to find out information. In addition, intervention leaflet also affected TRP Capacity 

such as knowledge of causes of tsunami and hazard map, intention to participate 

community meeting and searching/updating tsunami information from different source 

information/media. Residents was not change TRP Capacity-family such as 

sharing/discussing tsunami hazard map and past tsunami with family members. 

Another finding is that there was an effectiveness of conventional leaflet in 

influencing resident in non-intervention group in increasing TRP in TEWS-individual, 

TEWS-family, and TEWS-community. In addition, conventional leaflet has influenced 

residents in Emergency Plan-individual, Emergency Plan-family, and Emergency Plan-

society. Residents in non-intervention group were affected only in TRP Capacity-

community and Capacity-society.  

Intervention leaflet has been successful influence TRP in community and society 

level instead of individual where individual representing increasing hazard knowledge. 

Significant finding on TEWS-community, Emergency Plan-community, Emergency Plan-

society, Capacity-community and Capacity-society is meaningful because the residents 

have intention to participate in tsunami drill organized by community and government. 

This finding is very important since the basic principles of tsunami preparedness should be 

based on community development (Ife, 2003).  

This finding also support the risk communication literature stating that risk 

information should not only provide information, but also to exchange of information 

between individual and groups to deal with the knowledge, perceptions, attitudes and 
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behavior associated with the risk (Heath & O’Hair, 2009). 

 

5. CONCLUSIONS 

 

In relation to hypothesis proposed that intervention group with intervention leaflets 

will have greater changes in their mean score of TRP than non-intervention group with 

conventional leaflets has been partially proved. In addition, sub-group with reinforcement 

by religious leader will have greater changes in their mean score of TRP than sub-group 

non-reinforcement by religious leader has also been partially proved. This study is very 

useful in providing framework how policy maker should take into account the important 

effect of religious teachings in encouraging people to take action for disaster preparedness.  
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ABSTRACT: People with disabilities have been substantially ignored in the process of preparing for and responding to 

emergencies. European experience suggests that, at the national level, few initiatives exist in their favour, and, locally, the few 

good practices that have been developed tend to remain hidden and ignored. In most countries, at least 15% of the general 

population is classified as disabled, and this covers a very wide range of cognitive, perceptual, mobility-related and other 

physical disabilities. This presentation enquires into the nature of good practice in terms of how best to assist people with 

disabilities to remain safe in disasters and to prepare for emergencies. 'Design for all' is an important accessibility concept that 

needs to be applied to emergency-related facilities. Innovative and varied means of communication need to be developed for 

informing people with disabilities, for example, of warnings and evacuation orders. The organisation and focus of civil protection 

activities need to be changed and reoriented in order to include people with disabilities more substantially in work designed to 

increase resilience and security. Institutional changes need to be implemented so that health and social services work more 

closely with civil protection authorities and disabled people's associations in order to improve emergency planning and response 

programmes. This presentation surveys some of the research findings in this field, gives some general guidelines for change and 

briefly describes some useful initiatives that deserve to be more widely adopted. The state of the art of emergency preparedness 

and disaster risk reduction for people with disabilities is at a low level. With sufficient diffusion of innovation, dramatic 

improvements could quickly be made. 

Keywords: People with disabilities, Disaster risk reduction, Europe, Emergency planning, Crisis management. 

1. INTRODUCTION 

In most countries, about one in six people has a disability. The range of conditions that this covers is very large, as disabilities 

can be mental or physical, temporary or permanent, severely restricting or less so, and possibly related to age, accident or disease. 

Many disabled people are elderly, although not all senior citizens are have disabilities. Not all disabled people are lacking in 

cognizance but not all have mobility impairments. 

 

The degree of protection and assistance offered to people with disabilities differs from country to country. An exemplary piece of 

legislation is the "Americans with Disabilities Act" of 1990, although it has been criticised by many different parties for its 

alleged shortcomings in defending the rights of people with disabilities. Rarely does legislation include reference to emergencies, 

crises and disasters. For example, the Disaster Management Act, passed by the Parliament of India in 2005 contains no reference 

to the country's 90 million people with disabilities. 

 

Priestley and Hemmingway (2006) noted that people with disabilities can be among the poorest and most disadvantaged in 

society, although many of them derive resilience from their daily struggle to face adversity and discrimination, and this is useful 

to them in civil emergencies. Nevertheless, there have been serious cases in which people with disabilities have simply been left 

to die in disaster, notably in the World Trade Centre in 2001 and Hurricane Katrina in 2005. Many cases from other countries 

remain undocumented. 

Various studies have revealed both the lack of attention given to the question of how to assist people with disabilities and the 

absence of awareness and training (Fox et al., 2007). Most disaster managers are not sufficiently aware of the question to have 

developed plans, procedures, protocols and strategies to deal with it. There is also a lack of a "joined-up approach" that civil 

protection authorities and emergency planners together with medical and social services together and the organisations that 

represent and assist people with disabilities (Alexander, 2012). However, this is the only viable way to provide emergency 

assistance to people with disabilities. 
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2. WHAT IS BEING DONE 

While people without disabilities can be treated as groups when designing emergency measures, people with disabilities need to 

be treated as individuals and to receive personal assistance. This is all the more true, given the wide range of disabilities that 

exists. Nonetheless, it is a mistake to treat emergency preparedness for people with disabilities as a 'problem': it is a challenge and 

it is part of general civility, but it can be considered positively as an integral component of the process of providing services to 

the public. 

 

Despite the general lack of action, there are some useful initiatives, such as the Verona Charter on the Rights of the Disabled in 

Disaster (ULSS20 Verona, 2007), some study centres (e.g. the Centre for Disability Studies, University of Leeds, UK—

Hemingway and Priestley, 2006) and some manuals of best practice (e.g. FEMA, 2003). 

Some progress has been made in identifying people in categories of high vulnerability, for example, after the 2003 European 

heatwave sent tens of thousands of frail elderly people to premature deaths. Plans to identify a risk situation and react in a rapid 

and comprehensive manner have since been introduced in various countries, notably France and Italy. However, other aspects of 

the question are being neglected throughout the European Union and, indeed, throughout the world. 

3. WHAT OUGHT TO BE DONE 

One fundamental principle is that of "design for all" (Sagramola 2013). This is intended to ensure the accessibility of places, the 

usability of equipment and the intelligibility of instructions under many different circumstances. Harmonisation at the national 

level is needed, in line with general guidelines (Alexander and Sagramola 2014). However, the greatest need is for organisation 

and resources at the local level as the local are will be the theatre of operations in any crisis or disaster. 

 

The first requirement of disaster risk reduction and emergency response for people with disabilities is to recognise the need for 

action and start to organise in order to satisfy it. Guidelines need to be formulated and adapted so that they are compatible with 

the civil protection and health systems, appropriate laws, and the collective resources that can be made available to assist people 

with disabilities. In this context, such is the diversity of countries, one should probably couch the matter in terms of 'good' or 

'exemplary' practice, not 'best practice', as procedures will need to be adapted to local circumstances. 

 

In many countries the system of registering disabilities is inadequate for civil protection purposes, or it may be non-existent. In 

any emergency plan, it is essential to know where people with disabilities are, and what their needs are, which requires some 

form of registration. Providing assistance is a trans-disciplinary, inter-departmental problem that should bring together 

representatives of social and health services, disabled people's organisations and civil protection services to design plans together, 

as well as to work together during emergency situations. Moreover, the challenge is not merely one of assisting people with 

disabilities during a crisis, it is also a matter of how to help them prepare for future disasters and emergencies. More thought 

needs to be given to the question of how to ensure that such people, or the people who care for them, can hear, understand and 

react to warnings and, where necessary, carry out evacuations. In this context, the entire chain of activities needs to be 

considered. Evacuated people may need emergency accommodation, and this needs to be fully accessible to, and usable by, 

people with disabilities. 

There is considerable scope to share expertise on the question. Small examples of good practice exist in isolation around Europe 

and the world. Studies have been carried out and procedures devised, but at present there is little indication that these are being 

widely shared. 

4. THE COUNCIL OF EUROPE INITIATIVE 

In 2012 the Council of Europe's (CoE) "European and Mediterranean Major Hazards Agreement (EUR-OPA)" conducted a 

survey of member states concerning their arrangements for assisting people with disabilities in emergencies and disasters. The 

results revealed that very little was being done at the national level. Further survey work is underway at the time of writing this, 

but in the meantime, a report and guidelines were issued and, on 23 October 2013 a declaration was made at the CoE's Paris 

headquarters, which was intended to encourage member states to tackle this issue. Subsequently a working group was convened 

to monitor progress and a conference has been scheduled to share good practice. 

 

Behind the question of assisting people with disabilities to cope adequately with disasters, crises and emergencies, there is a 

moral and ethical issue. Discrimination needs to be eliminated and unnecessary hardship avoided in the interests of creating a 

fairer society. We can call this process "mainstreaming". It is important to ensure that people with disabilities are not merged 

with other vulnerable groups in unfocussed responses to disaster risk. All vulnerable groups should be considered, but not by 

designing generic measures that are, in the end, inefficient because they take no account of specific needs. Much more needs to 

be done and the way forward is gaining in clarity, while the imperative to act is in no way diminishing. 
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5. CONCLUSIONS 

Disability may be a limiting factor in people's lives, but there is an increasing tendency not to consider it as a handicap but as 

evidence of the diversity of conditions under which people live. Having established the tenets of a civil protection system, 

including alert, warning, evacuation, shelter, planning and management, it is now necessary to ensure that it is an inclusive 

system. Hence, in each country, each region and local area, it needs to be looked at from the point of view of people who need 

extra assistance. Discrimination is not acceptable and there is no reason why it should suddenly become so in a crisis situation. 

The essence of emergency planning is to foresee needs, and these include those of people with disabilities. 

The need for individual attention is a limiting factor, because it demands extra resources at a time when civil protection budgets 

tend to be overstretched and perhaps shrinking. Nevertheless, with adequate coordination, and the inclusion of all affected parties 

in the planning process, the challenge can be faced, in order to provide fair, equitable and inclusive civil protection services 

throughout Europe and beyond. 
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ABSTRACT: Improvement of standard living led and will continue to generate a rather big risk for the environment, 
because producing significant quantities of multiple wastes which as the case may be landfilled or treated and recycled. 
According to their nature and production source, they can be medical, agricultural, municipal, industrial etc. and the 
protection of human health and ecosystems is much more difficult than years ago. Environmental issues are more diffuse 
rather than located, subtle than obvious, and involve multiple environmental media (air, water, ground, sediments and biota) 
rather than a single one. The primary interest is the risk that contaminated soils and sediments pose to human and ecological 
receptors, for which rigorous evaluation is essential to make informed decisions and develop effective solutions. Through 
potential risk they represent, hazardous wastes are considered one of the major environmental concerns, and their 
management requires capital interest. Expired pharmaceuticals untreated, can reach the water cycle through a variety of 
routes and infiltrate groundwater and ending in surface water. Treatment may include production of raw and secondary 
materials or energy recovery and their management can lead to the valorisation of noblest fraction and treatment of polluting 
fractional. Recycling and regeneration lead to a recovery of materials such as metals, etc. or by incineration and finally 
stabilization or landfilling for residues having no more perspective. The stock of expired pharmaceuticals in Algeria is about 
15,000 tons (1,500 tons/year). Losses caused represent nearly 25% of spending on drugs, and more than two million tons of 
special wastes are stored waiting for solution, which is obviously not trivial in terms of public health and environmental 
impact. The communication objective is to present an experimental work carried out for the development of expired drugs 
products from incineration (ash, slag) with two possible uses and fate analysis of such products. 

Keywords: Hazardous waste; Pharmaceuticals waste; Treatment technologies; Incinerator bottom ash; Waste management; 

1. INTRODUCTION 

Due to their composition and their properties, hazardous wastes such that expired drugs, chemicals, present a real threat to 
human health and the environment and require a set of appropriate treatments to reduce toxicity risk and contamination, 
particularly for gathering pathways, transportation, treatment, recycling and disposal. They are considered one of the major 
environmental and health concerns, and their management requires a capital interest. If untreated, they could reach the water 
cycle through a variety of routes. They can do after being placed in landfills, such as residues from industrial manufacturing 
or as unused pharmaceuticals and infiltrate groundwater. It is also possible that effluents from pharmaceutical industries 
contain occasionally or permanently pharmaceutical residues and can end up in surface water through wastewater treatment 
process.  

A substantial amount of empirical data suggests that soils and sediments can sequester chemical contaminants which behave 
differently when they are present in water, air, or food and understanding the bioavailability processes becomes essential for 
improving risk assessment while recognizing priorities between different problems, and use of resources to achieve the 
greatest benefit. However, this implies contextual issues such as solubility, mass transfer, mobility and reaction, in addition 
to absorption by the living organisms. Explicitly assess the bioavailability of contaminants is considered by many as a way 
to help establish sites remediation, which involves leaving substantial amounts of contaminants in place while remaining 
protective of public health and the environment (Luthy et al., 2003). In fact, physicochemical properties of such substances 
are critical to their behavior in the water cycle and vary considerably. They are generally organic, from the smallest and 
simple substance to the largest and complex and most drugs are polar (water soluble), and other relatively non-polar (fat 
soluble). They are also made of a wide range of active ingredients, so that in the water, they can be more or less neutral, 
positively or negatively charged, or even have opposite charges in two different positions in molecule (Kümmerer 2008). 
This wide range of properties means that their behavior in the water cycle can vary considerably. However, they have some 
generic properties. They are mostly non-volatile and highly stable because, having been consumed, they must remain intact 
in order to disperse into the body and have the predicted effect. They are also biologically active, that is to say they are 
designed, in low doses, so as to have a specific effect on a given biological system. These properties mean that the 
pharmaceutical may be mobile and persistent in the water cycle. That is why their presence in the water cycle can be 
hazardous and requires special attention. However, most pharmaceuticals are consumed and here too (and their metabolites) 
are excreted in the urine (~ 80%) and excreta (~ 20%), and can reach wastewater treatment plants with the rest of domestic 
wastewater through sewer systems, for example the treated wastewater discharge into surface waters (Kümmerer et al. 
2010). In the case of sewerage, transport by rainwater as well as domestic wastewater (combined sewer systems) networks, 
the peaks of transport can occur during heavy rainfall in which a portion of the water cannot be treated by the sewer system 
and the wastewater is discharged without treatment via an overflow in surface water (Derksen, A, 2013). In addition, these 
indirect pathways to the environment are of concern because wastewater containing pharmaceuticals can be recovered and 
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used for irrigation, and thus penetrate the soil and contaminate groundwater, particularly in arid areas where reclaimed 
wastewater are increasingly an important source for irrigation [K. Kümmerer et al., 2010]. Contamination of freshwater 
systems by industrial and home compounds (all types) is continually increasing worldwide. Among the major anthropogenic 
pollutants in large urban areas are phosphorus and pharmaceutically active compounds from the treated wastewater 
(Schimmelpfennig et al., 2012). In the case of phosphorus sources, fate and environmental impacts are well understood, 
while the current knowledge of the pollution by pharmaceuticals is lacking for effective risk management. (Kümmerer, 
2009). 

Thus, according to several studies, it was found that an incorrect management of pharmaceutical waste can have adverse 
effects on the environment and human health. For example, specific pharmaceutical compounds were detected in wastewater 
and effluent treatment plants, rivers, lakes and groundwater. The effect of the active compounds on the endocrine system in 
wildlife and human health has also been reported (Voudrias et al., 2012). This has led to a clear question asked today, it is an 
increase or an epidemic of "environmental diseases" that are two main groups of diseases: cancer and fertility problems. In 
addition, pharmaceutical compounds have been detected in surface and drinking water (Barbier, 2011; Kümmerer 2009), and 
even though the concentrations detected are of the order of nanograms to micrograms per liter there remains an uncertainty 
about whether compounds at these levels pose a chronic threat to human or animal health. It has been widely demonstrated 
and found that the active compounds are present in the environment depending on their concentration they may have effects 
on fauna (case of estrogens and their effects on fish and those of diclofenac on vultures).  

The processes of absorption, metabolism and excretion of pharmaceuticals are variable; however, for many agents, 
significant quantities are excreted in urine and/or in faeces without alteration or in altered but biologically active form. In 
addition to excretion of administered pharmaceutical agents into the sewage system, pharmaceuticals may also enter the 
environment in unaltered form as a result of environmentally improper disposal (Kümmerer, 2009). Similar issues may arise 
with a variety of personal care products which frequently contains biologically active compounds. The situation is further 
complicated by substantial use of pharmaceuticals in agriculture through animal urine and faeces including land spreading of 
animal manure. When pharmaceuticals enter the environment, complex biological and physical processes may result in 
degradation of compounds at variable rates, depending on environmental conditions (Manuel Guide – OMS, 2002). In some 
cases it is possible that pharmaceutical metabolites could be reactivated by conventional sewage treatment processes before 
discharge (Daughton, et al., 1999). In addition, conventional tests may underestimate the effects and risks for their 
evaluation and to address management strategies are proposed to minimize the presence of pharmaceuticals in wastewater or 
effluent stations treatment, including treatment by thermal oxidation or photolysis, filtration techniques, or by using 
adsorbents, however, each of these approaches has specific gap (Kümmerer, 2009).  

The complex environmental issues transcend disciplinary boundaries and involve multiple temporal and spatial scales. There 
is a profusion of information on how the parts of the environment might work, and where chemical contaminants can be 
found, at the same time, it became more difficult to understand what is really important and on what should be of the highest 
priority. In fact, a primary interest is the risk that contaminated soils and sediments pose to human and ecological receptors, 
for which rigorous evaluation is essential to make informed decisions and develop effective solutions 

2. WASTE MANAGEMENT TREATMENT AND LEGAL FRAMEWORK  

As a practical management of hazardous waste, incineration has two unique attributes: permanently destroy toxic organic 
compounds contained in the hazardous waste by breaking their chemical bonds and transform their components by reducing 
or eliminating their toxicity; reduce the amount of hazardous waste by converting the solid and liquid into ashes. The 
products of incineration are more bottom ash, fly ash, containing toxic organic and inorganic compounds (Satnam Singh et 
al., 2007). The combustion gases are composed primarily of carbon dioxide and vapour water, and small amounts of carbon 
monoxide, nitrogen oxides, and low concentrations of organic and inorganic compounds. And like many combustion 
processes, incineration also produces by-products such as soot particles and other contaminants released in exhaust gases, 
and leave a residue (bottom ash) of incombustible and partially combusted waste that must be emptied from incinerator 
chambers and properly disposed. Expired or unused pharmaceuticals are now incinerated in facilities that could meet the 
highest environmental standards, including treatment of smokes and where releases relating thereto, are a priori insignificant 
(RRCSE, 2008). However to date, there are no estimates on all of these issues. Furthermore, the legislation imposes a 
number of controls on the concentrations MES, COD, BOD, nitrogen, total phosphorus, SEC, detergents, AOX, phenols, 
total hydrocarbons, Al, Ag, Cd, Cr VI, Cr total Cu, Fe, Hg, Pb, Zn, nitrites and nitrates, of which most do not cover care 
facilities. Also, it seems that the drugs are not subject to these discharge authorizations. Increased use of pharmaceuticals to 
both humans and animals could affect beyond immediate the consumer as they can enter the environment (Daughton et al 
2013). Much confusion exists about the proper way with which they should be disposed, as many countries do not have 
standard protocols elimination medications (Tong et al., 2011). 

2.1 Legal and institutional Framework 

Since the Johannesburg Summit in 2002, Algeria intensified its activities in the field of environmental protection and 
sustainable development and has signed all international conventions relating to the treatment of hazardous chemical waste. 
The existing regulation is related to industrial security, emissions and releases to air, water and soil; the use, production and 
storage of chemicals and the management and treatment of waste substances. Note that for the handling of chemicals, and 
other wastes, they are subject to several executive orders, including those of 2001, 2003 and 2005 for handling and 
transportation of hazardous chemicals. In 1992, at the Earth Summit in Rio de Janeiro, 173 countries adopted Agenda 21 and 
its chapter on "the sound management of hazardous waste" among them Algeria. 20 years later, there is a framework set by 
national and international regulations from which are more or less (depending on country) structured treatment activities of 
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these wastes and prevention measures for industrial processes have been integrated. Meanwhile, advances in science have 
led to better detect sources and effects of toxic pollution, contributing to the emergence of new regulatory protections. The 
integration of new technologies has raised the level of response processing operators, but also the concept of social 
responsibility has emerged to become a necessary component of identity of major manufacturers. Finally the environmental 
expertise of the most developed countries has contributed to development of solutions to all continents. But despite this 
undeniable dynamic, much remains to be done to control hazardous waste. Legislation on management of pharmaceutical 
waste has been approved in many countries to protect the environment and human health.  

3. OBJECTIVES 

This research work was carried out in the context of the National Research Program (PNR) ‘Management and Treatment of 
Hazardous Wastes’ and aimed to assess the possibility of treating and developing incineration residues (ash and slag) of 
expired drugs. The first step was understanding how they could behave in the presence of some pollutants such as 
phosphorus, ammonium and dyes contained in some wastewater, that could seep into landfill areas, followed by their 
recycling in the civil engineering field as an additive or alternative materials. 

4. CURRENT SITUATION OF EXPIRED MEDICINES IN ALGERIA  

Like other countries, the treatment of hazardous waste in Algeria is a real challenge for which public authorities and industry 
did not find yet sustainable solution. Although subject to regulation and fairly rigorous procedures given the sensitivity of 
transported products and their potential impacts on health and environment all chemical wastes are transferred to Europe for 
treatment (Basel Convention (Convention de Bale 1989), practically no hazardous chemical waste is treated in Algeria. In 
fact,  the total production (RGDSA, 2012) of industrial waste is estimated 2.55 million tones / year; those special account for 
about 330,000 tons / year (2011) and waste arising from care activities involving infectious risks approach 40 000 tons / year 
(2011). In addition, more than two million (2 008 500) tons of special waste are stored waiting for a disposal solution. This 
massive storage and uncontrolled production of these dangerous materials are obviously not trivial in terms of public health 
and environmental impact. About the expired pharmaceuticals (DRCT Waste and Toxic Chemical Risk), the stock is 
estimated from 12 to 15 000 tons for a production of about 1,500 tons / year. This amount comes from more than 8,000 
pharmacies and nearly 400 pharmaceutical wholesalers, hospitals and private clinics, and each has a stock of expired and 
costly drugs. Losses caused by this fact represent 25% of expenditure on drugs. To better manage the hazardous special 
waste, a first agreement for the co-incineration of expired drugs was signed, November 25, 2013 between the Lafarge 
Company and the Ministry of Regional Planning and Environment (Abdallah, 2013).  The partnership consists on 
incineration at high temperature (over 1200 ° C), equipped with combustion gas purification and will be made in cement 
kilns located in Blida, Boumerdes, Mascara and Medea. 

5. EXPERIMENTAL RESULTS 

5.1 Analysis results:  

Table 1: Identification of infrared spectra of bottom ash. 

Absorption band 
(cm-1) Groups Probable 

identification 

3452,05 - CONH Amide 

2843,84 - 2915,07 C-H Alkanes 

1627,40 N-H Aromatic nucleus 

1424,66 C-H 
Alkane bonded to 
an aromatic 

1084,93 C-N Amine 

876,71 C-Cl Halide 
 

Table 2: Content of metals in ashes (Atomic Absorption Spectrometry) 

Ashes  
(content  
mg/L) 

Cu Cd Pb As Cr 

0,2173 <0,0039 0,3036 traces 0,21 

Behavior of bottom ash depends on the presence of the main functional 
groups. The infrared spectroscopic analysis enabled to identify them 
and they may be involved in fixing on the material. These groups are:-
CONH-CH,-NH,-CN, Cl-C (Table 1).   

The above results (Table 2) show that the elements are a minority or 
trace amounts. 

The X fluorescence analysis of raw and activated incinerated residues shows major components; calcium followed by 
titanium, iron and chrome. The remaining heavy metals are in trace amounts. After activation by (NaOH), amount of 
elements such as lead, sulphur and chrome were reduced, they were dissolved and dropped during the basic treatment and 
obtained values meet the admissions criteria (XP X 31-210 standard) in storage center of ultimate waste (landfills) as they 
are below the standards. 

Understanding how the residues would behave in presence of pollutants in the wastewater that could seep into landfill areas, 
led us to consider three kinds of pollutants: phosphorus, ammonium and basic dyes contained in some wastewater using an 
adsorption process, to follow the mass transfer and summary of results is as follows; for the three qualities of wastewater 
used,  adsorption yielded to interesting results; the effluent of Boudouaou dairy whose concentration of phosphorus is 22.92 
mg /L, ( >> standard of 2 mg /L) and at equilibrium, reached yield is 97.5%  (0.54 mg / L << 2 mg /L) ; the wastewater 
treatment plant Baraki, whose concentration of NH4 

+ is 19.8 mg /L, the yield is 78.5%  (4.33 mg /L, <  discharge standard); 
for dyes ; basic red (Red 46) and methylene blue (MB), the yields of adsorption are respectively, 62% after 270 minutes and 
97.83% after 300 minutes and where the adsorption is governed by a pseudo second-order model. The application of the 
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intra-particle diffusion model showed that the adsorption of MB on bottom ashes is controlled by different phenomena 
(external diffusion, internal diffusion and the fixation process of MB on the assets adsorbent sites). 

About recycling them in civil engineering field, as an additive or substitute materials, after solidification and stabilization, 
the mechanical standard tests (EN 196-1 2005) and leaching of prepared samples gave us the overall behavior of the 
stabilized material and the tests were satisfactory. The results have been in good agreement from the 7th day, with a 
compressive strength > 1 MPa and a COD approaching 90% and the efficiency of stabilization process with solid matrix 
formation whose the sustainability character was tested and the tendency confirmed by monitoring the evolution of 
parameters until mortar maturation (28 days) and where all parameters have kept acceptable results About the concrete, 
containing marble dust and incineration residues, both are industrial wastes used in their raw state, several variants were 
investigated by tests  of ℅ 0 (control concrete) ℅ 5, 10 and 15 ℅ of marble powder and 3 and 4.5 ℅ of incineration residues 
have not provided significant improvement in the mechanical resistance to compression, however, powder marble residues 
and unlike those of incineration, made improvements in sustainability. 

5. CONCLUSION 

The results show that bottom ashes derived from the incineration of expired pharmaceuticals are an efficient adsorbent for 
removal of phosphates in aqueous solution with a yield of 99 %, as for ammonium nitrogen for which they proved to be 
effective for the removal of NH4

+ with a yield up to 93%. For dyes, extraction rate reached 94% for basic red (RB 46) and 
for methylene blue (MB), the values obtained range from 54.06% to 67.35% and this for raw and untreated residues. 
Regarding to high performance concretes, based on marble powder and ash, the mixture of marble powder and incineration 
residues did not provide a significant improvement in the mechanical resistance to compression, however marble powder, 
unlike incineration residues has made improvements in the durability. These results are encouraging to complete the work 
especially in the field of civil engineering but also reassuring as pollutants that can infiltrate within landfills could be fixed 
by the bottom ashes treated or not. 
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1. Introduction 
In the past 20 – 30 years, losses due to hydrometeorological–related hazards have been increasing in intensity and frequency 

as predicted by the Inter-Governmental Panel Climate Change (IPCC), though the toll on human casualty has been reducing 

(Goldnaraghi M., J. Douris, J. B. Migraine, 2009). This is due to significant advances in forecasts and predictions, and the 

adoption of more proactive disaster risk reduction policies and tools, including contingency planning and more effective early 

warning systems put in place. The signing of the Hyugo Framework in 2005 (United Nations, 2005) have sharpened the resolve 

of governments and the international community to improve the use of prevention and preparedness strategies to reduce the 

loss of lives, properties, and the social and economic disruptions caused by natural disasters. Through the effective 

implementation of the Hyogo Framework for Action 2005 – 2015, the paradigm shift from post disaster response to the 

advocated proactive risk reduction approach requires meteorological, hydrological and climate services to support science-

based risk management decisions as well as investments in early warning. 

 

Many users of climate information have recognized the role that such information play in climate risk reduction, early warning 

and early action (Haile, 2005; GIZ, 2007; IFRC, 2009). According to Haile (2005), early action saves not just lives but also 

livelihoods, the loss of which severely impedes economic growth and sustainability. The increasing interest in disaster risk 

reduction is also attributable to the rising costs in both human and infrastructure damages (IMF, 2010; CRED, 2011). The 

costs have transcended individual lives and properties, and greatly affected national developments in both direct costs (e.g. 

destruction of buildings, farmlands, and infrastructure) and indirect costs like losses in productivity, investment risks, high 

indebtedness, etc. This paper focuses on the use of early warning tools such as the Seasonal Rainfall Prediction (SRP) for the 

development of appropriate risk management strategies and preparedness from expected extreme weather and climate 

conditions particularly in Nigeria. 

 

2. The Seasonal Rainfall Prediction (SRP) 

The Nigerian Meteorological Agency (NiMet) produces the Seasonal Rainfall Prediction (SRP) as an early warning tool for 

informed decisions in climate-sensitive sectors of the economy. Seasonal rainfall and temperature forecasts produced with 

about one month lead-time provide probabilities as to the chances of below-, normal-, or above-normal conditions during the 

period in focus. The climate forecasts now help governments and other users improve their disaster preparedness, thereby 

reducing vulnerability in key economic sectors such as agriculture and food security, water resources management, health and 

disaster risk management (among others). In recognition of the need for aa dense weather station network, NiMet continues to 

set up new weather stations and other infrastructure over the past 5 years. As at December 2013, a total 60 synoptic stations 

now dot parts of the country (figure 1 below), having added another 10 new stations in parts of the country. The historical 

climate data derived over the past several decades are used to produce climate forecasts, for planning, and to improve 

prevention, preparedness (to reduce vulnerability), response and recovery from extreme weather events.  
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Fig1: Weather station network density of NiMet 

 

The predictions strongly derive from the predicted changes in the Sea Surface Temperatures (SST) in the tropical Pacific 

Ocean, and related atmospheric circulations, in a phenomenon commonly referred to as El Nino Southern Oscillation (ENSO). 

The warm phase (El Nino) brings reduced rainfall particularly in the Sahel region of West Africa; the cold phase (La Nina) 

brings increased rainfall while the neutral phase account for normal conditions. Thus, the prediction model is based on the 

strong tele-connection between El-Nino / Southern Oscillations (ENSO), Sea Surface Temperature (SST) anomalies and rain-

bearing weather systems over the country. The model also incorporates phenological and soil information, unique for each 

weather station area and dominantly in use in the region.  

 

The seasonal rainfall predictions provide information about expected  

(i) Day and night temperatures for January - April; 

(ii) Onset and cessation dates of the rainy season; 

(iii) Length of the rainy season, and annual amount of rainfall expected; 

(iv) Expected deviations from the long term means, and 

(v) Socio-economic implications of the predictions. 

The SRP covers forecasts for over 400 cities/towns in the country, and also includes the prediction of ‘August Break’ or ‘Little 

Dry Season’ which occurs mainly in parts of the southern States of Nigeria. NiMet has also included Comfort Index for the 

hot season (January to April) in the SRP. Comfort Index is relevant to sporting activities, out-door events, human health and 

livestock production. 

   

Disaster risk managers like the National Emergency Management Agency, (NEMA) are known to use seasonal climate 

forecasts as a starting point for preparedness and resource planning, and to inform agricultural management decisions such as 

crop and variety choice (Haile, 2005; Patt et al., 2005; Hellmuth et al., 2007). In Nigeria, the SRP finds several uses such as: 

(i) Preparation of the likely disaster and vulnerability map 

(ii) Forecasts for flood and drought preparedness 

(iii) Food security updates used by disaster managers to anticipate, prepare for, and manage food insecurity 

(iv) Disease outbreak and control mechanism 

(v) Early coordination and mobilization of human resources and supplies  

(vi) Informing population at risk and undertaking other precautionary measures 

(vii) Disaster risk management in general. 

 

The SRP, once produced and released to the general public, is closely monitored on shorter timescales through the production 

of quarterly and monthly weather and climate bulletins. One of such is the Drought and Flood Monitor Bulletin (DFM) which 

is produced on monthly basis using the Standardized Precipitation Index (SPI) technique. Through it, NiMet monitors rainfall 

trend and developments for the 1-month, 3-month, 6-month and 12-month past periods.  The terrible flood of 2012 was 

predicted in that years’ SRP which was released in February. By June 2012, NiMet was convinced using the DFM bulletin of 

the impending disaster during the approaching peak rainy season, and took measures to alert about 12 states most at risk as 

well as NEMA.  

 

3. Early Warning Services 

Climate predictions such as are contained in the NiMet Seasonal Rainfall Prediction (SRP) provides opportunities for issuance 

of weather and climate warnings with good lead-times. This is to enable long-term strategic planning and investment for 

infrastructure strengthening and reduction in loss of lives associated with extreme weather conditions. Disaster risk managers 
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use the climate forecasts contained in the SRP to prepare disaster vulnerability maps as part of strategic planning for the coming 

season. For example, in agriculture and food security sector, disaster managers use the SRP to produce food security updates 

used to anticipate, prepare for, and manage food insecurity. They also use critical rainfall trend information contained in the 

SRP and DFM bulletins to prepare flood early warnings to prepare communities for preparedness and prevention. Through the 

instrument of the DFM, NiMet is now able to provide relatively accurate forecasts of likely places and times that excess rainfall 

(and run-off therefrom) or otherwise, will occur with good lead-time (The NiMet SRP, 2014). 

 

3.1 Challenges in Efforts to Reduce Climate Risks 

The following challenges have been observed to stand in the way of efforts to reduce risks due to extreme weather and climate 

events: 

 Credible historical weather and climate data of several decades necessary to enable proper quantification, and 

characterization of past weather hazards in terms of frequency, intensity or severity, and location are not always 

available; 

 Inadequate awareness of the climate forecasts, their interpretation, and how to integrate them into decision-making 

process 

 Inadequate funding and financing including manpower development in weather modelling and climate forecasting 

 Lack of enforcement in the enabling Acts mandating these activities 

 Fire brigade approaches to disaster risk management 

 Political, social and communication constraints which impede the use of such information 

 Quantitative risk information on vulnerabilities, casualties, damages, crop yield reduction, water shortages, 

increasing health challenges, and also documented environmental changes caused by extreme weather and climate 

events over time. 

 

4. Added value for the Post 2015 Hyugo Framework for Disaster Risk Reduction (HFA) 

 Following IPCC’s finding that there is already increasing trends of extreme climatic events, it is recommended for 

the expansion and enhancement of early warning systems for severe weather and climate events; 

 Efforts be made to improve communication of critical climate information to the potentially most vulnerable 

population; 

 Development of micro-insurance to help the poor recover from effects of disasters 

 One of the key constraints to better disaster risk management generally is the lack of effective communication 

between climate information providers and users. The World Meteorological Organization’s Global Framework for 

Climate Services (GFCS) encourages the prioritization of this partnership so that both the service providers and users 

learn to speak and understand one another’s language to better manage climate risks. The GFCS has already been 

domesticated in Nigeria (National Framework for the Application of Climate Services (NFACS)), and the enabling 

law setting it up properly is being processed.  

 The NiMet’s use of the SRP as a working tool in early warning for informed decisions in climate-sensitive sectors 

of the economy is a testimony of its resolve to contribute most effectively to assist the Post 2015 Hyugo Framework 

for Action for Disaster Risk Reduction. The country has adopted the multi hazard early warning system, and 

successfully hosted the recent 5th African Platform for DRR in Abuja in May this year. 

 

5. Gaps, Needs and Further Steps in DRM in the Post 2015 HFA 

One of the major challenges to ensure that the seasonal rainfall prediction reaches the real community-based users is its 

presentation format and language of dissemination. Every effort is being put in place to reduce the technical language without 

losing critical information in the predictions. If achieved, then success has taken place in building necessary policies, 

institutions and capacities for reducing risks at the community levels. 

 

It is also necessary that cost-effective but people-oriented strategic plans to reduce exposure of the people especially those in 

the rural communities from climate hazards be implemented vigorously through public enlightenment using early warning 

services. 

 

Finally, it is hoped that measures will continue to be taken to find missing historical climate data and disaster information, 

while there is need to improve capacity in building climate knowledge especially in the developing countries 

 

6. Conclusion 

The SRP is released early in the year (February) to create good lead-time for policymakers to factor the predictions into 

decision-making processes. Through it therefore, NiMet contributes to disaster risk reduction associated with extreme weather 

and climate hazards, as well as safety of lives and property 
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Re: Panel session on ‘Innovation in Environmental, Social and Climate Change Risk Valuation’ – August 

26, 2014, 13:30-15:00   

 

Background 

 

Our economies are built on a short-term and narrow approach to value creation: private sector and 

governments prioritize short-term gains over long-term value creation; the needs of society and 

ecosystems, which determine a large part of business success, are ignored; business impacts on 

communities and environmental resources (also known as ‘externalities’) are not well-integrated into 

planning and decision-making; and  finance, business management, and policy have traditionally pitted 

economic growth against social and environmental progress. This business environment creates 

considerable risks for the private sector which, if left unmanaged, affect long-term value creation.  

 

In an effort to reconcile growth and profitability, social progress, and environmental stewardship, new 

ways to value the influence of environment, society and climate change on the private sector, and assess 

the opportunities of investing in sustainability programs, have emerged.  

 

While still at their infancy, these approaches have shown potential for promoting business practices that 

are more inclusive and sustainable, and better equip businesses to deliver long-term value, and not just 

short-term gains.  

 

The panel will be facilitated by Shailendra Mudgal, Partner at Deloitte France.  

 

Examples include: 

 Natural capital accounting – methods designed to measure the financial value of ecosystem 

services (e.g. provision of freshwater, pollination, flood control) and biodiversity for businesses. 

 Environmental Profit & Loss (EP&L) systems – system that measures the monetary value of an 

organisation’s environmental footprint both in terms of costs and revenues. 

 Shared value assessments (SVAs) – methods aimed at evaluating the value of policies and/or 

business operations to the bottom line, as well as to society. In doing so, SVAs expand the total 

pool of economic and social value. An example of shared value includes enhancing student 

recruitment by a private education institution through a lending program targeted at youth-at-risk, 

thus creating ‘top line growth’ while at the same time promoting more inclusive growth and 

social development.  
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Objectives 

 

The session ‘Innovations in Environmental, Social and Climate Change Risk Valuation’ will present 

examples of emerging valuation methods to improve the ability of the private sector to manage non-

traditional risks (e.g. stakeholders, environment and climate change) in a more holistic manner and 

exploit opportunities to create inclusive, sustainable and long-term value.  

 

Aims and outcomes  

 

During this session, our panel of experts will share insights on the piloting of emerging environmental, 

social and climate change risk valuation methods in the private sector with a view to answer the following 

questions: 

 What is the business case for improving environmental, social and climate change risk valuation 

for business? 

 What lessons have been learnt on the process and outcomes of applying emerging risk valuation 

methods in the private sector context? Has it led to positive bottom line results, improved 

environmental or social value, and reduced risk? 

 What are the similarities between emerging environmental, social and climate change risk 

valuation? 

 

The session will equip participants with a better understanding of emerging environmental, social and 

climate change risk valuation methods, and the costs and benefits of these emerging practices for the 

private sector. It will feature a number of 15-minute presentations, followed by a group discussions and 

questions/answers from the audience, as follows: 

 

1. Natural capital accounting (Presentation by the World Business Council for Sustainable 

Development) 

 

Our planet’s land and water systems provide free goods and services essential not only to life, but 

also to private sector growth and stability. The value of these ecosystem services has thus far 

largely been unaccounted for in business decisions and market pricing, which has led to waste, 

negative impacts and non-optimal investment decisions. The World Business Council for 

Sustainable Development (WBCSD) is working with its corporate members on promoting the 

integration of natural capital accounting in risk management and investment decision-making, 

and will share insights on new emerging business models.  

 

2. Environmental Profit & Loss (Presentation by Kering) 

 

Traditional corporate accounting does not capture the interdependencies between financial value 

creation and the environment. As a consequence, the environmental externalities of private sector 

activities and the value of nature to private sector operations (e.g. ) are either under- or 

overvalued, or simply ignored. Kering is applying an enhanced version of Puma’s Environmental 

Profit & Loss (EP&L) methodology across all of its brands to assess nature’s value to the 

company. Kering’s EP&L system acts as a tool to increases the company’s understanding of its 

environmental impact, in order to take better decisions and improve the sustainability of its 

operations.  

 

3. Shared value (Presentation by the Inter-American Development Bank) 
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The concept of shared value (SV) is appealing in its value proposition, but the replicable 

implementation of the concept is a challenge. Not only is creating SV complex because of the 

required multi-perspective lens, but also there is no widely recognized approach for a SV 

methodology. Multi-lateral financial institutions such as the Inter-American Development Bank 

(IDB) have seized on the promise of SV as a strategy to accelerate development results and 

business growth, reduce poverty and inequality, and promote sustainable livelihoods. The 

strategy of development through the private sector – as expressed by SV – is intended to achieve 

‘win-wins’ in the form of both enhanced business competitiveness and improved socio-economic 

opportunities for affected communities and constituencies. In practice, however, many large 

private sector clients lack the resources and willingness to identify and undertake comprehensive 

reviews and assessments of existing and future SV opportunities. In addition, there is no single 

methodology for valuing the social performance/impact of private investments, including gender 

and diversity. Quantifying and valuing financial value to a company is relatively more 

straightforward, in comparison.  The challenges are significant, and many. For example, 

important benefits that accrue from effective social programs are often difficult to monetize. 

Shadow prices (dollar values assigned to outcomes) in cost-benefit analyses often do not capture 

the full range of societal benefits or costs. Yet at the same time, there is often a desire from 

clients to come up with a ‘single number’ – one that will tell if the initiative will succeed or fail 

when assessed across multiple objectives (financial and social). The IDB will present ‘lessons 

learned’ from SV engagements delivered with Deloitte in Peru and Jamaica, with insights and 

recommendations for financial institutions and corporations seeking to implement SV 

approaches. 

 

Short biographies of panelists  

 

 

 Shailendra Mudgal, Partner, Deloitte France 

 

Shailendra is an environmental engineer/economist with a strong expertise in different dimension 

of sustainability and has more than two decades of experience in environmental consulting. 

During last 10 years, he has supervised more than 100 projects for the EU and other international 

and national institutions (Commission, Parliament, EEA, UNDP, IEA, UNEP, DEFRA, ADEME, 

etc.). He often works at the interface of private companies, experts, policy makers, and NGOs to 

strike a balance between their goals of economic, environmental, social and governance 

dimensions of sustainability. He was a co-author of the UNEP Green Economy Report and 

currently advising on the future strategic directions for the UNEP Resource Panel. He also edited 

three chapters on technological, social and governance megatrends for the upcoming 2015 State 

of the Environment Report of the European Environment Agency. During last 6 years, he has 

been actively working on the management of environmental risks, on one hand for private 

companies in high risk sectors while on the other hand for actors such as insurers and bankers to 

develop financial instruments to cover these risks, and finally for policy makers for example five 

projects conducted in the context of the EU Environmental Liability Directive and two projects 

for the EU Offshore Safety Directive.   

 

 Eva Zabey, Director Natural Capital, World Business Council for Sustainable Development 

 

Eva leads the World Business Council for Sustainable Development (WBCSD)’s work on 

ecosystem-related tools and implementation, including valuing nature in a business context. 
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Over the last decade, Eva has led a number of projects at WBCSD with a coalition of about 200 

leading companies, such as the Water Scenarios to 2025 and the Global Water Tool to map 

companies’ water-related risks, as well as the roll-out of the Guide to Corporate Ecosystem 

Valuation. Eva is an ecology specialist having gained a BSc from Imperial College London, and a 

Masters in environmental management from EPFL, Switzerland. In 2012, she completed a 

University of London on-line course on valuation techniques.  

 

 Michael Beutler, Director Sustainability Operations, Kering 

 

Michael Beutler joined Kering as the Director of Sustainability Operationsin September 2011. 

Prior to Kering, Michael served 6 years at SAP in Senior Management positions including his last 

role as Global Director of Sustainability and Strategy for 3 years, and has worked at international 

corporations DHL, PWC and Ford over the last 20 years. During his tenure at Kering, Michael 

has been integral to operationalizing Kering’s new sustainability department. He oversees a team 

to implement cross-cutting innovative approaches and is responsible for implementing Kering’s 

Luxury and Sport & Lifestyle brands’ individual Environmental Profit & Loss Accounts (E P&L) 

to construct the final Group E P&L, and as a core part of the next phase in the E P&L 

development. 

 

 Bettina Boekle-Giuffrida, Structured and Corporate Finance Department, Interamerican 

Development Bank 
 

Bettina Boekle-Giuffrida is currently Social Sustainability Specialist at the Structured and 

Corporate Finance Department (SCF) of the Inter-American Development Bank (IDB). In 2010 

she re-joined the IDB as Young Professional and with former experience as social development 

consultant on the IDB’s public sector side. Within SCF, Bettina is the focal point for social 

sustainability, accompanying project teams working in agribusiness, tourism, manufacturing, 

higher education and infrastructure. The goal of her work is to move large financial loan and 

guarantee operations beyond ESG standards and towards higher developmental additionality. 

Together with the IDB’s Gender and Diversity Division, her team created the innovative product 

called ‘Shared Value Appraisal’ for which it won the department’s Innovation-in-Sustainability 

Award in 2012. Part of SCF’s shared value work is currently being carried out with Deloitte 

Canada. Bettina holds a PhD and a Master Degree in Political Science from the Free University 

of Berlin, and a Master’s in International Economics/International Relations from Johns Hopkins 

University/SAIS. She successfully defended her PhD dissertation entitled ‘Brazilian Federalism 

as Politics, Polity, and Beyond: Examining Primary Education with Case Studies in Ceara and 

Pernambuco’ in 2012.  

 

 

51



 

1 
 

 

Potential of Satellite Data in Catastrophic Flood Risk Mapping and 

Assessment: Case studies from Asia and Africa 

Giriraj Amarnath1, Ameer Rajah1, Niranga Alahacoon1, Yoshiaki Inada1, Ryosuke Inoue2, Pramod Aggarwal3, 
Vladimir Smakhtin1 

1
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University of Tokyo, Tokyo, Japan. E-mail: ryosuke.iue@gmail.com  
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ABSTRACT: Over last decades, we have witnessed an upward global trend in natural disaster occurrence. Hydrological and 
meteorological disasters are the main contributors to this pattern. In 2011, hydrological disaster, such as floods and wet mass 
movements, represented 52% of the overall disaster reported, causing 139.8 million victims and more than U.S. $70 billion in 
damages. Remote sensing from space plays an important role in flood mapping and flood risk assessment. Satellite images 
acquired in both optical and microwave range of electro-magnetic emissions are utilized for solving many problems related to 
flood risk management. This paper presents two different research activities (1) flood detection algorithm which uses vegetation 
and water indices (NDVI, EVI, LSWI, DVEL) at a spatial resolution of 500m and time period 2000 – 2013 using MODIS 
Terra/Aqua and JAXA PALSAR satellite to spatially and temporally quantify flood inundation extent at a continental scale in 
South Asia, Southeast Asia and Nigeria in the context of emergency response and (2) blending satellite data and RADAR (Rapid 
Agriculture Disaster Assessment Routine) tool for rapid flood damage assessment in agriculture with a case study in Sri Lanka. 
The results of the present study will provide valuable information to flood policymakers and flood disaster researchers. 

Keywords: Flooding, MODIS, RADAR, Damages, Economic losses. 

1. INTRODUCTION 

Floods and droughts are among the most dangerous and costly of all natural disasters. According to EM-DAT (2014), about 3 
billion people, globally, are affected by floods and droughts. Between 1995 and 2013, about 250,000 deaths were associated with 
floods and droughts worldwide, with an economic loss of USD 290,000 million. Destructive floods are common in the tropics, 
particularly in Asia. About 3,881 flood disasters associated with 2,651 different rivers were recorded in the Dartmouth Flood 
Observatory catalogue between 1985 and 2011. The increasing losses resulting from floods and droughts in both developed and 
developing countries indicate that disaster mitigation is not a simple matter related to economic development, but rather a more 
complex issue in which science and technology could play an important role. 

Remote sensing has been applied in many flood related researches for decades. There are several pioneer studies that have 
attempted to map spatial and temporal variations of flood inundation. Sakamoto et al. (2007) and Islam et al. (2010) investigated 
the temporal changes in annual flood inundation extent in Mekong Delta and South Asia using MODIS (Moderate Imaging 
Spectroradiometer) time-series imagery. However, these investigations are limited to selected basin or country and for the 
purpose of large-scale flood risk management it requires continental scale flood risk products to support identification for climate 
risk investment and minimize risk reduction. The aim of this paper is to address two issues (1) develop methodology that can be 
used to map spatial and temporal dynamics of flood inundation by integrated multisource satellite datasets to identify flood risks 
areas in Asia and Africa; and (2) develop a system that integrates inundation extent using satellite data or extreme precipitation 
using satellite-based rainfall estimates through which agricultural damage can be rapidly estimated whenever and wherever a 
flood happens.   

2. MATERIALS AND METHOD 

2.1 Flood Inundation Mapping 

Freely available NASA’s MODIS Terra/Aqua satellite datasets were used for inundation detection and Landsat TM/ETM+ 
(Optical) and ENVISAT ASAR or RADARSAT (microwave) images will be used for evaluating the accuracy of MODIS. In this 
study, time series images of MODIS Terra product “MOD09A1” from year 2000 to 2013 were used to map continental scale 
flood extent covering region of Asia and Africa. These images are 8-day composite data at a 500m resolution. Compositing 
involves compiling daily images over an eight-day period and selecting pixels of the highest quality based on a combination of 
low view angle, the absence of clouds or cloud shadow, and aerosol loading. In general, this process reduces interference from 
cloud cover and sensor aberrations, resulting in improved image quality, but the trade-offs are the possibility of missing 
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inundation caused by rapid-changing flood events. Landsat TM/ETM+ images at 30 m resolution will be acquired from 
USGS/EROS Center, ASAR from ENVISAT and RADARSAT from Canadian Space Agency.  

Recently IWMI has developed Flood Mapping and Analysis (IFMAN) Tool to map inundation on MODIS imagery. The tool 
calculates various spectral indices derived from 7 spectral bands to generate indices such as Normalized Difference Vegetation 
Index (NDVI), Normalized Difference Water Index (NDWI), Enhanced Vegetation Index (EVI) and Land Surface Water Index 
(LSWI) to generate pixel level water-sensitive parameters. EVI, LSWI and DVEL are exclusively used to discriminate Flood, 
Non-Flood and Water-related pixels. If EVI is greater than 0.3, it can be classified as Non-Flood related pixel. EVI of permanent 
water bodies such as “River” and “Sea” land use type are less than 0.05 or even negative value throughout the year. In such cases, 
criteria set if EVI is less than or equal to 0.05 and LSWI is less than or equal to 0, the pixel will be identified as Water-related 
pixel. The DVEL was calculated using combination of EVI and LSWI. DVEL can be used to discriminate between water-related 
pixels and non-flood pixels. Finally the approach provides series of flood inundation maps from 2000 to 2013 for mapping flood 
risks areas and detects areas that can be potential utilized for flood risk assessment.  

2.2 Rapid Flood Damage Assessment 

In Sri Lanka, floods causes major disasters compare to other natural disasters. In particular, eastern and south-western parts of Sri 
Lanka have suffered from major floods due to the two monsoon seasons, which bring heavy rainfall. Typically during the 
Southwest monsoon season (May to September) the southern and western provinces are vulnerable to floods. During the North 
east monsoons (December to February) the eastern provinces are prone to flooding. Flood exposure map (Fig. 1), which was 
developed based on historic data on the frequency and scale of flood events, indicates the DS divisions highly exposed to flood. 
As can be seen in the map, the exposed level of south-western and eastern parts are high. 

 

Fig. 1. Flood exposure map of Sri Lanka (Source: Ministry of Environment, 2011) 

FAO (2008) has developed the tool called Rapid Agricultural Disaster Assessment Routine (RADAR) to estimate the disaster 
damage quickly, using adequate database (DB), knowledge base (KB) and a remote sensing technology with Geographic 
Information System (GIS). There have been no implementations of RADAR except that FAO itself implements it in Honduran 
hurricane in 1998. Basic concept of the RADAR method is pretty simple. First, region concerned is separated into parcels 
according to administrative boundaries, intensity of the disastrous event, and land use from GIS. Then, for each parcel, 
component damages are calculated by multiplying parcel area by value density of the component and percentage loss. Finally, 
total damage can be obtained by aggregating damage of each parcel. 

3. RESULTS AND DISCUSSION 

3.1 Flood Mapping 

Across the South Asia, the annual maximum inundation was highly variable with an area varying from 200,000 to 400,000 km2. 
During the study period, the most widespread inundation was in water year 2010. The year with the smallest area of inundation 
was 2001. As the annual maximum inundation maps were derived by linking the date with the flow peaks, the date of the 
inundation (Fig. 3) can be considered to be the same as that of its related flow peak. The Day of Year (DOY) of those peaks 
among water year 2001 – 2011 were calculated based on their date, and mapped the zones to indicate the seasons of their 
occurrence. It can be identified that in most zones, discharge peaks usually occurred in monsoon season. However, water year 
2007 and 2010 were exceptions, when many zones demonstrated peaks in months of October and November respectively. 
Several flood mapping products were generated at various scales to identify areas for prioritization and flood risk management.  
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Fig. 3: Flood Inundation extent for South Asia using MODIS Images for the year 2010 

Table 1: Country-wise flood affected areas using time-series MODIS Images 

Country 
Total Area 

(sq.km) 

Flood 

Affected 

Area 

(sq.km) 

Flood 

Affected 

Area in % 

Bangladesh              147,570  
         

69,025.93            46.78 

India           3,287,240  
      

135,568.18              4.12  

Nepal 
               

147,181  
           

1,442.34              0.98  

Pakistan 
               

796,095  
         

97,057.15            12.19  

Sri Lanka 
                 

65,610  
               

838.27              1.28  

 
Table 2: Country-wise population affected by flooding using time-series MODIS Images and CEISIN Global Population Density 
Datasets 

  

Total 

Population 

Affected 

Population 

Flood 

Affected Pop. 

in % 

Bangladesh      152,518,015  
         99,412,500          65.18  

India   1,210,193,422  
      131,107,100          10.83  

Nepal        26,620,080  
               323,995            1.22  

Pakistan      180,440,000  
         18,933,730          10.49  

Sri Lanka        20,277,597  
               901,151            4.44  

3.2 Flood Damage Assessment using RADAR tool 

Table 3.1 shows the result of RADAR implemented in Batticaloa flood. Value density, percentage loss and affected area of the 
three components are obtained from DB, KB and GIS. As a product of these variables, it can be seen that damage to paddy is 676 
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million Rupees, damage to livestock is 257 million Rupees, damage to farm asset is 762 million Rupees, and the total damage is 
1.70 billion Rupees.  

Table 3: Example of flood damage calculation in Batticaloa with respect to flood in February 2011 

Component Assumed Land Use Value density 

(Rs/ha) 

Percentage 

Loss (%) 

Affected 

Area (ha) 

Damage (Rs) 

Paddy Paddy 96,759 74% 9,442 676,083,764 

Livestock Homesteads/Garden, 
Paddy, Scrub, 
Grassland, Other 
cultivation 

20,452 100% 12,567 257,013,836 

Farm Asset Homesteads/Garden, 
Paddy 

100,589 70% 10,856 762,188,456 

Source: District Secetatiat of Baticaloa and DMC (2011)  
Fig. 4: Comparison of the results from RADAR and reported results for the Batticaloa district, Sri Lanka 

District Secretariat of Batticaloa and Disaster Management Centre (2011) estimate the flood damages to agricultural sector in 
Batticaloa through a direct measurement. They estimate that the agricultural damage in Batticaloa is 2.90 billion Rupees 
including irrigation, paddy, other field crops, and livestock. Since in this study RADAR estimation doesn’t consider irrigation 
damage, it should be subtracted from total damage for comparison purpose. As a result, their estimate becomes 2.43 billion 
Rupees. Compared with this value, our estimate from RADAR is 30% less than it (Figure 4). The difference between two 
estimates is partly caused by the fact that the damage to other field crops is not included by RADAR method. Therefore, the error 
caused by RADAR system is much less. Considering the fact that damage estimation through RADAR requires much less cost 
and time, it can be said that the accuracy is considerably high. 

5. CONCLUSIONS 

Evaluation results demonstrated that inundation detected by MODIS images has an acceptable accuracy at various scales, 
confirming the suitability of this technique for use in spatial and temporal mapping of flood inundation in large river basins. 
Blending of flood inundation extent derived from remote sensing images with the RADAR tool allows promising approach to 
immediately estimated flood damages whenever and wherever a flood happens. Its implementation in Batticaloa flood in 
February shows that the estimate from RADAR is close to the estimate from direct measurement, despite the fact that RADAR 
method is based on remote sensing technique and requires few cost and time. Therefore, this result suggests that that RADAR can 
become a valid tool in a decision support system for facilitating good decision making of the government. Moreover, RADAR 
has much capacity to improve its accuracy by routinely applying this tool. To make it improve further, it is significantly 
important that RADAR becomes the standard way of flood damage estimation. In light of its capability of being modified easily 
and applied to future flood simulations, it is possible that RADAR will be widely accepted as a tool for rapid flood damage 
assessments. 
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ABSTRACT: The UK Government has committed to making better use of science in anticipating, preparing for and responding 

to international humanitarian emergencies. As a result, the Science in Humanitarian Emergencies and Disasters (SHED) 

mechanism was established in 2012 with the aim of providing advice to government departments on emerging rapid and slow 

onset natural hazards. The SHED mechanism was activated in response to Typhoon Haiyan and rapidly coordinated the provision 

of advice, information and data to the UK Department for International Development on the expected weather conditions, areas 

most at risk of landslides and the health impacts of the disaster. The advice provided informed the deployment locations for two 

Royal Navy warships that were assisting with the response.  

Keywords: Humanitarian emergencies, Typhoon Haiyan, natural hazard, science, disaster risk reduction. 

1. INTRODUCTION 

An independent review into how the UK responds to humanitarian emergencies was commissioned in 2011 by the Secretary of 

State for International Development (Ashdown, 2011). This Humanitarian Emergency Response Review (HERR) looked into 

how the UK should best respond to humanitarian emergencies overseas. It highlighted that the UK should take a more 

anticipatory approach stating that if the UK is “to meet the challenges ahead, we have to be ahead of the curve rather than always 

behind; preparing for disasters as well as reacting to them.” The review suggested that a better presentation of science to decision 

makers would help in this anticipatory approach. 

In response to the HERR report, the UK Government made two key science policy commitments: to improve the use of science 

in predicting, preparing and responding to disasters, and to work with others to find new ways of acting quickly in “slow onset” 

disasters to stop them becoming major emergencies (Department for International Development, 2011).  

As a result, the UK Government Chief Scientific Adviser at the time, Sir John Beddington, was asked to improve Government’s 

use of science drawing on the Chief Scientific Advisers’ network. He commissioned the Science in Humanitarian Emergencies 

and Disasters (SHED) report, which primarily focused on government, and changes to the way the UK government plans and 

prepares for international humanitarian emergencies (Government Office for Science, 2012a).  

The SHED report made three main recommendations which aimed to make a real difference to the way that Government uses 

science advice. Two new expert groups were proposed. The first would provide systematic advice to Ministers on emerging 

international risks and the uncertainties in assessing those risks. The second would meet when an international emergency occurs 

and would aim to provide a prognosis for the “reasonable worst case”, based on scientific advice.  

A third recommendation proposed the establishment of a register of experts that could be approached to provide advice on 

specific hazards and their impact.  

Following the publication of the SHED report a Secretariat was established at the UK Collaborative on Development Sciences 

(UKCDS) to take forward the recommendations from the report. 

2. IMPLEMENTING THE SHED RECOMMENDATIONS 

2.1 Anticipating natural hazards 

In July 2012, a Risk and Horizon Scanning Expert Group (RHEG) was established to provide scientific and technical advice to 

UK government departments and Ministers on emerging natural hazards (Government Office for Science, 2012b). This group is 

chaired by the Government Chief Scientific Adviser and draws on the expertise of the Chief Scientific Adviser’s network (figure 

1).   

The RHEG assesses available science information and provides early warning of natural disasters and emergencies at a global 

scale to UK government to support crisis management preparedness. A key output from this group is the International Natural 

Hazard Forward Look focused on slow and rapid onset hazards across a range of environmental factors, updated every three 

months and which looks ahead for the next three months.  
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A simple form of horizon scanning is used to develop the Forward Look. Relevant public sector science agencies are given lead 

responsibility to monitor and report on a set of natural hazards. So, for example, the UK Met Office acts as a focal point for the 

identification hydro-meteorological hazards and British Geological Survey (BGS) is responsible for monitoring geohazards. 

Human and animal health hazards are monitored by the joint Human Animal Infections and Risk Surveillance (HAIRS) group. 

This is a multi-agency and cross-disciplinary horizon scanning group.  

The forward look focuses just on the hazard and individual government departments overlay their own vulnerability and exposure 

data to identify relevant risks. For example, the UK Department for International Development incorporates the findings from the 

Forward Look into their Global Humanitarian Risk Report, which analyses the global humanitarian risk landscape with the 

intention of informing investments in resilience and disaster preparedness.  

 

Fig. 1: Membership of the Risk and Horizon Scanning Expert Group 

2.2 Responding to humanitarian emergencies and disasters 

In the event of a rapid onset international humanitarian emergency there may be a requirement for scientific and technical advice 

to support the UK Government response. The UK already has a well-established system for accessing timely scientific and 

technical advice in an emergency via the Scientific Advisory Group for Emergencies (SAGE) (Cabinet Office, 2012 & UNISDR 

2013). However, this group, which reports directly to the Prime Minister, can only be activated by the Cabinet Office Briefing 

Room (COBR) – a cross-government mechanism for coordinating the response to an emergency.  

Following the publication of the SHED report, the secretariat at UKCDS developed a response protocol so that government 

departments could access multi-disciplinary scientific and technical advice quickly to guide their response when COBR had not 

been established. Essentially, the SHED Secretariat acts as a focal point for requests for advice from government departments. 

Using a database of expertise, the SHED Secretariat aims to respond to these requests by bringing together a group of relevant 

experts.  

Since 2013, the SHED Secretariat has responded to eight extreme events and coordinated the provision of advice on a range of 

issues including earthquakes in Iran, Ebola outbreaks in Guinea and flooding in Serbia. 

3. SHED RESPONSE TO TYPHOON HAIYAN 

During Typhoon Haiyan, which hit the Philippines archipelago in November 2013, the SHED Secretariat coordinated the 

provision of scientific and technical advice to the UK Department for International Development (DFID) to support their 

operations in the area.   

Through this relatively new mechanism, the SHED Secretariat brought together a wide range of experts from the UK Met Office, 

British Geological Survey, Public Health England and the International Landslide Centre to provide ongoing advice, information 

and data on: 

 The expected track of the Typhoon, including expected rainfall levels and wind speeds.  
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 Areas most risk of landslides. 

 The health impacts of the disaster. 

 Daily forecast information from the Met Office Global Guidance Unit on ongoing impacts post event. This included 

information on the risk of low cloud and the expected sea state, both of which could hamper air and sea operations, the 

expected frequency of further rainfall and thunderstorms and the risk of flash floods.   

The information provided through the SHED mechanism assisted DFID’s assessments team and other partners in-country (eg 

MapAction) with their response to the Typhoon. In particular, advice provided informed the deployment locations for two Royal 

Navy warships that were assisting with the response.  

The information on the scientific evidence on health impacts was collated on the Evidence Aid website and was made available 

free to everyone accessing the site from the Philippines until the end of March 2014. Evidence Aid is a coordinated, international 

initiative that provides reliable, up-to-date evidence on interventions that might be considered in the context of natural disasters 

and other major healthcare emergencies 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The SHED project aims to address the Hyogo Framework for Action (HFA) Priority for Action 2: Identify, assess and monitor 

disaster risks and enhance early warning. The International Natural Hazards Forward Look produced every three months gives 

DFID a heads up on emerging natural hazards that have the potential to cause disasters. This knowledge is incorporated into a 

Humanitarian Risk Report (along with many other data sources) which informs investments in resilience so that countries can 

reduce their risks of future disasters.  

The SHED project has highlighted that science can and should have a central role in disaster risk reduction and response. This 

has been a key message heard during the negotiations on the post-2015 framework. As a result of the SHED project and related 

discussions, UKCDS hosted a meeting in March 2014 of senior representatives of UK and international science institutions to 

discuss how science, engineering and technology can be more effectively used in disaster risk reduction. This meeting was 

organised in collaboration with the UN Office for Disaster Risk Reduction (UNISDR), the International Council for Science 

(ICSU), UNESCO, the Wellcome Trust and the Royal Society.  

The outcome of that meeting was a statement (UKCDS, 2014), which called for the establishment of an international science 

advisory mechanism for disaster risk reduction to strengthen resilience for the post-2015 agenda. It is thought that such a 

mechanism could strengthen the evidence base to effectively reduce disaster risk and enhance resilience. This mechanism could 

also provide scientific evidence and information to support countries and other stakeholders to implement and monitor progress 

on disaster risk reduction in the context of the post-2015 sustainable development agenda and the successor to the Hyogo 

Framework for Action.  

5. CONCLUSIONS 

The Science in Humanitarian Emergencies and Disasters project provides a case study of how a mechanism to provide rapid, 

coordinated and consistent science advice can inform disaster risk reduction and humanitarian response activities. The review of 

the response to Typhoon Haiyan highlighted that the SHED project did achieve its aim of streamlining and synergizing the UK’s 

scientific capacity to advise key actors in disaster response and mitigation. In addition, the response demonstrated that having a 

coordinated response to provide science advice is beneficial for all parties involved and added value to the UK’s understanding of 

the situation and response. 
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ABSTRACT:  The  conference  contribution  will  provide  an  overview  to  an  approach  towards  a 
transparent  risk  governance  framework  for  shale  gas  development,  integrating  the  levels  of  politics, 

economics,  stakeholders  and  possible  environmental  impacts,  such  as methane  leakage,  ground  and 

surface water contamination, or induced seismic activities. The approach broadens the knowledge base 

on shale gas extraction technologies and the scientific understanding of its impacts. This allows: 

‐ linking specific technologies and governance practices to environmental impacts and risks 

‐ comparing best available technology options and best governance practices 

‐ providing  guidance  for  the  industry  and  policy makers  in  view  of minimizing  the  environmental 

footprint  

‐ ensuring wider social sustainability and acceptance through adapted risk governance and  

‐ providing guidance for the innovation and technological development agenda. 

Keywords: shale gas, risk governance, unconventional resources 

1. INTRODUCTION 
Technological  progress,  notably  the  combination  of  horizontal  drilling  and  high  volume  hydraulic 

fracturing,  together  with  regulatory  exemptions  for  the  exploration  and  extraction  industry,  has 

stimulated disruptive growth of unconventional hydrocarbons in North America. Meanwhile the EC has 

highlighted  its  commitment  to  further  GHG  emission  reduction  and  to  ensure  the  EU  is  on  a  cost‐

effective track towards meeting its objective of cutting emissions by at least 80% by 2050. For this long 

term ambition,  the EC has proposed  its Energy Roadmap 2050 and has developed a Strategic Energy 

Technology Plan (SET‐Plan). Both, the Roadmap and the SET‐Plan take notice of the potential implication 

of shale gas for the EU. At the same time, various related environmental impacts, risks and uncertainties 

are challenging the idea that developing European shale gas deposits could serve as a bridge towards a 

decarbonised European energy system, while a scattered and changing regulatory  landscape  in Europe 

leaves it widely uncertain when unconventional resources might become significant. 

Due to diverging  interests of member states, the EC has so  far stepped away  from comprehensive EU 

regulation. Nonetheless some of the risks are clearly transboundary in nature and therefore a matter for 

the ESPO Convention while other impacts are at least relevant for EU policy objectives. 

The  huge  potential  of  shale  gas,  Europe’s most  important  unconventional  hydrocarbon  resource,  is 

contrasted by significant public concerns [1], mainly due to environmental  impacts and risks of related 
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exploration  and  exploitation  techniques.  While  environmental  impacts  may  be  assessed  trough 

measurements and models, any evaluation of risks  is  inevitably bound  to a specific social context and 

has  to consider social perception and stakeholders’ perspectives,  including community concerns. Thus 

understanding  environmental  impacts  and  risks  necessarily  has  to  go  beyond  their mere  empirical 

assessment  and  the  description  of  risks  in  terms  of  technological  failure.  For  any  European  socially 

sustainable  shale  gas  development,  best  risk  governance  practices  and  transparent  risk  evaluation 

mechanisms have to be identified, elaborated and compared.   

2. SUGGESTED APPROACH FOR BEST RISK GOVERNANCE PRACTICES 
 

In order to achieve best practices, both in shale gas E&P and in governing associated risks and concerns, 

it is essential to understand impacts, risks and uncertainties of shale gas development in Europe and its 

specific  exploration  &  production  (E&P)  technologies.  To  contribute  towards  minimising  the 

environmental footprint and making shale gas E&P socially and environmentally sustainable in Europe a 

threefold approach is suggested (Fig. 1).  

(A) Understanding impacts: Extending the knowledge base on environmental impacts and risks. 
(B) Analysing  technology  governance:  Understanding  governance  practices  and  regulatory 

environments. 
(C) Matching between impacts and governance: Analysing fits and misfits of regulatory approaches 

and governance practices  in view of  criteria development  for best available  technologies and 
best risk governance. 

 

As shale gas E&P technology has seen numerous  improvements,  in terms of safety and cost efficiency, 
the approach starts from two focused assessments (A)+(B), to specify environmental  impacts resulting 
from  shale  gas  production  and  the  related  governance,  including  the  development  of  rules  and 
regulations. Matching  the  findings  from both  assessments  in  a  second  level of  analysis  (C) will  allow 
delivering scientific recommendations that go beyond BAT identification. Best risk governance practices 
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are  about  both,  minimizing  the  environmental  footprint  of  shale  gas  extraction  and  enabling  its 
sustained social acceptability. 

In  relation  to  part  (A)  the  environmental  issues  involved  can  be  broadly  distinguished  as  (i)  GHG 

emissions  and  air  quality  [2‐7],  (ii)  surface  impacts,  land  use  and  footprint  [8‐10],  (iii)  water  and 

groundwater  related  risks,  including water  treatment  issues  [11‐12],  and  (iv)  geological  and  seismic 

uncertainties and risks. However most of the specific issues are interlinked and are related technological 

and contextual frame conditions, whereas some of the pathways of risks and impacts are still unknown. 

Site specific impacts, risks and uncertainties require specific attention and should be distinguished from 

more general  implications. They  can be assessed by  scenario based  regional  case  studies and by  site 

specific  assessment  activities.  In  addition,  comparing  technological  choices  in  view  of  their 

environmental impacts is prerequisite for pointing out best available technologies (BAT). 

In relation to part  (B)  it  is necessary to assess various relevant regulatory and governance based on a 

comparative analysis of various parameters derived from well‐established risk governance frameworks 

[15,16]. The assessment should be structured along the analysis of the following aspects:  

 Environmental baseline assessment practices, requirements and standards; 
 Environmental  monitoring  and  compliance  oversight,  as  well  as  methods  and  regulatory 

approaches to impact data and data comparability; 
 Transparency requirements, transparency practices and transparency demands; 
 Risk communication approaches, dialogue and community participation. 

The matching  approach  (C)  is  directed  towards  the  elaboration  of  criteria  for  the  identification  and 

evaluation of  risks and  impacts, best available  technologies  (BAT) and best  risk governance practices. 

While  the  results  will  depend  on  data  and  valuations  of  stakeholders,  the  objectives  of  such  a 

transparent risk evaluation framework can be pointed out as follows:  

 specify  fits  and misfits between  environmental  impact  (and  impact  scenarios)  and  regulatory 
provisions or (existing) risk governance practices; 

 find  out  potentials  to  shape  related  technology  and  regulation  practice  in  order  to  reduce 
environmental  risks  and  to  provide  governance  strategies  for  the  implementation  of  best 
available technologies (BAT); 

 elaborate checklists and criteria for the evaluation of best practices in risk management. 

Within this process of valuation the contextual and technological specifications provide useful guidance 

to differentiate various economic,  social and community perspectives and  take  into account different 

spatial  (local,  regional,  transnational)  and  temporal  (short  term  vs.  long  term)  aspects  and  issues. 

Matching impacts against EU policy objectives and risk governance practices and in particular involving 

interested stakeholders for criteria development requires a transdisciplinary approach. Such approaches 

are well‐established and validated in TA and risk evaluation processes [17,18]. 

Altogether, the approach is directed to European best practices in risk governance in view of mitigating 

environmental impacts and fostering the social sustainability and acceptance of shale gas development. 

An appropriate governance  framework  for  shale  gas development has  to  consider more  than  impact 

assessments and existing national rules and regulations.  It  is  influenced by  the questions of economic 

impacts, resource availability and competition with alternative energy carriers. In the EU‐context it will 

face  transboundary  issues and different grades of public acceptance as well as different standards  for 

data gathering and validation,  thus a  lack of  comparability.  In  this  regard  various assessment  criteria 

have to be analysed and evaluated and their comparability assessed. In addition they have to be related 

to EU‐guidelines and recommendations.  

61



 

4 

 

 

REFERENCES 
[1]  EC, “Flash Eurobarometer 360: Attitudes of Europeans towards Air Quality.” Jan‐2013. 

[2]  Fritsche  et  al.,  “Energie‐  und  Klimabilanz  von  Erdgas  aus  unkonventionellen  Lagerstätten  im 

Vergleich zu anderen Energiequellen,” Öko Institut e.V., Darmstadt, 2012. 

[3]   Allen et  al.,  “Measurements of methane emissions  at natural  gas production  sites  in  the United 

States,” PNAS, vol. 110, no. 44, pp. 17768–17773, 2013. 

[4]   Karion et al.,  “Methane emissions estimate  from airborne measurements over a western United 

States natural gas field,” Geophys. Res. Lett., vol. 40, no. 16, pp. 4393–4397, 2013. 

[5]   Miller et al., “Anthropogenic emissions of methane in the United States,” PNAS, vol. 110, no. 50, pp. 

20018–20022, 2013. 

[6]   Brandt et al., “Methane Leaks from North American Natural Gas Systems,” Geophys. Res. Lett., vol. 

343, no. 6172, pp. 733–735, 2014. 

[7]   AEA, “Climate impact of potential shale gas production in the EU ‐ Report for European Commission 

DG CLIMA,” AEA/R/ E D 57412, 2012. 

[8]   JRC, “Spatially‐resolved Assessment of Land and Water Use Scenarios for Shale Gas Development: 

Poland and Germany,” IES, Ispra, EUR 26085 EN, 2013. 

[9]   Evans  JS  and  Kiesecker  JM,  “Shale  Gas,  Wind  and  Water:  Assessing  the  Potential  Cumulative 

Impacts of Energy Development on Ecosystem Services within the Marcellus Play,” PLoS ONE, vol. 9, 

no. 2, 2014. 

[10] RRC, “Eagle ford shale task force report,” Railroad Commission Texas, 2013. 

[11] EC, “Exploration and production of hydrocarbons  (such as shale gas) using high volume hydraulic 

fracturing in the EU ‐ SWD(2014) 21 ‐ Part 1/4.” 2014. 

[12]  Olmstead et al., “Shale gas development impacts on surface water quality in Pennsylvania,” PNAS, 

vol. 110, no. 13, pp. 4962–4967, 2013. 

[13]  De  Pater  C.J.  and  Baisch  S.,  “Geomechanical  Study  of  Bowland  Shale  Seismicity,”  Quadrilla 

resources, 2011. 

[14]  Llenos  A.L.  and  Michael  A.J.,  “Modeling  earthquake  rate  changes  in  Oklahoma  and  Arkansas: 

Possible signatures of induced seismicity,” Bull. Seismol. Soc. Am., vol. 103, pp. 2850–2861, 2013. 

[15]  IGRC, “An introduction to the IRGC Risk Governance Framework,” 2008. 

[16]  IGRC, “Risk Governance towards an Integrative Approach,” 2005. 

[17]  Decker,  M.  and  Ladikas,  M.,  Eds.,  Bridges  between  science,  society  and  policy.  Technology 

assessment. Berlin, 2004. 

[18]  Liebert, W.  and  Schmidt,  J.,  “Towards  a  prospective  technology  assessment  –  Challenges  and 

requirements for technology assessment in the age of technoscience,” Poiesis and Praxis, vol. 7, pp. 

99–116, 2010. 

62



 

1 
 

 

Resilience and land use planning on the provincial territory of Potenza 

Alessandro Attolico1 
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ABSTRACT: Province of Potenza adopted the Territorial Coordination Master Plan (TCP, 2013) that draws the local 
governmental proposals for the development of the provincial territory and, in particular, provides tools to the local actors for the 
correct land use and management. Province of Potenza has territorial coordination competences over 100 municipalities and is 
mostly characterized by all the mayor natural risks whose potential impacts are very serious in case of disasters. For this reason, 
an important section of the TCP is dedicated to the risk assessment/management and to the mitigation activities as important 
actions to be performed also at the urban level. An innovative aspect developed in the TCP is the implementation of the 
“resilience of communities” policy in territorial planning, by introducing risks-mitigation measures to be applied to the urban 
planning and strategic actions in order to involve the local actors, the private sector and the community in the resilience’s 
implementation processes. The TCP provides Municipalities with inputs and recommendations to be followed in urban planning 
aimed at implementing resilience in land-use government policies. For risks mitigation at the local level, the Province will 
contribute in seeking to promote or facilitate programs of extraordinary territorial maintenance to be implemented by the local 
governments, through the identification of possible financial mechanisms and procedural facilitation. The resilience 
implementation process is accompanied by other territorial policy actions on the natural and built systems, such as strategies for 
adaptation to climate change and environmental protection.  

The present work has been developed on the basis of the Input Paper submitted for the HFA Thematic Review and for the Global 
Assessment Report on Disaster Risk Reduction 2015 (GAR15). 

Keywords: Resilience, Territorial/Urban Planning, Land-Use, Local Authority/Government, DRR, Climate Change. 

1. INTRODUCTION 

Italian territory is largely characterized by all the major natural risks whose potential impacts on the community are very serious 
in case of disasters. For this reason, effective Disaster Risk Reduction (DRR) policies and actions are necessary at all institutional 
levels in order to meet the basic need of public and private safety of population.  

In the last twenty years much work has been done especially at national scale to combat disasters from an operative point of view 
namely working on the construction and implementation of an operational national system that is now considered one of the most 
efficient all over the world. On the other hand, lot of extreme rainfall events occurring in recent days are revealing that the 
territorial system is still not really prepared both in contrasting and in facing them through ordinary resources and actions. These 
extreme precipitation events together with slow processes of drought and desertification (CRA-INEA, 2007) are evidence of an 
ongoing Climate Change (CC) process against which all the territory (cities and communities) need to be more and differently 
prepared (IPCC, 2013). Some urgent and significant measures need to be adopted to prevent their effects or to reduce their 
impacts, sometimes leading to real big disasters in terms of number of people and assets injured. 

These disasters are revealing another important problem related to land use and government. The urban expansions in historically 
flood prone areas of the last decades, the indiscriminate soil sealing and consumption, contributed to increase the level of 
territorial risks. What it is coming out is that the urban structure is revealing not adequate to afford natural disasters and climate 
change injuries. In this respect, the territorial and urban plans need to be urgently drastically revised and updated, providing 
adequate measures for the correct land use and government starting from the soil consumption reduction.  

By contrast, these last and more recurrent events are rising the public awareness about disasters effects. These experiences are 
progressively leading the population to demand for new and more efficient actions versus DRR policies, namely urgent and more 
consistent intervention on the land use government and management, and the political will is taking seriously into consideration 
new behaviours to be assumed by the local action. 

In this general context, framed in the national and regional levels, the Province of Potenza is providing its strong institutional 
contribution in DRR and Climate Change contrast over the territory of its competence. The carried out activities permit to assess 
the progresses made in the HFA application and the needs for further developments in HFA2. 

1.1 The Province of Potenza and its territorial competences 

The Province of Potenza (Basilicata Region – South Italy) is a Local Authority of sub regional level whose policy/institutional 
action is performed also by the interaction with the Municipalities. It has a geographical extension of about 6,500 km2, a 
population of about 400,000 inhabitants and an average population density of 60 inhabitants/km2 (ISTAT, 2001). It counts 100 
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Municipalities among its territorial and government extension. 

The Province of Potenza has many territorial competencies. Territorial planning and civil protection are the most significant ones 
as regards the territorial policies. Among them various activities are performed with respect to local communities, municipalities 
and other institutional levels. As regards the territorial planning, the Province plays an important coordination role on the cities’ 
actions. Through its coordination, the land use/government policies at the local level are analyzed with a wide scale and strategic 
vision, and its effects reverberate in urban planning activities through a strong interactive coordination process. Additionally, this 
coordination provides also for a fundamental institutional support to the local actors for the correct land use and government. 

2. THE IMPLEMENTATION OF RESILIENCE IN LAND USE PLANNING 

The recent evolution of Province of Potenza’s action regards the inclusion of DRR and Climate Change resilient policies in the 
territorial and urban planning as important tools for the correct land use and government. The implementation process foresees 
different channels of action: an institutional one, based on the role the Province has in coordinating the planning activities at 
urban level in the regional context, and a supportive and cooperative one, based on the carrying on of a supportive or 
“accompanying” process addressed essentially to the key stakeholders (policy makers, municipalities, communities and citizens) 
towards the implementation of correct land use policies, in particular, regarding the territorial safety. 

The planning proposal is referred to the application of new living models based on a better land use and government that combine 
sustainable development and territorial safety. The proposal is based on a process of reduction of the system’s vulnerability and 
of the exposure of the population and goods to the territorial risks and climate change by the concomitance of different structural 
and non-structural actions to be applied at local/urban/community/citizen levels: resilient and sustainable urban planning, 
renovation and performance enhancement of the built environment, better use and protection of natural resources including land. 
The proposal arises from the premise that the future development of the territory is not possible without extensive programs of 
territorial governance interventions, such as the energy efficiency implementation, the production of energy from renewable 
sources, the implementation of sustainable and resilient territorial policies.  

Therefore, while at EU and national level new financial opportunities are increasingly provided, the local communities must be 
prepared to catch them. The public and the local authorities are a good example of testing these actions starting from the public 
stocks. They could act also as a sort of facilitators for the communities and for the private sector with a skilled institutional 
support. In this way, new forms of economic development could also arise locally resulting in an overall growth of communities. 

The listed above considerations are at the basis of the new concept of territorial planning and land-use policy that the Province of 
Potenza is implementing at the local level through the adoption of a specific Provincial Master Plan, also defined as Territorial 
Coordination Plan (TCP) (Province of Potenza, 20131): a new concept of local territorial planning, which takes into account DRR 
CC and resilience policies against territorial risks in urban planning action. The Province is particularly supportive of this policy 
choice because it is an occasion to start dealing with mitigation/adaptation in a “structural way” at a wider scale providing 
significantly effects also at urban scale. In fact, the overall effectiveness of the action can be assured if it is also accompanied by 
some radical cultural changes and attitude towards the risk mitigation/adaptation policies. 

2.1 DRR, Climate Change and Resilience policies in TCP 

The TCP draws the local governmental proposals for the development of the provincial territory and, in particular, provides 
guidelines and support to the local key actors for the correct land use and management. Important sections of the TCP are 
dedicated to the risk assessment/management and to DRR, including Climate Change, soil sealing and consumption, soils 
degradation and desertification, as important actions to be performed in the land use planning also at urban level.  

An innovative aspect developed in the TCP is the implementation of the Resilience policy in territorial planning, by introducing 
risks-mitigation directives and recommendations to be applied to the local and urban planning and strategic actions in order to 
involve the local key actors, the private sector and the community itself in Resilience’s implementation processes.  

The introduction of the concept of Resilience in the context of urban growth provides that the DRR is not limited to the 
preparation and response to emergency, but it becomes a crucial factor for sustainable development. Local governments are the 
level closest to the citizens and communities. They play the primary role in responding to crises and emergencies and provide 
essential services to their citizens, such as health services, education, transport/mobility, that must be "resistant" to disasters. 

The reduction in urban risk also provides opportunities for capital investment through the improvement and expansion of 
infrastructure, the energy efficiency and safety renovation of buildings, urban renewal, regeneration of degraded urban areas. 

This strategic urban planning process at municipal or supra-municipal level is intended to be participatory and to allow the 
Mayors and the key stakeholders to consider the best way to integrate the principles set out in plans and activities for local 

                                                
1 The adoption of the provincial Territorial Coordination Plan (TCP, 2013) is one of the most important targets of the political mandate of the 
2009-2014 Provincial Government headed by the President Mr. Piero Lacorazza (appointed President of the Regional Council of Basilicata in 
December 2013) whose commitment on territorial policy has been of great remark. 
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development. The process will help the Local Authorities to identify and focus on priorities for reducing the risk of disaster, to 
explore what resources (human, economic, technological, and natural) could be available locally, and to point out the needs for 
additional resources in order to start the necessary actions for searching and allocating them. 

Municipalities are asked to assess strengths and weaknesses and to consider all external factors that have to be addressed in order 
to achieve concrete results in terms of integration of sustainable development with the requirements of Resilience.  

The Province will provide its support and coordination and will proceed to constantly monitor the implementation status of the 
actions set, also performing periodic reports on the level of progress achieved in the implementation of local actions to reduce 
disaster risk, available even at institutional and sectorial higher-level. In this step, the Province will also ensure that the process of 
Resilience integration be conducted uniformly throughout the whole provincial territory. 

2.2 Specific actions 

In order to concretely implement the aforementioned key issues, as a part of its regulatory rules, the TCP contains guidelines and 
recommendations to be followed by the Municipalities in their urban planning activities. In technical and administrative 
procedures of local planning instruments and localization interventions, specific risk assessment evaluations and resilient 
solutions are required by the Municipalities, for example: 

• to refer to higher-level plans and tools for risks assessment, highlighting the compliance with their requirements; 

• to accompany land transformation interventions by multi-risk and opportunity assessments explaining the improvement of the 
overall situation, the fulfillment of the requirements and conditions to be observed and the overall convenience of the planning 
choices with respect to risk prevention and mitigation; 

• to accompany the overall urban planning proposal by analysis or assessments showing how the resilience of the proposal and 
describing the actions to be perform for ensuring Resilience. 

In this process, the Province will also contribute in promoting or facilitating territorial maintenance programs to be implemented 
locally, through the identification of possible financial mechanisms and procedural facilitation, such as for example: 

• the reallocation of portions of tax revenues (such as the costs for urbanization and construction) for risk mitigation 
interventions; 

• the drafting of guidelines and policy documents to be used in planning tools, aimed at the assessment of negative externalities 
related to land use transformation.  

• the promotion of exchanges of experiences and good practices’ transfer by means of extensive cooperation partnerships;  

• the definition of methodologies of 'territorial Resilience accounting' which would consider not only the homeland safety degree, 
but also the actions needed to effectively and promptly overcome disasters; 

• the exploring and setting up measures encouraging private investment in urban areas or buildings affected by territorial risks. 

The resilience process is accompanied by other territorial policy actions acting on the natural and built systems, as, for example, 
the ecosystems and natural buffers protection and energy policies for combating climatic changes. 

For an effective overall action, the Province is engaged for promoting and establishing a territorial cooperation Network with the 
Municipalities and the other key stakeholders also by benefiting from the UNISDR “Making Cities Resilient” Campaign2. 

3. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

According to the gained experience, the added value and the major challenges that could be further developed in the forthcoming 
HFA2 are mainly related to: the availability of resources; the data availability, scenario building and skills in performing disaster 
risk assessment and Resilience implementation; the public support and political will; the rise of communities’ awareness. 

Challenges in terms of resources: In terms of financial resources, new challenges come from the private sector. Territorial 
governance policies should foresee “to attract” private investment for enhancing the safety. Other challenges could be the 
application of environmental compensation measures for high impact interventions or, alternatively, of tax reductions in case of 
no-impacting or resilient ones. 

Challenges in terms of data availability, scenario building and skills: In terms of data availability new challenges could be the 
collection, the organization and publication of all the existing information for public free consultation and use. The experience 
showed a disaggregation of the information and of the knowledge because of some restraint in data dissemination by the owners, 
                                                
2 The Province of Potenza joined the “Making Cities Resilient” UNISDR Campaign in 2013 thanks also to the great effort made by the 
Provincial Councillor at “Civil Protection, Local Authorities and Energy Policy”, Mr. Francesco Pietrantuono, who strongly worked for 
integrating the related actions in the overall territorial target policies of 2009-2014 Provincial Government’s mandate, and who was appointed 
Councilor of the Regional Council of Basilicata in December 2013. 
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even if they are public institutions. There is a shortage of organization of comprehensive databases. For this reason, in territorial 
planning activities, the Province is working on the collection and systematization of all the available data for territorial analysis 
and for making them accessible by all the interested stakeholders. As regard the Risk Assessment, an approach based on 
probabilistic scenarios could fit best for the territorial planning purposes. More incisive interventions are expected also by the 
national/regional authorities. Finally, the Local Resilience Action Plan, defining commitments, times and subjects in charge and 
providing for the continuous monitoring process of the action, could be a comprehensive tool for implementing resilience. 

Challenges in terms of public support and political will: The role of communities in Risk Assessment and territorial/urban 
planning issues and should be hardly participatory. The increase of awareness of risks is possible also with the direct involvement 
of communities. Now a lot of simplified tools have been produced for providing the risk assessment activity to be understood and 
participated by all. The experience in performing some risk-awareness projects in the schools resulted as a sort of preferential 
path also for the involvement of the families. One possible vehicle for enhancing community engagement could be founded also 
on voluntary citizens associations, under the public coordination and guidance.  

Challenges in terms of rising communities’ awareness: More emphasis has to be put to the socio-cultural aspect to be while 
working on resilience in urban planning policies: the raise of awareness of the communities. Civil society is composed by a 
variety of communities: each of them will suffer injury form disaster and, for this reason, could reverberate on the others 
affecting the response (and the resilience) of the entire social system. These communities should be aware of their role and 
involvement in DRR so they could become a proactive part in the process. Furthermore, fundamental is also the involvement of 
the population (divided into different social communities). Also population should be an active part of the process, not acting 
only as the final recipient of the policies. Its involvement also in the decision-making processes could be strategic both for 
calibration and for the success of the policies. The rise in community awareness could also result in a strong push by the 
communities in requesting more territorial/urban safety. One of the best way to convince the policy makers to adopts some 
actions is to act from the bottom. The increase of communities’ risk awareness and related political will are fundamental for 
shifting the political attention from the post-disaster phase to the DRR and resilience implementation (it means, increase of public 
support, of more incisive urban planning policies and of search and allocation of financial investment in the pre-disaster actions).  

Finally, as suggestions for the HFA2, it is remarkable the need of a major empowerment of the “ground”, i.e the Communities, 
the Municipalities and the Local Authorities, and of the potentiality they have in networking, because it is from there that the 
most valuable and concrete actions could result in a real improvement of the overall Resilience implementation action 

4. CONCLUSIONS 

The Province of Potenza is strongly engaged in implementing territorial Resilience by acting through its coordination role in 
territorial/urban planning and by boosting the integration of DRR measures in the land use and government policies.  

The Province of Potenza intends to consolidate a supportive and cooperative approach with local communities - in particular, 
with the Municipalities and the other key stakeholders and institutions - and to encourage and facilitate actions of Public-Private 
and Public-Private-Population partnerships in order to achieve the required objectives of territorial resilience. 

As regards the methodology and the tools to be used in the resilience implementation process, the networking with the 
Municipality, the communities and the local stakeholders under the UNISDR “Making Cities Resilient” Campaign framework 
would be the key to success. 
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ABSTRACT: In This Article we are discussing about old fabrics in Mashhad city and their characteristics. Then, we are dealing with 

the innovative financial methods for funding old fabric renovation and reconstruction with considering Disaster Risk Reduction. The 

Paper purpose is to present measures and activities taken by Mashhad municipality for implementation of DRR and 10 essentials 

from MCR campaign. Also we are discussing about Measures has been taken by Mashhad Disaster Management Department of 

Mashhad Municipality and Municipality in Disaster Risk Reduction.  

Keywords: old fabric renovation - Disaster Management - Risk Financing 

1. INTRODUCTION 

Mashhad is with the population of around 2.7 million (2,427,316 in 2006), around 2% rate of growth, average age of 27.2 years 
old, age and family structure and more than 25 million pilgrims of Holy Shrine of Imam Reza and tourists per year the 2nd most 
important city of Iran. At the beginning of the 9th century Mashhad was a small village called Sanabad situated 24 km away 
from Tus. In 808 when Harun al-Rashid, Abbasid caliph, was passing through there, he died and buried there.Later on the Tus by 
Al - Mamun became the capital of Abbasid dynasty. After Imam Reza forced migration to Khorassan, Imam Reza (Grandson of 
Prophet Mohammad and Eighth Imam of Shi'ate Islam) was martyred in 818.  Since then the name of City became “Mashhad” 
meaning the burial place of a martyr.  The holiness of Imam Reza and his tomb made place for Muslims and gave rise to 
increasing demographic development of the City. Mashhad has been a center for the arts and for the sciences. The Ferdowsi 
University of Mashhad, named after the great Iranian poet, is located here. The Madrassa of Ayatollah Al-Khoei, originally built 
in the seventeenth century and recently replaced with modern facilities, is the city's foremost traditional centre for religious 
learning. The prestige of traditional religious education at Mashhad attracts students internationally. 

1.1 Economy  

Mashhad economy with the second rank in the country is based on tourism, Industry and agriculture products. There are 
more than 55,722 shops, stores and small business which 90% privately owned. Around 500 medical, food, clothing and 
light machineries industries.  1443 agriculture, food, housing and carpet cooperative business.  Around of ¼ of the Iran’s 
carpet product-ions are in Mashhad. Food industry due to vast agricultural activity; construction industry with around 2 
million square meter of building construction; and mine-mineral industry due to the existence of 33 types of minerals (gold, 
turquoise, marble, granite to gypsum) have the highest economic turnover. Main exports of Mashhad to 34 countries are 
food, chemical, household goods, precious stones, building stones, carpets, etc. with total weight of 440 tons  and 750 
million USD 

1.2 City Management  

City of Mashhad, beside the Representative of Iran Leader,  has 3 main executive organizational bodies in charge of city 
management and operation under supervision and guidance of the Interior Ministry: Governor of khorassan  Razavi 
Province, City Council and Mayor of Mashhad.   Khorasan Razavi General Governor is the focal representative of 
government with   full executive power over all government offices and activities in the city. The Mashhad City Council is 
the legislative body, representing the city's citizen interest.  The Council is composed of 15 members, elected every 4 years 
by the citizen of Mashhad. The council has the full responsibility over the city operation and management process. 
 Mashhad Mayor, who is elected by the City Council, is in full charge of the Mashhad Municipality and is responsible for all 
of the city affairs (urban development, building permits and control, transportation, etc.) and ground-level operation  of the 
city.  
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1.3 Natural Hazards in Mashhad  

Among natural hazards, Mashhad is mainly exposed to earthquake and flood. The combined natural hazard map of Mashhad. It 
can be seen that Mashhad, is not only the second important city of Iran after Tehran in terms of population, economy, industry, 
etc., but it can be considered as the seconds exposed city to risk of disasters.  

2. Mashhad Municipality, the trigger of  "Stakeholders Alliance"  for renovation of 2313 Hectares of old 
urban fabric and facilitating indirect financing of Disaster Risk Reduction 

In This chapter we are discussing about old fabrics in Mashhad city and their characteristics.  Then, we are dealing 
with the innovative financial methods for funding old fabric renovation and reconstruction with considering Disaster 
Risk Reduction. Mashhad city with 28293 hectare area and 2313 hectare old fabric has 3rd place in urban old fabric 
among cities in IRAN. In this order Mashhad old fabrics contain 8 % of all area. Mashhad with reconstruction of 
420 hectare since 1990, up to now has first rank in reconstruction of old fabric among all cities in IRAN. 
Reconstructions of old fabrics had started systematically since 1972.permanent population of Mashhad in order of 
capitation of year 2006 is 2427316 persons.  Resident population in old fabric of Mashhad is 519000 persons. Which 
these populations are 22 % of Mashhad residents. 

2.1 What is the old fabric Urban? 

In order to definition of supreme council for urbanism and architecture of Iran at 2005, old fabric has 3 main 
indexes: 
1-fine fabric: Blocks which more than 50 % of their area is less than 200 square. 
2-unstability: Blocks which more than 50 % of their construction is unstable. 
3-impermeability: Blocks which more than 50 % of its crossover’s width is less than 6 meters. 
Determination of frontage of old fabric: 
It determines by municipality of each city and in order to above index and notifies to civilizing and improvement of 
cities. 
Approval of frontage of old fabric and notification to Municipalities in all part of country:  By urban civilizing and 
Improvement Company, which is subset of ministry of Housing and Urban Development?  

Urban old fabric is element of increasing of vulnerable in Mashhad against earth quakes:  

Around 22 % of Mashhad populations are settled in 8 % of old fabrics. This population lives in building that is 
vulnerable against earthquake and because of that in phase of Emergency and respond to disaster all facilities need 
search and rescue and at the other hand because of obstruction of help ways. There is no possibility to assistance at 
golden hours and this problem cause to increasing losses in these fabrics. Therefore because of above reasons and 
because of old fabric and poverty of owners reconstruction retrofitting of hours is not possible. Destruction and 
reconstruction of old fabrics is one of most useful ways in reduction of risk and to managing of risk reduction.  

Old fabrics in Mashhad have such Indexes: 

-Usually, old Fabrics are located in centre of City.  

-These parts have all needed urban facilities. 

-Cost of estates and plot of lands is very low. 

-The best situation for inside urban development. 

- The best Chance for construction of commercial and official complexes 

- Old fabrics of Mashhad, from viewpoint of disaster risk reduction have these features: 

- -Huge Mass of weak Construction and fine fabric. 
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- -Overhead density of population, especially older. 

- -problem in relief and rescue process, because of not have suitable accessibility to fabric and low width of 
cross over. 

- -vulnerable infrastructures in contrast to other zones. 

- -poverty of habitant and financial disability for repair and remake. 

- -low cost of plot of lands as a hamper for investment. 

- -Overhead density of temporary population because of proximity to holy shrine. 

2.2 Study of experiences and proceedings of Mashhad municipality with aim of using previous 
experiences. (Lessons Learned) 

First destruction and Renovation project of old fabric in Mashhad with approach of urban development in 1972 
:This destruction and modernization directly cause to decreasing risk reduction in 4% of residential area .In 
1972 , Mashhad population was 470.000 persons and population which settled in these area was 15.000 persons 
. At that time , understanding of phenomena “ community contribution and satisfaction of stakeholders" does 
not exist as current and now days . At that time welfare and stable income were most important indexes for 
successfulness of a project. 

2.3 Historically, Second destruction and modernization project in Mashhad near holy shrine: 

In 1974, second project of reconstruction of old fabric near the holy shrine and bazaar Reza continued .In aspect 
of risk reduction, the plan which had performed around the holy shrine caused that life damage to habitants and 
pilgrims , which usually habituated in old inns , reduced very much. Demesne during the plan process was 
based on act of government and performed in order to up to down. Part of community contribution was very 
low. Make value engineering and using of knowledge management. The 3rd old fabric renovation project in 65 
hectare with constructing an underpass had been performed and now it is continuing. Technical and executive 
knowledge which had gotten in this project, in aspect of engineering, architecture and Risk Reduction 
Management is used in other project in Mashhad as knowledge reference. In aspect of knowledge management, 
all result of this project from designing, built and retrofitting had collected by technical assistance of Mashhad 
Municipality and disposed to other provinces. This project considers as a national reference and uses at three 
other religious cities in Iran.  
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2.4 Mashhad municipality, leadership in Stakeholders Alliance. 

Proceeding of Mashhad municipality for destruction and reconstruction of old fabrics .  

Technical proceedings:  

Determination of area approval of 22 old fabrics in Mashhad. Making integrated stable management in each part of 
old fabric areas.  

Social proceedings:  

Clear informatics flow - Explanation of leading map Assessment and  recognition of problem of each old fabrics. 
Flexibility and offering special solutions for each old fabric area accompanying people with project in order to their 
needs, requests and problems.  

Executive proceedings:  

Making a trusty space for participation of people through replication to people. Passing up toll reception of 
construction permissions 

Financial proceedings: 

Payment guarantee for all Investor and Investment, which done in urban old fabric-Incentive system for partnership 
of fine fabric owners and citizenry with little fund -Passing up to reception other tolls (45 % of cost of lands) -
Increasing density of construction up to 400 %  

2.5 Different ways and solutions of Mashhad municipality in increasing people partnership  in reconstruction 
of old fabrics:  

- incentive programs for owners to convincing them for reconstruction old fabrics through holding introduction 
courses.- holding public visitation meeting between people and authorities  - using of knowledge and experiences of 
prior experienced and well known managers in municipality as manager of reconstruction of old fabrics in approach 
of public partnership - Passing up to reception other tolls (45 % of land price) - holding a system for quick pursuit of 
conflicts of lands. Increasing the performance of urban management via decreasing the time of issuance of 
permissions - giving special offers for having better trading to people. 

2.6 The solution of Mashhad municipality about how to increase the participation of major investors in 
Renovation of urban old fabric 

Mashhad municipality has increased the possibility of major and minor participation through the following ways 
mentioned below: Preparing lands in urban old fabric with determined area and location, in which all the things of it 
have been done including: purchasing the buildings from the minor owners, destroying old buildings and new 
certificate issuance and it is ready to be delivered to the investors for construction.  

 Passing up from receiving the money for certificate issuance (45% of the land price)  

 Increasing efficiency of urban management through decreasing the duration of conducting certificate 
issuance 

 Presenting facilities for developing business  

 Increasing construction congestion up to 400 %  
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2.7 The solution of Mashhad municipality about how to increase the participation of contractors and 
executives in Renovation of urban old fabric: 

Mashhad municipality has increased the possibility of contractors and executives participation through the following 
ways: 

• Encouraging minor owners to Renovation of old fabric through holding classes of justification for the 
residents of the old fabric neighbors 

• Decreasing the gap between the people and the governmental officials through having public meetings  

• Getting use of former well-known and experienced managers of municipality as managers of the 
projects for the sake of community contribution achievement 

• Passing up from receiving the money for certificate issuance (45% of the land price)  

• Creating a system for instant following of probable challenges among the minor owners 

• Increasing efficiency of urban management through decreasing the duration of conducting certificate 
issuance 

• Conducting programs in order to increase the dependency of citizens and to achieve their trust in 
projects and actions 

• Presenting facilities for developing business  

2.8 Stakeholder Method Project  

For the first time in the country it was devised and implemented by Development And Housing Company of 
Mashhad. The movement was initiated in 2004 with Sara projects east to the holy shrine of Imam Reza.  

Stages of implementing the project: 

1 - Calculate the project costs until loan stage or pre-sale of units; 

2 – Attract the participation of the owners through grant of project equity to a higher degree than the price of the 
property. 

3 – Transfer of shares to the public and government employees in cash and on installments. 

4 - Attract private investors to participate in the construction and operation with priority given to government 
employees; 

5 – Obtain finances to provide the resources needed for project completion; 

6 - Sales and pre-sales of units under construction by giving priority to shareholders through projects stock 
conversion to residential units; 

7 - Sell remaining units after the project completion, reimbursement of loans received debt and clear 
stakeholders’ equity in cash and settle accounts with them. 
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2.9 Unit partnership method  

A new approach to handling owners’ non-cash contribution and cash contribution of prospective buyers     

Implementation phases of work: 

- Estimation of the cost of land acquisition, design and  project implementation and the share of each residential  
unit from the costs 

- Creating the cash flow requirements of the project 

- Creating a payment schedule for the applicants  considering applicable loans 

- Partnership contract signed with owners or purchase  and integration of property 

- Obtaining licenses and implementing the project  

2.10 Neighborhood Participation Method  

This method is based on a large-scale approach in studies and design and implementing in form of small  

projects In this method: 

• Detailed design studies, urban and architectural 

• design are conducted for each neighborhood to  

• implement major and monumental projects. 

• The initial plan is divided into small projects. 

• Each project owners, including owners of the realty 

• In small projects partnership of owners with investors, service and goods suppliers also need to be 
organized. 

The main problems for Owners to participate 

• Providing accommodation during construction 

• Providing livelihood during construction 

Executive strategy to solve the two problems: 

• Part of the value of the property is given to  the owner as mortgage, or to provide livelihood  through 
project bonds with interest paid monthly  Flexibility in Partnership 

We define other methods of participation of the owners in addition to the main ways  

• Project implemented by owners; 

• Partnership in all or only one 

• Providing newly built units in return of the property Making existing structures similar to renovation 
project  
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• Lesson Learned from Majd, Thamen and Shohada Square  

• The main problems of the owners for collaboration  

• Providing a shelter during construction period 

• Providing living during construction period 

Applied Solution for solving these two problems: 

A portion of the building’s value will be given to the owner as a loan or for supplying the living valued papers will 
be used and the monthly profit would be given to the owners.  

Flexibility in contribution  

We can define some other methods of absorbing owners’ collaboration, alongside with the main method: 

•  Conducting the project by the owners 

•  Collaboration in one or all of the projects 

•  Providing substitution for the building from constructed units  

•  Equivalent mechanism of the existing building with similar with Nosazan project  

3. Summary and Conclusions 

• Over the last 45 years, the willingness to construct and reside in buildings in the city central area, which 
accommodates most old fabrics, has continuously declined and the wealthy people as well as the 
middleclass have moved to newer urban areas.  

• At the same time poorer people, mostly migrants have resorted to the old fabric central areas. 

• The risk – in particular earthquake – is very high in this old fabrics area.  

• On the other hand, to renovate and retrofit the 2313 hectares of old fabrics needs substantial investments 
that the local government and even the central government have not available. 

• The local government of Mashhad Municipality, relying on its 42 years of experience in renovating old 
fabrics, has adopted in the last ten years, new and diverse strategies in the eight metropolitan districts, 
based on the individual profile and character of each district.  

• For financing the many necessary investments, Mashhad Municipality has taken new ways.  

• In earlier years,  various forms of duties and taxes on projects in old fabrics refrained house owners from  
reconstructing and retrofitting their homes 

• Nowadays, Mashhad Municipality has started a new initiative in actively supporting the renovation  of old 
fabrics by various means, like for example  facilitating income generation by citizens by community 
contribution, enhancing citizens' welfare, and encouraging to combine sustainable urban development with 
disaster risk reduction.  

• The guarantee for capital and investment of the investors was the most important step, to convince potential 
investors. 
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ABSTRACT: Despite the efforts of saving lives and successful disaster responses that reduced the number of casualty in many 

cases by laudable practices of improved preparedness, economic damages and losses are remarkably increasing and impacting to 

local societies and the globe. In recent catastrophes such as Great East Japan Earthquake, some industrial agglomerated areas had 

significant impact on the local economy, employment and population outflow, and the socio-economic change spread throughout 

the nation. Previous disaster management initiative however has concentrated on the role of governments, communities and 

households rather than of businesses. Many of business risks are externalised, transferred to and shared with governments.  

Improvement of area-wide economic resilience to disaster is a key to totally mitigate damages and impacts. The private sector’s 

participation in area-wide disaster risk reduction initiative is one of the newly arising agenda since the adoption of HFA. Japan 

International Cooperation Agency developed a new concept of Area Business Continuity Management to improve the continuity 

in the local economy in times of disaster. Area BCM is a scalable cross sector coordination framework of disaster management 

for business continuity, to minimize economic impact of disaster. Stakeholders include individual enterprises, industrial area 

managers, local authorities and administrator of the infrastructures as well as communities. 

Keywords: disaster management, economic loss, business continuity, area business continuity management (Area BCM), area 

business continuity plan (Area BCP) 

1 INTRODUCTION 

Since the adoption of HFA, despite the efforts of saving lives and successful disaster responses that reduced the number of 

casualty in many cases by laudable practices of improved preparedness, economic damages and losses are remarkably increasing 

and impacting to local societies. As industries are connected by supply chains and trading networks, the damage affects beyond 

boarders. And its impact may spread throughout the world.  

The Great East Japan Earthquake and Tsunami in 2011, for example, put an incredible strain on the national economy and also 

had global impacts through the supply chains of industry. The disaster severely disrupted the supply of Japanese-made vehicle 

parts to automobile assembly plants, forcing Toyota, GM and major automotive manufacturers around the world to shut down 

production for a lengthy period of time (Ando and Kimura 2012). 

When an industrial agglomerated area suffer from catastrophe, it has significant impact on the local economy, employment and 

population outflow, and the socio-economic change spread throughout the nation. In rehabilitation and reconstruction phase, the 

local and national governments need to intensively invest for early regeneration of local industry which is essential for restoration 

of people’s living environment and normalization of socio-economic activities. Private sector’s participation in area-wide disaster 

risk reduction initiative is hence one of the newly arising agenda we need to discuss. The previous HFA however didn’t make 

substantial discussion on the area-wide economic resilience by private sector’s participation. 

On 21-23 May 2013, the Fourth Session of the Global Platform for Disaster Risk Reduction (GPDRR, organized by UNISDR) 

was held in Geneva. It was the first ever occasion where the Chair’s Summary highlighted the importance of private sector’s 

intervention in DRR as actor and partner. To follow up the Chair’s Summary, the “Guidance on HFA Core Indicators Thematic 

Research” was issued, indicating “Private Investment in Disaster Risk Management” as one of the three emerging research areas 

to preliminary develop the input papers to the successor to the HFA.  

The Idea is come up from an understanding that increasing disaster risks represent a growing problem for the economic and 

business community and business investments that aimed to strengthen competitiveness and productivity may have paradoxically 

and inadvertently contributed to increasing risk. Economic globalization has enabled critical gains in business productivity and 

efficiency, but those gains have been at the expense of an over accumulation of disaster risk in many business locations and in the 

global economy as a whole. The HFA2 should therefore reflect on the role and diversity of private sector engagement in reducing 

risk and building resilience and, more specifically, clearly identify and reflect a commonly understood coordination framework 

with other stakeholders and management mechanism. 

Interaction between the risk management of public sector and that of private sector should be integrated in local disaster 

management plan that designate the roles of public organizations to secure the safety level of infrastructure and utilities for 

sustaining community lives and businesses and, in turn, the role of private sector to secure the worker’s safe environment and 

resilient local economy. In addition, the private sector is expected to participate to inclusive coordination system of resilient 

society by sharing disaster relevant resources and information not only as a partner but also as an actor. 
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2 AREA BUSINESS CONTINUITY MANAGEMENT, A NEW CONCEPT OF COORDINATED DRM 

2.1 What we learned from recent catastrophes 

Once a natural disaster has hampered or damaged a business, a certain amount of time will be required for that business to 

recover and to return to a level of production sufficient for trading to take place. The recovery process may be disrupted due to 

the loss and lack of business resources such as personnel, machinery, electricity, gas and water. Other indirect effects may 

include increased expenses, lack of demand, short-term loss of market share, travel difficulties, involvement in recovery 

operations, loss of production efficiency, loss of supplies, withdrawal of licenses, as well as loss of quality accreditation or 

approved standards. For many businesses, these impacts can be catastrophic. 

The most significant contribution by the private sector for economic resilience has been the development of business continuity 

plan/planning (BCP) or the business continuity management (BCM) system. BCMs refer to any effort that aims to achieve 

business continuity by engaging in whatever is considered necessary to protect a company's production, information, equipment, 

and employees. The BCP or BCM systems are standardized as ISO22301 (ISO, 2012) and disseminated through many business 

enterprises around the world. 

The limitations of that BCPs or BCM systems were really self-evident following the Great East Japan Earthquake and the flood 

of the Chao Phraya River in Thailand (Okada 2011). Some prearranged BCPs/BCMs in private enterprises helped them survive 

to some extent but overall, the plans failed to provide a sufficient basis for continuation of business or quick recovery from 

damage (Sato and Bessho 2011). This was due mainly to disruption of area-wide installed common resources such as energy, 

water, transportation and communications that are essential for business operations (Special Study Team 2011). With this 

circumstances, it is expected to develop a new guidance as to how this might be more effectively represented in the successor 

framework to the HFA. 

2.2 Area Business Continuity Management, a new opportunity for improving economic resilience 

Based on the background, Japan International Cooperation Agency (JICA) developed a new concept of Area Business Continuity 

Plan (Area BCP) and Area Business Continuity Management (Area BCM) to improve the continuity in the local economy in 

times of disaster. The feasibility of the concept was tested and confirmed in a case study, which JICA launched in February 2013 

in collaboration with the ASEAN Coordination Centre for Humanitarian Assistance (AHA Centre) (Baba et al. 2013). Area 

BCP/BCM refers to the efforts of an area that aims to prevent economic stagnation of the targeted area regardless of the 

circumstances. To achieve this goal, cooperation between the private sector, national government, municipalities, operators of 

infrastructure and utilities in the area is necessary. Area BCM also requires a process of scientific assessment, as a part of the 

management cycle, in order to develop a common understanding of risks and impacts in the area which should be based on a 

multi-hazard, multi-scenario and probabilistic analysis. The initiative intends to strengthen the resilience of local economies, as 

well as regional and ultimately global economies. 

Area BCM is a cyclic process of understanding risks and impacts, determining common strategy of risk management, developing 

the Area BCP, implementing the planned actions and monitoring to continuously improve the Area BCM System, in coordination 

among stakeholders including individual enterprises, industrial area managers, local authorities and administrator of the 

infrastructures as well as communities, in order to improve the resilience of local economy to disasters (Figure 1). Area BCP then 

designates a framework and direction of coordinated damage mitigation measures and recovery actions of stakeholders in order 

for business continuation of the industrial area as a whole. 

2.3 Process of the Area BCM 

The first step of developing an Area BCM is 

that private companies, local governments, 

infrastructure and utility operators should sit 

down together. The size of the area should be 

determined based on the interest of organized 

stakeholders, who should have a common 

understanding of the potential weaknesses of 

the area in times of disaster. In the process 

meetings, the stakeholders should work to 

identify possible bottlenecks that may lead to 

the disruption of business, and generate 

measures that will lead to a plan for business 

continuity of the area. Measures that are 

implemented can then be monitored and 

evaluated for better management of business 

continuity.   
Figure 1 Process of the Area BCM 
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In order to create common understanding of disaster risks and 

impacts among all parties involved in the Area BCM process, it is 

essential to have a scientific analysis of probable hazards, existing 

vulnerabilities and the resulting risks to business interruption. 

Ideally, the analysis should be based on a multi-hazard (natural, 

Na-tech, manmade), multi-scenario and probabilistic methodology. 

This would include the potential hazards based on an assessment of 

the probabilities of them occurring. 

The result of the risk analysis should be followed by a business 

impact analysis on an area-wide scale as well as within each of the 

participating organizations. Discussion of the impacts will then 

expose the problems and bottlenecks of the area. Creation of risk 

scenarios can provide the basis for discussing the risk management 

strategies, plans and measures by stakeholders as part of the basic 

structure of the Area BCP (Figure 2).  

3 APPLICATION OF THE AREA BCM  

Considering the recent rapid economic growth of ASEAN nations and increasing disaster risks particularly in industrial 

agglomerated areas in coastal vulnerable locations, JICA selected three pilot areas in Indonesia, the Philippines and Vietnam for 

the first Area BCM application. In each area, many enterprises, government agencies, infrastructure managers and utility 

operators are participating to share the risk information and to formulate the Area BCP, based on the risks analysis and scenario. 

The discussions of participants under the established framework of Area BCM were facilitated by the study team. A series of 

meetings and workshops were held to share information and improve knowledge needed to formulate the Area BCP. Sessions 

were structured to promote interaction between the consultant and the participants. 

The entity that takes the initiative towards developing an Area BCM and leads the discussion differs according to country and 

local conditions. In the three areas, the prefecture level of government in Indonesia, the municipality in Vietnam, and an authority 

overseeing the economic sector in the Philippines took the lead intensely. And some of those are now considering to make legal 

framework under their administration for the Area BCM system in the pilot area. 

4 BENEFIT OF AREA BCM, ADDED VALUE FOR THE POST 2015 DRR FRAMEWORK 

The Area BCM process unifies the efforts of stakeholders of the area, directs them toward a common goal, and allows the area to 

achieve recovery and reconstruction quickly, efficiently and effectively. Through the range of measures, for example, the method 

selected, can help to encourage each business continuity manager to consider how to secure available business resources. They 

also develop ways of cooperating through enhanced communication with other partners by sharing information among related 

parties in the area, as well as the clients of each enterprise. Furthermore, these considerations can promote expanded coordination 

with other industrial agglomerated areas and other strategically critical areas. Coordination through the supply chain is also 

enhanced by preparing an alternative supply chain network.  

Each organization’s efforts were enhanced due to the increase in responsibility following the development and coordination of 

the Area BCM. Even companies that currently have no BCP/BCM may still start developing their own BCP/BCMs. Moreover, 

cross-industry cooperation resulting from Area BCP/BCMs can further promote cooperation among line industries. It 

automatically distributes the concept of the 

Area BCMs to other areas. Another benefit of 

Area BCP/BCMs is that they can give private 

companies the incentive to prepare plans for 

each stage of the disaster management cycle 

(prevention and mitigation, preparedness and 

response, restoration and rehabilitation), 

rather than following the usual tendency to 

prepare only the plans for a response due to 

their financial constraints and lack of 

experience.  

Private parties will be involved more deeply 

in planning structural measures of risk 

reduction on an area-wide scale for example. 

In disaster risk reduction, it is understood that 

some extent of redundancy in measures and 

functions is important in order for taking 

backup measures and alternative actions 

 
Figure 2 Basic structure of the Area BCP 

 
Figure 3 Connectivity of stakeholders and benefit of Area BCM 
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effectively. The combination of different schemes under the Area BCM, consisting of sharing resources, investing in measures to 

minimize the effects of disasters while transferring risks, will add more redundancy to the area’s resilience. The public sector is 

also encouraged to invest in developing more robust infrastructure. Since the regeneration of local jobs, the reconstruction of 

people’s living environments and normalization of socio-economic activities are essential for the earliest rehabilitation of the 

locality, it is important for both public and private parties to increase their capacities in the area surrounding disasters. Linking 

individual efforts of companies and public organizations, opportunities under the Area BCM can enhance strategic operations in 

normal businesses to avoid unexpected business risks and eventually contribute to disaster prevention as well as sustainable 

growth for all concerned parties. 

Although it is premature to evaluate the total benefit of the Area BCM, the enhancement of resiliency may encourage other 

enterprises to transfer their operations to the target area, where disaster risks are rather low compared to the other areas. The 

increased resilience of the area would also be reflected in the asset value as for investment environment, which could pull down 

the disaster insurance costs of local enterprises. If the cost reduction follows, it will attract more investment to the industry area. 

Enhanced continuity of the business in the area as a result could foster the local economy and employment, which may have huge 

impact to the nation. Enhanced continuity of business in the area could result in fostering vital economy, which may then bring 

substantial benefits to the nation. The process of Area BCP/BCM promotes all the engaged parties to be aware of the connections 

(Figure 3) to other members and helps the private sector to prepare well-balanced and standardized plans for all the stages in the 

disaster management cycle. 

5 CONCLUSIONS, PRIVATE SECTOR’S ROLE 

Economic losses as a result of disasters – particularly of catastrophic disasters in industry agglomerated areas – have extensive 

economic impacts for nations and to the global economy. As noted earlier, loss of employment and population outflow from the 

area can also have irreversible social impacts. The private sector can play a significant role in promoting resilient continuation of 

area business and early regeneration of local industry. In addition, the public sector also needs to pay attention to industrial 

agglomeration areas in order to avoid catastrophic impacts on the national economy by developing strategies for area-wide 

disaster management and involving the private sector in the system of the management. 

To encourage contributions by both private and public sectors, the preparation of area-wide coordinated systems of disaster risk 

reduction such as Area BCP/BCM, as introduced in this paper, is becoming an increasingly important means of enhancing area 

resiliency to disasters or other threats of business disruption. The Area BCM enables all the stakeholders of private and public 

sectors to create mutual links and connectivity to avoid unexpected risks of losing assets and benefits. Two important questions 

here concern who will first take the leading initiative of the Area BCM in the area of industry agglomeration. And who will need 

to do what? 

As the case study revealed, the entity that takes the initiative in developing the Area BCM and leads the discussion of strategies 

and actions may differ according to country and local conditions. In some cases, local government will be the leader. In recent 

years, authorities in the industrial and economic fields have become more interested in taking on initiatives and developing the 

concepts of area-wide resilience to disasters. While the private sector is definitely a part of the area-wide framework, it is not 

usually at the center of the management system. However, it is not an easy task for private enterprises to implement the scientific 

risk and impact analysis, which is based on an area-wide, multi-hazard, multi-scenario and probabilistic methodology, as 

mentioned. As this comprises one of the essential steps of the Area BCM, some public organizations should take the central role 

of implementing the Area BCM. 

However, the role of private sector remains important. First, participation of all key stakeholders in the Area BCM System is 

essential to ensuring effective coordination. Private-public cooperation will provide the basis for generating the Area BCM 

process. Moreover, the private sector, as an actor in implementing disaster management plans in the actual location, should be 

able to provide coordination between the entities in the areas concerned and those in the external regions through inter-regional 

networks, industrial chains and supply chain cooperation. 

Second, it needs to recognize that general management in private organizations may not take the process as seriously as they 

should. Conversely, after participating in an Area BCM process, private enterprises then have the responsibility of linking their 

own BCPs to the Area BCP. For example, to share the risk information, all parties would need to disclose information related to 

business resources, current capacities and any hazardous materials. This will effectively be reflected in the Area BCP formulation. 

The individual BCP will then interactively be reviewed by each private enterprise with serious concern. Constant dialogue and 

simulation exercises can also be effective in revealing the risks and difficulties that each stakeholder faces. It enables them to 

prepare a well-balanced and coordinated initial response capacity for catastrophic disasters with effective and efficient use of 

existing resources. 

Learning from recent large-scale disasters that disrupted common business resources, which were essential for each enterprise’s 

business continuity, the private sector as a group of enterprises should also encourage the public sector to strengthen the common 

resource’s resilience to disaster through a framework of area-wide cooperation. Since the industrial function of any specified area 

depends on critical common resources and infrastructure, including the ones outside the area, the concerned private enterprises 

should create a capacity as a coordination framework with the public sector including local and national governments to secure 

the local economy.  
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The first application of such framework, the Area BCP/BCM in industrial agglomerated areas, has been introduced in ASEAN. 

Since the concept of Area BCP/BCMs is still new, the experienced members of the private sector are expected to disseminate the 

lessons and knowledge of Area BCP/BCMs in other industry agglomerating areas and nations. Also, this concept of area-wide 

resiliency will be applicable not only to industry agglomeration but also for urbanization. To foster sustainable urban 

development, together with vital economic growth of each locality, private and public cooperation needs to be strengthened 

through the new opportunities presented by coordinated risk management. 

The recent efforts of the private sector indicate what can be achieved and what challenges remain. The private sector can promote 

disaster resilience by developing BCPs and establishing BCM systems, as well as strengthening supply chain networks to ensure 

backup of business operations. The concept of shared resource management is also becoming better understood. In some 

companies, the BCM plans have included concepts of corporate social responsibility in emergency events, by incorporating plans 

for helping affected people. However there is still more progress to be made. Area-wide disaster management with significant 

participation of stakeholders is one area where further progress is necessary in order to scale up the coordination system of 

resilient society. In this, the private sector can provide one key to success. 
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Introduction 
 

All business, as well as other organizations, face multitudes of risks. Some of those risks, most 
notably credit or currency exposures received a considerable amount of attention, which ultimately led to 
the emergence and the proliferation of objective assessment tools; even the inherently difficult to forecast 
natural disasters, such as violent storms or earthquakes, are being quantitatively modeled.  However, 
surprisingly little analytical effort has been directed toward other exposures, such as operational and 
strategic risks, in spite of the potentially profound impact those threats can have on organizational well-
being. In a very practical sense, this informational deficiency hampers organizations’ abilities to establish 
holistic risk management practices, especially as it relates to measurement and tracking-intensive 
enterprise risk management (ERM).  

One of the difficulties associated with systematically assessing organizations’ exposure to 
operational and strategic risks is those risks’ heterogeneous plurality, the consequence of which is that the 
sheer number of distinct threats can be overwhelming. A potential solution to that problem is to think of 
organizations as “bundles of risks”, where each organization can be described in terms of its own unique 
risk profile. Defined as a composite of the potentialities of bad (i.e., downside) and good (i.e., upside) 
risks, organization-specific risk profile will highlight the most pronounced, in terms of the likelihood of 
occurrence and/or the severity of impact, threats facing an organization, in addition to offering means of 
cross-organization differentiation. Hence in a comparative sense, if the organization’s total risk exposure 
is greater than that of its competitors, or if its total cost of risk is higher than that of its competitors, that 
organization’s earnings—and ultimately, its competitiveness—can be adverse effected.   
 

Risk Profile Measurement 
 

Considered from an analytical point of view, risk profiling demands entity-specific estimation, 
which focuses data analytic efforts on the derivation of organization-specific, rather than aggregate (as in 
actuarial analyses) effects. That requirement might seem self-evident, but many aspects of risk 
management continue to rely on aggregate generalizations, such as those used in economic or actuarial 
analyses.  For instance, when assessing exposure to shareholder litigation (a major executive risk in the 
U.S, now slowly beginning to emerge in some of the EU countries), it is common to make use of 
company grouping attributes such as industry membership (e.g., Global Industry Classification Standard) 
or size (i.e., its market capitalization or revenue) for the purposes of exposure estimation. Companies with 
shared communalities on those or other generic attributes form risk clusters which may include as few as 
several dozen or as many as several hundred of individual organizations – all companies that fall into a 
cluster are then deemed to exhibit essentially the same exposure to a particular risk. The old adage – 
correlation is not causation – captures the fallacy of such analytically-coarse approach: Just because more 
companies of a particular size or in a particular industry incurred more of certain events does not mean 
that the underlying causes were size or industry membership.  

In order to differentiate between mere correlates and more informationally meaningful causal 
factors, risk profiling should utilize (in situations where the requisite data are available) explanation-
based prediction, rather than trend extrapolation. This process is inherently reductive, which is to say it 
decomposes individual risks into their constituent, lower level components, all with the goal of 
identifying specific indicators that can be used to estimate the likelihood and the severity of events of 
interest. 
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Key Estimation Considerations 
 

The two framing aspects of the risk analytics approach described in this book—explanation-based 
prediction and entity-specific estimation—carry a number of implications.  First, the estimation of the 
likelihood and severity of outcomes of interest entails the use of multiple metrics, both quantitative and 
qualitative, the goal of which is to enhance the accuracy of future states’ predictions and the completeness 
of the underlying causal explanation.  Second, analytic conclusions should be geared toward improving 
the efficacy of future decisions, as measured in terms of the expected impact on earnings.  Third, the 
interrelationships among the individually estimated risk types should be assessed in the context of a 
dynamic system capable of propagating future changes.  

Method-wise, the above implications of the two key framing aspects of risk profiling translate 
into the following recommendations: 

 
1. Focus on multi-source, multivariate analyses. Risk types vary widely in terms of their nature, 

the overall frequency of occurrence and the availability of ready-to-use data. Multi-source 
data are a necessary prerequisite to simultaneous assessment of the totality of the 
organization’s risk exposure; multivariate analyses, on the other hand, are necessary to the 
development of reliable explanation-sourced forward-looking prediction of likelihood and 
severity of individual risk types.  

2. Qualitative estimation of risk types for which no reliable quantitative data exists. Numerous 
threats (e.g., pandemics, terrorism) are characterized by sparse, analytically prohibitively 
limited data, which impedes the use of multivariate analyses discussed above. In those 
situations, rather than relying on non-generalizable or otherwise inadequate data, likelihood 
and impact estimation should leverage “ qualitatively constructed” data, generated using 
proven subjectivity-dampening techniques, such as the Delphi method.   

3. Estimation of cross-risk interrelationships, supporting system-wide propagation of future 
changes. One of the key premises of risk profiling is that individually estimated risk types are 
subsequently integrated into a composite system, which makes possible the estimation of 
cross-risk type interdependencies.  Furthermore, in order to accommodate ongoing updates, 
the risk assessment system should also be capable of propagating changes to one or more 
“connections” onto the entire network, as is the case in Bayesian belief networks. 

 
The Overall Risk Profile Measurement Process 
 

A high level view of the risk profile measurement process is graphically depicted below. The 
overall risk analytical process is comprised of seven distinct components, which are grouped into three 
explicit categories: 1. 
Need Identification, 2. 
Knowledge Creation, 
and 3. Knowledge 
Dissemination. The 
goal of the Need 
Identification part of 
the overall risk 
analytical process is 
twofold: First, it is to 
bring forth the agreed 
upon risk management goals and priorities of the organization.  To be clear, the focus of this step is 
simply on delineating – as opposed to deriving – the individual objectives that have been embraced by the 
organization. Second, it is to translate the delineated strategic objectives into specific informational goals.  
Implicitly, this step recognizes that a successful achievement of the organizational goals is, to a large 
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degree, dependent on the attainment of a high degree of decision making clarity.  Hence, the overall 
objective of the Need Identification stage of the risk analytical process is to distill the agreed upon risk 
management goals into a clear set of informational demands.   

The goal of the second, broad stage of the risk analytical process—Knowledge Creation—is that 
of fulfilling the informational demands identified earlier.  That is both a tall order and a very broadly 
scoped endeavor.  As graphically shown above, it encompasses four distinct process-linked components: 
Analytic Planning, Data Mobilization, Data Analysis and Knowledge Construction. It is an iterative 
process which continues to refresh data-derived knowledge supporting current goals, or generates new 
knowledge for updated or newly established goals. In a sense, this is the “engine” of the risk measurement 
process, and it is the source of risk profiles discussed earlier.  

Lastly, the risk analytical process culminates in the Knowledge Dissemination step, a deceptively 
simple, logical conclusion to the overall progression. To say that it is deceptively simple is akin to saying 
that its importance is frequently overlooked, which can lead to informationally-rich insights having 
unjustifiably little decision-guiding impact.  

 
Risk Profile Management 

 
 Ultimately, any risk response decision should be considered in the context of risk-return tradeoff.  
At least in theory it is possible for an organization to enter into a large number of financial contracts 
which would either outright transfer the risk or provide post-event compensatory mechanisms, so much so 
that the said organization would be shielded against a vast majority of loss causing events.  However, the 
overall cost would be more than likely prohibitively high, so that from the economic standpoint that 
would not be a plausible scenario.  Hence basic economics, in effect, force organizations into deciding 
which risks to transfer, which ones should be considered avoidable, or at least mitigatable, and which 
ones simply need to be accepted. Combining thoughtful risk delineation and reliable organization-specific 
impact estimation with sound financial decisioning is thus at the heart of risk profile management. 
 
Risk Acceptance 
 
 The willingness to participate in a competitive marketplace implies willingness to accept a certain 
amount of risk.  More specifically, it entails the acceptance of the upside component of the overall risk, 
which are threats that emanate from organizations’ strategic decisions.  For instance, an auto 
manufacturer developing (i.e., investing in) an alternative fuel-powered automobile implicitly assumes the 
(strategic) risk associated with the future viability of that particular approach.  In other words, the 
organization makes a strategic decision and then it implicitly assumes the risk of that decision leading to a 
loss rather than profit; implicitly, the organization also assumes the opportunity risk, which is the risk of 
choosing to pursue, let’s say, bio fuel- rather than electricity-powered engine development. 
 From the point of view of risk management, the core consideration that underpins the decision to 
accept a particular risk is that it is a reasoned outcome of informed decisioning – stated differently, it 
should not be a product of inaction (ultimately leading to a de facto acceptance). Every delineated risk’s 
response ought to follow the risk’s inherent characteristics, thus the decision to accept should be 
supported by objective evidence. 
 
Risk Transfer 
 
 Commercial insurance is perhaps the most widely used form of risk transfer, and to many risk 
managers it is the most intuitively obvious risk response mechanism, though it is also tends to be the most 
costly. (It could be argued that since the purchase of insurance coverage does not change the likelihood of 
an adverse event materializing it might be more appropriate to think of insurance as a post-event 
compensatory mechanism; however, the ensuing analysis will adhere to the conventional view of 
insurance as a risk transfer tool.)  
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 In general, risk transfer entails the use of a wide range of financial tools – in addition to 
commercial insurance, organizations can select from an array of alternative mechanisms, such as captive 
insurance, hedge funds, contingent capital, securitization, to name just a few. The choice of any of the 
available risk transfer options rests on the key consideration: What is the tradeoff between the speculative 
chance of incurring a cost-bearing event and the non-speculative (i.e., definitive) cost of purchasing a risk 
transfer contract? In practice, the prevailing market conditions, in conjunction with the organization’s 
creditworthiness will effectively set the purchaser- and risk-specific transfer price; however, the 
probabilistic likelihood of occurrence and severity of impact estimates are inherently imprecise. As a 
result, the aforementioned tradeoff needs to be expressed as a range, or more specifically, a confidence 
interval (for estimates based solely on data) or a credible interval (for estimates stemming from Bayesian 
inference).  
  
Risk Avoidance & Reduction 
 
 As noted earlier, risk profile is a mix of risk exposure-effecting organizational traits.  To the 
degree to which risk profiling is based on similarity (to prototypical high and low risk exposure entities) 
analysis, some of the organizational profile-defining attributes will be indicative of high risk, while others 
will be indicative low risk, as shown in the 
graphic to the right.  Hence it follows that 
some of the organization’s characteristics 
can be thought of as increasing its risk 
exposure, while some others as lowering it.  
Furthermore, both the risk heightening and 
risk lowering attributes will typically vary 
in terms of their strength of their impact, 
which suggests the need for differentiated 
treatment of the individual risk exposure-
indicating organizational attributes. 
Altogether, taking advantage of the more 
granular information contained in the 
organization-specific risk profile will enable the delineation of specific organizational attributes that can 
be “tweaked” to decrease, or even altogether eliminate the chances of incurring specific adverse events.  
 In contrast to risk transfer, which nearly always entails additional expenditures, risk profiling 
supported risk avoidance and reduction are focused on extracting additional value out of already available 
informational assets. As implied by the two foundations of risk profile measurement discussed earlier – 
entity-specific estimation and explanation-based prediction – risk profiling delivers far greater 
informational depth and precision than the widely-used aggregate outcome based analyses, which in turn 
supports more specific decision-guiding insights. 
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Resilience in urban contexts: from South America to Europe 
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ABSTRACT: Increasing population density in urban contexts, the growth of mega-cities, environmental degradation and 
economic uncertainty, as well as the exponential increase in consumption and climate change are some of the main causes of the 
proliferation of risks in everyday lives. The possibility of reversing these risks is in the people themselves. This capability, 
defined as resilience or agency differs in different urban contexts. The crisis in models of representative democracy in developed 
countries as well as unequal access to wealth in developing countries has become more complex the situation even at the 
institutional level to promote change . 

The intention of this paper is to analyse some Latin American and European urban contexts, contrasting the strengths and 
limitations about the possibility of building resilient spaces on a sustainable key. The first results warn that although the existence 
of international regulatory frameworks around the theme that promote integrated risk management, the possibility of building 
resilient cities should be generated through a process of exchange of experience between different contexts starting with the 
similarities between the contexts and the strengths of each city. Moreover, the different models of urban planning have designed 
particular ways of relationships among groups so resilience can be directly linked with urban development. 

Keywords: Disaster Risk Management, Urban Planning, Resilient Cities. 

1. INTRODUCTION 

Cities around the world have experienced the ability to withstand great shocks in the short term because of disasters, which has 
weakened their physical, social and economic structure. However, disasters have always created the possibility of a radical 
change on people daily lives. Awareness, concern and thoughtful interest about risks have invaded modern sensibility changing 
the way of looking at ourselves, others and the institutions: people live in a world built on concepts, including what is or is not 
dangerous (Douglas, 1991; Caragliano, 2007). 

Cultural theories of risk have explored the ways in which risks are perceived and accepted, showing a tendency of people to 
underestimate the risks. Following this line, the analysis of urban planning concludes that the risks are presented in different 
ways depending on the city (Salzano, 2007). In this sense, a catastrophe that happens in Santiago de Chile will not have the same 
effects that might have the same disaster in Barcelona or Stockholm. 

While today the cities present certain significantly similar trends in terms of urban planning, aimed mainly to rationalization, 
functionalization and revitalization of areas, people that live in the city build different models based on a historical, cultural, 
political and economic path. Thus, the perception of risk varies between different urban contexts in the world. 

The aim of this paper is to analyse some urban settings in South America and Europe, considering the limitations and potentials 
of urban logic when building resilience. 

2. URBAN PLANNING AND RESILIENCE 
The Hyogo Framework introduced in the international public agenda the concept of “resilience” of cities when socio-natural 
disasters happen. Refers to the ability of a society potentially exposed to hazards to adapt, by resisting or changing, in order to 
achieve or maintain an acceptable level of functioning and structure; involves components such as social capital, empathy, 
effectiveness in solving problems and goals/aspirations balance.  

According Godschalk (2003) resilience is a sustainable network between a physical system and human communities. Physical 
systems are composed of infrastructure, communications and energy facilities, geological and natural systems. During a disaster, 
physical systems must be able to survive and function under extreme loads. A resilient city prepared without these systems will 
be extremely vulnerable to disasters. Human communities are composed by the social and institutional components of the city. 
During a disaster, community networks should be able to survive and function in extreme and unique conditions. If they break, 
decision making and response could hesitate. 

In recent decades scientific community and politicians all over the world have studied the strategies, policies and tools to make 
societies resilient. While disasters have increased in number and intensity, different countries have developed communication 
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systems, more or less efficient alerts, have created institutions of management and have invested in the economy for a sustainable 
development. 

However, little attention has been paid to physical systems resilience. Large cities have shown a common trend regarding their 
scattering problem spaces, trivializing contexts, spatial interdependence, increasing social inequality, technological innovation 
and industrial redevelopment, segmentation and productive specificity, flexibility, etc. 

The complexity and cultural absorption capacity of the metropolis embody the complexity and variety of the world as a whole 
(Mumford, quoted in Scandurra, 2003), but every metropolis in particular has been planned in response to particular needs and 
interests in various periods of history. While European cities were planned in the late nineteenth century with the idea of progress 
and power, ideals of modernity, in South America urban and spatial plans have a hybridization of the European ideas with local 
needs and specificities. 

In response to the trend that everyday life is increasingly oriented to consumption, the rationality of planning has shifted towards 
market logics (Sassen, quoted in Scandurra, 2003). This trend of contemporary spatial planning has been implemented in various 
parts of the world not only in regular planning instances, but also in extraordinary cases. 

One case in which different governments tend to plan an economistic orientation is emergency periods. The reconstruction plans 
were invented to circumvent the basic rules of planning; generally away from a proper and rational management of territorial 
transformations. They have an optical of short and medium term, losing the sense of planning in a sustainable manner. 

Why planning is important in terms of building resilience? According to systemic-ecological perspective, the environment tends 
to be resilient and must restore the balance: the resilience is built on the interaction among the families, the neighborhood, the 
community, the society, the culture (Malaguti, 2011). Planning answers the needs of logical ordering of a society; at the same 
time, regulations that establishes an urban plan, determine the behavior patterns of those who inhabit the territory. So planning is 
a potential tool for risk management and building resilience, but as a trend should be linked to a general urban policy that meets 
the territorial specificities. 

3. METROPOLITAN CONTEXTS IN SOUTH AMERICA AND EUROPE 
Urban planning has a double challenge to respond from the current context: not only should be aimed at efficiency, reinforcing 
the distribution of power, but also have to create standards for make possible resilience building. Cooperation between cities is an 
effective widespread trend in the way of creating international policies (Van Vliet, 2002). 

Western cities, considered the splendor of machines that meet the requirements of man are actually increasingly vulnerable to 
shocks of nature (Scandurra, 2001). When a catastrophic event occurs, its impact does not recognize physical, symbolic, political 
and economic boundaries. Planning must then respond as a central challenge to the articulation of these areas that are day by day 
more vulnerable to disasters. 

The first urban plans in Europe have tried to respond to the effects in the succeeding century of the industrial revolution: urban 
decay generated by the settlements that were created around factories, overcrowding and hygiene, growth of a working class 
without resources and the demand of upper-class to ensure their private space. The Paris of Haussmann, the Barcelona of Cerda 
and the Roma of Viviani answered to major labor struggles demanding better living conditions. In all cases, planning was carried 
out in periods of authoritarian rule, which allowed a push that sought to respond to popular demands but from the standpoint of 
the rulers and technical acuity of city planners. 

In recent years, planning in these European cities has been around new demands associated with the densification of the urban 
area: the need to improve circulation, administrative decentralization, the growth of the service sector, the accessibility of public 
administration and the compulsory required search of environmental sustainability. One of the cities that have done with 
standards of environmental and territorial sustainability is Stockholm, but has faced some social problems like residential 
segregation and anomia. While each of these cities has sought to resolve these issues, the effectiveness of the plans has been 
limited by the recent crisis of representative democracy, the new participatory processes from the civil society and the focus of 
daily life around mass consumption. 

Meanwhile, major South American cities like Buenos Aires, Santiago de Chile, Quito and San Paolo share the origin of the 
theoretical model of urbanization come from European colonization of the sixteenth and seventeenth centuries: public 
administration and religious authority around the square, accompanied by an outline of the checkerboard style for residential 
housing. Due to the transcontinental migrations in the nineteenth and twentieth centuries as well as migration from the 
countryside to the city in the late twentieth century associated with the opportunities offered by the city, there were an increasing 
densification that have reconfigured the urban model of these metropolis. Some of the main issues present in urban design are 
related to the growing socio-economic inequality, the complexity of vehicular traffic, poverty, the development of informal 
settlements generally in areas with dynamic and vulnerable to natural events relief, etc. 

Urban interventions have played an essential role in the organization of cities, both in Europe and in South America. The 
proposed sanitation, widening avenues (model started in Paris and reproduced in several South American cities), the creation of 
green laces, the transit system and the recent proposal for sustainable transport, upgrading of public spaces, are some of the 
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common elements between South America and Europe. In terms of resilience, strengthening these elements can not only promote 
greater social interaction, creating more close social ties, even in urban contexts, but also the creation of an urban space less 
vulnerable to the possibility of catastrophic events. The cities that are particularly composed of close social networks have 
achieved greater strengthened, adapting, learning and creating resilience (Godschalk, 2003). 

However, limitations in both contexts have played a significant role in terms of sustainability. The problem of inequality in South 
America and the crisis in representative democracy in Europe have slowed the effective implementation of urban plans. Proposals 
will not be translated into reality, or do it in partially. Recent interim action plans in Italy, Germany, Brazil, Argentina and 
Ecuador have realized a short-term thinking and still reactive-models in front of disasters. The importance of generational change 
should be a central element in urban planning: the changes and new interventions on the territory should address the needs from 
the perspective of future. 

The fact that the State is responsible for carrying out risk management is insufficient and limited. In states with low budgets, 
inefficient institutions and internal political fragmentation can even be dangerous. In some developing countries has been 
highlighted as a major the solidarity value when a disaster occur, not from a state position, but with a community and individual 
one. The change in the vision of management and planning must start even from below. The process of governance is empty 
without the existence of real mechanisms of social participation in decision-making and in the implementation of any planned 
action. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
It’s important to know if local actors manage or co-manage the risk, and if they understand the process as part of local 
development in a sustainable way. However, to achieve the implementation and expansion of local initiatives, governments need 
new capacities and skills. The role played by international organizations on local risk management refers to the necessity of 
supporting the local institutional changes, allowing local authorities to manage in partnership mode with civil society 
organizations and other local actors. 

So in the field of policy effects the key-issue is the process of horizontal governance: creating partnerships, regulating the 
conflicts of interests and promoting real participation possibilities of each actor involved. The difficulty in strengthening real and 
effective horizontal governance processes in social and political arenas is a cause of the slow progress on the objectives of risk 
management and mitigation. On this way, the main issue for the Post 2015 framework for disaster risk reduction is the real and 
effective capacity of authorities – public and corporative – to face with planning processes that include the disaster risk 
management as a long term strategy. 

5. CONCLUSIONS 
The fact that urban planning is essential to the sustainability and risk management is a known issue. However, over time it has 
worked as a full analytical unit. At the moment we analyze different urban contexts, their problems and potential risks involved, 
we understand the importance of disaggregating the concept of planning. In the transverse axes of planning is where we should 
discover the potential and the limits of the urban process. Each metropolis, its structure and particular situation display 
characteristics that enable or constrain the ability to work resilience. 

Some variables to consider in terms of planning as an enhancer of resilience in structural terms are: a) the economic potential for 
address a process of integrated risk management through long-term urban planning; b) flexibility and adaptability of 
governmental authorities when projecting changes in the city; c) promoting opportunities for citizen interaction to reverse the 
trend towards individualism; d) strengthening horizontal cooperation among cities with strong capacity for action on the territory. 

The analysis of the strengths of each type of urban planning developed in large cities is a starting point for future planners: the 
exchange of best practices in other parts of the world is one of the tools to strengthen the ability to face a catastrophic event in 
city contexts. Where planning finds common ground between different cities, there should be projected and enhanced it in each 
of the cities, allowing a balanced and long-term development. 
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ABSTRACT: Disasters are increasingly being understood as ‘processes’ and not discreet ‘events’. Moreover, the causes of 
disasters are driven by complex engineering, socio-economic, socio-cultural, and various geophysical factors. Such interacting 
driving factors, occurring across a range of temporal and spatial scales, combine in numerous ways to configure disaster risks. 
Using some selected disasters in Algeria, the dynamics of such risks and their configurations will be explored using a new 
approach and methodology, namely Forensic Disaster Investigations (also called FORIN methodology). The FORIN 
methodology came out of the recognition despite of the considerable increase in knowledge about disasters; unfortunately losses 
are not showing any corresponding decrease. Indeed, it seems, the more we have learned, the more we are losing.  The FORIN 
methodology is based on the idea that this situation is due to the fact that much current research is still informed by a focus on 
surface symptoms of observations and events rather than critical causes and processes of disaster risk construction and 
accumulation. Forensic task is perhaps similar to solving a picture of a disaster puzzle. Initially, there are dozens or even 
hundreds of apparently disorganized pieces piled when examined individually, each piece may not provide much information. 
Methodically, the various pieces are sorted and patiently fitted together in a logical context taking into account all the parameters. 
Slowly, an overall picture of the disaster emerges. When a significant portion of the disaster puzzle has been solved, it then 
becomes easier to see where the remaining pieces fit. The Integrated Research on Disaster Risk programme is proposing new 
methodologies to examine the root issues surrounding the increase in disaster cost both human and economic. This paper 
attempts, as a case study, to investigate the Algiers (Algeria) earthquake disaster of 21 May 2003 which caused the loss of more 
than 2,278 human lives, injuring more than 11,450, making 1,240 missing and 182,000 homeless; it destroyed or seriously 
damaged at least 200,000 housing units and about 6,000 public buildings in  five wilayas (provinces). 

Keywords: Forensic, Risk Reduction, Forin methodology, Case study, Earthquake hazards. 

1. INTRODUCTION 

On Wednesday 21 May 2003, at 19h 44m 2s (18h 44m 2s UTC), a destructive earthquake occurred in the Boumerdes-Algiers 
region affecting a rather densely populated and industrialized region of about 3,500,000 people. It is one of the strongest recorded 
seismic events in North Africa. The depth of the focus was about 10 km. The magnitude of the earthquake was calculated at M = 
6.8. The main shock, which lasted about 40 sec, and the two largest aftershocks (both reached M 5.8 on 27 and 29 May 2003) 
caused the loss of 2,278 lives, injuring more than 11,450, making 1,240 missing and 182,000 homeless; they destroyed or 
seriously damaged at least 200,000 housing units and about 6,000 public buildings in  five wilayas (provinces). The extent of the 
socio-economic impacts of these events confirmed that Algerian buildings are highly vulnerable to the recurrence of destructive 
earthquakes. Estimates put the economic cost of the earthquake as high as US$ 5 billion.  Maximum acceleration was recorded at 
0.58g at about 20 km and 0.34g at about 60 km from the epicentre. Maximum intensity reached is re-evaluated at Io = X (MSK) 
scale at Zemmouri, Boumerdes, Bordj-El-Bahri and Dellys. The Wilaya of Boumerdes, including the coastal city of Boumerdes 
and the eastern part of the capital city of Algiers were most affected by the earthquake. Damage was observed in most cities and 
villages along the coast in from Algiers to Dellys, a distance of about 150 km long and 40 km wide. The epicentre was located at 
36.89N-3.78E, about 10km offshore from the locality of Zemmouri in the Wilaya of Boumerdes, which is about 50 km east of the 
capital city of Algiers (See Map 1). Typical damage is shown in photos 1a and 1b.This earthquake had large socio-economic and 
psychological impacts on the region. Widespread liquefaction, rock falls, landslides, ground cracking and lateral spreading were 
reported in the region of Zemmouri.  The earthquake triggered a tsunami, which was observed on Southern coast of the Balearic 
islands (Spain).  It was reported a retreat of seawaters in coastal zones of Algiers and Boumerdes of about 200 meters.  Fishermen 
in the port of Zemmouri-El-Bahri in the epicentral region reported that the water depth in the port dropped to less than one meter 
and several fishing boats ended up on the bottom of the seabed before the water came back to its original position. This 
earthquake disaster has seriously raised the awareness of the government and the whole population alike. 
 
Using the 2003 earthquake disaster of Boumerdes in Algeria, the dynamics of such risks and their configurations will be explored 
using a new approach and methodology, namely Forensic Disaster Investigations (also called FORIN methodology). The FORIN 
methodology came out of the recognition despite of the considerable increase in knowledge about disasters; unfortunately losses 
are not showing any corresponding decrease. Indeed, it seems, the more we have learned, the more we are losing.  The FORIN 
methodology is based on the idea that this situation is due to the fact that much current research is still informed by a focus on 
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surface symptoms of observations and events rather than critical causes and processes of disaster risk construction and 
accumulation. 

2. DISASTER MANAGEMENT 

Inhabitants reported that, in the most affected city of Boumerdes, the civil protection teams started joining the zone affected for 
search and rescue operations in about 6 hours after the earthquake. However, initial efforts to search for victims and to res
them out of the damaged and collapsed structures were first done by the local population.  Several countries have sent rescue and 
first aid teams immediately after the earthquake and were able to join in the efforts of finding survivals within 24 after th
earthquake. The Algerian Red Crescent supported by several international humanitarian assistance organizations started the 
process of providing food, water, sanitation and health care to the victims in about 12 hours after the earthquake.  
 
Civil protection,  Algerian Red Crescent, th
camps” about a week after the earthquake.  The victims refused at the beginning to move into the government supplied tents.  
Families displaced from damaged multi
of looters.  They also preferred to remain within their neighbourhoods where they could support each other.  However, familie
have slowly moved to the campsites where condit
were closed in the province of Boumerdes and Eastern part of Algiers, and in the western towns and villages of the province o
Tizi Ouzou.  The University of Science and Techno
Bab-Ezzouar in the eastern part of Algiers was also temporarily closed for security, damage assessment and repairs.
occurred during the 2003 Boumerdes (Algeria) earthquake and is shown in photo 2 which illustrates a sand volcano and the hole
due to the water pressure. It has been observed in several sites surrounding the city of Boumerdes.

 

Fig. 1: shows a typical damage of the earthquake            Fig. 2: 

3. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION
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causes of disasters in an integrated, comprehensive, transparent, and investig
analysis, Forin relies upon the actual evidence found and applies accepted scientific methodologies and principles to interpret the 
disaster in all its process. Often, the analysis requires the simult
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The Forin methodology is supporting directly the implementation of the Hyogo Framework for Action by using science and 
technology to determine the causes that conducted to the disaster 
and technology. Based on the findings on this study, it is very important to focus more on science and technology to deal with 
disaster risk management in the post 2015 framework for disaster ri
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THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION

The FORIN methodology came out of the recognition despite of the considerable increase in knowledge about disasters; 
unfortunately losses are not showing any corresponding decrease. Indeed, it seems, the more we have learned, the more we are 
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Based on the findings on this study, it is very important to focus more on science and technology to deal with 
disaster risk management in the post 2015 framework for disaster risk reduction. 
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of looters.  They also preferred to remain within their neighbourhoods where they could support each other.  However, families 

ions are better than the makeshift camps.  Schools and educational institutions 
were closed in the province of Boumerdes and Eastern part of Algiers, and in the western towns and villages of the province of 

logy of Algiers, the largest university of the country, located in the district of 
Ezzouar in the eastern part of Algiers was also temporarily closed for security, damage assessment and repairs. Liquefaction 

occurred during the 2003 Boumerdes (Algeria) earthquake and is shown in photo 2 which illustrates a sand volcano and the hole 

 

Shows liquefaction phenomenon (sand volcano) of the earthquake 

THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

considerable increase in knowledge about disasters; 
unfortunately losses are not showing any corresponding decrease. Indeed, it seems, the more we have learned, the more we are 

to the fact that much current research is still 
informed by a focus on surface symptoms of observations and events rather than critical causes and processes of disaster risk 

dely spread over organizations and institutions 
he causes of disasters are driven by complex engineering socio-economic, 

interacting factors, occurring across a range of 
The objective is to dig more deeply into the 

ative or forensic style. To establish a sound basis for 
orin relies upon the actual evidence found and applies accepted scientific methodologies and principles to interpret the 

 several scientific disciplines 

The Forin methodology is supporting directly the implementation of the Hyogo Framework for Action by using science and 
and thus learn the lessons from the disaster based on science 

Based on the findings on this study, it is very important to focus more on science and technology to deal with 
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It is well accepted today that the role of science and education is central in supporting the efforts of all the stakeholders in 
disaster risk reduction. The independence of science and technology to provide evidence, as well as solutions, is very important 
for decision makers for disaster risk reduction and thus for a sustainable development. 

4. CONCLUSIONS 

The analysis of the earthquake disaster of the Boumerdes (Algeria) of 21 May 2003 using the Forin methodology has shown the 
multiple causes that had driven the whole process to this disaster which is a rather a result of several faulty decisions in some 
administrative or technical levels. Until now, analysis of disasters has focused on surface symptoms of observations and events 
rather than critical causes and processes of disaster risk construction and accumulation. The use of Forin methodology is to serve 
the purpose to deepen information in all sectors and all the levels of the administration. In conclusion, the role of science is 
crucial in supporting learning better the lessons from disasters and thus taking better decision in disaster risk reduction process. 
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ABSTRACT: Public transportation providers (PTP) are requested to form a secured transportation network against all kinds of 

threats. Nowadays, terrorist attacks are becoming more present as a potential danger. Therefore, public transportation providers 

need to have integrated programs and procedures that are designed to assess and respond to terrorist attacks and minimize their 

consequences. To protect the transportation system effectively, a combination of risk and crisis management must be 

implemented in the normal operating procedures of public transportation systems. 

This research-in-progress investigates a comprehensive method for analysing threats, vulnerabilities and consequences of terrorist 

attacks against public transportation networks based on historical and possible future scenarios. To ensure a holistic approach for 

protecting the public transport network, crisis management must also be implemented. Coping capacities and resilience of the 

system are the most important parameters to establish an effective crisis management. A convertible contingency plan cannot be 

operated efficiently without absorbing the knowledge of these parameters. 

The aim of this research is to find out criteria and sub-criteria for these parameters and analyse the interfaces between risk and 

crisis management to bring about an integrated holistic approach in the field of public transportation protection.  

Keywords: risk and crisis management, public transportation, critical infrastructure, terrorist attacks, integrated management tool 

1. INTRODUCTION 

Over the past decades, public transportation is increasingly becoming into focus of terrorist attacks. Major terrorist attacks in this 

field, like the attacks in Madrid (2004), London (2005), Mumbai (2006) or Volgograd (2013) have shown that these systems are 

highly vulnerable to this kind of threat. The challenge to protect a transportation system is difficult because of the wide-branched 

and open structure with several entries and connections to the environment. PTP are legally enforced to create a secured 

transportation system. Therefore, they are asked to conduct risk management for dealing with all kinds of possible dangers and to 

arrange an effective crisis management. 

To understand terrorist risks of a transportation system and to implement countermeasures, PTP use risk management systems 

which help “identifying, measuring and controlling risks” (ASME-Innovative Technologies Institute 2006). The 

Standard ISO 31000 for risk management describes three main parts of risk management (establishing the context, risk 

assessment and risk treatment). All parts are accompanied by continuous “monitoring and review” and “communication and 

consultation” (International Organization for standardization 2008). 

On the other hand, crisis management includes every reaction to disasters or emergencies taking place. Preventive measures 

focus on the inhibition of an attack and reduce the vulnerability of the structure (in risk management systems). Reactive measures 

reduce the consequences, in case the event occurs (crisis management). The switchover between risk and crisis management is 

not exactly defined, especially because several security measures combine both effects more or less effectively. 

The aims of crisis management are to maintain the function of the system or restart it as soon as possible. Crisis management can 

be divided into three parts (preparation, treatment of the crisis, evaluation) according to an occurred danger or crisis. (Federal 

Ministry of the Interior 2008) In this case, a crisis is defined as a situation caused by an emergency, which can lead to a process 

of damaging the organization (Bajon et al. 2012; Thießen 2011). To differentiate risk management from crisis management, it 

can be pointed out, that risk management is avoiding the occurrence of any dangers and crisis management is dealing with 

occurred dangers. 

To manage these challenges, the PTP are forced to implement a holistic security management system to prepare for probable 

threats. The results of a risk assessment which show how to deal with different hazards and scenarios are not sufficient enough 

because open systems such as public transportation cannot reduce all risks and create a completely secured system. Therefore, it 

is also necessary to establish an effective crisis management and prepare the transportation system to react to different hazards 

(Malyska 2010). To increase the efficiency of a system, several weak interfaces and processes between risk and crisis 
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management have to be identified and analysed. At present PTP operate both systems separately and are mostly grounded on 

personal experience. 

In this study, the interface of risk and crisis management shall be investigated to understand the “interdependency” of two 

different management systems. As a result, a decision tool enables PTP to assess the establishment of security measures 

according to their strategies and the overall effectiveness in both prevention and mitigation of threats. The aim of CUAS is to 

create an integrated risk and crisis management system to protect critical infrastructures efficiently. For optimal research results, 

scientists are supported by several industrial and government partners like the German Federal Office of Criminal Investigation 

and many operators of public transportation networks. This study is based on first research results of the joint research project 

“RiKoV” which is funded by the German Federal Ministry of Education and Research. 

2. METHODOLOGY  

The CUAS is developing a scenario-based risk management system for PTP in the context of terrorist attacks in the RiKoV 

project. This management system enables PTP to analyse their own transportation system and implement security measures, 

when needed. 

2.1 RISK MANAGEMENT 

The risk in the RiKoV management system is based on three parts: threat, vulnerability and consequences (according to 

Cox  2008; Wilson et al. 2007). To analyse the systems vulnerability a generic process model describing the terrorists’ movement 

and the response of the system through reactions of security measures was created. With the help of this process model, PTP are 

also able to evaluate the effect of implemented or new security measures easily (CUAS 2014). 

RiKoV wants to develop an applicable tool with different databases for this holistic security management process. All required 

information can be stored in these databases or entered by end-user. These databases are, for example, a scenario database, a 

security measure database and data about the structure of the system. 

In general, there are several ways to deal with any risks. The ISO 31000 gives possibilities to reduce the risk by stopping the 

process causing the risk, by removing the source of the risk or by decreasing the likelihood or the consequences. In addition, it is 

possible to share the risk with other parties such as insurances. Another way of dealing with risks is to retain the risk or to take it 

to seek an opportunity. (International Organization for Standardization 2008) Figure 1Fehler! Verweisquelle konnte nicht 

gefunden werden. shows these options. PTP have to choose the most suitable option and decide which level of acceptable risk 

they want to create. 

 

Figure 1: Dealing with risk (according to International Organization for Standardization 2008) 

At the end of the analysis, the PTP are able to compare several selected scenarios of terrorist attacks and rank them according to 

their risk. While implementing different security measures, the PTP are able to choose the most effective one. Also other decision 

criteria like the cost or customers’ acceptance can be included. The management tool tries to achieve the right balance between 

the accepted risk, the implementation of security measures, economic interests and social acceptance of customers. As a result, 

the PTP receive the most suitable security measure or the most suitable combination of security measures for their system. 
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It is not possible and also not necessary to create an absolutely secured system. Even by using the best risk management system 

and spending vast amount of money, it is probable that a danger occurs. It is also possible to retain risks because of enterprising 

reason. In those cases, risks can become a current danger and can cause a crisis. Therefore, the PTP need to have an efficient 

crisis management. 

2.2 CRISIS MANAGEMENT 

Risk and crisis management need similar information and inputs. The RiKoV risk management tool collects all necessary 

information to analyse the risk. It would be ideal to use this information for crisis management and as a result create well 

protected transportation system. Therefore, the CUAS tries to combine the RiKoV risk management with a crisis management. 

Besides the use of this information, there are several other interfaces. First of all, the described system and the scenarios can be 

used for crisis management. There is no need to establish the context twice. Some examples can be pointed out for an overview 

(COUNTERACT Consortium 2009): 

 Communication (external, internal) 

 Coping capacities 

 Documentation 

 Enable disaster relief organization to access preventive security measures (for example CCTV) 

 Develop scenario-based crisis plans 

 Evaluation 

 Forming partnership with relief organization 

 Information on the situation 

 Resilience  

The big red arrow in Figure 2 symbolizes these interfaces and shows the process of a holistic RCM. The combination of both 

processes and a continuous evaluation forms three interlocking management cycles. This fact enables the user to improve both 

parts of the process or each one individually. Furthermore, the method for evaluating the effect of security measures can be easily 

adopted for crisis management measures as well. 

 

Figure 2: Integrated risk and crisis management (according to International Organization for Standardization 2008; Federal 

Ministry of the Interior 2008) 

Currently no standardisation for combining both systems is available, even if there are several similarities. For an efficient risk 

and crisis management (RCM) system, it is important to identify all points of intersection and integrate them in a way that all 

information is available where needed. To protect an organization like a transportation network efficiently, it does make sense to 

combine both systems. In addition, the PTP could save money and effort by using an integrated system. 

3. PERSPECTIVE 

Developing an integrated RCM tool in this study is a research-in-process and the next steps are already prepared. The CUAS is 

going to organize different exercises to evaluate the management tools. Therefore, several tabletop exercises will be conducted in 

combination with PTP and disaster relief organisations. Finally, the CUAS has the great opportunity to practice a real training 

exercise in a new transportation station which is not in use at that point. 
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In these exercises, the risk and the crisis management system will be trained as well. The local PTP are mainly involved to 

evaluate their risk management and crisis management. Furthermore, CUAS is going to examine the effect of different common 

and prospective security measures. The results can be compared to the method for evaluating the effectiveness of security 

measures. 

While evaluating the risk management, the crisis management will be trained, too. With its field laboratory for analysing mass 

causality incidents, the CUAS is able to collect reliable data of the crisis management. For a realistic scenario different disaster 

relief organisations are involved in the planning and coping with that exercise. 

For that reason, it is possible to collect useful information about crisis management and combine both, so the interfaces will be 

emphasised. This information enables the CUAS to revise a crisis management for the PTP based on the existing risk 

management tool. In the following steps, the RCM tool needs to be completed with several other kinds of dangers and threats. 

4. CONCLUSIONS 

Public transportation systems need to be protected against any kind of crime. Therefore, it is necessary to implement a risk and 

crisis management system. While both systems deal with the same point, ensuring the security of passengers and the 

transportation system it will increase the efficiency of both while combining them into one system. The RiKoV risk management 

can be a useful tool along with a crisis management tool. Several exercises for risk and crisis management will enable the CUAS 

to collect data and increase the understanding of the relationship. With several interfaces and the securing of a system in one 

process, the PTP will be able to protect their system most efficiently. 
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ABSTRACT: The objective of this work is to generate further understanding of cascading effects in the context of 
natural disasters and to detect existing interdependencies. In order to develop causal-loop-diagrams as part of the 
System Dynamics approach for supporting decision makers, a literature review in combination with a case study 
analysis of the European flood of 2002 has been conducted. 

Keywords: disaster management, flood event, system dynamics, causal-loop-diagram, cascading effects. 

1. INTRODUCTION 

The EOS Project Sciences Office (2014) assumes that the number of natural disasters will rise in future. According to the EEA 
(2010), floods rank first among disasters concerning their frequency of occurrence and the amount of damages caused within the 
European Union (EU) between 1998 and 2009.  Flood events caused annually losses of 3.8 billion US$ in Europe during the time 
period from 1970 to 2006 (Barredo, 2009). Feyen et al. (2006) estimate that the total damage of a 100-year return flood discharge 
for the Upper Danube will increase in future depending on different climate change scenarios. In case of a high emission 
scenario, damage will rise about 40 % and for the low emission scenario about 19 % compared to current damages. The first 
scenario indicates an increase from € 47.5 to € 66 billion. This paper investigates the cascading effects that may occur in case of 
flood events. Allaby (2004) describes a cascade as a sequence of occurring events in which each event generates the conditions 
that are necessary for causing the next event.  

 

 

According to the U.S. Department of Homeland Security (2014) critical infrastructure is the basis of economy, security, and 
health. It describes assets, systems, and networks. Sectors included are exemplarily: transport systems, water and wastewater 
systems, energy sectors, information technologies, government facilities, food and agriculture, healthcare and public health, 
financial service sectors, emergency services, critical manufacturing, communication sectors, and chemical industries. Critical 
infrastructure is highly vulnerable to cascading effects of flood events. Therefore, understanding the interdependencies between 
different affected sectors is essential for decision making.  

Sultana and Chen (2009) create a model for simulating the vulnerability of critical infrastructure with focus on a network of 
hydroelectricity infrastructure. Therefore, the authors generate Petri nets by stochastic analysis. Their tool enables to forecast a 
probability matrix of infrastructure damages for improving emergency management strategies. Energy is a critical aspect in case 
of disasters, due the dependency of various applications. Telecommunication systems depend on electricity, which may lead to 
problems in information sharing in case of limitations. Within the food sector, the process of maintaining cold chains is another 
critical example. Moreover, relations between different sectors have to be considered. Within the transport sector, refueling is 
done by electricity-driven pumps, or traffic lights are operated by using electricity. Air traffic and metro systems use control 
modules and hence, require adequate energy supply. In addition, the transport sector itself is a critical aspect that may cause 
several consequences if it is affected by an event. In the context of disaster relief, the transport sector is important for reaching 
the affected area or evacuating victims. The evacuation risk in case of disasters is investigated by Chen et al. (2012), by analyzing 
pre-disaster factors as well as post-disaster aspects. The authors identify road infrastructure in the Beijing transportation network 
which is critical in case of evacuating. Peng et al. (2014) investigate supply chain risks by disruption analyses in case of an 
earthquake. By applying the System Dynamics (SD) approach, the authors show that the development of the disaster depend on 
delays in transportation and information. They build different scenarios, simulate disaster relief in the context of variable road 
conditions, and test different inventory strategies for future disasters. Based on the simulation results, a decision-tree for 
supporting decision making is created showing that the transport sector is crucial in times of disasters in order to supply 
commodities and to undertake disaster management measures. Cuervo et al. (2010) analyze supply chains in times of disasters 
with respect to warehouses and demands on local, regional, and national levels. The analytic hierarchy process (AHP) and the 

1.1. Consequences to critical infrastructure
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fuzzy comprehensive evaluation is applied by Yang et al. (2013) to assess critical points concerning transport infrastructure. 
Therefore, the authors concentrate on highway transportation in the context of meteorological events. The work of Ozguven and 
Ozbay (2013) focuses on supplying the affected area of a disaster with commodities. The authors investigate an inventory 
management system in case of disasters. A multi-commodity stochastic humanitarian inventory management model (MC-SHIC) 
using the pLEPs algorithm is proposed. Their model is based on real-time tracking of emergency supplies and demands by using 
Radio Frequency Identification (RFID) devises to synchronize critical deliveries and consumption processes.  

 

 

Due to their characteristics, cascading effects are commonly visualized by focusing on their sequences. Exemplarily, the model of 
May (2007) is used to illustrate this. His model describes consequences of flash-floods and is built on a tree-structure, shown in 
the left part of Figure 1. This type of illustrating cascading effects is advantageous to capture the possible sequences. The model 
of May (2007) shows that if houses are pushed of their foundation, damages to culinary water lines could result, which further 
cause additional water in streets, reduced water pressure in the neighbourhood, or contaminated drinking water. If gas lines are 
damaged by the flash-flood, this could lead to fires. These sequences are also visualized in the right part of Figure 1. 
Furthermore, other relations are shown at the dynamic part of Figure 1.  For instance, additional water in the streets and reduced 
water pressure may both reduce the ability to fight fire. Hence, these relations are obvious by using the SD approach, as done in 
the right part of Figure 1. Additionally, it is possible to link these sequencing cascades with other affected sectors as shown by 
adding the sectors “Impacts on human health” or “Availability of the transport sector”. If the availability of the transport sector is 
high, it is possible to deploy a higher number of relief units, which leads to an increasing ability to fight fire. If the ability to fight 
fire increases, fire spread decreases and this fact leads to less impact on human health. Capturing the sequences, the relations 
between different effects and different thematic aspects (e.g. human health, transport sector) in the context of the disaster is 
possible with SD.  

 

Fig. 1: Cascading effects in a sequencing (left) and in a dynamic way (right) based on an example of May (2007) 

First applied by Forrester (1961), SD was further investigated for example by Sterman (2000) and Morecroft (2007). 
Understanding of the complex relations is often difficult due to time delays of entering effects resulting from the initiating event. 
Hence, sometimes it is not easy to link causes and effects in the right way (Forrester, 2009). With causal-loop-diagrams (CLDs) 
as qualitative part of the SD approach, visualizing these interactions is possible. An arrow is used to determine cause-and-effect 
interactions. If these are positive (negative), the arrow is supplemented by a “plus” (“minus”) sign. This means that one element 
leads to an increasing (decreasing) value of the influenced element. The diagram visualizes reinforcing behaviors of the 
considered system. If two elements build up each other, in a growing (declining) sense, the considered loop consists only of 
positive (negative) relations. If it consists of negative and positive relations, a sort of balancing behavior between the elements 
takes place. 

2. APPLICATION OF THE SD APPROACH 

In the context of flood events, Ahmad and Simonovic (2000) use SD to model flood management policies. They focus on 
measures concerning hydraulics constructions, including a reservoir, a diversion, and floodway policies. Gonçalves (2011) model 
trade-offs regarding relief assistance (e.g. provisioning of relief goods and repairing damaged infrastructure) and capacity 
building (e.g. training and lessons learned) in humanitarian organizations. They conclude that a facilitating both is the best way to 
overcome disaster events. Similarly, Kunz et al. (2013) investigate the advantages of investments in disaster management 
capabilities (e.g. facilitating training and conducting pre-negotiating of customs agreements) versus pre-positioning of inventory. 
The authors conclude that a combination is the best solution with respect to cost-benefit-considerations.  

1.2. Cascading effects
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Disaster management measures can be taken on different stages, namely mitigation, preparedness, response, and recovery. Figure 
2 is based on the disaster management circle according to the European Commission (2013). Mitigation determines long-term 

preventive measures that are taken before certain events take place. 
Preparedness measures are those measures that are taken directly before a 
specific event occurs. Response refers to measures directly conducted 
during an event and recovery means the phase of reconstruction after an 
event. Between these different types of disaster management measures, 
relationships can be observed. To take more mitigation measures will result 
in fewer needs of response measures. Taking more response measures will 
lead to fewer requirements in recovery efforts. More recovery measures will 
then result in less demand of mitigation measures. These circles are 
reinforcing ones. Higher efforts in one of these measures will lead to 
smaller demands at the other stages. This reinforcing behavior is described 
within loop R3 in Figure 2. R1, R2, and R4 show the same behavior that is 
based on the existing relation between the different measure types that can 
be undertaken in case of disaster events. These four loops describe 
reinforcing behaviors, while the relation of disaster management measures 
to impacts (on human health, infrastructure, and nature) is balancing. This 
means that more measures lead to less impact and more impacts will result 
in more countermeasures. This behavior is described in B1, B2, and B3 in 
Figure 2. 

 
Figure 3 visualizes consequences of flood events focusing on the transport sector. The flood may lead to impacts on infrastructure 
(e.g. roads, railways, air routes, and water ways) and an increasing water level. This water level may harm certain infrastructure, 
but it can also be used as a new transport way. Boats could be used to provide victims of the flood with drinking water and food. 
A high availability of roads, railways, air routes, or water ways will result in a higher mobility of people as well as high 
transportation possibilities of relief goods. A higher mobility of people means that the availability of relief units will be high too 
and, hence, taking more disaster management measures is possible. High transportation possibilities may result in a higher 
availability of drinking water (e.g. bottled water). As shown in Figure 3, there also exist relations between the availability of 
electricity and the availability of communication technology. A high availability of communication technologies results in a 
higher availability of relief units. Figure 4 shows a detail of the consequences of Figure 3. The chain of consequences described 
in B1 shows that impacts on infrastructure lead to a decreasing availability of roads. If the availability of roads is high, 
transportation possibilities are high too. More transportation possibilities result in a higher availability of drinking water. If 
drinking water supply is ensured, less disaster management measures are needed. If more disaster management measures are 
undertaken, less impact on infrastructure will be caused by the flood event. B2 describes the relations between transportation 
possibilities of relief goods, drinking water, and disaster management measures.  
 

 

 
 Fig. 4: Example of consequences of the flood on the transport 

infrastructure 
Fig.3: Consequences of the flood event on the transport 
infrastructure 

Fig. 2: Disaster Management Circle 
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3. CONCLUSION 

The presented CLDs that we based on a widespread literature review on the European flood of 2002 enable to gain understanding 
of the complex dimensions that are present in disaster events. These diagrams have been developed for analyzing consequences 
on the transport sector.  Although the focus is laid on cascading effects, relations between the various impacts of flood events 
have been detected. Through identification and comprehension of these dynamic interactions and cascading effects, disaster 
management is supported. Further research is required with respect to quantitative considerations concerning the impacts of the 
flood event. Therefore, the quantitative part of SD, namely stock-and-flow diagrams will be developed by the authors. This will 
help to build different scenarios to generate deeper understanding.   
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ABSTRACT: Every year, the east coast of Madagascar deals with devastating cyclones with an aftermath that renders many  
people suffering from water-borne diseases and malnutrition. The NGO CARE Madagascar runs a Disaster Risk Reduction 
Program to assist the stricken community with emergency relief and is in the process of incorporating the notion of resilience in 
the program. We propose the inclusion of a collaborative landscape-based design approach. We illustrate this approach for the 
city Vatomandry. We focus on three crucial instruments. A landscape-based  collaborative design workshop that results in a joint 
vision on the future and an action plan. A photomontage workshop visualising their desired future to prepare for a real-life action. 
Thirdly, multi-scalar design experiments with generic environmental design principles to mitigate the cyclones’ impact and to 
improve environmental resilience.  Through these instruments, we expect the city and the people of Vatomandry to be better 
prepared and to recover more quickly from the annual cyclone season.  

Keywords: disaster risk reduction, landscape-based design approach, community resilience, cyclones, Madagascar. 
 

1. INTRODUCTION 

The initial reaction on devastating natural disasters, is to help people with emergency relief. However, as many aid agencies 
noted it takes a community months or even years to recover from the aftermath of a disaster. The NGO CARE Madagascar notes 
that “Emergency relief pulls a vulnerable population back up to the bare minimum. Disaster Risk Reduction (DRR) plans for the 
future so that people will be resilient enough to bounce back to their initial standard of life in a shorter amount of time” (CARE, 
2011, p.11). By now, DRR in the CARE Madagascar program includes building a stronger natural environment (by planting trees 
and mangroves) and strengthening community structures (bridges, silos and emergency preparedness training). Although, these 
interventions are able to diminish the effects of cyclones, research shows that a comprehensive systems approach is needed to 
further increase resilience (CARE Nederland et al, 2013). The City Resilience Framework was developed in 2014 by the 
Rockefeller Foundation and ARUP to draw the attention to the roles of the environment in city resilience and to a more holistic 
urban planning (Silva and Morera, 2014). This extended abstract gives an example of how a strategic landscape-based design 
approach can help in giving form to these ambitions. We use the case of the cyclone prone city Vatomandry in Madagascar.  

2. METHODOLOGY 

The methods used in a landscape-based design approach take hierarchically nested landscape-ecological and social-cultural 
organisation as their starting point. Consequently, landscape design is seen as a trans-disciplinary process. Methods that are used 
to gain multi-scalar knowledge of the landscape systems vary from analysing secondary data, such as geographical, soil and 
geological maps, anthropological literature research, grey reports, and newspapers to primary data collection through field 
observations, workshops and interviews. Vegetation is considered as an important means to build robust living environments. 
Literature studies and expert interviews are used to deepen the insight into the possible means of interventions and their synergy 
(illustration 1). The design element expresses itself in the ordering of space and interventions in a coherent and smart (holistic) 
way. The designing process revolves around collaborative design and photomontage workshops, a training of trainers activity and 
an action day. These workshops are to generate a broad based ownership of the new insights among the local community, NGO’s 
CARE, community based organisations, government, and the landscape design experts. A pilot implementation of the envisioned 
actions has to generate hands-on, practical experience to test their validity (Duchhart, 2007). Except for the literature research, 
the studies and the workshops were carried out during a two and a half months stay in Madagascar (Bergstra and Hornman, 
2013).  

3. RESULTS 

The above mentioned methods were applied by Bergstra and Hornman in Madagascar in the city Vatomandry. Vatomandry is a 
small city of about 12.000 inhabitants squeezed in between the Indian Ocean and a swampy former  Pangalanes lagoon. The city 
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is located on an elongated higher sandy ridge running parallel to the ocean and the canal. Its heights vary between 1 to 3 meters 
above sea level. The swampy Pangalanes lies at 4 meters below sea level. Every year during the cyclone season, heavy storms 
first hit the city on the ocean side and then rain out against the mountains about 30 kilometers west of the city. This results in 
serious flooding of the city and the swamps of the Pangalanes.  

a. The collaborative landscape design workshop  

The collaborative landscape design workshop took two days. The participants discussed their environmental problems of which 
only some were cyclone related. They learned to see their village landscape as a composition of interconnected landscape units, 
which they drew up in a landscape unit map and visualised in cross-sections. By mapping their problems and later their possible 
solutions in this landscape unit map, they developed an insight in the relations between the environment and their own actions. 
Verifying field visits and educational videos were used to generate discussion and empower the community. The workshop 
outcomes accumulated in an environmental development plan and an action plan. A group of volunteers agreed to take 
responsibility for the implementation of the action plan.  

b. The photomontage workshop  

A one-day photomontage workshop was initiated to assist the volunteers in implementing the agreed-upon actions. The workshop 
facilitators processed an image library of environmental problems and possible solutions. The volunteers chose three actions they 
wished to address first. One of them being the improvement of the drainage conditions. The facilitator loaded a ‘problem’ image 
in Photoshop. Then in Adobe Bridge, the facilitators showed cut-out images of the chosen solutions and various materialisations. 
The facilitators placed a selected image in the Photoshop program while the volunteers discuss the pros and cons. After several 
try-outs, the volunteers made a well-founded decision. These steps were repeated for the two other actions. In this way, the 
volunteers gained a clear idea of what to do (figure 1). Five days after the workshop, the action group mobilized materials and 30 
volunteers to implement the first action. 
 

 
Fig. 1: Three days collaborative workshop, landscape design and photomontage 

c. The action day 

The 30 volunteers dug out a drain that had filled up with soil and waste. According to email reports, the drain functioned well 
during the first rains and the first action day was followed by others. It is important to help organising a successful public action 
day soon after the workshops. Only then, the volunteers but also other citizens see that it is within their power to mitigate their 
environmental risks.   

d. Integrated landscape designs  

In addition, the two landscape experts extrapolated the workshops outcomes and developed a more elaborated multi-scalar, 
strategic landscape design to further explore the idea of environmental resilience. What remained core was that the inhabitants 
should be able to execute the designs themselves. Interventions, such as grass drains, wind and dust breaks, sand catchers, natural 
shade, and helophyte filters were analysed (figure 2). Through design experiments, they searched to optimize synergies through 
proper spatial ordering on city level as well as for the regional context. The combined multi-scalar landscape-based design 
experiments visualise a green environment that will protect the city against the direct and indirect impacts of cyclones, and will 
also improve the daily life of the inhabitants.     
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Fig. 2: Matrix showing the synergie between different interventions 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The collaborative landscape-based design approach is a promising method to push the Post 2015 Framework for Disaster Risk 
Reduction towards Risk Reduction Beyond the Disaster. The added value of the collaborative landscape-based design method as 
illustrated, lies in the following notions: 

• The landscape approach reveals the risks and unbalances of the multi-scalar, hierarchically organised complexity of 
landscape ecosystems of which the disaster is one aspect.  

• The landscape approach also reveals strengths and opportunities of the landscape, such as the synergy between 
interventions. 

• The designing is a ‘learning by doing’ through a serious, quick but cheap visualisation of the reality. Designing assists 
in defining problems, reframing and searching for solutions beyond ‘what is already there’. In its collaborative form it 
acknowledges multiple perspectives that can be addressed in a non-threatening way. 

• The spatial ordering of interventions is an added value as well  – smart designing creates new synergies, adds 
resilience, saves costs, and creates new landscape services. 

• The suggested interventions are cheap and simple. 
(figure 3) 
 
Maybe, the most important added value is that participants of the workshop leave with a clear vision on their common future in a 
safe and providing environment that lies within their power to create. 
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Fig. 3: Strategy towards resilience 

5. CONCLUDING _ METHODOLOGICAL + GENERAL APPLICABLE TOOLS 

The underlying landscape design approach of the Kenyan Green Towns Project proved its value and generalizability. The 
photomontage workshop developed in Vatomandry was an excellent addition. It formed an excellent bridge between talking and 
drawing and actually building and constructing. We believe that the by-and-large green interventions will support disaster risk 
reduction programs on their way towards a broader risk resilience program. In this transition process, the more sophisticated 
landscape designs can play as catalysts to find futures not yet envisioned.  
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ABSTRACT: Georgia belongs to one of the most difficult regions of the world’s mountainous areas according to the scales 
of development of natural-catastrophic processes of ecological character and their frequency and the loss made to 
population, farm lands and engineering objects. 
 
According to the second national communication on climate change, there is a rise in air temperature, intensive use of winter 
pastures and massive cut of windbreaks, plus irrigation system destruction, which activates the processes of land degradation 
and desertification. 
 
Along with the climate change, the negative consequences of anthropogenic impact are obvious as well. Therefore, it is 
necessary to separate these two factors and evaluate each of them separately. There are many examples of the negative 
consequences of anthropogenic impact in Georgia, such as: degraded soils – as a result of disordered irrigation canals and 
abandoned not conserved wells; secondary salinizated areas – as a result of breaking the irrigation norms, etc. 
 
For the assessment of land degradation were analyzed natural indicators: precipitation, aridity index, drought, wind, natural 
calamities (landslides, floods) and the anthropogenic indicators: agriculture, irrigation and mining activity. 
 
According to the global climate change and its expected results, the landscape change and the degradation problem threaten 
to about 3.5% of the territory of Georgia, and for such processes, it will be necessary to implement the preventive actions. 
Otherwise, more than 700 thousand people, which make up to 16% of the population of Georgia, will become eco-migrants. 
 
Keywords: Desertification, Climate Change, Land Degradation 

INTRODUCTION 

According to the convention, the "desertification" means a soil degradation stipulated by variety of factors, including 
climatic changes and human activities in the arid, semi- arid and dry sub-humid regions. 
 
Semi-humid, semi-arid and arid landscapes occupy 19.5 thousand sq.km areas in Georgia that is almost 1/3 of the country's 
total area. The main part of these landscapes can be found in eastern Georgia. Semi-humid landscapes can be found only in 
western Georgia, and in a very small area, which is only 0.1% of the country's total area (Fig.1.). 
 
The fact that the desertification process takes place in Georgia, the toponyms are sufficient for the primary analysis; for 
example, there are quite a lot of places and settlements, the names of which denotes a name of individual plant or their 
group. These names indicate that there could be found the matching plant groups in the vicinity of the settlements. These 
forests are destroyed completely in the mentioned areas and instead of them the anthropogenic landscapes are developed 
there. Though we talk about changing of plant – the only one component of the landscape, but along with the changing of 
plant, other components and the whole landscape has changed as well. 
 
During last 4-5 decades the unfavorable climate regime prevailed in Georgia. More frequent became droughts, strong winds 
and so forth. According researches conducted within climate change projects in Georgia both in lowland and highland the 
number of hot days will increase by 50% and more for all seasons except winter. First of all this would cause increasing 
demand on irrigation water in the irrigation area. Climate change together with worsening of ecological problems will 
aggravate country’s economy especially in lowlands where the utilization of natural resources have long exceeded 
permissible limits. 
 
Natural and anthropogenic indicators causing land degradation 
Precipitation 
Precipitation is one of the basic climate element, it determines territories water budget. Complex orographic conditions,  the 
latitudinal orientation of Caucasus and southern mountains of Georgia and Black Sea, transform atmosphere circulation in 
such way that on relatively small area there exist dry steps (with less than 400mm annual precipitation) and excess humid 
regions (more than 4000 precipitation).    
 
According to the climate change models, the precipitation amount will not be changed in the future practically. However, 
rain will get a feature of high kinetic energy. In eastern Georgia the rains will be of short-term, intensive, with big amount of 
precipitation and high kinetic energy. They will have a strong erosive potential, which will result in intensive erosion of the 
soils occupied by the annual farm crops. As a result, hundreds of thousands of tons of soils will be washed away. 
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Fig.1. Distribution of Arid, Semiarid, Semihymid Landscapes of Georgia,   scale 1:200 000       (Nikolaishvili D., 2012) 
            
 
Hilly, heavily fragmented landscape, climate conditions and quite often the wrong economic activity result in the intensive 
development of water erosion; upper soil layers are washed away that reduces their natural fertility and therefore, the farm 
crops yield are being reduced correspondingly. Over time the soil becomes useless. The lands in the slopes with the 
inclination of more than 380 are affected to a different extent by water erosion and they need conduction of complex soil 
protection measures. 
 
According to the observations the washout of soils from the arable lands located to the south of the Iori Upland is less than 1 
t/ha, and the soil loss from the arable lands of the rest of the area of the same Upland as a result of the development of water 
erosion is 1-5 tons/hectare per year. The middle stream of the Iori river basin is distinguished by sufficient high activity of 
erosion processes, where the soil washout from the arable lands located on the slopes is 20-25 t/ha a year, while in the upper 
stream of the river gorge – 10-15 t/ha per year. Also the Alazani and Aragvi River basins are distinguished by high erosion 
activity, where the soil loss as a result of erosion is 15-20 t/ha per year. The soil loss as a result of erosion is 5-25 tonnes per 
year from the arable lands located in the foothill slopes around the Shida Kartli Plain. About 5 tones of soils are washed out 
as a result of erosion form the arable lands located on the Trialeti Range slopes. Erosion activity is minimal in the arable 
lands in the eastern part of Akhaltsikhe depression, Akhalkalaki and Dmanisi plateaus and the soil loss does not exceed 1 
t/ha per year. 

 
In Georgia, it is necessary conduction of water erosion control measures in the absolute majority of arable lands (21-40 %) 
located on the slopes. 6-20 % of arable areas located in the Akhalkalaki Plateau in southern Georgia, need to protect from 
water erosion. 
 
Aridity 
Spatial distribution of the aridity index in the territory of Georgia quite clearly shows the possible areals of desertification 
process. 
 
Aridity is relatively clearly reflected in the warm period of the year. During the cold period (XI-III) of the year, the aridity 
index increases in average by two times in the territory of the country, which is related to the sharp decrease in the heat in 
the mentioned period. 
 
Drought 
In Georgia, as well as in the whole Caucasus region, droughty years are frequent that are linked to global climate warming 
by most of researchers. Over the last few decades the years of 1976, 1992, 1996, 1998-2000, 2006 and 2010 can be 
considered as droughty ones. 
 
Summer drought of 2000 was the strongest, which caused the ecological disaster of eastern Georgia’s plains zone. According 
to Tbilisi Airport data, a strong wind was blowing during the 19 days, which contributed to a strong drying of arable soil 
layer. The loss amounted to several hundreds of millions GEL. The summer drought of 2010 is remarkable, when the air 
temperature exceeded the many years norm by several (5-60C) degrees. 
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Wind 
Average annual wind speed in Georgia varies from 0.6 to 9.2 m/sec. The number of strong wind (15 m/sec)  days is quite 
common; in this turn,  Kutaisi (63 days a year) is distinguished in western Georgia, while Khashuri (52 days) in eastern 
Georgia; in the Mount Sabueti, on the Likhi range, 162  days are windy. 
 
Wind is important because it leads to erosion. Wind erosion occurs during the cold period of the year – in the winter-spring 
months (December, January, February, March and April). During these months are dominated north-west winds, sometimes 
reaching speeds of 18-28 m/sec, while the average speed in February -March-April is 2,2 –2,5 m/sec or more.  
 
In east Georgia the wind average velocity at which it begins soil particles blowing changes within 10-15 m/sec frame. 
Except strong winds the wind erosion is depended on winter draughts. The coincidence of those two processes creates 
conditions for wind erosion development.  Wind erosion was intensified because of the energy crisis and uncontrolled 
deforestation.  
 
Water Resources and Irrigation 
The most important are the water resources to mitigate the negative effects of desertification. Georgia distinguishes by 
abundant fresh water resources. There are more than 26000 rivers, more than 800 lakes, 40 water reservoirs, about 700 
glaciers, lots of different types of sources and marshes.  
 
Despite the richness in water resources, there is a significant imbalance among their amount and water consumption in the 
different regions of the country. The problem of the water supply is very acute in the eastern part of Georgia. In the 
conditions of approximately equal area of western and eastern Georgia  and the same number of population  in terms of per 
capita is: in the west - 17700 cubic meter of water and in the east – 4600 cubic meter per year, i.e. about 4 - times less water. 
In addition, the intra-annual distribution of irrigation water consumption is asynchronous.  
 
The development of the national economy requires the proper use of land and water resources. This is especially true in dry 
and semi- dry regions, where due to the hard natural conditions the water is essential for harvesting. However, as a result of 
unsystematic irrigation farming, often operation in violation of norms the type of anthropogenic erosion occurs – "Irrigation 
erosion".  
 
The state of irrigation systems in Georgia does not meet the modern technical requirements. Most of irrigation systems them 
do not have a regulated flow; there is no strict control of water intake, and collecting - drainage network and irrigation 
process automation; all irrigation systems need cleaning; majority of channels have unaccomplished ground beds; there are 
abandoned channels and wells in many places. In addition, there is no new data of the detailed survey of the landscape of the 
irrigation areas, which is necessary for the selection of optimal configuration of channel contours. All of this leads to expend 
the excess water consumption and irrigation inequality, has the negative impact on land amelioration state (erosion, 
salinization and Waterlogging) and hinders the sustainable and reliable operation of irrigation systems. 
 
Landslides and mudflows 
Nearly all landscape-geographic zones are more or less damaged by the natural process in Georgia, from the Black Sea coast 
to the highmountain-nival zone. Georgia belongs to one of the most difficult regions of the world’s mountainous areas 
according to the scales of development of natural -catastrophic processes of ecological character and their frequency and the 
loss made to population, farm lands and engineering objects. 
 
In Georgia before the last decades of the XX century the extremums of activation of natural processes mostly obeyed to a 
certain cyclicity, and because of the geological-climatological conditions of the area, they were recurred once during 3-5 and 
8-11 years in average. Since 90s, the activation process has taken place almost every year, and the intervals of their extreme 
manifestations are considerably shortened.  As a result, more new areas, populated places and engineering-agricultural 
objects are under the negative impact areal. At present, about 70 % of the entire country is damaged by natural disaster 
processes and are within the high hazard risk area. 
 
Agriculture 
A significant contribution to the transformation of the natural environment belongs to agricultural activities. Its impact on 
the natural environment was particularly significant during the XX century in Georgia. Cultural landscapes generation, 
irrigation activity and soil secondary salinization, Waterlogging of the territories, or on the contrary, drying-out of wetlands, 
is the incomplete list of the changes, which suffered the environment of the farm lands. Eroded arable lands are closely 
related to the inclination of the slopes. 
 
Livestock breeding is the oldest economic activity of the country that has a leading role in the economy of the mountainous 
areas. However, it is among the decreased sectors of the economy. Index of cattle number has significantly reduced in 2001-
2009:  of cattle – by 16.3 %, including that of cows and cow buffalos by 26.2 %, of pigs –by 3.3 times and of all kinds of 
poultry –by 27.3 %. Only the amount of sheep has increased by 2.2%, because there was a demand on it in the Middle East 
market. 
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Georgia's natural lands cannot provide food for livestock and hamper its development. The most part of hay fields and 
pastures are in the high mountains and their use is available only in four months a year. Winter, spring and autumn pasture 
areas are very small. Winter pastures in the North Caucasus which Georgian shepherds benefited previously, are not 
available under the current conditions due to the political situation. In winter the shepherds use Shiraki and Eldari pastures 
and in summer - the pastures of the Caucasus and southern Georgia. 
 
Mining industry 
Anthropogenic transformation of the relief reaches specific scales in the mining - production objects with a total number of 
over 5000 and the vast majority of them are processed by an open pit manner. As a result, the landscape is changed 
dramatically, houses are destroyed, the underground waters established regime is also destroyed, waters and soils are 
polluted. 
 
Bolnisi region is the most important mining regions of Georgia. There function different types of the enterprises. Among 
them one of the largest is a Joint-Stock Company "MADNEULI", which function on the bases of a copper - sulphide and 
barite - lead - zinc - copper complex mine. Ore mining is conducted in an open-cut manner. A significant part of the 
population is engaged in agriculture (viticulture, horticulture, vegetable growing and livestock farming). 
 
Pollution with heavy metals is one of the types of soil degradation. Kvemo Kartli is distinguished by pollution with heavy 
metals; production of non-ferrous metals is conducted in the upstream of the Mashavera gorge, which leads to contamination 
of the Mashavera, Kazretula and Poladauris-Tskali rivers with sulphide heavy metals. And its use for irrigation of arable soil 
layers leads to the accumulation of heavy metals in them. 
Accumulation of large amounts of heavy metals in the hydrosphere and soil cover has a harmful impact on the region’s 
biosphere. 
Changes in forest areas 
An important part of forest has been destructed as a result of economic activity in the earth's surface. Georgia is considered 
one of the countries, where the wide massifs of virgin forests are well preserved. But this does not mean that the trend in 
forests change is unimportant. 
 
Regional trends analysis of forest cover (%) reduction (according to some rankings less than 20 %, 20-40 %, 40-60 %, 60-80 
% and more than 80 %) shows that almost every region experienced the shifting from one gradation to another – from the 
high level to lower one. Especially notable was entire western Georgia by the high rates of forest cover, which was within 
60-80 % and higher interval.  In eastern Georgia this figure was the highest in Shida Kartli (50 %) and Kakheti (44 %). The 
fact that no region is with more than 80% of forest cover indicates the decrease in forest cover in Georgia. In Kvemo Kartli it 
is even less than 20 %. 
ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
Gaps, needs and further steps in Disaster Risk Management 
•  Lack of monitoring; 
• Weak material - technical base; 
• Poor coordination between government organizations dealing with the different problems of desertification;  
• Insufficient explanatory work with local population; 
• The unconscious of the population broad masses (population can prevent erosion processes by their actions, improve soil 
fertility and increase forest area, reduce the dynamic processes development, rationally use the resources, and etc.);  
• There is a necessity of creating a platform for free and continuously exchange of information among all relevant authorities 
(via internet, various publications, etc.) 

CONCLUSIONS 

Soil degradation is mainly stipulated not by the climatic factors in Georgia, but due to natural processes activated as a result 
of climate change and anthropogenic impacts; The separation of disasters provocative natural and anthropogenic factors 
becomes almost impossible in most cases among the natural process developed in the territory of Georgia; For the 
monitoring of desertification process it is necessary to restore hydrometeorological monitoring network. It is absolutely 
inconceivable to research regions in this aspect without precise and adequate climate materials in light of the current climate 
change.  
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ABSTRACT: The potential disruption of vital services provided by complex critical infrastructure (CI) systems requires 
involving the private operators in the decision-making process. As a consequence, public-private stakeholder collaboration 
processes are being implemented in the field of critical infrastructure resilience (CIR). Such processes raise the following issues: 
To which extent does public-private stakeholder collaboration contribute to enhance territorial resilience to CI disruption? What 
are the conditions to set up an effective, cost-efficient and sustainable governance process? What can be learned from the existing 
experiences in that field? To answer these questions, a worldwide survey to review and characterize the existing stakeholder 
collaboration processes to tackle CIR issues, was performed. Main findings are presented in terms existing achievements and 
remaining gaps related to the objectives, results, scope, strategy, processes, resources and people characterizing existing 
stakeholder collaboration schemes.  

Keywords: critical infrastructures, stakeholder collaboration process, resilience.  

1. INTRODUCTION 

Critical infrastructures (CI) provide a number of fundamental services (transportation, energy, communication, etc.). Critical 
infrastructures are defined by the European Commission “as an asset, system or part thereof which is essential for the 
maintenance of vital societal functions, health, safety, security, economic or social well-being of people, and the disruption or 
destruction of which would have a significant impact as a result of the failure to maintain those functions” (European 
Commission, 2008). CI can be damaged, destroyed or disrupted by deliberate acts of terrorism, natural disasters, negligence, 
accidents or computer hacking, criminal activities and malicious behaviors. The damage or loss of a piece of infrastructure may 
have negative effects on several other infrastructures and it can be debilitating to the needs of society and individual citizens and, 
also, on the regional/national economy as a whole.  

It is thus necessary to protect them, to the view to increase the security level of the territory and to prepare the society to become 
more resilient to these highly unexpected events. Traditionally the competences for securing the territory lay in the hand of the 
Public Authorities. Since critical infrastructure systems are most often privately owned, the challenge raised by the potential 
disruption of vital services requires involving the private operators in the decision-making process. The responsibility for 
strengthening the resiliency of critical infrastructure should be shared among territorial governments, local authorities and critical 
infrastructure owners and operators by building trusted and sustainable partnerships. Public Private Partnerships (PPP) have 
become increasingly popular as a very effective way to deliver range of different services, including security, disaster risk 
management, critical infrastructure protection or resilience (see for instance UNDSR, 2012, ENISA, 2011, Bouchon et al., 2012). 
The core justification of PPP defined to address CI issues is that complex problems can no longer be resolved by traditional, 
centralized and hierarchical forms of governance, but need to be addressed by decentralized and highly specialized networks of 
actors with specific skills and resources. Hence, PPP or CIR stakeholder collaboration process can be defined as the 
collaboration of stakeholders, e.g. government, public or private CI operators, responders, and communities, in order to raise 
the resilience of essential services that our communities rely on. 

The aim of the EU-CIPS MIRACLE (Multi-level Alignment of Regional Approaches to Critical Infrastructure Resilience by 
Learning from Experience) project is thus to highlight the added value, but also the barriers to set up a collaboration process in 
the field of emergency management and critical infrastructure resilience (CIR). It is based on the following research questions:  

1. Why and How to develop a PPP to address Critical infrastructure disruptions issues at regional level? 

2. What is the added value and limits of a PPP to increase the security of citizens? 

3. How does such a collaboration process contribute to increase the territorial resilience and improve the risk mitigation? 
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2. MAIN CHALLENGES AND ISSUES TO SET UP A CIR STAKEHOLDER COLLABORATION 
PROCESS 

In order to answer these questions, following issues related to existing CIR stakeholder collaboration process need to be 
investigated: 

1. Why is a stakeholder collaboration process needed? To understand the factors triggering the set up of a collaboration 
process to address CIR issues, it is necessary to analyze the context (social, political, legal) in which they are set up. 
This includes investigating who takes the initiative to launch such process and why (e.g. public civil protection 
authorities aiming at working with CI operators to improve existing emergency management practices), but also the 
role played by incentives (legal, resources, etc.). The objective is here to characterize the scope given to existing CIR 
stakeholder collaboration process, i.e. their goals and objectives, the challenges they are tackling (e.g. types of threats 
considered or type of activities the process aim at supporting, for instance the emergency management).  

2. Who is involved? To characterize existing CIR stakeholder collaboration process, it is necessary to understand who are 
the stakeholders involved, what are their motivations and expectations. This entails considering the geographical 
coverage  (national, regional, local), the origin of stakeholders (public, private, mono-sector or cross-sector) and how 
they manage to set up shared objectives to work together.  

3. How is it governed? While CI disruptions questions the efficiency of the classical command & control approach, CIR 
stakeholder collaboration raises the issue of the adequate governance model to be implemented. This includes 
investigating the existing collaboration and coordination models in use, the degree of formalisation, as well as the way 
roles and responsibilities are distributed. The definition of shared values and rules appears to be an essential asset for 
the success of PPP, specifically when sensitive information is to be exchanged. 

4. What are the activities implemented? The type of activities implemented within a stakeholder collaboration process 
allows understanding how the involved stakeholders aim at operationalizing resilience. i.e. activities related to the 
assessment, protection, mitigation, preparedness, response or recovery. The main outcomes and results of these 
activities are to be seen as the services providing an added value to the stakeholders. 

5. When and for how long is a stakeholder collaboration process set up? It is essential to analyse when is the best time to 
set up the collaboration process: for instance the phase of lessons learning after a disastrous event can support the set up 
of such a process to the view to improve the existing CI disruptions management practices. This includes investigating 
what are the main factors to implement sustainable, long-term but flexible process, while keeping the interest of the 
involved stakeholders.  

3. METHODOLOGICAL APPROACH TO INVESTIGATE ON EXISTING CIR STRATEGIES 

In order to assess what are the current practices related to CIR stakeholder collaboration, the methodology adopted by the 
MIRACLE project comprised three elements:  

a) An On-line questionnaire was developed on Survey Monkey, based on maximum 23 questions. Some “gate” questions 
allowed the responder to follow different paths within the questionnaire, in order to answer only questions that were relevant for 
him: for instance if the respondent answered that he had not participated to CIR activities, he was oriented towards a set of 
questions investigating why he had not, in order to better understand his needs and requirements. While a bit more than 300 
requests to fill-in the questionnaire were sent, around 149 filled-in questionnaires were collected, out of which 10 were not usable 
(Figure 1).  

 

 

Fig. 1: The respondents to the MIRACLE On-line questionnaire 
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b) A set of interviews among selected representative of Dutch, Italian and British stakeholders involved in CIR programs.  

c) Three focus groups were organised in The Netherlands, in Lombardy (Italy) and in Scotland (UK), gathering a group of 10-15 
invited stakeholders The Focus group was run following the format of structured debrief, using three questions about Critical 
Infrastructure Resilience (CIR): Q1 What does not work well in your current approach to CIR? Q2 What does work well in your 
current approach to CIR? Q3 If you could start again what would you do differently? 

The aim was to target relevant CIR stakeholders across three distinct groupings: Government (European, National, Regional, 
Local), Industry (CI Operators/Owners both Public and Private) and Responders (Police, Fire, Ambulance, Coastguard). The 
questionnaire, interviews and focus groups were given the same structure, as shown in Figure 2. 

 

 
Fig. 2: The structure of the MIRACLE survey methodology 

 

4. MAIN CHARACTERISTICS OF EXISTING CIR COLLABORATION PROCESS 

The results of the MIRACLE survey allow identifying four groups of respondents: (a) Respondent involved in CIR activities 
based on public private stakeholder collaboration; (b) Respondent involved in CIR activities not based on public private 
stakeholder collaboration; (c) Respondent not involved in CIR activities but interested to develop such activities; (d) Respondent 
not involved in CIR activities and not interested in developing such activities. 

Main answers were provided from Group (a). Figure 3 summarizes the answers that were given the highest importance by 
respondents from this group. It shows that Group (a) is mainly composed by people from government services, emergency 
services (local and regional mostly) and by energy and transport operators. The objectives given to the collaboration process 
focus above all on Planning and Preparedness: The process is formalized thanks to an agreement and the main resources available 
are the dedicated personnel meeting to work on improving resilience. It appears that the main barriers to set up a public private 
stakeholder collaboration process lays in the lack of awareness of operators, the lack of resources to fund sustainable partnerships 
and the difficulties to communicate among stakeholders having different interests in resilience.  
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Figure 3: Main answers from respondents involved in CIR activities based on public private stakeholder collaboration 

5. CONCLUSIONS 

The findings will support the definition of a set of recommendation and policy indications aiming at raising awareness on both 
the added value and challenges of stakeholder collaboration in the field of CIR and at providing support to stakeholders aiming at 
defining or enhancing their own approach to critical infrastructure resilience.   
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ABSTRACT: Mass casualty incidents are fortunately rare events. That is why it is difficult to collect reliable data from real 
incidents to verify concepts. But, as MCI deals with emergency situations, continuous improvement of concepts and training of 
staff are a must. Therefore, exercises or drills are carried out. But, there is a dearth of standardized criteria which eliminates 
scope for comparative assessment of concepts. 

The MCI-benchmark is a method for scientific evaluation of MCI exercises, regardless of scenarios and concepts. Benchmarking 
has its roots in controlling and market analysis approaches and has been transferred to the needs of MCI exercises by the authors. 
The MCI-benchmark emphasizes patients’ needs for evaluation. 

Therefore, the method is based on four aspects of patients’ basic needs that have to be satisfied to achieve the highest level of 
preclinical care. Discovery and capture, rescue and relief, treatment and care as well as transportation of patients to hospital are 
the four basic needs of patients in MCI exercises. (Stiehl et al. 2014) In the first step, all needs are identified according to 
patients’ injuries before beginning the exercise. In a scenario, the MCI-benchmark determines the level of satisfaction for each 
patient and his or her needs. Points are awarded for every correctly executed measure. The comparison of the maximum score 
with the achieved points allows a comparable evaluation result that represents the level of satisfaction. It is assumed that this 
level depends on the skillful distribution of resources (concept) and the correct execution of measures (quality). The results can 
be used as performance index to compare different concepts or to improve the staff training in the preparation phase. 

Keywords: Mass casualty incidents, evaluation, benchmark 

1. INTRODUCTION 

Mass casualty incidents (MCI) are rare events. A good preparation and training is required to handle these events effectively in 
case of occurrence. Data of MCI events cannot be recorded because of a lack of possibilities to collect data in real incidents. 
Missing standard evaluation criteria impede the comparison of different concepts; so exercises are often used just for training 
purposes of personnel. Because of the fact that exercises are expensive and involve resources, the exercises are also rarely 
performed. The evaluation of such exercises does not fulfil the requirements of a scientific evaluation because evaluation is a 
systematic assessment of the usability or value of a subject. (DeGEval 2008) Among others, mostly specific processes are 
checked such as time of triage, amount of personnel, movements of personnel or amount of used resources etc. This article 
discusses standardization criteria as well as a methodology which fulfils the requirements of a scientific methodology. 
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2. STANDARDIZATION REQUIREMENTS ON MCI EVALUATION 

The following requirements could be discovered in context of the joint research project evalMANV (Marten et al. 2013): 

 

3. DEVELOPMENT OF MCI-BENCHMARK 

Benchmark systems are used in the industrial sector for the systematic comparison of objects or products. The method can also be 
used to compare different objects by setting independent ‘comparison parameters’. To use the methodology for MCI exercises, 
the CUAS uses the model of Nicolas Léonard Sadi Carnot. Imaging all processes of an MCI exercise are using resources (such as 
personnel, vehicles, equipment and so on) an idealistic process cycle can be used as comparable optimum value. The Carnot-
process is such an idealized impact cycle for the industry which is used to estimate the efficiency of steam processes using the 
idealized process as a reference. Every state of change is displayed and can be compared with the measured values of the test 
process. (Stiehl et al. 2014) 

The difficulty of this research is the transfer of the model to the MCI exercises which requires the definition of all necessary 
processes and appropriate criteria. Therefore, the CUAS carried out the research project ‘evalMANV’ and found that several sub-
processes can be measured in a qualitative and/or quantitative manner. A description of the main process did not succeed in 
accordance to have values independent of operational concepts and procedures of the task forces. A change of view toward the 
patient brought about successful results: Using the fulfillment of patients’ needs of MCI exercise as a value, a comparison of the 
performance can be measured. The full satisfaction of each need represents the idealized values, according to Carnot. 

The difference between idealized value and actually reached value can be assessed and scored. In combination with additional 
information such as e.g. attendance time of emergency physicians and injury category of incidents, optimization potential can be 
identified. 

4. RESULTS 

The results are values of an efficiency reference for each basic need of all exercise patients which can be compared independently 
of the exercise concept. It is important to mention that the optimum cannot be reached and is also not achievable due to the fact 
that a MCI deals with an imbalance of resources (DIN 13050:2009-02). More important is the assessment of the difference for 
the identification of training lessons and feedback for task forces. The results display processes which can be optimized by 
training and education or even adjustment of mission concepts. Different exercises of different districts can also be compared for 
further optimization, especially important for federal structured systems with a variety of concepts (Stiehl et al. 2014).  

5. PRACTICAL EXPERIENCES/TRAINING EFFECTS FOR RESCUE FORCES 

In a first lab case, a MCI scenario with an explosion in a university lab with eleven casualties were executed and tested with the 
MCI-Benchmark. A mobile tele-dialog (TED) system was used to determine time frames and the satisfaction of the basic needs 
of each patient. The MCI-Benchmark avails of online data transfer and a spreadsheet with macros. (Brauner et al. 2014b) This 
procedure allowed an in-situ assessment of the exercise. Additionally, a camera system and observers documented ongoing 
changes in the behavior of the staff in the form of qualitative statements. 

After the exercise, the qualitative observation data and the quantitative data were combined for an evaluation of the exercise. The 
results show the optimal use of resources and possible gaps for improvement.  

In a debriefing the task forces had the chance to get their performance displayed as explained. In cooperation with the evaluation, 
team measures to improve the performance were identified and tested in the next round. Overall three iterative exercises were 

1. A scientific evaluation for the assessment of MCI exercises needs to produce comparable and reproducible results. 

2. An evaluation of MCI exercises needs reconsidering the evaluation standards of the DeGEval- utility, feasibility, 
propriety and accuracy (Beywl et Frey 2008). 

3. Thus, the superiority of individual operational concepts or procedures for MCI may not be easily detected. For this 
purpose, an evaluation of MCI exercises needs to be overt and independent of operational concepts and procedures 
of the task forces. 

4. Evaluation of MCI exercises needs to achieve the operational objective, thus making patient care measurable  

(Brauner et al. 2014a; Stiehl 2012). 
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executed showing a continuous improvement of the task forces in the form of increasing performance parameters in the MCI-
Benchmark system. (Stiehl et al. 2014) 

6. CONCLUSION 

Benchmark systems can be used for the evaluation of MCI exercises to show the performance of rescue forces according to the 
satisfaction of basic needs. Still the system is a model which has its limitations. Especially, factors of special exercises such as 
weather conditions, geographical conditions or additional technical rescue measures lead to incomparable data.  

The advantage of such system is the in-situ assessment of processes which can be used for a debriefing of rescue forces and 
iterative training lessons. Therefore, the system needs additional information by observers in collecting qualitative statements 
which cannot be stored quantitatively. The combination of both methodologies allows new enriching training opportunities based 
on scientific values. 
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ABSTRACT: The objective of this review study is to improve the proficiency of cost calculation and forecasting in pandemic 
risk management. The 2009 A/H1N1 influenza pandemic has generated additional data and triggered new studies that open 
debate over the optimal strategy for handling a pandemic. A point of improvement for the risk analysis of such crises that is often 
mentioned in lessons-learned documents from the World Health Organization and governments is the need for cost estimation of 
the pandemic response. The assessment of costs during a pandemic poses particular problems related to the appropriate modeling 
of the characteristic of the virus and the direct effects of an intervention and its impact on costs. Further difficulties arise when 
trying to relate those costs to overall societal welfare, such as choosing the appropriate societal costs for an intervention or 
assessing the value of statistical life. In this study, we explore the lessons learned and innovation emerging from the past crisis, 
with a focus on studies covering high-income countries. We review a number of academic studies and organizational documents 
that provide cost-effectiveness or cost-benefit analyses for A/H1N1 pandemic interventions since 2009. Our comparative analysis 
reviews each study’s type of intervention, epidemiological model, type of costs included and cost-utility results with a possible 
conversion to cost-benefit. The result is an extensive reflection on the parameters that may drive the pandemic costs and the 
appropriate response, which is unique to our knowledge in both the breadth of coverage and the novelty of selected studies. At 
the cross-disciplinary level, this study stresses the need for an economic efficiency analysis in the risk governance process to 
distribute financial resources in the most efficient way.  

Keywords: H1N1 influenza, pandemic, cost-effectiveness, cost-benefit, value for money 

1. INTRODUCTION 

The 2009 pandemic of the H1N1 influenza virus, commonly known as swine flu, has been a very interesting challenge to global 
risk planning. On one hand, it confirmed the fears of the extremely rapid and unstoppable dissemination of the virus worldwide 
through international travel. On the other hand, it was of mild severity compared to the estimations usually found in pandemic 
studies. 

Indeed, the recently estimated case fatality ratio of H1N1 was of 0.02% (Van Kerkhove et al., 2013), which means that 2 out of 
10,000 people formally diagnosed with the disease would die. For comparison, studies on cost effectiveness published before 
2009 usually accounted for a case fatality rate at least ten times higher, referring to previous flu epidemics (Potter, 2001) such as 
the 1957–1958 Asian flu (estimated case fatality ratio of 0.13%) and the 1968–69 Hong Kong flu (case estimated fatality ratio 
<0.1%), or even the devastating 1918–19 Spanish flu pandemic (estimated case fatality ratio of 2%). Despite the controversy over 
the past pandemic numbers, and without disregarding both the clear difficulty in assessing the case fatality ratio—especially at 
the beginning of the infection—and the legitimate fear regarding the mutation power of the influenza virus, there was no doubt, 
early into the pandemic, that the H1N1 was mild. (Briand et al., 2011) 

Beginning in April 2009, the pandemic-fighting mechanism carefully prepared by the World Health Organization (WHO) under 
the new International Health Regulation (IHR) was triggered and relayed within each country through local pandemic plans. 
According to those national and local plans, and following the local risk assessment committee and experts’ recommendations, a 
set of different interventions, such as airport screenings, antiviral stockpiling, vaccination campaigns and banning public events 
and/or school closures, was implemented in each country. It was clear that the global network of alerts and notifications 
established by WHO and the member states was working to some extent (Briand et al., 2011) 

However, interventions were launched on previous assumption of their cost effectiveness under more severe conditions and 
without re-consideration whether there would be cost efficient considering the mildness of the current pandemic. While this 
proposal may seem radical, this point of improvement is often mentioned in the lessons-learned documents from WHO and 
various governments (WHO, 2011: “A methodology for measuring the economic costs of interventions and the overall pandemic 
should be taken into account during pandemic preparedness”).  
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1.1 Pandemic influenza – Value for money in a crisis context 

Indeed, detailed examination of pandemic plans in place in 2009 shows a lack of cost assessment during the risk analysis and 
response phase. Some documents do state that the interventions within the pandemic plan are considered cost effective at country 
level, often referring to the results of past studies. Past studies on cost effectiveness are pointing toward vaccination and antiviral 
stockpiling as successful strategies, while rejecting others, such as school closures and air traffic restrictions. However, as 
explained earlier, the 2009 H1N1 pandemic did not fit the same criteria of severity as its predecessors and there is no sign that a 
re-assessment of the cost effectiveness of each intervention has happened during the H1N1 decision process in order to take into 
account the new characteristics of this epidemic. Does it mean that the crisis management was wrong or suboptimal, or that the 
decision makers were oblivious of the costs incurred? Probably not, but it may have left the impression that the last pandemic 
might have cost less or the response would have been shaped differently, would decision makers have had the opportunity at the 
time to better understand the costs and benefits of the interventions in that particular context. This perceived “overreaction” was 
reinforced by the financial crisis, which led the public to question the actions of governments (Barrelet et al., 2013). From an 
ethical and organizational point of view, a lack of systematic cost effectiveness evaluation during a health crisis may not be seen 
as a problem: lives must be saved, and quick action must be taken. However, it causes a number of issues in the long term, such 
as depleting the financial resources left to handle other risks or health issues and lowering the confidence of citizens in their state 
and government to evaluate a situation accurately. It also questions the ability of decision makers to reassess the true efficiency 
of all possible interventions during a more severe crisis. What if a virus twice deadly as the Spanish influenza were to appear? 
Would some measures, such as airport scanning or wearing masks, still be inefficient? What about school closures? On the 
contrary, what if a pandemic twice as mild as H1N1 occurred: is vaccination still cost efficient in such a scenario? How can we 
make sure that the strategy decided upon to manage a pandemic influenza bring the most value for the money to citizens and 
saves the most lives for the least cost? 

1.2 Assessing the cost effectiveness of interventions under uncertainty 

The assessment of costs for pandemic influenza is not a simple task. It poses numerous problems related to uncertainties 
regarding the occurrence of the pandemic, the characteristics of the virus (case attack rate, case fatality ratio and age-specific 
incidence) or the medical controversy on the magnitude of side effects (antiviral resistance, herd effect). Further difficulties arise 
when trying to relate those costs to overall society welfare, such as choosing the appropriate societal costs for the measure or 
assessing the value of statistical life (VOSL). Finally, the economic data on past pandemics is required to confirm the planned 
intervention’s costs, but it is hard to gather methodically as it is entangled in the local cost system. 

To address the above issues and understand all points of variability in cost assessments, we decided to review a number of studies 
on cost effectiveness post 2009 for A/H1N1 pandemic influenza. The underlying hypothesis is the opportunity to construct a 
catalog of data and models for costs of pandemic influenza that could help predict, compare and monitor the costs and 
effectiveness for each intervention; and, by addition, as a total at country level. To our knowledge, such models have been tested 
in the past to compare two or three interventions under different scenarios, but there are no global studies that simulate the whole 
range of possible interventions. On the contrary, in this study, we want to keep the range of interventions as broad as possible in 
the light of a wider spectrum of milder or more severe pandemics and include studies in our review on interventions that, 
although they may have been neglected under past assumptions, might prove efficient in other cases. 

2. METHODOLOGY 

The goal of our study is to select and analyze significant papers on cost effectiveness for each type of possible pandemic 
interventions, and compare their methodologies and results, to estimate the costs with a global understanding of leading 
parameters and a reasonable uncertainty. Our selection focuses primarily on developed countries (under the UN Millennium 
Development Goals region) to facilitate the comparison of costs under similar conditions, but results could be applied to other 
countries. Only studies related to H1N1 pandemic and published after 2009 were selected. Studies on other types of pandemic 
influenza or seasonal influenza definitions were discarded unless they brought a specific enlightenment to the topic of cost 
measurement. For some interventions that lacked cost studies, we also considered studies that provided information on the 
intervention details, which allowed us to derive a possible methodology for estimating costs and benefits. 

We selected the cost studies through a systematic search in EBSCO Business Premiere and PubMed databases of the terms 
“cost,” “effectiveness,” “benefit” and “H1N1” in conjunction with the intervention’s category or subcategory, as mentioned in 
our first paragraph. For interventions where the search yielded no satisfying results, we limited our search to the words “cost” and 
“H1N1” in conjunction with the intervention’s subcategory. 

2.1 Type of intervention 

In today’s battle against influenza pandemics, the measures to counter them can be divided into three main groups: preparedness, 
containment and mitigation (Cook, 2013). The three groups “Prevention, Containment, Mitigation” are based on the timing and 
purpose of the measures. However, containment and mitigation measures happen both once the epidemic has occurred and 
(often) simultaneously, in contrast to preparedness. Therefore, we should perhaps consider only two groups: “Off 
Crisis/Preparedness” and “In-Crisis/Response,” with the latter containing both the containment and mitigation measures. This 
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division seems to work in terms of cost analysis, as the pandemic response assessment works in an environment in which the 
pandemic already exists and that contains a certain amount of known characteristics, as opposed to preparedness, where the 
probability of the next pandemic’s occurrence is unknown.  

Type Category Public Measures/ Interventions  Type Category Public Measures/ Interventions 

O
ff

-C
ris

is
  

P
re
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re

dn
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s 

Surveillance Disease surveillance networks  

In
-C
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is

 
C

on
ta
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m
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t &

 M
it

ig
at
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Antiviral Antiviral treatment 
Planning Emergency preparedness planning  Antiviral prophylaxis 

Emergency preparedness drills  Vaccination Low-efficiency /seasonal vaccine distribution 
Prevention behavior programs  High-efficiency vaccine (targeted to specific 

agent) production and distribution 
Stockpiling Stockpiling antiviral medicine  Hospitalization Observation 
  Stockpiling low efficacy vaccine  Respiratory assistance 

In
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is

 
C
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m
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t 

&
 

M
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ig
at
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Trade & 
Travel 
restriction 

Travel restriction  Social  distancing School closure 
Border scanning   Stay at home (self-isolation)  
Close borders to people  Business closure 

Close borders to goods  Ban on public gatherings 
Ground airplane travel  Public transportation ban 
Tracking exposed people  Hygiene 

recommendation 
Face mask 

Quarantine Quarantine existing cases  Prevention behavior recommendation 
 Quarantine hospital  Animal to Human 

transmission 
Animal culling 

     Food restriction 

Table 1 – Common interventions before, and at the time of, an influenza pandemic 

2.2 A framework to review cost studies on pandemic influenza 

While gathering studies on costs for pandemic influenza, we first considered performing a meta-analysis of the effect sizes (i.e., 
on cost-benefit and cost-effectiveness ratios). However, due to the limited number of studies and the lack of standard in the inputs 
and outputs, no satisfactory results have been obtained. Instead, we developed a framework to compare the differences in the 
studies and provide a ground for further studies to convert the results to a common basis. Our framework is presented below. 

 

Fig. 1 – Framework proposal for cost estimation of influenza pandemic interventions 

A very important component is the epidemiological model, which is used to predict the evolution of the pandemic, plan the 
necessary resources; or, in our case, estimate the economic outcome. The epidemiological model is a mathematical representation 
of the evolution of the health consequences of the virus, given certain characteristics from the medical field and statistical 
observations of the human population. The output of this model is a forecast of how many people will be affected by the virus, 
without and with interventions (such as the measures described above). The output of the model can later be combined with an 
economic model in order to estimate the economic consequences of the virus and determine the cost effectiveness or cost-benefit 
ratio of an intervention. Both models are fed with statistics that depend on the population studied. Finally, the result can be 
expressed in various ways, depending on how the health benefits are accounted for. For instance, an averted case of influenza 
could be expressed as Quality-Adjusted Life Year (QALY) or DALY (Disability-Adjusted Life Year), or as a monetary unit. 
When the health unit is not converted, the result is called a measure of cost effectiveness; and, when all benefits are expressed in 
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monetary unit, the result is called a cost-benefit analysis (CBA). The framework proposed is compatible with the 
recommendation of the World Health Organization for the evaluation of health programs.  

3. ADDED VALUE FOR THE POST-2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Our work supports the implementation of the Hyogo Framework for Action by providing a reflection on the probability of 
extreme scenarios and the need to adapt preparedness accordingly. Influenza pandemics occur every 40 years on average, and 
viruses spread faster as a result of globalization. At a time where we may feel that infectious diseases are no longer a threat to the 
modern world, we should not neglect preparedness for all type of situations: very mild, as with the last A/H1N1 pandemic, or 
very severe, as with the Spanish influenza. Our main reflection is on how to assess the value for money (Jackson, 2012), or 
economic efficiency of interventions during recurring influenza crises. The goal is long-term risk management and the wisest 
way for governments to invest in the most efficient interventions to protect citizens now and in the future. 

In order to do this, governments need appropriate studies that assess the cost effectiveness of the potential interventions. Research 
should strive to develop and encourage national and international cost-effectiveness and cost-benefit standards for health disaster 
risk, similar to those that presently exist for regular or ecological programs (Armantier and Treich, 2004). Our work, therefore, 
advocates for long-term economic efficiency to be considered in the Post-2015 Framework for Disaster Risk Reduction. We 
believe there is a need for a dynamic cost-efficiency assessment to be included in all steps of disaster risk management in order to 
maintain the financial sustainability needed to handle recurring infectious disease events and distribute scarce financial resources 
in the most societally efficient manner. 

4. CONCLUSIONS 

An immediate observation while searching for academic studies on cost effectiveness is how unbalanced the number of studies is, 
depending on the type of intervention. Some measures, such as vaccination and antiviral drugs, are widely studied, while others, 
such as containment and non-pharmaceutical mitigation, remain out of focus. Similarly, the pandemic response is often studied, 
but little attention is given to the cost effectiveness of preparedness measures. This shows a need for more diversity in cost-
effectiveness studies beyond the standard in-crisis response.  

The main conclusion in our study is the need for researchers to systematize their studies on pandemic costs. While we understand 
the urge to provide academically challenging papers with unique models and innovative methodologies, the huge differences in 
both the input parameters and methods of expressing the results make it difficult to compare studies. In our comparison, we 
propose a simple framework to help researchers clarify their input and express their results in a way that can be compared with 
others and confirm global expectations regarding costs. Further research could propose a unified, detailed framework model to 
assess and compare pandemic intervention costs at country level that could be tailored for each country and crisis and serve as a 
basis for cost estimation, as well as a starting point for innovative studies on cost effectiveness for influenza. On top of 
harmonization, researchers could also try to back up the results they obtain through modeling with real-life data whenever 
possible. Finally, our study also stresses the need to include a larger variability of scenarios. On average, studies only reproduce a 
range of scenarios based on past medical and epidemiological data, which represents only a hundred years of history. However, 
we have no evidence to confirm that the last century fully represents the boundaries. Extreme cases may have low probability, but 
disasters like the Fukushima Daiichi nuclear accident remind us that low-probability events do not mean zero probability. We 
should be able to know, beforehand, the best response for both a very dire and a very mild influenza pandemic; and, with the help 
of simulation, those scenarios should be evaluated in future cost-effectiveness studies. 
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ABSTRACT: In the aftermath of disasters attention naturally focuses on the impacts humans experience during rescue, recovery 

and rebuilding. Resilient outcomes are desirable but by no means guaranteed, and the consequences are usually attributed to the 

actions of humans. In a novel deployment this research uses an Actor Network Theory (ANT) lens to reanalyse case study data 

from three disaster theatres. It reveals the impact of nonhuman actants upon human actants, and their consequences for recovery 

efforts and resilience outcomes. In particular it exposes the potential economic retardation that food aid can inflict on fragile 

societies; the value of coherent policies and processes for resilient reconstruction in highly structured societies, and; the mixed 

blessings arising from the presence of TV cameras in disaster theatres. It concludes that using an ANT lens sensitises researchers 

to the influences that nonhuman actants can exert in dynamic post-disaster contexts, but that the use of purist ANT approach to 

solving problems within disaster theatres is not a practical proposition. 

Keywords: Actor Network Theory, human, non-human, actant, influence. 

1. INTRODUCTION 

Post-disaster reportage often concentrates on the catastrophic and harrowing human impact together with heroic acts of mercy: a 

useful, and from the aid agencies perspective vital by-product of such information is the mobilisation of donors. Post-disaster 

relief and recovery activities and the resilient reconstruction of communities involve the interaction of interrelated individuals 

and agencies in pursuit of the public good (James, 2008). Such scenarios may be thought of as loosely coupled complex adaptive 

systems, whose component parts are constantly being influenced by the activities of others (Geli-Mann, 1994). Subsequent sober 

and analytical reviews of the same events balance success with failure in order to learn and improve performance in future 

disaster theatres.  

It is inevitable that the bulk of data is collected from key individuals in major organisations associated with disaster recovery and 

reconstruction, and it is unsurprising that little consideration is given to the nonhuman actants that they direct or influence: 

examples include food aid, shelter, resources and processes associated with reconstruction, and the policies and protocols 

associated with relevant government agencies. The policies and procedures of each organisation active within a disaster theatre 

are primarily designed to focus their attention on achieving their organisational mission and consequent strategic goals, and 

although they are enshrined in writing they are generally considered to be artefacts of human activity, and therefore broadly 

linked to humans. In a similar way the presence of television cameras and associated media paraphernalia within a disaster 

theatre come about as a consequence of the human activity associated with news agencies fulfilling their - ultimately commercial 

- objective of informing the broader public (Brewer et al, 2014). 

2. ACTOR NETWORK THEORY 

Actor Network Theory (ANT) suggests that nonhuman actants share the stage equally with human actants when considering 

problems that occur at the socio-technological interface, and while ANT conventionally has been utilised to consider the 

challenges faced when integrating high-level technology systems with humans this paper speculates that the technique has the 

potential to reveal useful lessons when considering the complex problems faced during disaster recovery and reconstruction. 

ANT suggests that non-human actors (known as actants) - such as policies, food aid, or television cameras - are possessed of their 

own motivations, which cannot be automatically assumed to be congruent with the intentions of their creators (Hanseth & 

Montiero, 1998). Whilst this radical position is not without its critics (e.g. Amsterdamska, 1990) it does provide a framework to 

allow a more complete examination of the influences on the development of outcomes in a given situation: "Newton did not 

really act alone in creating the theory of gravitation: he needed observational data from the Astronomer Royal, John Flamsteed, 

he needed publication support from the Royal Society and its members (most especially Edmund Halley), he needed the 

geometry of Euclid, the astronomy of Kepler, the mechanics of Galileo, the rooms, lab, food, etc. at Trinity College, an assistant 

to work in the lab, the mystical idea of action at a distance, and more, much more. The same can be said of any scientific or 

technological project” (Goguen 1999). 
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3. RESEARCH APPROACH 

Methodologically this research has been driven by an ethnographic interest in the actions of human and nonhuman actants across 

a range of diverse disaster theatres during post-disaster recovery and reconstruction. As such it has been interested in the 

interaction between these actants and the resultant outcomes of these activities have delivered. It has been achieved through the 

pragmatic qualitative meta-analysis of interview data originally collected as part of adjacent research endeavours, where the 

accounts of key human actants involved in disaster relief and reconstruction were subject to thematic reanalysis in order to 

reveal: a) their actions ; b) the actions of others (not directly investigated during the research), and; c) the results of interactions 

between the various human actants/human actant groups and nonhuman actants active within the disaster theatre. 

Whilst the research could not strictly be described as grounded theory generation (because prior knowledge of concepts and 

contexts was not "bracketed" – set aside – by the researchers) it nevertheless utilised some of its precepts. Multiple analytical 

passes were undertaken of the data in order to determine the identity and actions of the various actants at play within each case, 

together with the consequences – both intended and unintended – of their interactions. These were achieved using open coding 

followed by purposive axial coding activities, conducted autonomously by multiple researchers within the research team: 

subsequent team meetings were utilised to consolidate themes, resolve coding anomalies, and speculate as to the motivations and 

behaviours of nonhuman actants. 

It is important to note that this research is best understood as embracing characteristics of ANT rather than being a faithful 

deployment of it. This is because the problem being investigated is one of understanding events remotely, through the accounts of 

others, where the researcher(s) are not themselves embedded in the problem context, and cannot therefore establish themselves as 

OPP within the actor network(s) formed within the disaster theatre. Rather, the adoption of ANT precepts and concepts has been 

undertaken in order to derive novel and potentially useful insights about actants that might normally not be revealed by more 

conventional research lenses. 

4. THE CASE STUDIES 

This technique was applied to three diverse disaster theatres, reporting each in a case study: post-earthquake disaster relief and 

recovery in Haiti; post-hurricane recovery and resilient reconstruction in Cuba, and; post-bushfire recovery and resilient 

reconstruction in Australia. Each of these cases included actants/actant groups associated with governments (and their various 

agencies), quasi- and non-governmental organisations, and the populace. The media in various guises were also found to be 

ubiquitous actants. Nonhuman actants, which were generally associated with one or more of these human groups, were regularly 

identified as being powerful influences – both positive and negative – upon recovery, rebuilding, and resilience outcomes. Less 

obviously, they sometimes influenced outcomes in ways contrary to the intent underlying their deployment. Three vignettes are 

now presented, drawn from detailed case studies earlier conducted of each disaster theatre (Brewer et al, 2013; Brewer et al, 

2014). Each one briefly summarises the disaster context together with one non-human actant found to have been highly 

influential within it. 

4.1 Case study 1: Haiti 

Haiti is characterised by social fragility and political instability, the earthquake of January 12, 2010 killed about a quarter of 1 

million people and left a further million homeless. Port-au Prince lay in ruins and much critical infrastructure remains largely 

unreconstructed. Low levels of government control and regulation, allied to economic policies intended to create export revenue 

have led to widespread deforestation, landslides and poor agricultural conditions.  

Nonhuman actant: Within this disaster theatre the presence of food aid provided by NGOs, and intended to deliver immediate 

relief to the earthquake victims was frequently diverted to criminal street gangs who used it as a source of power and income. 

Moreover it was found to act as a disincentive for local farmers to tend their fields and harvest viable crops, since it was a readily 

available source of sustenance. 

4.2 Case study 2: Cuba 

Sharing similar geographical characteristics with Haiti Cuba’s socio-political landscape is shaped by a long-standing communist 

government and command economy. Having experienced regular natural disasters combined with the challenges of US economic 

sanctions it has developed cohesive policies aimed at disaster preparedness and speedy, low-cost resilient recovery. 

Nonhuman actant: within this context the development of a suite of information and policy that involves the entire community 

(emphasised through communal training and rehearsal) and enshrined in government policies, combine to generate enviable post-

disaster outcomes. In turn these documents ensure that Cuba is not reliant on high levels of overseas intervention and aid in the 
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wake of natural disasters, and the emphasis on the re-use of salvaged building materials minimises the overall cost of 

reconstruction. 

4.3 Case study 3: Australia 

As the second driest continent on earth bushfires are a regular occurrence in Australia and various federal and state agencies exist 

to deal with this risk. Occasionally these natural disasters overwhelm communities with disastrous consequences. The "Black 

Saturday" bushfires of February 7, 2009 devastated towns in Victoria, killing nearly 100 people and injuring 73 more. About 

1400 houses were lost, together with substantial amounts of business and agricultural infrastructure. Conservative estimates of 

the cost to the nation were around AU$4.4 billion, and post-disaster inquiries resulted in major overhaul of building codes, 

planning legislation and firefighting protocols. 

Nonhuman actant: intense real-time media scrutiny was a feature of this disaster, where the presence of journalists – and 

particularly TV cameras – resulted in unintended consequences. Politicians overwhelmed by the enormity of the tragedy, and 

trapped in the field of view would feel compelled to make comforting statements that would subsequently either come back to 

haunt them, or obligate government agencies to act upon ill-conceived promises. Victims of the tragedy could find no privacy 

away from the gaze of cameras wherein to grieve, and barely had the embers died out than their neighbourhood would become 

inundated with academic researchers intent upon detailed documentation of the disaster. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The Hyogo Framework for Action necessarily focuses upon the actions of humans and their development and use of tools 

and policies to facilitate increasingly resilient outcomes in the aftermath of disasters. One of its strategic goals is the 

systematic incorporation of risk reduction approaches into the implementation of emergency preparedness, response and 

recovery programmes, and Priority for Action 3 is explicitly reliant upon research activity for its inputs. This research 

highlights the importance of factoring in the potential for non-human actants to exert unintended influence upon, and 

unforeseen consequences arising out of post-disaster recovery policies and practices. 

5. CONCLUSIONS 

Bringing an ANT lens into the analysis of any post-disaster reconstruction has the potential for research to reveal the new 

and generally unexpected perspectives on the effects of tools and policies within those contexts, particularly at the socio-

technological interface. Whilst ANT may not be a practicable research paradigm to resolve real-time disaster reconstruction 

and resilience problems its precepts nevertheless raise uncomfortable truths that have to be addressed through carefully 

designed policy and procedures. 
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1. Introduction 
Extreme weather events coupled with sea level rise and erosion will cause the land on which people live and maintain livelihoods 
to permanently disappear.  Sea level rise is accelerating, reached record highs in 2012, and is expected to worsen over the next 
century due to increased rates of ice sheet mass loss from Antarctica and Greenland (Nicholls and Cazenave 2010, Burkett and 
Davidson 2012).  Two major scientific reports from the Intergovernmental Panel on Climate Change (IPCC) and the US National 
Climate Assessment chronicle the mounting threats posed by climate change to people and have projected a three to six foot rise 
by the end of the century (IPCC 2014, NCA 2014). With the newest evidence that the western shelf of Antarctica is collapsing, 
these estimates may be conservative.  Using words such as ‘the region is out of balance’, scientists documented six massive 
glaciers in West Antarctica moving faster than they did 40 years ago, causing more ice to discharge into the ocean. People living 
along coastlines all over the world are at risk (Joughin 2014).   
 
Sea level rise will contribute to flooding, storm surges, erosion and salinization of land and water (IPCC 2012).  Locations 
currently experiencing coastal erosion and inundation will continue to do so in the future due to increasing sea levels (IPCC 
2012).  These climate-induced environmental changes will cause entire communities to be displaced and need to relocate.  
Approximately 10% of the world’s populations live in coastal areas.  Adaptation to these environmental changes, including the 
permanent relocation of millions of people, requires new governance tools. Relocation is complicated, can be severely harmful to 
people and planning and implementation measures can be expensive.  For these reasons, relocation should only occur as a last 
resort; if there are no other adaptation strategies to protect people from the climate-induced environmental changes in the places 
where they reside.  People have the right to remain in their homes and retain connections to the land on which they live for as 
long as possible. 
 
However, in the context of a rapidly changing environment, the on-going effort to protect people in place may recreate or 
increase existing vulnerabilities, and preclude longer-term planning and policy changes for enhancing adaptation to climate 
change (Grannis 2011, Lewis 2012).  Government agencies have a variety of tools they can use to facilitate protection in place 
and ‘managed retreat’ from vulnerable coastal and riverine areas, but have very limited tools to facilitate a community-wide 
relocation.  Currently, significant limitations prevent governments from responding effectively and dynamically to climate-
induced environmental changes for three reasons.  First, governance tools, including building codes and engineered structures, 
are primarily dedicated to protect people and infrastructure in situ, even though this may only offer short-term protection because 
of increased rates of sea level rise, and the consequent increased intensity of storm surges, flooding and erosion.  Traditionally, 
governments and property owners have managed flood and erosion with engineered structures, such as sea walls and storm surge 
barriers, to protect coastal and river infrastructure development (Lewis 2012).  Although these solutions have been problematic 
because of their expense to build and maintain, the increase of flooding and erosion on neighboring properties and the 
encouragement to develop vulnerable areas, they have been the primary response to erosion and flooding (Grannis 2011, Lewis 
2012).  In addition, governments can implement building codes and provide resources to vulnerable populations so that the built 
infrastructure is better able to withstand the environmental hazards.   
 
Second, post-disaster relief also emphasizes rebuilding houses, reconstructing infrastructure, and rehabilitating livelihoods in the 
places where people lived prior to the disaster to attempt to restore people and the places where they live to a pre-disaster realty 
(Bronen 2011).  Following a disaster, the common response of people is to relocate close to where they have been displaced, with 
approximately 30 per cent of the affected population moving and with over 90 per cent of these people returning at some later 
stage (Raleigh and Jordan 2010).   
 
Finally, the cumulative impact of frequent extreme weather events may challenge the capacity of governance institutions at local, 
regional and national levels to prepare for and respond to these events (IPCC 2012).  Fiscally, governments may be forced to 
spend large amounts of money on disaster preparation and response, insurance payouts, and rebuilding damaged or destroyed 
infrastructure in order to protect people and the infrastructure on which they depend (Nichols and Bruch 2008).  Sea level rise 
will cause severe fiscal impacts (Grannis 2011).  A valuable government tax base and significant private investment will no 
longer exist as coastal land becomes increasingly marginal for human habitation.  Economic activities, including livelihoods, will 
be disrupted and people will lose their homes and connection with heritage and cultural and spiritual ties to the land (Grannis 
2011).  Sea walls and storm surge barriers may not be able to provide protection (Bronen 2011).  For these reasons, it is critical to 
design and implement a governance structure which can respond dynamically to climate-induced environmental hazards and 
include planned preventive community relocations in the framework of disaster risk management. 
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2.  Climate-Induced Community Relocations 
Relocation is ‘a process whereby a community’s housing, assets, and public infrastructure are rebuilt in another location’ (Abhas 
2010).  Preventive relocations, which occur prior to a disaster, can be a critical disaster risk reduction tool that will save lives and 
offer long-term protection.  A recent study by the World Bank highlights the ways in which preventive relocations have occurred, 
but does not explain the criteria used to determine when to relocate the population, noting that ‘[s]uch a measure should be seen 
as a last resort, when it is impossible to mitigate risk factors ...’(Correa 2011).  Government responsibility to protect people 
through the implementation of preventive relocations illustrates the tension between the right of people to remain and the duty of 
governments to protect life, which may require the relocation of people against their will (Ferris 2012).  In order to reduce this 
tension or eliminate it, governance institutions need to include a mechanism through which community residents can engage as 
partners with government representatives in a collaborative decision-making process to respond to environmental change.   
 
The lack of a uniform methodology to evaluate climate-change impacts and understand when communities can no longer be 
protected in place will hamper the ability of communities as well as government agencies to respond.  Unlike government-
mandated relocations associated with geopolitical motives or infrastructure development projects, which are the catalyst for 
population displacement, there is no standardized mechanism or criteria to determine whether and when populations need to be 
relocated due to environmental change. Extreme weather events, which cause mass population displacement, are not an 
appropriate indicator to use to evaluate whether people should be relocated.  In the aftermath of an extreme event, most people 
want to return home and will, unless the land on which they lived no longer exists (Raleigh and Jordan 2010).  f climate-induced 
environmental change renders entire communities uninhabitable, it is critical to understand the governance tools that can foster 
community resilience.  New governance mechanisms need to be designed to determine whether people can be protected in place 
or require community relocation (Bronen 2011, Bronen and Chapin 2013).   
 
Community relocation is already a recognized need in the United States, Fiji and Papua New Guinea.  In these countries, 
communities have decided that relocation of the entire community is the only adaptation strategy which can offer long-term 
protection to the climate-induced environmental changes (Bronen 2014).  In the United States, the governments of Kivalina, 
Shishmaref, and Newtok, Alaska Native communities located on the western coast of Alaska, concluded decades ago that 
community relocation was the only solution to protect their respective communities from life-threatening biophysical change. 
Each community has undertaken a three-pronged relocation process that involved: (i) identification of a new village site, (ii) 
resident voter approval of the relocation site, and (iii) documentation to substantiate the need to relocate and the suitability of the 
relocation site for the community. Each community commissioned several social-ecological assessments and relocation 
evaluations. Despite the similarity of the steps taken by each community to relocate, only Newtok has begun the relocation 
process. A comparison of the three case studies demonstrates a common suite of challenges faced by Alaskan communities 
seeking to relocate and some of the factors that have either contributed to or constrained progress toward relocation (Bronen and 
Chapin 2013). 
 
In Kivalina, in September 2006, after finalizing the construction of a multi-million dollar seawall, federal government leaders 
arrived to celebrate its completion.  But before the celebrations could begin, a storm came in, and damaged 160 feet of an 1800 
foot seawall. The celebration was cancelled.  A year later, 250 Kivalina residents self-evacuated in the face of a storm with 
forecasted twelve- to fourteen-foot ocean surges that threatened this community that lives at a ten-foot elevation level (Bronen 
and Chapin 2013).     
 
These dangers are not limited to remote towns in Alaska.  According to a 2012 National Oceanic and Atmospheric 
Administration (NOAA) report, the East and Gulf Coasts of the United States have already experienced higher than average rates 
of sea level rise (Burkett and Davidson 2012).  In the United States, the governments of New York and New Jersey are now faced 
with deciding how to provide long-term protection to vulnerable coastal areas.  But they are not the only ones.  Excepting 
Delaware, Mississippi, and Alabama, every state along the Atlantic and Gulf Coast from New Jersey to Texas has at least 620 
square miles of land that could be submerged by a three foot rise in sea level.  Regions such as Louisiana and the Chesapeake 
Bay will experience greater sea level rise because of land subsidence and ocean circulation changes.  Projections show a 90 
percent certainty of future global sea level rise ranging from an additional eight inches to 6.6 feet above 1992 levels by 2100 
(Burkett and Davidson 2012). 
   
Located in north-eastern Papua New Guinea, the Carteret Islands are home to 3,300 people.  Rising sea levels caused by climate 
change, have affected the Carteret Islands, which are only on average 1.2 meters above sea level.   Since 1994, almost 50% of the 
surface of the Carteret Islands has been lost as the result of rising sea levels (Boege2011). The non-governmental organization, 
Tulele Peisa, created by clan elders of the Carteret Islands to facilitate the islanders’ relocation, is leading the relocation effort  

(Boege, 2011). The guiding philosophy of Tulele Peisa is to maintain the unique cultural identity of the Carteret Islanders, and 
live sustainably by encouraging self- sufficiency and independence through all steps of the relocation process (Boege, 2011).  
Through the efforts of Tulele Peisa, the Carteret Islanders have a detailed relocation plan, the Carterets Integrated Relocation 
Programme which aims at the voluntary relocation of approximately 1700 Carteret islanders to three locations on Bougainville 
Island, located 60 miles from the community’s current location (Boege 2011, Bronen 2014). 
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In Fiji, the villagers of Vunidogoloa on Vanua Levu, Fiji’s second largest island, have been badly affected by rising seas, erosion 
and flooding – forcing them to relocate to higher, drier ground (Edwards 2012).  The village had home gardens, breadfruit and 
coconut trees, and houses that stayed dry most of the year. Now, high tide bathes the plants and crops in salt water.  Although 
their homes are now on stilts, villagers experience frequent flooding into their dwellings. Throughout 2012, these Fijian villagers 
have been in the process of moving from their current home village – a tract of land overlooking Natawa Bay to their new home 
which they named Kenani.  The villagers of Vunidogoloa chose their relocation site. The Fijian government is contributing two-
thirds of the funding for the relocation. The estimated 30 new homes, which will cost about $15,000 each, will house 
the approximately 150 villagers who are relocating (Edwards 2012).   

In each country, the relocations currently occurring are the beginning of a much larger need to relocate populations from climate-
induced environmental change.  None of the countries has a relocation institutional framework, although, the national 
government of Fiji is in the process of developing this institutional framework.  In the United States, the US Congress Bicameral 
Task Force on Climate Change has recommended that the Obama Administration specifically focus on the governance challenges 
of community relocation (United States Congress Bicameral Task Force on Climate Change 2013).  The lack of an 
institutional framework in the United States and Papua New Guinea has caused enormous delays in the community relocations, 
placing community residents in danger from on-going storms and from living in places where clean water, sewage and sanitation 
systems and suitable housing are not possible.  In Alaska, consensus by the communities of Newtok, Kivalina and Shishmaref 
and government agencies that relocation was essential has created barriers to repairing and maintaining storm-damaged 
infrastructure in the current locations (Bronen and Chapin 2013).   

3. Creating An Adaptive Governance Framework to Respond to Climate-induced Environmental Change 
An adaptive governance framework needs to be designed and implemented in order for national, state, local and tribal 
governments to dynamically respond to climate-induced environmental changes and shift their efforts from protection in place to 
managed retreat and community relocation (Bronen and Chapin 2013, Bronen 2011).  Adaptive governance, in this context, 
means that institutions need a range of options, including post-disaster recovery, protection in place (seawall/shoreline 
protection), hazard mitigation, and relocation, to respond to the humanitarian needs of communities.  Implementing an adaptive 
governance framework requires multi-level and diverse governmental and nongovernmental actors to engage in a collaborative 
process of knowledge production and problem solving (Kofinas 2009).  To integrate the concept of collaboration into 
conventional risk management, those most directly affected by the hazard must actively participate in the gathering of data during 
the risk assessment process (May and Plummer 2011).   

In addition, governmental and nongovernmental actors must know when to collectively and collaboratively shift from the 
traditional, “protect in place” post-disaster recovery response to a community relocation process.  The adaptive governance 
framework needs to clearly define standardized socio-ecological indicators of relocation (Bronen 2011). These indicators need to 
be specific to ecosystems; geographic regions; and social, political, and economic systems. To determine which communities are 
most likely to require relocation, a complex assessment of the vulnerability of a community’s ecosystem to climate change, as 
well as the stability of its social, economic, and political structures, must be considered. Funding must be allocated so that 
ongoing socio-ecological assessments can evaluate the impact of climate change on community habitability.  For example, in 
Alaska, the indicators of socio-ecological vulnerability demonstrating that relocation is required should include: 1) repetitive loss 
of community infrastructure; 2) imminent danger to the community from ongoing ecological changes and repeated random 
extreme weather events; 3) no ability for community expansion; 4) numbers of evacuation incidents and numbers of people 
evacuated; 5) predicted rates of environmental change (e.g., sea level rise) from IPCC; 6) repeated failure of hazard mitigation 
measures; 7) a lack of viable access to transportation, potable water, communication systems, power, and waste disposal; and 8) 
decline in socio-economic indicators, including food security, loss of livelihood, and public health (Bronen 2011).  

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
The lack of a relocation governance framework to determine whether and when a community must relocate is a critical gap in 
current Disaster Risk Management.  The Post 2015 Framework for Disaster Risk Reduction needs to address this issue in order to 
ensure that national, state and local governments have the capacity to respond to the relocation needs of populations no longer 
able to remain in a risk-prone area.  As previously mentioned, relocation can be extremely harmful, further impoverish 
populations and cause social fragmentation.  For these reasons, the Post 2015 Framework for Disaster Risk Reduction should 
include a recommendation to convene an expert working group specifically focused on this issue.   

5. CONCLUSIONS 
Climate-induced environmental change will challenge the capacity of governments needing to facilitate population relocation.  
Managed retreat and community relocation are not adaptation strategies that government officials or community residents want to 
contemplate.  But the reality is that sea levels are rising and the impact on storm surges will continue to endanger the lives of 
people residing in coastal communities and cause extensive damage to both public and private infrastructure.  The possible 
permanent displacement of millions of people requires a strategic plan to include preventive community relocation in the disaster 
risk management framework.   
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ABSTRACT: This project investigates a dilemma whether to rebuild or retreat from the coastal areas devastated by Hurricane 
Sandy. The 2012 disaster is in many ways indicative of what may become a major issue in densely populated coastal centers 
whose unsustainable development and land use patterns dictate their inherently low resilience to coastal hazards. Ideally, affected 
communities should recognize this window of opportunity to reverse said trends, establish realistic linkages between risks and 
response strategies, and engage in innovative adaptation. Despite increasing exposure to repetitive episodic hazards, disasters, 
and new risk information, many communities still prefer to simply rebuild or support only conservative in situ adaptation and 
hazard mitigation measures. However, some circumstances call for a more drastic but permanent solution such as relocation. The 
project’s main objective is to identify conditions under which relocation may represent a more viable option than reconstruction 
in coastal areas affected by Hurricane Sandy. It utilizes a two-pronged approach to integrate the geospatial assessment of social 
and geophysical vulnerability with a bottom-up generated quantitative data to inform the development of tools for the assessment 
of relocation potential. It combines ESRI, FEMA, USGS, and NOAA data to identify coastal counties significantly affected by 
Hurricane Sandy, recurrent extreme weather events and related flooding, as well as sea level rise. It then complements the 
geospatial information with attitudes on relocation among Sandy affected residents obtained via household surveys. Findings 
suggest even though responders prefer structural interventions to ensure or prolong their stay, 49 percent are willing to consider 
relocation now or in the near future. They also indicate that concerns with repetitive exposure to coastal hazards and sea level rise 
are more likely to prompt relocation than the secondary disaster impacts, inadequate recovery, and displacement of other 
community members.   

Keywords: relocation, retreat, coastal, Hurricane Sandy, resilience 

1. INTRODUCTION 
Coastal communities are inherently vulnerable to natural hazards and disasters such as tropical storms and storm surges, tidal 
inundation, sea level rise, land subsidence, and erosion (Titus et al. 2009). These impacts are often exacerbated by unsustainable 
land use and development patterns fostering high population densities and urban growth along the shorelines (NCADAC 2013). 
Considering the vulnerability of a place depends on a complex interplay between physical factors and various socio-economic, 
cultural, and political aspects of a community (Smit & Wandel 2006) and is distinctive for coastal areas, the risk reduction efforts 
across multiple sectors and systems are facing unique challenges and difficulties. One such barrier is the lack of political will to 
proactively engage in coastal disaster prevention and commit to long-term effective risk prevention strategies, often due to high-
level of uncertainty and lack of visible impacts. Disasters, as discernable manifestations of gradual and chronic events such as 
tidal inundation and sea level rise could represent a window of opportunity for coastal communities to reverse unsustainable land 
use patterns and adapt policy and planning frameworks for improved resilience. It is critical to exploit such occurrences to pursue 
realistic and long-term effective risk reduction strategies. In the case of extreme inherent geophysical and social vulnerability, 
relocation may represent the most effective and prudent option (Cronin & Guthrie 2011; Alexander, Ryan & Measham 2007).  

The main objective of this paper is to establish a framework for development of the Relocation Potential Assessment for Coastal 
Communities (RPACC) and identify conditions and vulnerabilities favorable of relocation. The recent years experienced a rapid 
emergence of number of interactive coastal risk assessment tools, maps, and models focused on physical (e.g., InVEST, , CanVis, 
OpenNSPECT, SLAMM, CommunityVIZ, NOAA’s Sea Level Rise and Coastal Flooding Impacts Viewer; USGS Coastal 
Change Hazards Portal; Climate Central’s Surging Seas, and FEMA’s Advisory Base Food Elevations Maps (ABFE)) and/or 
social (e.g., SoVI; ESRI’s Social Vulnerability Thematic Maps; and NOAA’s Spatial Trends in Coastal Socioeconomics) 
vulnerabilities. Some applications are also exploring resilience in coastal communities, such as the Nature Conservancy’s Coastal 
Resilience Tool and University at Buffalo’s Resilience Capacity Index. However, in the context of risk reduction planning and 
relocation, they can merely serve as proxy measures to indicate level of risk and potential exposure with a limited ability to 
inform relocation decision-making and planning. Therefore, this project aims to establish a platform for the assessment approach 
that encompasses and evaluates factors characteristic for coastal communities indicating their predisposition for relocation. 
Ideally, such strategy would not only assess geospatial and socioeconomic conditions of coastal communities evident from the 
secondary data sources, but also allow for the inclusion of bottom-up generated information that would help identify more 
contemporary and specific public concerns as potential relocation drivers and improve applicability and policy relevance of 
assessment. To demonstrate this approach, the study consists of two main components applied on the case of Hurricane Sandy-
affected area: assessment of coastal hazards (past exposure and projected impacts) and socioeconomic vulnerabilities to 
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aggregate information on regional vulnerability relevant to possibility of relocation and attitudes toward potential drivers of 
relocation among coastal residents.  

The Hurricane Sandy disaster represents a valuable contemporary example and manifestation of coastal risks and complexities 
related to damages and recovery process present in densely populated coastal urban metropolitan areas and was therefore selected 
as a model for this study. It affected 24 states located on the U.S. Eastern Seaboard in late October 2012, leading to a loss of life 
with 147 direct deaths, significant property damage with 650,000 houses partially or fully impaired, and around 8.5 million 
customers left without power during and after the event (Blake et al. 2013). According to New Jersey Governor’s Office, this 
event damaged 346,000 homes of which 22,000 were rendered uninhabitable solely along the New Jersey coastline (Smith 2013). 
In addition to the extensive loss of housing and property damage (FEMA 2012), people experienced disruption in transportation 
and commercial operations, lack of electricity, shortage of food, medicine, and gasoline, as well as population displacement 
(White House 2012). Even though Sandy affected 24 US States, the most significant damage was experienced in New York and 
New Jersey area, where 500,000 households applied for FEMA assistance in the first four months following the disaster until 
February 2013 (Enterprise, 2013). The Sandy’s disaster was unique in that it had the most dramatic impact on highly urbanized 
and densely populated counties on the Eastern seaboard. For example, NYS100 (2013) summary of socio-demographic data 
shows that highly affected New York state has 87.5% of population residing in urban area and is continually experiencing 
population growth, as well as increase in suburban poverty and aging population. These trends can further complicate interactions 
between already complex factors that affect resilience, disaster recovery, ability to adapt in high-risk communities, and 
willingness to relocate.     

2. METHODOLOGY 

2.1 Coastal Relocation Assessment 

To explore the applicability of this assessment strategy in the context of Hurricane Sandy, ESRI and FEMA data were used to 
identify which counties and to what extent were affected by the disaster, while US Census data (2010) and American Community 
Survey data (2011) were used to determine socioeconomic profile of counties in the affected area. The key variables included in 
the assessment of regional vulnerability to relocation were selected from the determinants of social vulnerability listed in Cutter, 
Boruff & Shirley (2003) albeit only those with relevance to relocation: population under 18/over 65, poverty level, single parent 
households, rental properties, unemployment rate, education, population growth, gender, and ethnicity. Two novel factors 
included in this assessment include number of SUPERFUND sites per county as noted in Toxic Release Inventory to indicate risk 
of environmental pollution/technological disaster and past exposure evident from number of Past Disaster Declarations (FEMA) 
within last 10 year period. All sets of county-level data were then merged, normalized using mathematical equation (Kienberger, 
Land & Ziel 2009) to generate a single value score between 1 and 10 ranked into 5 categories (very high, high, medium, low, and 
very low). 

2.2 Household Survey 

A household survey was conducted in Hurricane Sandy-affected areas 5 months after the disaster (March 07-14, 2013). The 
survey sites were identified using FEMA’s Remotely-Sensed Damage Assessment data to identify the areas that experienced the 
most damage. Within this range, the following communities sustaining the most extensive levels of structural damages were 
selected as study locations: Monmouth Beach, Manasquan, Neponsit, Belle Harbor, Union Beach, Lavallette, Point Pleasant, and 
Point Pleasant Beach. Survey was administered in single-family homes in densely clustered residential areas. A total of 46 
surveys were collected over a six-day period during the daylight hours. The full survey consisted of 10 questions: 6 with ranked 
preference responses (1 being the most preferred and 5 the least preferred selection), 2 with a multiple choice format, and the 
final two in open-ended style (only questions relevant to the objectives of this study are included in the presentation). A 
quantitative data analysis was performed using the Fisher’s exact test of independence. 

3. RESULTS AND DISCUSSION 

3.1 Regional Assessment of Relocation Potential in Sandy-Affected Counties 

This section presents a regional vulnerability to relocation map developed by integrating variables potentially impactful in 
relocation decision-making process such as extent of disaster damage, socioeconomic vulnerability, and frequency of past 
exposure on a county level scale. Some counties that experienced extensive storm surge and damages from Hurricane Sandy also 
have had inherently low socioeconomic vulnerability that will likely influence the duration, needs, and progress of recovery 
process (Figure 1). Considering they also experienced repetitive damages in the past and are also at the high risk of future 
accelerated climate change impacts, it may be difficult to achieve the full recovery and long-term stability and resilience under 
the current conditions. 
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Figure 1. The Hurricane-Sandy regional impacts (FEMA database, created by Erin Puckett) 

The assessment of regional vulnerability to relocation identified five counties with a very high and additional nine with high 
vulnerability. When compared with the FEMA’s Sandy impact map, it can be observed that the majority of highly impacted 
counties also have the low to medium vulnerability ranking. This suggests that in this case physical impacts were experienced by 
communities with the higher capacity to invest in reconstruction and recovery. Such greater socioeconomic ability to recuperate 
may also distort people’s perception of risk, as well as consideration of risk reduction strategies – they may be more willing to 
withstand repetitive damages and stay in place than consider relocation. This approach can thus serve as a broad indicator of 
which high risk coastal counties experience inherent and disaster-related conditions that could drive risk reduction decision-
making in favor of relocation.  

3.2 Attitudes toward Relocation 

Although the analysis of geospatial and other secondary data provide a valuable insight in relocation potential of communities 
along the coastline, in reality relocation decision-making process is much more complex and multidimensional. Therefore, to 
improve policy relevance and value of this assessment, it is important to take a bottom-up perspective on concerns prompting 
coastal residents to consider relocation. In the pilot survey conducted in Sandy-affected communities, when asked whether they 
would consider a buyout program and relocate, a majority of respondents (46 percent) selected ‘No’, 28 percent ‘Yes’, and 21 
percent ‘Maybe in the future’. Cumulatively, 49 percent are not opposed to the buyout, suggesting that they are cognizant of 
coastal risks and already gave some consideration to this possibility. The most frequently selected concern that would prompt 
them to consider relocation includes storms, hurricanes, and related flooding, followed by the sea level rise dominating as a 
somewhat preferred option. The majority of respondents are impartial towards unreliable transportation, blackouts, and unsafe 
drinking water as driver of relocation, although residents rank this option a second most preferred concern after storms, 
hurricanes, and related flooding. This suggests that people are almost equally concerned with disaster-induced disruption in 
services, daily routine, and quality of life as with the actual coastal hazards. Slow economic growth and recovery is the most 
frequently selected somewhat less preferred concern, while the loss of neighbors, friends, and family from the community for 
majority of respondents (51%) represents the least preferred concern. The latter observation suggests that the change in social 
capital and networks within the community does not play a vital part in people’s decision to relocate or stay in place – a finding 
likely reflecting a locale-specific perspective and considerations.  

The respondents were also asked to rank personal-level factors that would prompt them to relocate. A majority selected the health 
and safety of myself and/or my family as the most preferred option (73 percent). A significant number of people selected 
neighborhood, friends and family decide to leave the area as the least (61%) and somewhat less (22%) preferred option 
influencing their decision to relocate. This suggests that personal risk assessment and relocation decision-making among 
respondents is confined to the household level/nuclear family and not affected by the signals and decisions within the 
community. Other responses, like financial cost of staying, level of disaster damage, and frequency and severity of extreme 
weather events either evoke neutral ranking or do not appear significantly more important across other preference categories. 
This outcome is again likely typical for surveyed areas and their generally lower socioeconomic vulnerability.    

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
This study is supporting the implementation of the Hyogo Framework for Action by offering an integrated and holistic 
assessment framework for identification of conditions in disaster-affected coastal communities conducive of relocation. As such, 
it can help alert coastal decision-makers and stakeholders to a unique physical and social vulnerability that can preclude the 
possibility of full or even partial recovery. Timely recognition of such conditions can help engage disaster community in the 
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dialogue on risk avoidance via relocation and foster their participation in development of effective relocation policy. This project 
raises awareness of risk reduction and long-term resilience in coastal areas that under certain circumstances may be best achieved 
by changing proximity to risk. It also facilitates critical analysis of cost and effectiveness of risk reduction measures in coastal 
urban centers, opportunities that could emerge from relocation, as well as implications for sustainable development efforts. This 
assessment contributes to the scientific foundation that will inform and support development of policy and planning, political 
support and regional partnerships, and institutional mechanisms to support relocation.   

The Post-2015 Framework should include the dialogue on the worst case scenario or circumstances in which recovery is simply 
neither possible nor effective for the long-term resilience. Considering often limited resources for risk reduction activities in 
some highly vulnerable communities, proper alignment between the investments in such measures and actual risks will be crucial 
to achieve optimal solutions. The new framework should be cognizant of such circumstances and provide a platform for 
discussion of relocation (policy options, support mechanisms, legal aspects, opportunities for sustainable development and new 
partnerships). Consideration should be given to the development of opportunities for public input and participation in all steps of 
this process, as well as the call for more research on coastal relocation especially in diverse locale-specific circumstances. 

5. CONCLUSIONS 
Even though relocation is often considered as a last resort or outside the range of acceptable options, under some circumstances it 
may represent the most effective long-term solution for at high risk coastal communities. Considering the acceleration of climate 
change impacts, the decision-makers will have to accommodate climate-induced population shifts, respond to the growing 
demand for assistance, and offer institutional and financial support for transfer of property and infrastructure (Martin 2010). The 
Relocation Potential Assessment for Coastal Communities (RPACC) can help identify, alert, and inform decision makers and 
stakeholders of this heightened vulnerability, lead to smarter risk reduction investments, and prioritize attention and resources to 
such areas. To account for diverse socioeconomic characteristics between localities, regions, and nations that often define 
collective risks tolerance and willingness to relocate in the aftermath of disaster, it is important to take into consideration a 
bottom-up perspective on relocation drivers. This paper represents an early effort to utilize geospatial and socioeconomic 
information for the assessment of coastal relocation potential, refined and validated by the inclusion of variables perceived as 
impactful in relocation decision-making process by coastal residents. The survey demonstrates that, even among people who 
decided to return to Hurricane Sandy-affected communities, willingness to consider relocation, now or in the future, is substantial 
and mostly reflects a strong concern with episodic and chronic coastal hazards. Financial considerations, social embeddedness, 
and progress with recovery were not important determinants of willingness to relocate. The survey results will be reflected in 
RPACC refinement by integration of these more explicit considerations, contributing to its improved validity and adaptability to 
specific circumstances in different coastal communities. 
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ABSTRACT: Comparative risk assessment of accidents in the energy sector is a central aspect in a comprehensive evaluation of 
sustainability and energy security concerns. Safety performance of energy systems can have important implications for the 
environmental, economic and social dimensions of sustainability as well as aspects of energy security. As a consequence energy 
infrastructure as a whole is considered a critical asset in many countries, and thus included in critical infrastructure protection and 
emergency planning. In the past decade, numerous novel conceptual approaches and methodologies have been proposed to 
establish an overarching framework that integrates various disciplines and facets. Despite all these developments, it is essential 
that comparative risk assessment strongly relies on a consistent and comprehensive basis upon which a variety of risk indicators 
can be systematically quantified to ensure an objective and quantitative comparison of the strengths and weaknesses of different 
energy technologies. For this purpose, in the early 1990s the Paul Scherrer Institut (PSI) started a long-term research activity, at 
the core of which is its Energy-related Severe Accident Database (ENSAD). In the second part of this contribution selected case 
study examples are presented and discussed to demonstrate the diverse application areas of ENSAD, and how the results and 
insights gained from these analyses can be used in decision making and policy formulation processes.  

Keywords: comparative risk assessment, Energy-related Severe Accident Database (ENSAD), energy security, sustainability, 
critical infrastructure protection (CIP). 

1. INTRODUCTION 
No energy technology is absolutely risk-free, and various stakeholders may exhibit different risk perspectives, depending on their 
background, expectations and objectives. Therefore, risk assessment is an important method to determine the risk given a specific 
setting, and not necessarily only to determine the absolute risk.  For example, in a societal context, risk assessment is often based 
on an individually weighted combination of objective as well as subjective factors, which can be evaluated using quantitative risk 
metrics or are just amenable in a qualitative manner. Regardless of the perspective, applying a consistent method of assessing risk 
is crucial when comparing risk among stakeholder perspectives. 

1.1 Definition and measurement of risk 

The origin of the word risk lies in the Greek word rhiza, meaning “root, stone, cut of the land”, and was a metaphor for 
“difficulty to avoid in the sea”. In Arabic rizk means “what God and fate provide for your life”, thus it implies that it cannot be 
fully controlled and contains a component of uncertainty. Based on these two and other examples, risk often has the double 
meaning of “chance, opportunity” and “danger, loss” (Althaus, 2005, Oxford English Dictionary, 2014). 

In general, there is no agreed definition for the term risk. Aven (2012) and Haimes (2009) provide an encompassing overview of 
risk definitions, how they can be categorized, and how they are used depending on the field of application and the object under 
study. In engineering and natural sciences, risk is commonly defined in a quantitative way: risk (R) = probability (p) × 
consequence (C). More recently, the decomposition of risk in the triplet of Threat (T) x Vulnerability (V) x Consequences (C) has 
received particular attention in the domain of critical infrastructure protection (Cox Jr., 2008, Scouras et al., 2009). In addition, 
subjective factors of risk perception can influence a stakeholder’s acceptance or aversion to a specific risk, involving trade-offs 
between quantitative and qualitative risk factors (Gregory and Lichtenstein, 1994, Stirling, 1999). Furthermore, risk perspectives 
can be described based on Funtowicz and Ravetz’s risk classification structure (Aven, 2013, Funtowicz and Ravetz, 1985, 
Funtowicz and Ravetz, 1994), which is built on the axes (1) decision stakes (costs, benefits) and (2) system uncertainties 
(imperfect knowledge). Finally, a risk analysis should also consider low-frequency high-consequence events, and include an 
adequate treatment of uncertainty (Aven and Zio, 2011, Morgan and Henrion, 1990, Riddel, 2011).  

1.2 Risk assessment in a broader context 

The discipline of risk assessment is well-established, and in the past decades a number of important advancements were achieved 
(Greenberg et al., 2012). Despite the novel techniques and conceptual frameworks developed, foundational issues, such as 
consistency, and future challenges, such as the evolutions of risks, remain a central aspects to be taken into account (Aven and 
Zio, 2013). Although risk assessment is an autonomous discipline with applications in a variety of fields, it is nevertheless 
strongly connected within a broader perspective to the concepts of sustainability, energy security, critical infrastructure protection 
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and risk governance (Cherp and Jewell, 2011, Johansson, 2013, Renn et al., 2011, Sovacool, 2013, Winzer, 2012, Yustaa et al., 
2011). In light of new challenges and threats, several holistic approaches have been proposed recently to integrate aspects such as 
vulnerabilities, interdependencies and resilience of critical infrastructures (Bruneau et al., 2003, Filippini and Silva, 2012, Kröger 
and Zio, 2011, Ouyang, 2014, Roege et al., 2014). Furthermore, it has been recognized that most technologies, services and areas 
are prone to multiple hazards, calling for a multi-risk approach (Kappes et al., 2012, Mignan et al., 2014). Finally, extremely 
unlikely and unimaginable events with catastrophic consequences have prominently entered the public discussion, for which 
often metaphors such as black swans, perfect storms, unknown unknowns, here be dragons, and dragon kings are used (Elahi, 
2011, Paté-Cornell, 2012, Sornette and Ouillon, 2012). 

2. Energy-related Severe Accident Database (ENSAD) 
The importance of performing detailed risk assessment of accidents in the energy sector has been repeatedly postulated (Colli et 
al., 2009, Fritzsche, 1989, Inhaber, 2004, Rasmussen, 1981). Furthermore, it has been shown that accidents in the energy sector 
are the second largest contributor to all man-made accidents (Fritzsche, 1992).These findings have been strongly supported by 
numerous catastrophic accidents that occurred in the past 40 years, such as the Three Mile Island nuclear power plant accident in 
1979, the Exxon Valdez tanker spill in 1989, the Deepwater horizon platform spill in 2010, or the Fukushima nuclear accident in 
2011 to name just a few (Sutton, 2012, Zio and Aven, 2013). In summary, comparative assessment of accident risks is an 
essential and core component in a comprehensive evaluation of how energy technologies can potentially affect human health, 
environment, economy and society. Therefore, the Paul Scherrer Institut (PSI) initiated in the early 1990s a long-term research 
activity, building upon extensive historical experience complemented by Probabilistic Safety Assessment (PSA), at the core of 
which is the Energy-related Severe Accident Database (ENSAD) (Hirschberg et al., 1998). 

As the nature of risks continuously evolves, ENSAD too evolves and remains an important resource to assess risk. Historical 
developments as well as scope and content extensions of the database ENSAD were already presented and explained in detail 
previously. For an up-to-date overview several recent publications and references therein can be consulted (Burgherr et al., 2014, 
Burgherr and Hirschberg, 2014, Burgherr et al., 2013).The following list provides a brief summary of the main achievements of 
ENSAD since its initial establishment: 

- Consideration and inclusion of new information sources 
- Estimation of external costs for different consequence categories (e.g. fatalities, injured, hydrocarbon release) 
- Simplified level-3 Probabilistic Safety Assessment (PSA) for nuclear power installations 
- Geo-referencing and coupling with Geographic Information System (GIS) 
- Evaluation of new renewable and future technologies 
- Risk indicators for Multi-Criteria Decision Analysis (MCDA) 
- Consideration of accidents triggered by natural hazards (Natech) 
- Intentional attacks on energy facilities and critical infrastructure protection 

3. Selected Case Study Applications 

3.1 Refinery accident risk 

The risk of accidents in refineries was analysed using worldwide data for the years 2000-2008 (Eckle et al., unpublished). In 
total, ENSAD contains 701 entries for this period. Refineries were classified into four complexity classes by assigning each 
refinery unit to one of four complexity classes (G0 to G3) reflecting increasing fire and explosion risk. Additionally, refineries 
were allocated to four regional clusters (i.e. USA, Europe, Russia, Other). Based on this classification scheme, accidents were 
then linked to specific refineries with known composition and complexity, and a predictive hazard index with four classes (low or 
H0 to high or H3) was calculated. Figure 1 shows results of the fit of the hazard coefficients for the 4 groups. The worldwide 
model confirms that higher complexity is likely to result in an increased hazard coefficient. However, if the regional clustering 
parameter is introduced into the hazard model, the differences between the hazard classes H0-H2 disappear, and only the highest 
hazard class H3 contributes significantly more to the overall hazard. This type of assessment provides a good example of how 
combining actual accident data with specific facility characteristics can be used to for predictive hazard and risk modelling. 
These results are useful for different stakeholders such as facility owners, authorities and insurance companies. 

3.2 Overall accident risk for energy supply scenarios with different climate policy measures 

Comparative risk assessment was combined with Multi-Criteria Decision Analysis (MCDA) to evaluate the overall accident risk 
of different energy supply scenarios with various degrees of climate policy measures (Burgherr et al., 2011). The current case 
study compared the current situation (base year 2009) in European Union (EU 27) with three scenarios for EU 27 in the year 
2035 as presented in the World Energy Outlook 2011 of the International Energy Agency (IEA, 2011), namely (1) Current 
Policies Scenario with no change in actual government policies, (2) New Policies Scenario with existing policies and declared 
intentions, and (3) 450 Scenario constraining the average global temperature increase to 2° Celsius. For each scenario six risk 
indicators were quantified representing expected risk and maximum consequences for fatalities, land contamination and 
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hydrocarbon release. Finally, an exploratory MCDA was performed, where indicator weights were varied systematically (from 0 
to 1 in steps of 0.1) to cover all possible combinations of stakeholder preferences. As the sum of the preference values needs to 
be one, this results in a total of 2898 possible profiles. Figure 2 shows the MCDA rankings for all stakeholder profile 
combinations. Results clearly indicate that the three 2035 scenarios lead to an overall risk reduction compared to today’s 
situation. The 450 scenario performed best, followed by the New Policies and Current Policies scenario. In conclusion, the 
achievement of climate policy goals can often as a secondary benefit contribute to reductions in overall severe accident risks, 
however specific stakeholder preferences may affect the portfolio of available low-carbon technologies. For example, risk 
aversion could impede the utilization of nuclear as well as fossil fuels in combination with carbon capture and storage (CCS). 

Figure 1: Refinery hazard coefficients (H0 to H3) with 5% and 
95% confidence intervals. Red: worldwide average model. 
Blue: model with regional clusters. 

Figure 2: Scenario rankings for all explorative MCDA 
profiles. For each scenario the number of preference profiles 
ranking first, second, third or fourth are shown. 

  

4. CONCLUSIONS 
The ENSAD database provides a comprehensive and consistent basis of accident data for the objective and quantitative analysis 
of severe accident risks for a variety of energy technologies. However, it is essential to continuously update and extend ENSAD 
to ensure it can meet emerging stakeholder needs and remains state-of-the-art. The evaluation of a broad set of risk indicators is 
essential because stakeholders and decision-makers may focus on different aspects of risk (e.g. human health vs. environment) or 
a combination of objectively quantifiable and subjectively perceived risk factors. In summary, no technology performs best or 
worst in all respects, i.e., trade-offs and compromises are necessary to ensure a sustainable and secure energy supply. ENSAD 
helps to contribute important knowledge of what the tradeoffs are and how each can affect safety outcomes. 
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Special Session on: 

Secure and Resilient Energy Systems: the Central Role of Risk Management 
 
Peter Burgherr 1 (Organizer) 
1Laboratory for Energy Systems Analysis, Paul Scherrer Institute (PSI), 5232, Villigen PSI, Switzerland 
 

Energy security is a complex concept involving many disciplines, including (1) engineering 

responsible for technical safety and sufficient capacity, (2) economics concerned with functioning 

energy markets, and (3) political science that analyzes geopolitical security threats. Like the 

disciplines that compose it, energy security is not a new concept at all, but has been continuously 

evolving since the early 20th century. In 1913, the British Navy switched from domestic coal to 

imported oil as a fuel; in that wartime context the central theme of energy supply diversification 

emerged. Six decades later in the wake of the oil crisis energy security became the primary concern 

of industrialized western nations. The importance of “an uninterrupted availability of energy 

sources at an affordable price” as formulated by the International Energy Agency has become an 

indispensable prerequisite for the functioning of our globalized and digitalized society, whose 

products and services rely on many complex and inter-connected systems. Furthermore, energy 

security is closely linked to the areas of sustainability, resilience and critical infrastructure 

protection. In this inter-disciplinary setting, integrated risk management plays a central role to 

support risk governance strategies and policy formulation processes.  

 

This special session aims to provide a comprehensive view of the diverse aspects of energy security. 

For this purpose, it combines two conceptual contributions with four case study applications. In the 

first conceptual presentation, Burgherr presents an overview of current frameworks and challenges, 

illustrated by examples of accidents that occurred in various energy sectors. In the first case study, 

Lordan et al. develop an approach for how accidents in the oil chain should be accounted for 

between producing and consuming countries to better integrate economic and social concerns. 

Then, Spada et al. propose a generic methodology based on Bayesian analysis to verify the 

consistency of an extreme event by comparing it against historical observations. They test their 

approach by applying it to accidents that took place in fossil energy chains. Next, Paraschiv and 

Mudry perform a stress-test on a portfolio of commodity futures to investigate economic and 

regulatory aspects of energy security. The last case study by Giroux uses a contagion framework to 

analyze energy infrastructure targeting by violent non-state actors, a concept that builds upon the 

infectious disease model used by epidemiologists. Finally, the conceptual contribution by Filippini 

concludes this session, providing a holistic systems-of-systems perspective, and how this can foster 
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the development of new risk mitigation and resilience measures towards a greater energy security. 

With such a broad mix of topics and methodological approaches, this special session aims to 

facilitate exchange and discussion between academia, industry, authorities, and other interested 

stakeholders. 
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Session: Opportunities and Challenges of implementing ecosystem-based DRR 
 
 
Background  
 
On this session, IUCN and partners will share their knowledge on operationalising ecosystem-based DRR 
though experience from the “Ecosystems Protecting Infrastructure and Communities” (EPIC) project. 
Funded by BMU’s International Climate Initiative (ICI), this project aims to document the role of and 
improve ecosystem management for disaster risk reduction. The overarching goal of EPIC is to make 
ecosystem services recognised, promoted and conserved as an integral part of disaster risk reduction 
policy, planning and programming in 6 target countries and in key global processes such as 
implementation of The Hyogo Framework of Action of UNISDR, and climate change adaption framework 
of the UNFCCC. To do so, empirical and applied science information will be compiled from 5 case studies 
addressing different scenarios in Chile (avalanches), China and Nepal (landslides), Burkina Faso and 
Senegal (droughts and floods) and Thailand (coastal hazards). Based on lessons learned from the case 
studies, capacity building workshops will be conducted to enhance the practices of ecosystem based risk 
management in the selected countries. Additionally, findings will be shared so as to inform practitioners 
and policy at different levels (national to global), as well as to raise global awareness. 

In Chile, the project focuses on promoting the use of protection forest for avalanche risk management in 
the Andes. Indeed, land use and silvicultural management play an important role, not only in altering 
avalanche frequency but also in developing overall, cost-effective defense measures against natural 
hazards. Therefore the project is working with the Swiss Institute for Snow and Avalanche Research (SLF) 
in order to take advantage of existing work in the Alps and carry out risk analysis under land-use and 
climate scenarios for informing scientific fora and ecosystem management in the Chilean mountains.  

EPIC-Nepal focuses on building resilience to landslide risk and more specifically on "eco-safe roads". 
Ecosystem-based approaches for reduction of landslides and flooding risks are being implemented 
jointly by the University of Lausanne and IUCN Nepal for ensuring community security and welfare. In 
particular, EPIC Nepal focuses on using and quantifying ecosystem services or bio-engineering for slope 
stabilization, capacity building of communities through training and nursery development, and 
influencing national planning processes toward greater investments in ecosystem based disaster risk 
reduction and adaptation. 

In Thailand, large areas of mangroves have been cleared for aquaculture, particularly shrimp production, 
which has often left coastal communities exposed to tropical storms (cyclones, hurricanes and 
typhoons) and salinization of soils and fresh water supplies. EPIC will demonstrate the Community-
based Ecological Mangrove Restoration (CBEMR) method using hydrological restoration to restore 
mangrove/wetland ecosystems as natural infrastructure to provide multiple benefits. 

In Senegal and Burkina Faso, EPIC will support endogenous strategies of adaptation to climate change, 
especially for droughts, floods and other extremes of weather seriously affecting poor people locally. 
The project will demonstrate the best integrated strategies at the grassroots farmers’ organizations 
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level, and support dissemination of newly developed climate change adaptation tools, approaches and 
dialogues so as to reduce communities’ vulnerability. 

Involving many partners from the local to global level, the EPIC project provides experience on how to 
apply science-based knowledge on eco-DRR in the field thought a bottom-up approach. Through the 
presentation of four case studies, this session will highlight the challenges and opportunities of applying 
eco-DRR approach and will give insight on the methodology used to involve relevant stakeholders, from 
local communities to global instances.   

Objectives 
 
Specific objectives of the session are: 

- Presenting EPIC as a demonstrative example in applying innovative approach and tools; 
- Sharing challenges and opportunities of the implementation of eco-DRR approach;   
- Informing practitioners and policy at global level to raise global awareness on the ecosystem-

based approaches for DRR. 
 
Structure of the session 
 
The session will be an opportunity to present EPIC’s experience in implementing the ecosystem-based 
approach for DRR. It will emphasize the need to work with communities at the local level as well as the 
importance to include a research component in order to get reliable data for further scaling-up of the 
adopted strategies. Further discussions will allow to answer questions on ecosystem-based approaches 
and to demonstrate their relevance for meeting the local communities’ needs. 
 
Agenda and Speakers 
 
Time What Content Speaker 

15 min Introduction (EbA/eco-DRR, EPIC 
global) 

Powerpoint presentation  Camille Buyck, IUCN 

12 min Quantifying and Improving the 
Protective Capacity of Forests 
against Snow Avalanches in Chile 

Powerpoint presentation 
+ questions 

Alejandro Casteller, SLF 

12 min An Operational Framework for 
Reducing Risk from Landslides and 
Flash Floods in Eastern Nepal 

Powerpoint presentation 
+ questions 

Anu Adhikari, IUCN or 
Sanjaya Devkota, UNIL or 
Karen Sudmeier, UNIL 

12 min Community-based Ecological 
Mangrove Restoration 

Powerpoint presentation 
+ questions 

Jim Enright, MAP Asia 

12 min Strengthening Local Climate Change 
Adaptation Strategies in West Africa 

Powerpoint presentation 
+ questions 

Jean-Marc Garreau, IUCN 

25 min Discussion/ Conclusion Open discussion and 
concluding remarks 

Camille Buyck, IUCN 
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ABSTRACT: People know and perceive risk differently. The study herein presented investigates the perceptions, knowledge and 

opinions on landslide risk by the residents of Sarno, a small town in southern Italy significantly affected by disastrous landslides 

on 5-6 May 1998. The paper presents the main results of a survey conducted in the months of March, April and May 2013, using 

a purposefully developed questionnaire. The questionnaire was administered through individual interviews to 100 residents, 

chosen to include a significant percentage of people living inside (60) and outside (40) of the so-called “red zone”, a territory 

declared at high residual risk after the events of 1998. 

Keywords: risk, perception, landslide, communication, education, community, resilience. 

1. INTRODUCTION 

The resilience of a community faced with risks deriving from natural disasters is greatest when the local population can 

participate in decisions about risk management systems. Perceptions of risk are one of the fundamental elements that condition 

the behaviour of local residents (Lupton, 2013) and thus have a decisive impact on community resilience. This topic has arguably 

not received sufficient attention in the scientific literature dealing with landslides, with the exception of some scattered examples 

(e.g. Finlay and Fell, 1997; Wagner, 2007; Nathan, 2008; Scolobig et al., 2011). Herein we present a study on the perception of 

landslide risk amongst residents in a community which underwent enormous damage and loss of life 15 years ago as a result of a 

landslide. The community in question has experienced a number of qualitatively different phases of risk management 

characterised by varying levels of involvement and investment (including periods of very substantial investment and intense 

activity) at specific moments over the course of this period. The aims of the study are multiple, starting with the need to 

understand and measure how risks are perceived in this area, in comparison with other contexts in which similar events have not 

occurred. Secondly, we aim to establish the degree of trust which exists in relation to the organisms charged with managing 

hydrogeological risk. Thirdly, we examine satisfaction levels in relation to various kinds of risk-reduction interventions. 

2. THE SURVEY 

The study was carried out in Sarno, a town in the Province of Salerno which experienced disastrous landslides in May 1998, 

which provoked widespread damage to property as well as 137 victims amongst local residents (see, for example, Cascini, 2004). 

The landslides in question, known as “rapid flowslides”, are frequent phenomena in the pyroclastic terrain that covers the 

carbonate rock surrounding Mount Vesuvius (see, for example, Cascini et al., 2013). Numerous studies of the rainfall 

characteristics that trigger landslides have been carried out over the years, including the various triggers, flow propagation 

dynamics and interactions with urbanisation (see, for example, Cascini et al., 2008; Martino and Papa, 2008). As far as we are 

aware, however, there are no published studies of the economic and social acceptability of interventions carried out to reduce and 

manage residual risks, despite the fact that these interventions involve enormous public investments and deployment of other 

technical and organisational resources. The questionnaire survey was carried out in March, April and May 2013. The sample 

comprised two sub-samples (Figure 1a), the first of which involved residents living inside the so-called “first red zone” (the area 

considered to be exposed to residual risk following the events of 1998), and the second of which included residents outside this 

area. The first sample, which we will refer to as the “red zone”, is based on 60 people, whilst the second includes data from 40 

individuals. Within each area, a combination of sampling techniques was used to identify respondents, including both random 

selection of addresses and snowball sampling guided by the aim of maximising the heterogeneity of the two samples. The 

questionnaire was designed specifically with the aims of this study in mind, and contains four distinct sections: (a) socio-

demographic and socio-economic characteristics of the respondent; (b) perceptions, knowledge and opinions in relation to past 

events; (c) perceptions, knowledge and opinions in relation to classifications of risk; (d) perceptions, knowledge and opinions in 

relation to the alert system. Each of these four sections contained a series of bespoke items which were developed on the basis of 
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the main research questions underlying the study (the full questionnaire is available online at the following URL: 

http://landslideriskperception.wordpress.com/sarno-italy-case-study/the-questionnaire/). The question items rely on a range of 

different response scales, including Yes/No/Don‟t know categories, 10-point Likert scales, multiple choice and open questions. 

The sample of 100 respondents (Figure 1b) comprises a similar number of men (51%) and women (49%), with an age range of 

19-85 years. More than 70 per cent of the sample has at least a High School diploma, and the sample has the following 

composition in terms of economic status: at work (58%), homemaker (17%), retired (14%), student (7%), unemployed (4%). 

Unsurprisingly, given that the sample is drawn from the population of the area of Sarno which was worst-hit by the events of 

1998, almost all respondents define themselves as having been strongly and directly affected by the devastating landslides that 

occurred that year. 

     

Fig. 1: (a) study area within the town of Sarno and indication of sub-samples of respondents living inside or outside the so-called 

“first red zone”, i.e. the area considered to be exposed to residual risk following the events of 1998; (b) distribution of 

respondents by sex, age group, education and employment status. 

3. MAIN RESULTS AND DISCUSSION 

The main results of the conducted survey are herein presented and discussed (the item-by-item breakdown of all answers is 

available online at the following URL: http://landslideriskperception.wordpress.com/sarno-italy-case-study/raw-data/). With a 

view to assessing the respondents‟ awareness of the restrictions imposed by the public authorities following the events of 1998, 

we asked them to indicate whether they currently reside in an area that is classified as being at a high risk from flowslides. Figure 

2a shows how almost all respondents who are living outside the red zone (34/40) and more than half (31/60) of those living inside 

it indicated that they are not living in a high-risk area. Although risk zoning in the neighbourhoods situated within the red zone 

was updated in July 2011, no one living inside the red zone cited the new zoning criteria and only two of them mentioned the 

existence of building restrictions. On the basis of these results, it is evident that the specificities of the planning restrictions 

associated with the zoning of residual risk within the red zone are not sufficiently familiar to local residents. The latter is a 

surprising result, particularly given the enormous consequences for the local community of the landslide that occurred just 15 

years ago, and the substantial state-funded investments that were made subsequently to reduce the residual risk. Figures 2b and 

2c show that almost 40 per cent of respondents believe that flowslides represent a significant threat to their dwelling, and 60 per 

cent perceive these to be life-threatening. What is interesting is that residents in the red zone are a little more worried about the 

risk to their property than all those surveyed in this town, but perceive a lower risk to their own lives. The proportion of residents 

who believe that their dwelling is at risk rises rapidly as one enters the red zone, but the perception of a life-threatening risk is, if 

anything, higher outside this area. Many of these respondents indicated that they were thinking, in particular, of the high risks 

that prevail in other areas of the Municipality, and the possibility of experiencing a flowslide whilst present in one of these areas. 

Paradoxically, those who live in the red zone appear to have a similar (or even slightly lower) perception of life-threatening risks 

due to flowslides. Significant differences among respondents also emerge when they are asked to rate the capacity of public 

bodies to manage emergencies, the efficacy of the protective structures in Episcopio and the management of emergency plans and 

alert systems (Figure 3). As far as public bodies are concerned, the overall perception is highly critical, increasing in the red zone 

and amongst those who do not believe that their lives are at risk. A similar (but rather weaker) pattern of responses is observed 

for the management of emergency plans and alert systems. By contrast, the protective structures which were built in the area 

receive quite positive scores from all groups. It is also possible that perceptions of exposure to life-threatening risks are 

influenced by fatalistic dispositions or an innate lack of trust man-made measures. In this vein, we asked respondents whether 

they were in agreement or disagreement with the following statement: “flowslides are avoidable events”. The results are shown in 

Figure 4a, and do not reveal significant differences between those who reside inside or outside the red zone, or between those 

who believe that their lives are threatened by landslides and those who do not. This reinforces the impression that real social and 

psychological mechanisms underlie the aforementioned pattern of response, whereby those who are directly exposed to risk may 

develop a lower overall perception of the nature/extent of this risk than those who are indirectly exposed. Almost all respondents, 

regardless of where they live or their perception of personal risk, also attribute central importance to land management for the 
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reduction of flowslides and related risks (Figure 4b). The impression that the specificities of the planning restrictions associated 

with the zoning of residual risk within the red zone are not sufficiently familiar to local residents is reinforced by the 

respondents‟ knowledge of the public bodies which are responsible for zoning regulations (Figures 5a and 5b). Almost two thirds 

of respondents (65%) did not know which organism was in charge of identifying areas at risk, and many of those who stated that 

they knew which body was responsible for this did not subsequently provide the correct answer. The situation is rather different 

for the identification of organisms responsible for handling emergency situations, as only 35 per cent of respondents stated that 

they were unable to name these, whilst most respondents knew that the civil defence and the municipality are the key actors in 

emergencies. The lack of official information also emerges as a key issue in Sarno when respondents are asked how they think 

people in the areas at high risk should best be protected. As Figure 5c shows, most people mention additional information as the 

main priority, followed by such measures as population transfers, respecting nature and preparing effective emergency plans. The 

question of transferring residents away from areas of high risk is an interesting one, and was suggested spontaneously by 15 

respondents, despite the fact that it had not been mentioned in previous questions. 

       

Fig. 2:  Answers to questions: (C5.1) “Do you currently live in an area classified at high risk for landslides?”; (C.7.1) “Rating 

from 1 to 10,  how much do you think landslides are a hazard to your home?”; (C.7.2) “Rating from 1 to 10,  how much do you 

think landslides are a hazard to your life?” 

 

Fig. 3: Answers to questions: (C.4.1) “Rate from 1 to 10 the ability of the responsible institutions to cope with the emergencies.”; 

(B.2.3) “Rate from 1 to 10 the protective structures realized in Sarno.”; (B.2.4) “Rate from 1 to 10 the management of the 

emergency plan and the early-warning system.” 

 

Fig. 4: Level of agreement with the following statements: (A.11.1) “Landslides can be controlled”; (A.11.3) “Correct land 

management can prevent landsliding.” 
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Fig. 5: Answers to questions: “Do you know what is the institution, or the institutions, dealing with (C.3.1) landslide risk zoning? 

and (C.3.2) emergency management?”; (C.6.2) In your opinion, how could one safeguard people living in areas at high risk?” 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Lavell and Maskrey (2013) state that disaster risk reduction has developed a specific logic and become an independent sector of 

research with specialist personnel. This approach, they argue, inhibits any real possibility of exploiting traditional community-

based systems which encode existing knowledge on risk management as well as generating new forms of expert knowledge under 

other scientific paradigms. Already in 1985, Thomson stated that risks are inextricably connected with interpersonal 

relationships; they do not just „exist‟, they are taken, run or imposed. For this reason, effective disaster risk management and 

reduction strategies cannot neglect perceptions of risk. Thus, the results of the pilot study presented here should be seen as a 

contribution towards identifying the key elements for designing effective community-based landslide risk management systems. 

5. CONCLUSIONS 

The pilot study presented in this paper explores perceptions of risks associated with landslides amongst the residents of Sarno, a 

town in the Province of Salerno which has received very substantial public funds for the reduction of residual risk following a 

disastrous series of events which caused 137 deaths in 1998. A key conclusion of this study is that the organisms which are 

responsible for risk management in Sarno need to develop more effective communication strategies, in order to transmit 

knowledge about the actions that have been taken, or which could be implemented to reduce risk below an acceptable threshold. 

This would have the effect of promoting awareness amongst citizens and favouring the development of individual as well as 

collective forms of responsibility. To this end, it is essential that these bodies understand the opinions and perceptions of the 

populations that they are charged with protecting, as the effective management and implementation of risk reduction measures 

cannot happen without the active involvement of local communities. 
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ABSTRACT: Recent disasters have shown a level of complexity and interconnectedness that are increasingly beyond the 

capability of current disaster management practices.  

This study advocates the need for disaster preparedness strategies to go beyond linear risk management approaches to also 

address systemic risks. Linear thinking has proved adequate to deal with risks that can be identified a priori. However, the 

uncertainty increasingly posed by natural and human-made disasters arises from both known risks and a range of unforeseeable 

risks, some of which have not been observed before.  

These interconnected risks unfold over short periods of time and interact with each other. In a network of multiple causes and 

effects, such risks may not be foreseeable at the disaster preparedness level, and may only be identified at the time of disaster 

response. The resulting higher level of complexity requires the integration of new thinking and decision-making at the disaster 

preparedness level.  

Using complex system thinking and socio-ecological notions of resilience, this paper presents a conceptual framework to 

illustrate key differences between building specified and general resilience, that is, resilience to known and unknown risks. 

Acknowledging and planning for uncertainty allows disaster risk reduction strategies to expand beyond risk mitigation paradigms 

to integrate policies that take into consideration systems' thresholds for maintaining a safe operating space – so allowing better 

preparation for unknown risks. 

Keywords: unknown; preventive action; emerging and cascading risks; resilience framework; System of Systems. 

1. INTRODUCTION 

This paper addresses two of the Priorities of the Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and 

Communities to Disasters (HFA). Priority 1 emphasizes the need for a ‘strong institutional basis for implementation’ and Priority 

3 highlights the importance of creating a ‘culture of safety and resilience at all levels’. This paper focuses on the interaction 

between these two priorities and the question addressed in the overall exploratory study is ‘What is preventing communities and 

institutions from developing a culture of safety and resilience?’ This paper proposes that Disaster Risk Management (DRM) 

would benefit from a complementary mode of thinking based on Complex Systems Thinking (CST) to more effectively address 

unexpected interdependent risks. 

To answer this question the research draws on the socio-ecological distinction between specified and general resilience (Walker 

& Salt 2012). Specified resilience is the resilience to known risks, whereas general resilience is the resilience to unknown risks 

(Table 1). This second type of resilience can be considered as an all-hazard approach, since risks are unknown a priori. 

This paper takes a social constructionist and interpretivist view (Crotty 1998), consciously different from the positive perspective 

taken by many authors (e.g. Khazai et al. 2013; Helbing 2013; Sornette et al. 2013; Cruz & Krausmann 2013). These perspectives 

are equally important. However, risk management has provided mainly positivist approaches to risks (Haque & Etkin 2007; 

Cavallo & Ireland 2014) and this paper presents one possible way to complement this way of thinking. 

139



 

2 

 

 

1.1 Specified resilience 

Current DRM practices are based principally on ISO 310001, a standard for risk management that involves risk identification and 

assessment. Following the direction given by HFA, many countries have implemented risk assessment practices and consolidated 

available information on risks. These practices have allowed capability development to deal with identified risk, that is, risks that 

are complicated (Cavallo & Ireland 2014). In other words, they have contributed to build specified resilience, that is, resilience to 

known risks.  

The underlying assumption in the risk analysis is that causes and effects are connected in a linear way, so that by mitigating the 

causes, the identified risks will be mitigated or their magnitude reduced. Action plans define how risks will be managed.  They 

normally follow a top-down approach; for example, the government communicates the risks that the community needs to prepare 

for. Risks are broken down into their components and responsibilities are distributed among a number of organisations. The sum 

of the actions corresponds to the overall DRM strategy. For example, in South Australia every key identified risk corresponds to 

the responsibility of a nominated government agency.  

In systemic terms, the hierarchical system’s configuration is called a ‘System of Subsystems’ (De Rosa et al. 2008), where every 

subsystem is dependent on the higher one in the hierarchy. In this case, the community is at the bottom of the hierarchy and risk 

communication and management occur in a standardized top-down manner. 

1.2 General resilience 

Disasters always contain elements of unexpected risks. Even well prepared people find that going through a disaster and 

managing the upcoming risks, triggers a plethora of unexpected risks and feelings of fear and anxiety.   

In disasters, many risks are the result of multiple interacting risks arising, for example, from the environment, the disaster 

unfolding in unexpected ways and from varying degrees of personal and community resilience and preparedness. Modeling these 

interdependent risks is often either impossible or impractical (Cavallo & Ireland 2014). For the same reason, these risks are 

complex to anticipate in the sense that normally, the cause-effect nexus can only been understood in hindsight. 

Top-down approaches to disaster risk reduction help by preparing resources with which to respond to the disaster. However, they 

may fail to identify the real needs of a household or a community and neglect relevant community strengths, which are equally 

important to response and resilience in the face of disasters. 

General resilience is the ability of a community to respond in a flexible and adaptable way to unexpected emerging risks. It is a 

type of community capability, which cannot necessarily be taught or instructed, because it may well be based on inner values, 

daily individual and community routines, which are often unrelated to disaster management plans. For example, social capital is 

currently seen as one of the biggest drivers in building general resilience (Aldrich 2013). Some DRM programs include ‘Meet 

your neighbors’ as one of the instructions, without considering that a large number of community members work in a different 

place than the community in which they reside. For this reason, they are often away from home from 7 am until 7 pm on 

weekdays, which leaves little time and energy to have meaningful exchanges with their neighbors. When after-hours 

responsibilities in caring for families are taken into account, the connections between neighbors are further weakened. 

Table 1 summarizes the main differences between specified and general resilience and clarifies some of the concepts mentioned 

in this paper.  

An important point of distinction between specified and general resilience is that disaster preparedness strategies, used to build 

specified resilience, normally focus on risk mitigation. On the contrary, general resilience building strategies focus predominantly 

on system’s conditions and thresholds. The above example on community routines illustrates this. 

Building general resilience involves more than the awareness of community’s routines. It is about understanding system’s 

leverage points in order to capitalize resources invested to build resilience. 

Table 1. Differences between building resilience to known risks and unexpected interdependent risks (Cavallo & Ireland 2014, 

Huang et al. 2014; Snowden & Boone 2007; Williams 2002; Helbing 2013; Walker & Salt 2012). 

                                                 
1 ISO 31000 - Risk management http://www.iso.org/iso/home/standards/iso31000.htm and ISO/TR 31004:2013 for Risk management - Guidance 

for the implementation of ISO 31000. 
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SPECIFIED RESILIENCE GENERAL RESILIENCE 

Known / knowable risks Unexpected interdependent risks 

Complicated: cause-effect relationship can be established 

before the disaster 

Complex: cause-effect relationship can only be established 

in hindsight 

Reductionist thinking Complex Systems Thinking 

Top-down approaches Bottom-up approaches and guided self-organization 

  

Identified risks Unforeseen, unanticipated risks or unprepared community 

Linear thinking System thinking 

Exploitation of knowledge: Sense and respond Exploration: Probe, sense and respond 

Mitigate risk of negative events Keep a safe operating space 

General approach Context specific 

Written protocols Flexible, adaptable frameworks 

Standardized Customized 

Compliance and objective measurements Dynamic identification of leverage points in the network 

 

2. THE NEED FOR AMBIDEXTERITY IN DRM 

Why is the distinction between specified and general resilience important?  

A balanced approach to building specified and general resilience ensures that the community is better prepared for both known 

risks and unexpected risks. If the community is only prepared to face known risks, its resilience in facing unexpected shocks will 

diminish.  Similarly, if a community were only prepared to face unexpected risks, it would be less prepared and resilient in 

dealing with identified risks. It is important to build both specified and general resilience (Walker & Salt 2012). 

Today’s DRM practices are primarily focused on building specified resilience (Cavallo 2014). This is because most institutions 

are organized in a hierarchical manner and consequently, problem solving occurs in a hierarchical order. For example, national, 

state or regional and local government, constitute a hierarchy and similarly, each of them internally is organized hierarchically. 

Therefore, the ‘institutional basis for implementation’ addressed in Priority 1 of HFA is a hierarchical one, based mainly on 

reductionist approaches and on risk mitigation.  

Interdependent risks correspond to causal networks. Implementing a ‘culture of safety and resilience’ (HFA - Priority 3) is a 

complex task, because no ‘recipe knowledge’ is available. Hierarchical institutions tend to solve problems in a top-down manner 

following a hierarchical model. This means that institutions are trying to address a complex task by using complicated 

approaches. In other terms, hierarchies are adequate to address hierarchical complicated risks (Table 1), whereas networks and 

complex approaches need to be added to the DRR strategic focus in order to strengthen the ‘basis for implementation’ for DRM 

and to contribute to achieving Priority 1 of the HFA. 
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In conclusion, DRM strategies should promote ambidexterity in building disaster resilience by encouraging approaches based on 

reductionist and Complex Systems Thinking to prepare equally for known and unknown risks; therefore, building specified and 

general resilience. 

3. CONCLUSIONS  

Disaster Risk Management strategies aim predominantly to build specified resilience, that is resilience to known risks. This way 

of thinking is normally reductionist and presents a number of limitations. For example, an important disadvantage is the failure to 

tackle unexpected interdependent risks and build general resilience, that is, resilience to unknown risks. 

Priority 3 of the HFA invites the building of ‘a culture of safety and resilience at all levels’. This paper argues that this is a 

complex task and that it needs to be addressed using network approaches, which correspond to the causal networks in which 

unexpected interdependent risks may emerge. If the institutional basis for DRR and the related problem-solving structure are 

hierarchical, they can only address certain risks, normally those that are known or knowable (also called complicated). 

Unexpected interdependent risks are complex risks that need to be addressed with network approaches (Cavallo & Ireland 2014), 

which, for example, factor in community specific needs and strengths that are pivotal in building a ‘culture of safety and 

community resilience at all levels’. 
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INTRODUCTION 

During a large-scale crisis such as a natural disaster, industrial accident or pandemic, successful incident notification and communication 
are critical to preserving life, health and safety. Breakdowns in communication (outbound and/or inbound) during such emergencies can 
have tragic widespread consequences.  Effective communication must consider not only how warning messages and/or instructions are 
distributed, but also how those messages are understood by those who may be experiencing fear, panic, anxiety and heightened stress while 
trying to comprehend and respond appropriately.  Such cognitive, physical and emotional contexts represent a set of physiological and 
psychological responses impacting functioning, negatively altering cognitive processes for reading, listening, interpretation of messages, 
understanding of risk, and decision-making. Such factors are important for monolingual audiences receiving or sending communicating on 
their native language. However, populations comprising bilingual or multilingual individuals, various stress-induced dysfunctional 
phenomena compound the challenge of ensuring that the messages delivered are the messages understood and appropriately acted upon. 

One emerging area of interest for disaster communication researchers are target populations proficient or fluent in multiple languages.  First 
language (language 1 or L1) refers to an individual’s first or native language. A later-learned language is referred to as second language 
(L2). Existing research on L2 language attrition chiefly concerns the fade or slippage of L2 speech proficiency.  Researchers have 
discovered that the cognitive processes at play vary corresponding to whether subjects are communicating in L1 or L2 modes. For example, 
bilingual speakers tend to utilize more rational decision-making when using L2 language as opposed to more emotional decision-making 
when using L1 mode (Albert Costa, Alice Foucart, Inbal Arnon, Melina Aparici and Jose Apesteguia, (February 2014) “’Piensa’ Twice: On 
the Foreign Language Effect in Decision Making,” Cognition). The emotional resonance of the situation in cognitive functions seems to 
shift depending on which (L1 or L2) language is used to contemplate the involved decision. 

 

Despite these interesting findings, overall very little attention has been given to the role of cognitive function on language capacity during 
peak periods of crisis stressors or how such contexts might specifically relates to language capacity.  Bilingual/multilingual first-
responders, those experiencing disaster stressors and others anecdotally report experiencing the occasional reverting to L1 (from L2 
competent speakers) for thinking, speaking and listening comprehension under periods of peak high stress during disaster and emergency 
situations. Fluency or competence in L2 does not necessarily prevent this phenomenon. Cognitive L1 reversion has significant implications 
for crisis and risk communication, directly impacting practical applications for communicating to L2-dominant audiences during a disaster. 

This presentation offers a statement of the problem; articulates research questions; and reports preliminary research findings on first-
language reversion in communication functioning during crisis and how this specifically impacts crisis communication outreach and 
awareness efforts. Recommendations for future research and normative communication best practices are provided for communication with 
various multilingual audience populations.  

1.1 The Need to Effectively Measure, Quantify and Understand the Likely Phenomenon of Involuntary First Language Reversion in L2 
Speakers During Peak Crisis Stress, As Relates to Emergency Notification Message Communication 

Limited research has specifically examined cognitive process changes (and the ability to comprehend and analyze L2 messages) during 
peak crisis periods wherein L2 speakers have commonly anecdotally report that they occasionally revert back to L1 cognitive processes and 
competency. Such first language reversion could conceivably create communication barriers/problems for L2 centric emergency 
communication to L2 audiences during periods of high stress. Drawing from a number of social scientific theories, including: regression 
hypothesis (last thing learned, first thing lost); theories of forgetting; decay-theory; interference theory; retrieval-failure hypothesis; 
language attrition; regression hypothesis; best learned, last forgotten hypothesis; linguistic feature hypothesis; and acquisition and 
incubation period theory may each help explain why, during peak periods of non-routine cognitive and physical stress, L2 audiences have 
tendencies to “fade and slip” from L2 language processing and revert to L1 language processing, creating a barrier to successful 
comprehension and decision-making. The management of such L1 reversion tendencies may have significant implications for theory, 
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research, and most notably practical applications for those who are creating and sending emergency notification messages to L2 dominant 
audiences. 

Effective communication and incident notification is  essential to protect the health and safety of people during major disasters and 
emergencies such as natural disasters, industrial accidents, wildfires, criminal and terrorist situations, active shooters, and other types of 
emergencies. In fact, communication failures and breakdowns can often have tragic consequences. At the most basic level, emergency 
communication pertains to the alerts, warnings, and notifications that should be issued to those in danger as well as responders, key 
personnel, those in harm’s way, and in many cases the general public during an emergency incident. Such emergency notification processes 
include the tools, techniques, systems, and messages that are used to ensure that crisis communicators are able to contact the right people at 
the right time with the right message and to be successfully understood, comprehended, and to enable and to which are appropriately 
responded. Research and normative practice recommendations have traditionally emphasized that such warning and emergency messages 
should be written (constructed) in the languages in which members of the target audience are proficient.  

Examining the English proficiency situation in the USA, as of 2011 more than 13.5 million residents report that they speak English “not 
well” or “not at all.”  (Language Use in the United States: 2011, U.S. Census, Table 1. “Detailed Languages Spoken at Home by English-
Speaking Ability for the Population 5 Years and Over: 2011.” http://www.census.gov/prod/2013pubs/acs-22.pdf.) More than one-fifth of 
the population speaks a language other than English as their first language. Of these, 15.4%  reported that they speak English “not well,” 
and 7.0% percent spoke English “not at all.” Beyond these groups are those individuals who speak English proficiently but as a second 
language. There is reason to consider how their learned second language skills are affected by stress and anxiety of a crisis or emergency 
situation.  

It appears that little to no distinctions are made in research or normative practice recommendations for target-audience-member groups of 
Emergency Notifications messages for whom the language in which they are proficient is a first language or second language. The 
“threshold” for choosing a language for such messages is typically the level of competency or proficiency in a language to warrant using 
that language for warnings. For example, recommendations for a bilingual audience of first language Spanish speakers and second 
language English speakers who work in an English speaking business environment assume that warning and emergency messages written 
in English (reflecting the business communication norms and practices) are sufficient for maximum audience comprehension and decision 
making.  

Such assumption for using competence or proficiency in a language may be adequate for routine and normal communication in the 
business, organizational or workplace environment. However, one important link in this chain of communication for non-routine situations 
is the relationship between message language and how those who are experiencing heightened states of stress, anxiety, fear, and non-
normative physiological reactions to the crisis context understand, interpret and comprehend such messages. Research has already 
demonstrated that peak periods of crisis stress can alter cognitive processes for reading, comprehension, interpretation, and assessment of 
risk calculation among target audiences for such emergency notification communication. The unexplored questions relate to how those who 
are proficient in a second (or subsequent) language react and respond to warnings and messages in peak periods of stress and complexity. 

1.2 Bilingual and Multilingual Definitions and Study Background 

First language (Language 1 or L1) (also referred to as “native language” and sometimes “mother tongue”) is a construct which typically is 
used to indicate a language that a person either learned “first” in development chronology and/or is as proficient in as a native individual of 
that language's "base country," or as proficient as the average person who speaks no other language but that language. Often the term is 
primarily used for the language that a person learned as a child at home (usually from their parents). Children growing up in bilingual 
homes can, according to this definition, have more than one mother tongue or native language. In each operationalization, one could have 
two or more “first” or native languages, thus being a native bilingual or native multilingual. In such cases, the order in which these 
languages are learned may not necessarily be the same as the order of proficiency. Second language (L2) generally refers to languages 
learned subsequent to the first language in which there may be varying levels of proficiency achieved. Sequential bilingualism occurs when 
a person becomes bilingual by first learning one language and then another (a process which is contrasted with simultaneous bilingualism, 
or dual first languages) in which both languages are learned at the same time). 

Speakers who routinely communicate in more than one language may not use either of their languages in ways which are exactly like that 
of a monolingual speaker. In sequential bilingualism, for example, there is often evidence of interference from the first language (L1) in the 
second language (L2) system in routine cognitive and communication interactions. The majority of existing "learned language attrition" 
research literature focuses on such interference (typically concerned about language (L2) competency "fade" or "slippage" in routine usage 
of (L2) learned language – specifically within second language (L2) learning contexts. More recently, researchers have started to 
investigate linguistic traffic which goes the other way: L2 interferences and contact phenomena evident in the L1. Such phenomena are 
probably experienced to some extent by all bilinguals. They are, however, most evident among speakers for whom a language other than 
the L1 has started to play an important, if not dominant, role in everyday life. Scholars refer to the phenomena of L1 change and L2 
interference which can be observed in such situations as language attrition. 
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Language attrition is the loss of a first or second language or a portion of L2 language skills by individuals. Language reversion of L2 
speakers is a phenomenon where cognitive processing (decoding/encoding) and comprehension abilities for communication of an L2 
speaker unexpectedly diminish and L2 speakers shift to vocabulary, grammar, and lexical processing (thinking) in L1 languages. Some 
research has suggested that some higher order cognitive processes, including those performed under high stress conditions (e.g. an L1 
Chinese speaker who is otherwise proficient in English (L2) and who undergoes an intense mathematics test [time limits, fast pace, 
complex cognitive calculations required, etc.] and who then is unable to complete these calculations in (the L2 language) English but rather 
cognitively shifts to cognitive processing] [“thinking” and calculating] in Chinese (L1). Incidents of such First Language Reversion 
tendencies have been frequently reported. Such First Language Reversion tendencies may also impact the cognitive processing of 
complicated or sophisticated communication during high stress contexts such as would be typically experienced by those caught up in a 
crisis, disaster, or dangerous emergency situation.  

Given the critical importance of successful message comprehension, understanding, decision-making, and subsequent behavior actions by 
those who receive warnings and emergency notifications and the potential communication barriers that First Language Reversion 
tendencies may have for audiences for whom warnings and emergency notification messages are constructed in L2 languages it is 
imperative that scholars seek to understand; predict; and illuminate the occurrence of such tendencies in order to enhance the emergency 
communication process.  

1.3 The Related Overlap of Limited English Proficiency (LEP) Issues for Notifying Populations During Disaster Crises 

Meischke, H., D. Chavez, S. Bradley, T. Rea, and M. Eisenberg (2010) investigated 9-1-1 call center operators’ perceptions of 
communication difficulties with callers who have limited English proficiency (LEP) and the frequency and outcomes of specific 
communication behaviors. They found that that 9-1-1 operators believe language barriers with LEP callers negatively impact 
communication and care outcomes (Meischke, et. al., 2010, 265). In their study the majority (70%) of 9-1-1 operators reported that they 
encounter LEP callers almost daily and most (78%) of them reported that communication difficulties affect the medical care these callers 
receive (Meischke, et. al., 2010, 265). Additionally, the operators reported that calls with LEP callers are often (36%) stressful. Their 
analysis of 9-1-1 recordings suggests that the LEP callers received more repetition, rephrasing, and slowing of speech than the non-LEP 
callers (Meischke, et. al., 2010, 265). 

In the USA most emergency messaging is primarily in English; even in geographic regions where there are predominate non-English 
speakers, limited English proficiency speakers, and where English is spoken largely as a second language (Subervi, F., 2011, 10). Research 
conducted by Federico Subervi, of the Center for the Study of Latino Media & Markets, School of Journalism & Mass Communication at 
Texas State University- San Marcos has found that in the southern Texas counties where significant percentages of the population consists 
of limited English proficiency speakers or English as an L2 language that local and regional crisis communication warnings (particularly 
weather warnings) are delivered primarily in English from government authorities, media, and other sources (Subervi, F., 2011, 10). 
Subervi also found that little attention, resources, personnel, or focus was given to creating warning messages in the most appropriate or 
effective language. 

Subervi also found that:  

• Government agencies responsible for emergency communication are not fully or properly staffed to produce and disseminate multiple 
language messages be it in person, printed materials, or their websites. 

• Many but not all Spanish-language broadcast media in Central Texas offer their audiences emergency weather alerts, yet none of the 
Spanish-language radio stations have news staffs or operations that could provide additional emergency news or information, 
especially after daylight operating hours. 

• Standardized and efficient regulations are lacking to guide what broadcast media should do in emergencies or the content of their 
emergency communication in English or Spanish. (Subervi, F. 2010, 4). 

One obvious observation is that crisis communication messages should be written in the language of the target audiences. One less than 
obvious issue arises when considering the case of second language speakers who are proficient in their L2 language in routine situations 
but less clear about their proficiency to process L2 messages during peak periods of stress and anxiety during an emergency, crisis, or 
disaster. 

1.4 The Compounding Related Psychological/Emotional Phenomenon of Foreign Language Anxiety 

A distinctive cognitive phenomenon that may be related to the issue of first language reversion in bilingual and multilingual individuals 
during crisis is Foreign Language Anxiety (FLA), defined as: “the feeling of tension and apprehension specifically associated with second 
language contexts, including speaking, listening, and learning.” (MacIntyre & Gardner, 1994, p.284). (Dewaele, J-M., 2007, 391). 

This FLA typically develops in the classroom of students who are learning a second language. Horwitz, Horwitz and Cope (1986) report 
the words of a student: “When I’m in my Spanish class I just freeze! I can’t think of a thing when my teacher calls on me. My mind goes 
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blank” (p.125). Where do these feelings of tension and apprehension originate? Guiora (1983) suggested that “the task of learning a new 
language is a profoundly unsettling psychological proposition” because it threatens the learner’s self-concept and worldview (p.8). 

Yaprak Uygur’s statement suggests that her FLA arises from the constant need to “think the right words.” From this we can infer that 
Yaprak Uygur’s L2 production is not yet proceduralized (i.e., relying on implicit linguistic competence) and therefore relies heavily on 
explicit, declarative knowledge (Paradis, 2004). This relatively onerous cognitive process raises Yaprak Uygur’s awareness that a moment 
of inattention might lead to an interruption of her L2 speech production or to an error. This awareness of “walking near the edge” might 
make her feel tense and apprehensive, in other words, cause her FLA. 

From such study regarding FLA, it is clear that for less-proficient L2 speakers such as foreign language students, processing L2 messages 
may be accompanied by higher level of cognitive stressors and anxiety. Adding the context of disaster crisis stress and its negative 
affiliated cognitive functioning impact, which occurs even for those who are not facing language proficiency or multilingual processing 
issues, this should be a significant area of concern for emergency messaging for any and all communities that comprise populations with 
multiple language orientations. It would follow that as populations in general continue to rise worldwide, with corresponding growth in 
language diversity especially in urban areas, there are strong implications of the need to know the audiences and their first and second-
language orientations, and to better understand the correct terminologies to use, in all relevant languages, for the construction of emergency 
message notifications. 

1.4 Learnings from an Exploratory Pilot Study on the Issue 

A preliminary online survey, “Communication and Crisis Survey II,” was conducted in 2011 and discussion followed regarding the 
construction of the test and the form of its results. Research Questions included:  1) To what extent do L2 speakers report instances of L1 
reversion during high cognitive stress contexts which affected their ability to perceive, select, decode, understand/comprehend, process, or 
respond to communication (messages received) in L2 language? And, 2) To what extent do L2 speakers report instances of L1 reversion 
during high cognitive stress contexts which affected their ability to encode, speak, write, or communicate (messages) in L2 language? 

The study used convenience sampling method of highly likely bilingual crisis communicator, who concurred about the phenomena of 
language perception and speaking issues in crisis being compounded by the crisis situation. The initial prompt was designed in a way that 
would promote a highly targeted group of respondents with both the knowledge and interest in crisis language reversion.   

1.5 Added Value for the Post 2015 Framework for Disaster Risk Reduction 

This presentation focuses on the role of first language (L1) reversion experienced by (L2) communicators during crisis and emergency 
contexts. It is a heuristic probe into the little-analyzed but very frequently anecdotally reported phenomenon of first language reversion 
during high cognitive stress contexts, such as those experienced during an emergency situation or event. Findings of preliminary reference 
are discussed in an effort to contribute to ongoing research. It is anticipated that research scholars and theorists will benefit from this 
discussion, and respond to the need to address broader audiences concerned with practical policy implications for emergency and incident 
notification requirements and best practices for crisis communication practitioners, agencies and businesses, and emergency response 
personnel. 
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ABSTRACT: 

Background- Indian subcontinent is much prone to face natural disaster. India’s unique geo-climatic conditions make it vulnerable to 

natural disasters. Approximately 57% land is vulnerable to earth quack  ranging from magnitude of 1.7 to 9.3 on  Richter   scale and 

12% & 8% land is vulnerable to flood and cyclone respectively. The devastating nature of calamities in term of human lives and 
national assets is not exactly calculated but estimated. Super Cyclone (October 1999) caused more than 9,000 deaths; Bhuj 

earthquake (January 2001) resulted in 14,000 deaths while the Tsunami (December 2004) accounted for the death of nearly 15,000 

victims. The recent cloud burst in June 2013 in Kedarnath temple area of Uttarakhand is live example where the country suffered a 

great loss.  Medical management at the site of occurrence is a difficult task due to loss of logistics but possible at nearest hospitals. 

Role of armed forces/ para military staff is immense, while we think about the former and is essential part of medical preparedness. 
Objective – The objective is to develop a special medical preparedness disaster plan to treat and save maximum number of lives at/ 

very near   site of natural occurrence in Uttarakhand. Methodology - Present paper will highlight the sequence of occurrence of recent 

disaster in Uttarakhand, medical preparedness and the service lacking etc. Findings - Himalayan based origin of rivers, hilly terrain 

and seismic zone in Uttarakhand made the task difficult for efficient medical delivery leading to   loss of more than 3000 lives and 

assets worth of 670 millions USD.  Conclusion- Geographic location of Uttarakhand requires special medical preparedness disaster 
plan to be formulated 

 

Keywords: Natural Disaster, Uttarakhand, Rainfall, Landslide, Medical Management  

 

 

1. INTRODUCTION 

 
Background- INDIA is one of the most disaster-prone countries in the world. Because of its diverse bio-geographic regions  and 

geological factors, large parts of India are at greater risk of natural hazards such as earthquakes, floods, cyclones, droughts, 

landslides, and heat waves. The vast majority of livelihood systems and economic sectors of the country are dependent on climate. 
Climatic variabilities, including weather-extremes, negatively impact these systems and the people dependent on them¹. Almost 85% 

land area is vulnerable to single or multiple hazards. Of the 29 states and 7 union territories, 22 are disaster- prone. It is vulnerable to 

windstorms formed in the Bay of Bengal and the Arabian Sea and earthquakes caused by active  crustal movement in the Himalayan 

Mountains. Almost 57% of the land is prone to earthquake of moderate to very high intensity (high seismic zones III–V). India is also 

sensitive to floods brought by monsoons, and droughts in the country's arid and semi-arid areas. The Thar Desert in the West and the 
Deccan Plateau in the central India are susceptible to recurring droughts due to acute shortage of rainfall. About 12 % of the total 

land is flood prone and 68 % of the arable land is vulnerable to drought. India is also not immune to tsunamis as shown by the 2004 

Indian Ocean Tsunami. The 7600 km long coastline also exposes it to cyclones. India’s Key Vulnerabilities include Coastal state, 

particularly in the East Coast and Gujarat, are vulnerable to cyclones, 4 Crore hectare land area is vulnerable to floods, 68% sown 

area is vulnerable to droughts, 58% India falls in the III-V seismic zones and hence vulnerable to earthquakes and Sub-
Himalayan/Western Ghat is vulnerable to landslides². The devastating nature of calamities in term of human lives and national assets 

is not exactly calculated but estimated. Super Cyclone (October 1999) caused more than 9,000 deaths; Bhuj earthquake (January 

2001) resulted in 14,000 deaths while the Tsunami (December 2004) accounted for the death of nearly 15,000 victims. In June 2013, 

a multi-day cloudburst centred on the North Indian state of Uttarakhand caused devastating floods and landslides in the country's 

worst natural disaster since the 2004 tsunami. As of 16 July 2013, according to figures provided by the Uttarakhand government, 
more than 5,700 people were "presumed dead”. These total included 934 local residents.³ Two of India's largest rivers, the Ganges  

and the Yamuna, originate in the glaciers of Uttarakhand. Most of the Uttarakhand part of the state is covered by high Himalayan 

peaks and glaciers. Uttarakhand has a total area of 53,484 km² of which 93% is mountainous and 64% is covered by forest. It is 

considered as one of the most beautiful state. Uttarakhand is well known for Chota Char Dham:-Kedarnath, Badrinath, Gangotri and 

Yamunotri.  It is well known as the "Land of the Gods". Kedarnath is one of the ancient and famous pilgrims place situated in 
Uttarakhand, India. It is located in the snow cover area of Himalayan region at the height of approx 3,583 meter above sea level in 

the Mandakini valley of Rudraprayag District, Uttarakhand. Due to very decisive weather condition it is not possible to visit  this 

Holy place for all of the years so only from May to October it is safe to visit there. The race between tourism industries, population 

growth, several hydroelectric projects are in the fast track in Uttarakhand district. After the constitution of Uttarakhand as State there 

is an increment of approx. 141% in population of Uttarakhand. Now a day's lots of residents and villagers have started to live near the 
temple and commercialize this holy region by building different hotels, shops and markets in this valley. It is clear that there is 

tremendous growth in infrastructure during last few decades and proportionally the number of pilgrimages has been increased to a 

greater extent. This region is seismically and ecologically very sensitive and delicate even a minute changes can create a dangerous  
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disaster. The fragile nature of oldest crystalline basement of the Himalayan is very sensitive in case of landslides and any disaster. 
Basically the frequency and magnitude of landslides depend on the underlying structures, physiographic setting, type and condition 

of vegetation and anthropogenic pressure of the location. The elevated use of concrete and cement in place of wood and stone the 

temperature of the local area has started to increase during the night time. Instead of this, huge number of infrastructure development 

has been taken there to fulfil the need of the tourists. The development of hotels has been done at the place of river which was left 

after the flood or some times by changing the path of the rivers4.  

                            
Fig.1. Deaths due to Natural Calamities in India-A glimpse 

 

2. METHODOLOGY  

 
During  14 to 17 June 2013, Uttarakhand and adjoining areas observed  heavy rainfall, which was about 375 percent more than the 

benchmark rainfall during a normal monsoon which resulted into  melting of Chorabari Glacier at the height of 3800 metres, and 
eruption of the Mandakini River, which ultimately led to heavy floods near Gobindghat, Kedar Dome, Rudraprayag district. A multi-  

day cloudburst, centered on the state Uttarakhand caused devastating floods and landslides also. The upper Himalayan territories of 

Himachal Pradesh and Uttarakhand are full of forests and snow-covered mountains and thus remain relatively inaccessible. They are 

home to several major and historic Hindu and Sikh pilgrimage sites besides several tourist spots and trekking trails. Heavy rainfall 

for four consecutive days as well as melting snow aggravated the floods. Warnings by the India Meteorological 
Department predicting heavy rains were not given wide publicity beforehand, causing thousands of people to be caught unaware, 

resulting in huge loss of life and property . Himalayan Tsunami In The State Of Uttarakhand - “Tsunami” is a term  that refers to a 

long high sea wave caused by an earthquake or other disturbance.  The Himalayan state of Uttarakhand  faced an unprecedented 

amount of natural disaster on the night of June  16, 2013, due to a combination of factors, namely early heavy  rainfall, mov ement of 

southwest monsoon  winds, and the formation of a temporary lake. A sudden gush of water engulfed the centuries-old Kedarnath 
temple, and washed away everything in its vicinity and nearby area in a matter of minutes. The June 2013 flash floods in Uttarakhand 

have taken a tremendous toll with an estimated 4,200 villages affected and more than 5,000 citizens missing. It has resulted in severe 

destruction of property, including heritage and religious structures such as the ancient Kedarnath temple.  Government agencies and 

priests of Kedarnath temple planned mass cremation of the hundreds of victims, after one week of tragedy.  As pointed out by several 

analysts, the current disaster owes its seeds to a model of development that has become all too common across the country. The use 
of dynamite for road construction, indiscriminate mining, unsustainable dam construction, dumping of debris into rivers, rampant 

deforestation and large-scale encroachments have increased the probability of flash floods and landslides and weakened the 

Himalayan ecosystem overall, making such occurrences a question of when and not if. As a result, haphazard cheek-by-jowl 

constructions and unplanned growth increasingly characterise the process of urbanisation5 
 

3. FINDINGS  

 
3.1 Consequences 

 Several houses were damaged due to massive landslides and large flash floods and killed those who were trapped.   Entire villages  

and settlements such as Gaurikund and the market town of Ram Bada, a transition point to Kedarnath, have been obliterated, while 
the market town of Sonprayag suffered heavy damage and loss of lives. Pilgrimage centres in the region, 

including Gangotri, Yamunotri, Kedarnathand Badrinath, the hallowed Hindu Chardham (four sites) pilgrimage centers, are visited 

by thousands of devotees, especially after the month of May onwards. Over 70,000 people were stuck in various regions because of 

damaged or blocked roads. People in other important locations like the Valley of flowers, Roopkund and the Sikh pilgrimage 

centre Hemkund were stranded for more than three days6. An important artery connecting the region (National Highway 58), was 

also washed away near Jyotirmath and in many other places.  For more than three days, stranded pilgrims and tourists were without 

rations or survived on little food. Because summers have more number of tourists, the number of people impacted is substantial. The 

roads were damaged at many places, resulting in huge traffic jams, and the floods caused many cars and other vehicles to be washed 

away. On 18 June, more than 12,000 pilgrims were stranded at  Badrinath, the popular pilgrimage center located on the banks of 

the Alaknanda River. Rescuers at the Hindu pilgrimage town of Haridwar on the river Ganga recovered bodies of 40 victims washed 
down by the flooded rivers as of 21 June 2013.  Searching for bodies who died during the extreme natural fury of June in Kedar 

valley continued for several months and even as late as September, 2013, about 556 bodies were found out of which 166 bodies were 

found in highly decomposed state during fourth round of search operations. Although the Kedarnath Temple itself was not damaged, 

its base was inundated with water, mud and boulders from the landslide, damaging its perimeter. The temple was flooded with water 
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resulting in several deaths due to drowning and panic-driven stampede.7 Even after a week, dead bodies had not been removed from 
Kedarnath town, resulting in water contamination in the Kedarnath valley and villagers who depend on spring water suffered various  

types of health problems like fever, diarrhoea 8When the flood receded, satellite images showed one new stream at Kedarnath 

town. The Temple was scheduled to be opened for pilgrims on May 4, 2014 9  
 

3.2 Rescue Operations  
The sequence of events in the Mandakini valley took everyone by surprise. No one in ones wildest dreams could have ever imagined 

that a life saving divine lake that sustained civilization for thousands of years would cause such a furry and devastation without 

giving any reaction time. None really got a chance of raising alarm or an alert in this particular context. All communications with 

Kedarnath valley was snapped suddenly. Adverse weather conditions did not provide opportunity of resorting to alternative 

measures. It was impossible for anyone to venture into the Kedarnath valley beyond Gaurikund, by any means. Civil choppers hired 
by the State Government made brave efforts but did not succeed. However, initial rescue works was taken up in other areas. 

Organized efforts by Indian Air Force and civil choppers hired by the State Government, however, were successful in reaching the 

Kedarnath valley only in the early hours of 18 June 2013.  The seriousness of the situation was assessed early and both the National 

Disaster Response Force (NDRF) and the Indian Air Force (IAF) were requisitioned immediately. Helicopters of IAF in fact reported 

in the afternoon of 17 June, 2013. This decision of the State Government helped in safe and early evacuation of the stranded pilgrims  
and tourists. All available resources of the State Government were at the same time immediately deployed for relief and rescue work 

and assistance of Para – Military Forces and Indian Army was sought. Total of 110,000 pilgrims and tourists were evacuated despite 

inhospitable terrain and weather conditions. Indian Air Force carried out 2,616 sorties and evacuated around 21,961 persons. 2,000 

sorties were undertaken by civilian helicopters hired by the State Government to evacuate the stranded persons. 12,000 persons were 

thus evacuated by civilian choppers. All the persons evacuated by air were brought to the nearest helipad from where road 
connectivity was available. All arrangements for safe evacuation of these persons from this point were taken care of by the State 

Government. Till the time the persons were evacuated all care was taken by the State Government to cater to food, health and other 

requirements of the stranded persons. More than 5,000 vehicles were arranged by the State Government and approximately 90,000 

persons were evacuated by road. State Government made all arrangements for ensuring that the evacuated persons reach their 

respective destinations safely. The State Government provided every evacuated person with the cash assistance so that they can take 
care of their routine requirements while in transit. Still the number of missing persons in all over the affected region of Uttarakhand 

is estimated to be more than five thousand.10  

3.3 Aftermath  

The government of India  announced 10 billion (US$170 million) aid package for disaster relief in addition to US$ 400.00 

contribution by states of India. The US Ambassador to India extended a financial help of USD $150,000 through the United States 
Agency for International Development (USAID) to the NGOs working in the area. and announced that the US will provide further 

financial aid of USD $75,000.9  Government agencies and priests of Kedarnath temple  planned mass cremation of the hundreds of 

victims, after one week of tragedy.  Local people from affected villages near Gangotri helped stranded tourists and pilgrims, by 

sending messages  to their places and by providing food. Rescuers also retrieved approximately  10 million (US$170,000) and other 

jewellery from local persons.11  
 

4. ENVIRONMENTAL ISS UES - MAN MADE?  

 
Environmentalist blames unsustainable developmental activities in Uttarakhand state, undertaken in recent decades for the massive 

destruction by the rainfall, which contributed to high level of loss of property and lives. The three key reasons are:  
Deforestation aggravated   roads and transmission lines has been in districts like Chamoli, Rudraprayag, Uttarkashi and Pithoragarh –  

the most badly affected by the -systems have been severely damaged due to large number of development projects. As per reports 

from the Union Ministry of Environment and Forests (MoEF), 44,868 ha of forest land have been diverted to non-forest use in 

Uttarakhand since 1980 .Haphazard construction work- the valleys of the Yamuna, the Ganga and the Alaknanda witness heavy 

pilgrims who visit the holy places in the state annually. According to the Ut tarakhand   Tourism Department   reports, in the past 
decade, the number of tourists has risen by 155 %. The state’s population is 14 million.  However last year alone, 28.4 million 

tourists visited the state between May and November. There is an average of 102.5 hotels per million tourists in the state. Shortage of 

dwelling units has led to mushrooming of illegal structures, some right on the riverbanks. For this, the new roads have been 

constructed and existing ones was widened without assessing the carry ing capacity of the Himalaya. The mountains were cut to make 

roads haphazardly that rendered the mountains unstable. The damming effect-  most  of  the  dams  in  Uttarakhand  are  constructed  
without  proper  planning  and  paying  heed  to  their   environmental impact. The true causes of the   tragedy is attributed due to 

growth of tourism,  unchecked rapid increase of roads, hotels, shops and multi story housing in ecologically and  fragile areas and 

unplanned construction. Also Rapid growth of hydroelectricity dams that disrupt water balances and this has  triggered the act ion 

disaster. Several rivers are being diverted through tunnels for these projects leading to major disasters in the state. More than 220 

power and mining projects are running in 14 river valleys in Uttarakhand. However, the Uttarakhand Disaster has been officially 
termed a natural calamity caused by cloudbursts and unprecedented heavy monsoon rainfall12. Though it was a natural disaster, as per 

hazard typology, but the impact was manifold due to human induced factors couples with lack of mitigation and preparedness at  

various levels. Failure of appropriate early warning communication system, lack of disaster management action plan particularly at 

district and local levels, lack of coordination and duplication of work among various players and political blame game, etc. all 

maximized the loss of life, properties and ecosystems in the state.  
   

 

 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DIS ASTER RIS K REDUCTION  
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5.1 Risk Reduction 
Needless to say that an area located in the seismic zone is always susceptible to earthquakes. So, if it becomes a hub of social activity 

centered on tourism, such an extensive loss of life and property is bound to happen. Hence, it is suggested that such areas should only 

be promoted for tourism and do not for extensive urbanisation or a platform of human dwellings. It is also recommended that t he 

hotels and other buildings which are built in this area must have seismic   compatibility to ensure safety parameters.  

 
5.2 Risk Management 

Adequate steps must be taken for disaster preparedness. First of all, special task force units under the supervision of armed  forces  to 

be developed and located  for prehospital evacuation from the place of occurrence in  vulnerable areas. Some establishment like First 

Referral Units (FRU) under Armed Forces medical Corps to be established in different locations of hilly terrain. . The geographical 

terrain of the area is such that only the army personnel have the required training and capacity to overcome such natural adversity. 
The FRU should also help the upgradation of CHCs and PHCs in that area for disaster preparedness and development of disaster 

plan. The district level hospitals to be upgraded into tertiary level treatment centre and level one trauma centre. Finally evacuation 

plan of victims from FRU/ PHC, CHC to the nearest military/ district hospital to be coordinated with surface and air transport.  

  

5.3 Forest & environmental Preservation 
Forests are particularly important for the survival of people in the high Himalayan regions. They depend on the forests for t heir 

animals’ fodder and water for agriculture. Forests also preserve biodiversity and prevent soil erosion – vital for the local eco-system. 

Thus, hydropower and other development projects must not be allowed without compensatory afforestation. Water is another key 

resource of the region as it flows from high glaciers and mountains to the plains. This resource is both an opportunity and a threat to 

its ecology and economy. Natural hazards on their own do not result into disaster unless interacted with vulnerable human systems or 
infrastructure. Governance influences the way in which all the stakeholders including national and internat ional are able to coordinate 

their actions to manage and reduce disaster related risks. Environmental governance is one of the tools that offer important 

opportunities for mainstreaming disaster risk reduction and, thus, addressing the sustainable development goals. Environmental 

governance includes policies, legal and regulatory frameworks and institutional structures to promote sustainable resource 

management. Policy or regulatory frameworks often specify levels of environmental protection and establish t he means for 
monitoring and enforcing protection  

 

6. CONCLUSION 

 

Geographic location of Uttarakhand requires special medical preparedness disaster plan to be formed. The recent events in 
Uttarakhand have shown, more the Himalayas that take into account the vulnerability of the region and need for environment 

protection. We need to think about a pan-Himalayan strategy so that states can evolve common policies based on the region’s natural 

resources forests, water, biodiversity, organic and specialty foods, nature tourism – but without adverse effect to the environment. 
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ABSTRACT: The aim of this presentation is to critically evaluate the possibility, and effectiveness of using virtual world 
exercises to enhance learning outcomes to a range of professionals including those that work in the emergency services. The 
objectives include, firstly, to review the advantages and disadvantages of the use of virtual worlds as a learning environment for a 
range of professionals. Secondly, a comparison of the use of two exercises developed using Second Life. Lastly, it suggests the 
future development of a Virtual Learning Environment that may be used to support the staff of agencies involved in preparing 
for, and responding to, disasters and other communities of professionals, including those that work in a developing world context. 

Keywords: Second Life, Virtual Learning Environment, Training, Exercise, Evaluation. 

1. INTRODUCTION 

Emergency service exercises are widely used to develop, maintain and retain staff knowledge and competence to fulfil their roles. 
Exercises focus on both technical and non-technical skills required to manage emergencies and disasters more effectively, 
including cross-agency communication and coordination, teamwork, flexibility, adaptability and accuracy and leadership skills 
(Flin et al 2002; McCreight 2011). In addition to this educational purpose, exercises are also used to test "emergency plans" and 
"operational procedures". Exercises can also serve as a medium to disseminate policy to the public (Perry 2004).  

Implementation of traditional exercises is often resource intensive, costly and time consuming to plan, design and deliver (Ford & 
Schmidt 2000). A further challenge of traditional exercises can be how to accurately recreate reality. This is particularly the case 
when trying to prepare staff for a situation they may have to face in a geographically inaccessible location or in an emergency 
situation.  

It is argued that the use of immersive virtual learning environments (VLEs) can overcome these challenges as they can be re-used 
many times which reduces the costs and resources required (Chen et al 2008). Using a VLE means that participants do not need 
to travel to a real, representative location. They also provide decision makers with a device to reflect and review their decisions 
and behaviours. It is also an alternative method for learning regulations and code of conducts (Michael and Chen 2005). Many 
applications have been produced with the aim of enhancing learning outcomes. Recent developments in the proof-of-concept 
exercises include the EU funded project CRISIS 20131, Flood Sim2, Triage3 and Hazmat: Hotzone4. Others include commercially 
produced games such as Emergency 20145 and a number of games for children. The UNISDR game “Stop Disasters”6, and 
“What if…”7 are two examples of these. However, little research has been done to validate the effectiveness of these exercises 
(Chen et al 2008). From experience, some practitioners felt that they learned better through traditional exercises than virtual 
world exercises (Chen 2013). In addition, and possibly contradictorily, there was a high demand for higher fidelity of the virtual 
scenario (Chen 2013), including injects and the virtual world environment itself. Alternatively some academics argue that lower 
fidelity exercises could achieve better results (Troups et al 2011). 

Learning from past experience, the Centre for Disaster Management and Hazards Research and the Humanitarian Engineering & 
Computing Group at Coventry University independently created two exercises (based on existing table-top exercises) - CU 
                                                 
1Wong, W. (2013) CRISIS: Critical Incident Management System Using an Interactive Simulated Environment. FP7-SEC-2009-
1 Grant Agreement No. FP7-242474. Available at http://idc.mdx.ac.uk/projects/crisis/. 
2Play Gen (2008) Flood Sim. Available at http://playgen.com/play/floodsim/. 
3TrueSim (2007) Triage.  Available at http://www.trusim.com/. 
4Schell, J., Tellerman, S., Mussorfiti, t. (2005) HAZMAT: Hotzone. Available at: 
https://www.etc.cmu.edu/projects/hazmat_2005/index.php. 
5Deep Silver (2014) Emergency 2014. Available at; http://www.deepsilver.com/us/game-view/view/game/access12/emergency-
2014-2/. 
6UNISDR (2007) Stop Disaster Game. Available at: http://www.stopdisastersgame.org/en/home.html. 
7Crucial Media (2013) What if… Available at: http://www.crucial-crew.org/what-if/. 
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Islandia and Hydroelectric Dam Exercise - using the Second Life platform. The purpose of these projects was to evaluate the 
effectiveness of VLEs in improving learning outcomes and their usability.  Based on the framework proposed by de Freitas and 
Oliver (2005), the teams examined the representation of realism of the referred system, the development of the storyline, learning 
outcomes from participants, and the learning environment. To validate the effectiveness of the exercises, both teams have 
conducted questionnaires and semi-structure interviews to gain an insight from the users' perspectives. The next section 
showcases the scenario of the exercises and illustrates the comparative results from both exercises. 

2. BACKGROUND OF THE EXERCISES 
The research teams decided to convert two existing table top exercises - CU Islandia and Hydroelectric Dam Exercise - on the 
Second Life platform. It is argued that Second Life is a platform that provides users with a persistent space that allows learning 
activities to take place during their communication, negotiation and coordination through multiple real-time communication 
channels. It can take place at any time and it is arguably easy to use. This 3D interactive virtual reality platform provides 
emergency response managers with a high level of realism which increases the external validity of the training. The immersive 
virtual world can also be adapted dynamically to resemble the environment of the scenario. Learning activities are able to be 
monitored and evaluated through recording. The sections below provide some details on the two exercises that were developed. A 
comparison of user feedback from the two exercises follows. 

2.1 Hydroelectric Dam Exercise 

The Hydroelectric Dam Exercise Project was implemented with funding from the Royal Academy of Engineering. The project 
involved a consortium of UK universities led by Coventry University and also included Universities of Leeds, Liverpool, 
Middlesex, Northumbria and Nottingham. The exercise was developed to enhance knowledge and skills in stakeholder 
management in a developing world context through communication, teamwork, and interaction. The scenario in the exercise 
involves debating whether or not the construction of a major hydroelectric dam project in Sudan should proceed.  

At the start of the exercise participants enter a simplified orientation area to familiarise themselves with operating, navigating, 
and interacting with and within the Second Life platform. Once participants are familiar with the in-world environment, they are 
divided into two groups and are teleported to two locations: those who can view the completed hydroelectric dam and those who 
can view the nearby desert that will be flooded due to the construction of the dam. A full set of information about the strengths 
and weaknesses of the construction of the dam is prepared. For example, construction and technical specifications and details of 
financing, local community concerns, and details of local antiquities etc. Each group is asked to make decisions based on a 
limited set of information depending on which environment they are teleported to. Once each group has reached a decision, 
participants are asked to make a presentation (in an in-world boardroom) on how and why reached their findings and decisions. 
After the information exchange, participants have a chance to review their decisions. No fixed answer is given at the end of the 
exercise.  
The exercise was demonstrated and piloted on a number of occasions and a full pilot research was conducted with students at 5 
universities in the UK participating simultaneously. Participants were asked to complete a short questionnaire reflecting on their 
experience.  

 
Fig. 1: Snap shot of the Hydroelectric Dam Exercise: participants debated on whether or not to construct the dam. 
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2.2 CU Islandia 

CU Islandia is based on an existing table-top role-play exercise used regularly for first year students on Disaster Management 
courses. The exercise is designed to provide students with an insight in how to deal with national scale crises and to facilitate 
them to consider the complex political and social factors involved in the event. The exercise also facilitates strategic 
communication and coordination among various agencies involved in a crisis event.  

The scenario of the exercise is based on a volcanic eruption on a Pacific Island. The mission for the participants is to make 
decisions to evacuate residents in the Northern Island to the Southern Island. Participants play representatives from seven 
organisations, which are the International Peace Force, Northland National Government, Southland National Government, 
Northland Military Services, Southland Refugee Council, Northland Community Council, and Refugee Aid Agencies. Each 
organisation consists of information officers, researcher officers, and group coordinators. Each group is given a series of “rules” 
about with which group(s) they can communicate and the resources they have at their disposal in order to achieve the game’s 
objectives of safely relocating the refugees and meeting their essential needs. Participants need to approach other organisations to 
negotiate strategic disaster recovery plans such as financial aid, resettlement of refugees and other essential requirements.  

 
Fig. 2: Snap shot of the CU Islandia: participants negotiated on the implementation of the evacuation plan. 

The version of the exercise designed for Second Life involved the creation of a series of buildings on a virtual Island, each of 
which represented one agency. Instructions and information of the exercise were made available to students through clickable 
note cards distributed on tables in the buildings. Students' avatars moved between the different buildings to talk to the different 
agencies and plan how to respond to the disaster.  

Participants were given a session separately on how to operate avatars and interact in the Second Life platform environment 
before the exercise. The real exercise started with a 30 minute session to brief the background of the scenario, followed up with 
an hour live exercise, and finalised by a debriefing session (about 30 minutes). After the exercise, participants were asked to fill 
in a questionnaire and a semi-structure interview to evaluate the effectiveness of the learning and the context of the platform. 

3. ANALYSIS AND DISCUSSION 
The session displays part of the assessment of the effectiveness of learning in the virtual world exercise; it also evaluates the 
design and delivery phases of the exercise. The evaluation was based on the results of questionnaires of two preliminary pilot 
exercises. In total, 18 participants were used for the Hydroelectric Dam Exercise and 14 participants were invited in CU Islandia. 

The result shows that more than 85% of participants agreed that it was a fun experience – 94% from the Hydroelectric Dam 
Exercise and 85% from the CU Islandia. Most of the participants felt that the Second Life platform exercise has the potential to 
become one of the methodologies to run and improve crisis exercises and training (Table 1). 

Table 1: Results of the question – “I think SL platform exercise has the potential to become one of the methodologies to run crisis 
exercises and training.” 

  Strongly disagree Disagree OK Agree Strongly agree 

Hydroelectric Dam Exercise  0% 0% 17% 61% 22% 

CU Islandia 0% 0% 0% 57% 43% 

The fact that high percentage of participants found the Second Life platform suited for this exercise is likely to be due to the 
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realism possible in an immersive environment (and their perceived immersion in the environment and the task). For example, 
they felt the virtual world platform was helping them to visualise the concepts linked to the learning outcomes whilst none 
recorded a negative response and 39% felt it was very good.  

From the learning outcome perspective, there are some variations between participants in the two exercises. More participants 
from the Hydroelectric Dam Exercise felt that they learned more effectively in the Second Life platform (66%) than participants 
from CU Islandia (36%). Most of the participants in the Hydroelectric Dam Exercise felt that they learned stakeholder 
management skills (70%). They also learned the skills of teamwork (84%) and engagement (88%). In contrast, only half of the 
participants from CU Islandia found they learned skills such as communication (50%) and teamwork (50%), whilst coordination 
was mentioned by only 21%.  

When it comes to the usability of the platform, there are variations between participants from the two exercises. Most participants 
from Hydroelectric Dam Exercise agreed that voice chat (89%) was easier than message chat (33%), whilst participants from the 
CU Islandia found it easier to use message chat (79%) than voice chat (7%). The justification could be that one interviewee from 
CU Islandia said that “Because we were sitting in the same room and we were hearing conversation that we should not be 
hearing”. The setting of the exercise should be reconsidered. In any case, the difference between participants from different 
backgrounds varied, for example, familiarisation with the use of technology is highlighted in the research. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
The exercise experience illustrates good practice on the delivery of a virtual learning environment in the disaster management 
context. The evaluation framework also gives a new method to assess the effectiveness of the learning outcomes. It can be argued 
that the methodology could be applied to and used, in an economically sustainable way, for training and education purposesfor 
the enhancement of disaster risk reduction and resilience capacity building.  

The methodology of designing, delivery and evaluation can be applied to the national, regional, local, and community levels, and 
could be successfully used in schools for disaster prevention education. With the capacity of the technology platform, it is also a 
mechanism to enhance multi-agency and or multi-national coordination and communication standards. A virtual platform also 
allows training (and awareness raising activities) to be conducted in a realistic environment without participants being exposed to 
real-world risks.  

5. CONCLUSIONS 
The aim of the research was to evaluate the possibility, and effectiveness, of the use of virtual world exercises for emergency 
services and other personnel to enhance their learning outcomes. The results suggested that a significant number of participants 
felt Second Life compared favourably with traditional teaching delivery and that an immersive virtual environment was an 
effective space in which to conduct this kind of exercise. However the results show that there is some discrepancy between two 
researched groups. The level of existing knowledge and skills in operating virtual worlds should be taken into consideration. 
Alternative platforms should be used to compare and contrast in order to identify the best platform to run the emergency response 
exercise.  
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ABSTRACT: The study area Anambra State is located in the south-eastern part of Nigeria, with geographical co-ordinates of 

latitude 5˚ 42´ N and 6˚ 47΄N and longitude 6˚ 37´ E and 7˚ 23´ E. The land area is 44,116sq km. with a population of 4,182,032 

people (NPC, 2007). Soil erosion constitutes the major ecological problem of the state.  

 

Erosion in the context of this paper refers to the displacement of soil by water agent, incident of flooding, faster than it can be 

formed, degrading the land by forming gullies. With the envisaged increases in precipitation according to IPCC reports, the 

challenge might be heightened.   

 

These gullies occur when water flows along a linear depression creating a deep trench or gully, leading to formation of hallow 

ways. The topography and soil texture of this area accelerates the development and expansion of the gully sites, in addition to 

human factors of; land use change, poor agricultural practices and deforestation. There are over 30 major active gully sites in the 

state alone. 

 

The consequences of this ecological disaster is the loss of agricultural land – a concern for food security, destruction of 

residential houses, displacement/dislocation of humans, cutting off of link roads, interstate highways and even death of natives. 

Communities in Obosi, Nanka and Ekwulobia have been displaced by gully erosion. 

 

This paper classified the gully erosion sites according to their severity and further analyses their causes, the socio-economic 

challenges and the disaster it poses to the local population.  

 

Keywords: disaster, gully erosion, human displacement, forced migration. 

 

1. INTRODUCTION 

Soil erosion is a process in which soil is displaced faster than it can be replenished. The agents of this soil displacement are; 

wind, water (flood), etc. Flood is the major agent of soil erosion in Anambra State, south-eastern part of Nigeria. The envisaged 

increases in precipitation according to IPCC reports shall exacerbate the erosion disaster risks. Human activities also accelerate 

the process of erosion in this area. 

The topography and the soil characteristics enhance the accelerated spread of gullies in this area. The incidence of gully 

expansion is heightened during the rainy season, with the resultant effect of loss of agricultural land, residential areas and even 

human lives. 

1.1 Study Area 

With a population of 4,182,032 million people, spread in a land mass of 44,116sq km; the study area is densely populated. 

Population density, an expression of number of persons per square kilometer of land is high for the state, about 798 persons/km2 

(NPC, 2007).  The state has properly the highest population density in the whole of sub-Saharan Africa (Igbokwe, 2007). It 

therefore follows that the demographics shall put pressure on the land use and heighten the ecological challenges of the area. 

The state lies between latitude 5˚ 42´ N and 6˚ 47΄N and longitude 6˚ 37´ E and 7˚ 23´ E, within the tropical region. The area is 

influenced by two climatic seasons, the dry and wet seasons. The wet season starts early late January/February, and comes in full 

by March and ends in November, with a break in August. The average annual rainfall is about 1800mm concentrating between 

the months of May – November.  
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Fig. 1: Map of Nigeria showing the study area, Anambra State 

The prevailing winds are the southwesterlies which bring rains during the wet months and the notheasterlies or nothwerterlies 

which occur during the dry months and are known for the hazy harmattan conditions. The wind speeds are low, less than 2ms (4 

knots) throughout the year. 

The soil type is deep red, porous and unconsolidated. The land surface is covered with vegetation. The area use to be the 

rainforest part of Nigeria has now become deforested due to economic factors, civilization and urbanization. . 

Farming (subsistence agriculture), fishing, trading and small scale industries are the main source of economy of the state. 

1.2 Gully Erosion Disaster in Anambra State 

Land degradation as a result of gully formation is a common phenomenon in the south-eastern part of the country. Anambra State 

has the highest concentration of gully erosion, accounting for 65% of the incidence in the country. Every community in the state 

has their own story of woes to tell of the ever expanding gully erosion and the attendant consequences.  

1.2.1 Gully Erosion Trigger Factors.  

The causative agents of gully erosion in Anambra State are both geologic and anthropogenic. Natural erosion occurs primarily 

due to geologic timescale (Erosion Process, 2008). Anthropogenic forces (human activities) include; deforestation, unsustainable 

farming practice, laterite mining, poorly constructed drainage system, paths and roads.  

Soil erodibility depends to a large extent on; soil texture, soil structure, soil permeability and amount of organic matter. The soil 

type is porous, with the soil particles being loose, thus making them easily detachable. The nature of the soil accelerates the 

process of erosion when exposed to external forces such as flooding and human disturbances. 

The topographic features of the area distinctly influence erosion potential. The region has most areas with pronounced rolling 

highly terrain. These areas have long steep slopes that enhance runoff velocity which gather momentum to produce force that 

speedily detach and transport soil particles, which results in gullies. This (once) lush, green land could soon become an arid 

badland that’s [unsuitable] for cultivation, dangerous for human habitation and well on the way of becoming a parcel of useless 

land, warns Frank Simpson, a sedimentologist at the University of Windsor (Dale, 2008). 

The farming methodology practiced in the area is unsustainable. During farming large portion of the land is cleared or burnt 

exposing the fragile topsoil to erosion. Removal of groundcover increases the susceptibility of the soil to erosion. Disturbed land 

may have an erosion rate 1,000 times greater than normal.  

The area is densely populated, with a lot of developmental activities, a critical factor for erosion potential.  

Logging and laterite mining is a booming business due to the level of infrastructural development in the area and these have 

ecological consequences. 

 

2. GULLY EROSION SURVEY 

The imagery classification of gully erosion in the state combining the results obtained from Landsat EMT+ and NigeriaSat-1 

shows that 1769.52 km2 of the total land area of the state is severely gullied. The map of the classification is as shown in Fig 2 

below.  
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Fig 2: Image classification of gully erosion severity in Anambra State 

There are over 750 gully erosion sites in Anambra State. Available data showed that 1769.52 km2 of the land area of the state or 

40.1% are severely gullied, 1316.58 km2 or 27.8% are moderately gullied and 1416.12 km2 or 32.1% are mildly gullied. However 

Table 2 lists some of the major and active gully sites in the state; the length, width, depth and their geographic co-ordinates.  

3. ECOLOGICAL SENSITIVE AREAS 

The geographic location of the ecological sensitive areas are as indicated in table 1 below. 

Table 1: The Major/Active Gully Erosion Sites in Anambra State 

S/N Site Location 

GPS Coordinates  

       N                    E 

Length 

     (m) 

Mean    

Depth 

            (m) 

Mean  

Width 

           (m) 
1 Akpo 5˚ 58´.26 7˚ 3´.25 115.1 25 17.12 

2 Alor 6˚ 3´.85 6˚ 54´.51 310.15 22.1 28.01 

3 Amatutu-Agulu 6˚ 6´.94 7˚ 2´.50 45.25 15 35 

4 Amaokpala 6˚ 3´.02 7˚ 7´.72 172.1 7.22 23.17 

5 Atani 5˚ 56´.12 6˚ 43´.18 65.1 7.05 17.13 

6 Azia/Ihala 5˚ 49´.13 6˚ 53´.56 95.1 7.15 22.15 

7 Egbengwu-Nimo 6˚ 8´.66 6˚ 59´.17 25.6 5.1 12.05 

8 Ekwulumili 5˚ 56´.34 6˚ 57´.18 122.1 8.12 19.11 

9 Ifite Dunu 6˚ 12´.19 6˚ 56´.00 302.1 22.1 52.15 

10 Mbaukwu 6˚ 6´.37 7˚ 3´.22 126.07 25.2 30.55 

11 Nanka 6˚ 2´.17 7˚ 5´.21 950.55 115.12 265.2 

12 Nnewichi-Nnewi 6˚ 3´.05 6˚ 55´.08 155.06 23.55 35.05 

13 Oba 6˚ 6´.07 6˚ 48´.29 125 25.01 38.19 

   14 Ogidi 6˚ 6´.34 6˚ 51´.33 451 12.1 22.91 

   15 Oko 6˚ 3´.68 7˚ 5´.20 759.11 34.15 56.18 

   16 Okpuno-Awka 6˚ 14´.19 7˚ 4´.80 24.7 17.2 16.05 

   17 Omaba-Onitsha 6˚ 8´.97 6˚ 49´.09 65.9 11 24.05 

   18 Ossomala 5˚ 54´.13 6˚ 42´.98 56.1 4.12 35.05 

   19 Uga 5˚ 56´.19 7˚ 3´.08 76.22 10.01 16.2 

   20 Ukpo 5˚ 56´.08 6˚ 57´.7 234.1 54.2 57.15 

   21 Umuawulu 6˚ 13´.29 7˚ 11´.08 286.07 15.35 22.34 

   22 Umuchiana-Ekwulobia 6˚ 1´.84 7˚ 5´.34 344.24 39.8 45 

   23 Umuchu 5˚ 57´.92 7˚ 04´.22 236.07 45.55 36.07 

   24 Umunze 5˚ 57´.91 7˚ 13´.72 128.1 32.22 29.1 
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The landscape in Anambra State has undergone intense alterations due to changes in land use over time. These changes have 

resulted in severe ecological consequences with its human implications. Our work adds to the knowledge on ecological sensitive 

areas in Anambra State and seeks to enhance consideration for the integration of disaster risks associated with land degradation 

into policy development and implementation with a focus on disaster prevention, vulnerability reduction and building of 

resilience at the community level. There is a significant governance challenges in achieving zero land degradation or a substantial 

reduction in land degradation in the context of sustainable development which translates into post-2015 development agenda. 

Effective policies are needed to address or abate land degradation and mitigate their impact on human livelihoods in the state and 

even at the national level. These policies can be selected based on their ecological importance geared towards disaster risk 

reduction majorly for implementation at the local scales. The strategy may also focus on safeguarding local livelihoods targeted 

towards abating land degradation. There are gaps in technological advances required for assessing and monitoring disaster risk 

reduction for enhancing early warning. However local knowledge is used to build resilience and reduce risk associated with land 

degradation and attendant disaster risks, but local capacities are not enough to adequately address the problems. Financial 

resources needed to strengthen disaster preparedness for effective responses as required by the Hyogo Framework for Action for 

building resilience of nations and communities to disasters is lacking. 

5. CONCLUSIONS 

One of the outcomes of the UN Conference on Sustainable Development (UNCSD or Rio + 20) is the resolve to ‘strive to achieve 

a land-degradation-neutral world in the context of sustainable development’ which is supported by the UN General Assembly 

(A/RES/60/288). 

Disaster risk reduction related to land degradation require stern action at different level of governance, research for sustainable 

land management, technical land management solutions, application of various workable traditional practices and huge resources. 
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ABSTRACT: The paradigms of sustainability and resilience have significant impacts on both research and practice in the built 
environment, framing ethical postures towards the fragile relationships between the built, the natural and the social environments. 
Both paradigms adopt a systems approach to the understanding and the embracing of complexity, highlighting the importance of 
long-term effects and a holistic view of highly interconnected variables. However, a careful look at policies shows that these 
paradigms also emphasize diverging priorities and relationships, and that there is often a prioritization of one agenda over 
another. Such tensions create increased complexity in policy and decision-making, potentially undermining both agendas. In this 
paper we examine the tensions and compatibilities between these agendas through an analysis of 43 UK policy documents, and 
21 interviews with stakeholders involved in the planning, design, construction and operation of the built environment. Our 
analysis reveals a series of recurrent tensions that occur when theoretical approaches are translated into the ‘green’ (sustainable) 
and ‘blue’ (resilience) agendas. Incapable of dealing with this increased complexity, decision and policy makers simplify and 
‘instrumentalise’ several core principles, creating additional tensions. Rather than determining objective concepts that decision-
makers can directly translate into action, both paradigms lead stakeholders to create their own dynamic representations and 
meanings in an iterative process influenced by theory and practice. The findings have both theoretical and practical implications. 
Conceptually, they help to draw clearer boundaries between the two paradigms. In practice, they show that narrow and simplistic 
representations of these paradigms make it difficult to reconcile the two agendas. The paper raises important questions as to the 
plausibility of a ‘turquoise’ agenda, and suggests the need for a more nuanced representation of the two paradigms. 

Keywords: sustainability, resilience, tensions, policy analysis, UK. 

1. INTRODUCTION 

Urban planners, architects, builders and other decision makers who influence the built environment are increasingly asked to 
respond simultaneously to policies aimed at enhancing sustainability (Bagheri & Hjorth, 2007; Lam, et al. 2009; Sjostrom & 
Bakens, 1999) and resilience (Bosher et al., 2007; Dainty & Bosher, 2008; Davoudi et al., 2012). This is hardly surprising, 
considering that the built environment is largely responsible for environmental degradation (Robichaud & Anantatmula, 2011) 
and for the vulnerability of households and communities in the face of natural hazards and man-made threats (Birkmann, 2006; 
Lizarralde et al., 2013; Wisner et al., 2004). The sustainability and resilience paradigms share a dynamic systems approach to the 
understanding and the embracing of complexity (Bagheri & Hjorth, 2007; Alexander, 2013). As such, both are particularly 
concerned with fragile relationships between interconnected variables and with long term effects analysed in a holistic manner 
(Manyena, 2006; Martin-Breen & Anderies, 2011; Wheeler, 1998). However these paradigms also significantly differ demanding 
important trade-offs in the decision making process. Given these synergies and discrepancies, we explore how policy and 
decision-makers navigate the integration of these agendas in the built environment through an analysis of the policy documents 
that they generate, and how their integration can be better conceptualised in a more nuanced and realistic way 

2. METHOD 

When analysing how policy and decision makers navigate the paradigms of sustainability and resilience, this paper relied on 
three approaches: from the perspective of practitioners’; from the perspective of policy; and from the perspective of norms and 
standards. It included five main steps conducted in an iterative manner: 1) examining of the most common journals in resilience 
and sustainability through common databases (ex. Science Direct), using keywords such as: Sustainable construction, 
Sustainability, Resilience, Adaptation, Disaster Prevention, Sustainable development, etc.; 2) defining a methodological 
framework to scrutinise policy and stakeholders’ perspectives; 3) creating a database of documents related to resilience and 
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sustainability and inssued y the UK Government between 2000 and 2013; 4) examining the database through frequencies of word 
use (including the use of conceptual mapping and clouds); 5) analysing transcripts from 21 interviews conducted with 
construction project stakeholders and local authorities in the UK. The final step of the study consisted of comparing word uses, 
frequencies and discourses among the three types of documents and the transcripts of the interviews. This content analysis 
enabled patterns and analytical generalizations to be drawn among each group; quotes are provided to help illustrate the 
differences and synergies found.  

3. THE GREEN AND BLUE AGENDA IN THE UK 

In 2011, the government published the Vision for Mainstreaming Sustainable Development, a policy document that shapes 
government responsibility for sustainability and expresses the commitment of the coalition government towards the green agenda 
(DEFRA, 2013:4). Representations of sustainability put forward in these documents are largely influenced by the Inter-
Governmental Panel on Climate Change (IPCC), international standards, and European Union policies. On the other hand, 
stakeholders create simplified and less sophisticated representations of sustainability in which they find important apprehensions 
between economic and environmental performances. 

Definitions of resilience in the UK underpin the development of all subsequent resilience-related work, the identification of 
people who might be vulnerable in a crisis, data protection protocols, cyber-security programs, and plans for the protection of 
critical infrastructure and for the prevention of violent extremism. It is understood in policy that it is impossible to fully eliminate 
the risk (it may also not be desirable in some cases, as risks may provide new opportunities). Resilience is thus seen as a way of 
building capacity to respond to extreme events and as the required response to emergency and return to normality (notably to 
guarantee business continuity). Practitioners however create different representations of resilience: as a buzz-word that does not 
mean much in practical sense; as robustness and the ability to cope with abusive use of the buildings and facilities on a day-to-
day basis; or as an ability of a property to bounce back to the state it was in before the event happened. However it was also 
stated that other important characteristics of resilience include flexibility and an ability to mutate and remain adequate as the 
context changes. Some respondents referred to the ability to survive on the market and the ability to change. 

4. TENSIONS BETWEEN GREEN AND BLUE 

The agendas of sustainability and resilience also find diverging principles and emphases. We find five additional tensions 
between them. 

1. Achievements vs. Capacities: The sustainability agenda largely focuses on what can be obtained in terms of energy 
consumption performance and CO2 emission reductions. This is simultaneously the cause and the consequence of an important 
emphasis on standards and performance assessment methods in the green agenda. On the other hand, the resilience agenda and 
paradigm puts emphasis on what is available in order to cope with risks and threats. In the UK, a notable focus has been placed in 
floods and terrorism. Respondents mentioned that resilience might be seen as carrying too much negative information, as it 
implies that “something bad may happen”. This, again, is indicative of the lack of awareness. The importance of resilience is not 
seen as a benefit, and as a consequence there is a preference for resilience to be overlooked.   

2. Incremental performances vs. Trial and error performances: Whereas the sustainability paradigm and agenda call for a 
maximisation of resources leading to the minimisation of resource consumption, the resilience paradigm and agenda focus on 
testing performances based on anticipated scenarios. Policy on sustainability has been based on incremental performances 
(arguably, affected by political interest). Resilience policy, on the other hand, has largely focused on two types of risk: floods and 
terrorism (considering the new forms of risk triggered by a more globalised and interconnected world), although the National 
Risk Register (Cabinet Office 2013) outlines a number of other hazards and threats which are considered as ‘high priority’ 
concerns, such as ‘pandemic flu’, ‘low temperatures’, ‘heatwaves’ and ‘severe space weather’.  

3. Efficiency vs. redundancy: The sustainability paradigm suggests a lean approach to development and streamlining processes 
that reduce consumption and minimise environmental impacts. However, the resilience paradigm and agenda are significantly 
more open to assume the risk of overdesign in order to avoid damages and prevent disasters. A flexibility of redundancy is 
apparent in several documents, including the government’s humanitarian policy, which “outlines how the UK will help build 
resilience to crises and respond to humanitarian need resulting from conflict and natural disasters”. The need for backup systems 
is also highlighted in relation to data protection and telecommunications.  

4. Mid-term equilibrium vs. long-term equilibrium: There is no doubt that both paradigms call for a consideration of long-term 
impacts. However, they do it in a different way. The sustainability paradigm and agenda seeks that interventions made today do 
not affect what the next generations can do, based on targets that are defined today. On the other hand, the resilience paradigm 
favours an ecological approach to regeneration that is not necessarily based on today’s measures but in a constant reassessment of 
contingencies, resources, assets and risks.  
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5. Emphasis on standards vs. Emphasis on potentials: The sustainability agenda has largely focused on globally accepted 
standards, often underestimating the importance of local conditions. Instead, the resilience paradigm calls for the identification 
and reinforcement of local potentials of the system. 

5. THE INCREASING COMPLEXITY OF A TURQUOISE AGENDA 

Navigating and reconciling the two agendas is rendered complex by a range of influencing factors revealed through these 
analyses. First, both paradigms have created a field of practice that is extremely difficult to conceptually grasp. To be clear, 
misconceptions and variations in the definition of sustainability have already been recognised in academic literature (Walter Leal, 
2000) and public debates (Victor, 2009). However, we can now assert how that these differences have also translated to policy in 
the UK. These paradigms have not created consensus among definitions, objectives and means. Instead, they frame a variety of 
ethical postures towards what is responsible to do in the face of increased environmental degradation, protection of nature, 
pollution, terrorism, natural hazards, crime, etc. These representations are constantly reified by stakeholders in an iterative 
process informed by both theory and practice. This dynamic complexity is not exclusive of the built environment. When 
transferred into the field of practice, many crucial elements of the paradigms, including their strong original emphasis on 
adaptation are often lost in translation. Moreover, the elastic nature of the concept is such that it can be mobilised to justify a 
range of morally contested positions. This renders both concepts highly malleable and nebulous in terms of their 
conceptualisation and construction.  

Second, there are synergies and tensions within and between the two agendas. Our results show that the sustainable and resilience 
policy documents in the UK do not cover the same issues. For instance, climate change is seen as a separate issue of 
sustainability, which instead focuses on energy efficiency. The government is implementing various policies for energy savings 
and to reduce carbon emissions in a way that would also create jobs. However, the impacts of climate change are hardly 
mentioned, thus the adaptation component of sustainability is largely ignored. The term ‘resilience’ does not appear in the 
sections where the government’s stance on sustainability is described (only DEFRA 2013 suggests that an important component 
of both sustainability and resilience must be climate change mitigation). More worryingly, the two agendas sometimes call for 
diverging approaches. 

Third, there are multiple levels of interlocking decision-making and policy-making that range from the national level to the 
regional, municipal and local levels. There is, therefore an increased number of expectations concerning the capacities of other 
stakeholders to identify and prioritise issues and respond to them in a holistic manner. In reality, each agenda might be 
simultaneously mobilised at different levels, thereby causing a complex ‘swirly mix’ of greens and blues occurring in different 
densities and at different levels of abstraction.  

Fourth, it has been largely ignored that implementing these paradigms inevitably requires accepting several trade-offs. UK policy 
states that sustainability involves meeting the following objectives: social progress which recognises the needs of everyone; 
effective protection of the environment; prudent use of natural resources; and maintenance of high and stable levels of economic 
growth and employment. However, there is no indication of the trade-offs when two or more of these objectives are in conflict 
with one another. To what extent is it viable to find an appropriate balance between environmental protection and economic 
growth that is capable of providing enough jobs to all citizens? 

6. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

In the Outcome document of Rio+20 "The Future We Want" member states highlighted the need to address disaster risk 
reduction and climate change adaptation in setting the Sustainable Development Goals (UN, 2012). However, before this can be 
addressed, it is critical to understand the challenges presented by the tensions between two paradigms: resilience and 
sustainability. 

There are important theoretical implications of these results. They highlight the need for re-conceptualising the relationships 
between these agendas. Clear boundaries in concepts are needed, but it must be recognised that these paradigms do not actually 
offer universally accepted concepts. Academics, decision and policy makers are required to create them balancing trade-offs and 
contingency factors together. Yet, it is also necessary to recognise that both paradigms are one thing according to scholars and 
writers (who tend to romanticise and encourage “holistic-ness”) but another to practitioners and decision makers (who – for better 
or worse - are more pragmatic and focused). These results move us towards a theoretical interpretation of the interrelationship 
between the green and blue agendas which reveals the extent to which they are opposed across some dimensions, and yet more 
compatible across others (see Coaffee and Bosher 2008 for potential compatibilities in the context of counter-terrorism). It 
becomes clear that built environment projects will increasingly reveal elements of green, blue and turquoise, and for that matter 
bluey-turquoise, turquoisey-green, turquoise with a hint of green, or green with a blue veneer, or blue with a green veneer. 
Moreover, the combination of colours and shades will differ and unfold over time as buildings are appropriated, retrofitted, 
extended and altered. It is necessary to accept a ‘kaleidoscopic’ view of the agendas shifting, combining, dividing etc. as the built 
environment changes.  

There are also relevant practical implications of these results. Decision makers can combine both approaches if they understand 
them better. Synergies can lead to stronger agendas; whereas understanding differences can lead to complementary interventions 
and objectives. However, these results have to be taken with prudence, particularly when considering the limits of our study. In 
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fact, we worked with a limited database, and it is therefore impossible to widely generalise from short samples of cases in the 
UK. More cases are still needed to understand these patterns in different contexts. Further studies should include a longitudinal 
case study aimed at understanding how representations are created and evolve in real time. 

7. CONCLUSIONS 

Whereas there is an increased pressure to respond to the blue and green agendas in the creation of the built environment, there is 
little knowledge about how stakeholders navigate the simultaneous implementation of such agendas. This article explored this 
research gap by assessing policy documents and stakeholder perceptions in the UK. The results show that policy and decision 
makers encounter several difficulties in this process, notably due to the fact that different representations of the sustainable and 
resilience paradigms cause important tensions between the agendas. Confronted with this difficulty, decision makers tend to 
emphasise the green over the blue agenda. In the meantime, scholars and policy makers often fail to recognise the necessary 
trade-offs that result from confronting the principles of the two agendas. Theoretical implications of these findings point to the 
need for a better comprehension of the boundaries between both paradigms. The results also challenge the common 
understanding of these paradigms as providers of common meanings and objectives; highlighting the complexity that occurs due 
to the multiplicity of representations that are created from the notion of ‘sustainable’ and ‘resilient’. At the practical level, these 
results call for a better understanding of the consequences of implementing and enforcing both agendas at the same time. They 
also demand a more nuanced understanding of the different ‘tones’ of green and blue that can be obtained in the process of 
responding to both paradigms. The study also highlights the importance of further examination of how the representations are 
created and how they evolve in policy and decision-making at the project level. It becomes clear that both academics and 
practitioners still need more refined tools and conceptual frameworks to successfully achieve a turquoise agenda in the built 
environment.  
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ABSTRACT: Recent disasters such as Super Storm Sandy, the Haitian Earthquake and extensive floods across the United 
Kingdom have highlighted the fragility of cities to a range of hazards and threats thus emphasizing the increasing importance of 
resilience and disaster risk reduction (DRR) and the influences of such concepts upon the management of the built environment. 
While this makes the role of planning, design and construction stakeholders crucial in implementing the principles of DRR, 
tensions exist regarding the extent to which DRR measures should be implemented during planning, design and construction 
process; in particular who should be responsible for the implementation of such measures. This paper presents a web-based 
Decision-Support System Portal (DSSP) developed during a four-year European Union-funded project which is examining the 
design and planning of safer urban spaces. Central to the project is an integrated security and resilience (ISR) design framework 
that engages local stakeholders for identifying vulnerabilities and improving urban spaces with respect to ‘security threats’. The 
DSSP helps end-users better understand the vulnerabilities and design possibilities of the proposed site by allowing users to 
pursue decision-support scenarios of secure urban design and planning. 

Keywords: decision-support system, decision making, online tool, disaster risk reduction, urban spaces 

1. INTRODUCTION 

There is growing concern about the increasing complexity of disasters and the impacts they can pose to society, with the fragility 
and vulnerability of the built environment being particularly highlighted (Bosher, 2008). In order to reduce disaster risks, disaster 
risk reduction (DRR) approaches have been proposed that can systematically analyse and manage the casual factors of disasters 
‘through reduced exposure to hazards, lessened vulnerability of people and property, wise management of land and the 
environment, and improved preparedness for adverse events’ (UNISDR, 2011). Spatial planning is increasingly becoming an 
attractive and important approach for DRR, as it presents an opportunity to regulate long-term use of space through which 
exposure to natural hazards and human-induced threats can be minimized (Coaffee et al., 2008; Sutanta et al., 2010;). 

A number of recent extreme weather events and man-made threats have shown that timely and effective reactive measures (i.e. 
emergency response and recovery) are not sufficient in keeping the built environment safe; it is vital to deal with hazards and 
threats proactively, with the wide range of the stakeholders being involved (Chmutina et al. 2014). Stakeholders’ engagement is 
however often affected by the lack of understanding that the risks can potentially be minimized or even prevented if DRR 
measures are thought of at an early enough stage of the design, planning, operation and construction process. 

There is an increasing amount of information and guidance on how natural hazards can be 
eliminated/reduced/mitigated/designed-out through urban planning and design interventions; such information is supported by a 
variety of online-based open access tools aimed at assessing security and resilience of urban spaces. The aim of this paper is to 
introduce a web-based Decision-Support System Portal (DSSP) developed during a four-year European Union-funded project 
which is examining the design and planning of safer urban spaces. The DSSP is a multi-hazard open access tool that helps 
stakeholders involved in design, planning, construction and operation as well as local authorities to better understand the 
vulnerabilities and design possibilities of the proposed site by allowing users to pursue decision-support scenarios of secure urban 
design and planning. 
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2. OVERVIEW OF THE INTEGRATED SECURITY AND RESILIENCE (ISR) DESIGN FRAMEWORK PROCESS  

The ISR framework has been designed to help users to design safer urban spaces, through a stage-by-stage process, and acts as 
the core of the DSSP tool. The DSSP covers both natural hazards and man-made threats including: floods and storms; 
earthquakes; terrorism and crime; and crowded events. Central to the development of the ISR framework has been the adherence 
to, and further development from, an international standard on risk management (British Standards Institution, 2009; 2011). The 
international risk management standard ISO 31000 ‘Risk management – Principles and guidelines‘(British Standards Institution, 
2009; 2011) presents four stages, those being risk identification, assessment, evaluation, and treatment.  In the ISR framework, 
‘treatment’ has been expanded into two stages, to aid end users to ‘identify’ what measures can be used, and to ‘prioritise’ them 
in relation to their effectiveness (see Bosher, 2014).  

From the end-user point of view, the ISR addresses the following: helps in decision making; provides a structure in which to 
understand hazards, threats and risks; illustrates why the suggested steps should be taken; offers a method of understanding the 
threats, hazards and risks the end-user faces in the designed space; provides examples of how each risk can be reduced or 
eliminated; and offers a paper trail that will provide a record of which steps could be/have been taken by the end user. The 
following sub-sections will present a stage-by-stage ‘walk-through’ process that informs the logic behind the DSSP. 

2.1 Stage 1: What are the hazards/threats to this site? 

The aim of this stage is to help the end-user begin recognising the threats and hazards to which the chosen project space is 
exposed. This may sounds like a straightforward requirement but research has found that this critical stage is too often 
overlooked by key decision makers (see Bosher et al. 2007; Fisher et al. 2012) This is achieved through the description and 
identification of the hazards and threats provided by the end user. This stage involves two steps: identification of hazards and 
threats, and a range of possible and likely impacts of identified hazards and threats.  

After completing this (and each following stages), the end-user will be presented with a set of outputs for each hazard/ threat 
identified. The outputs include hazard/ threat impact rating; the exemplar case studies illustrating good (i.e. where the hazard has 
been identified and the benefits of this) and bad (i.e. where a hazard was not identified) practice; the list of documents that 
illustrate how to identify potential threats and hazards; and a list of online based open access tools useful at this stage for the 
identified hazard/ threat. 

2.2 Stage 2: Assess the vulnerability of the space to the identified threats/ hazards 

At this stage the end-users identify how vulnerable their project site is based on its location and design. This will be done in two 
steps: 1) Identification of site vulnerabilities, and 2) Identification of design vulnerabilities. The categories against which the 
vulnerabilities will be scored are still under development, but preliminary categories include: urban planning issues; architectural 
and industrial design issues; site management and monitoring; structural issues; material issues; maintenance; hazard mitigation; 
emergency response; and stakeholder involvement. Overall vulnerability will be determined as a combination of a highest design 
vulnerability score and the highest site vulnerability score. 

2.3 Stage 3: Determining risk 

The objective of this stage is to demonstrate the overall magnitude of risk per hazard/ threat type. This stage is based on the 
information drawn from Stages 1 and 2: a combination of the exposure to and impact (consequences) of a hazard and the 
likelihood (change of something happening) of a hazard. The scores from Stages 1 and 2 provide information for the 
determination of the risk. 

2.4 Stages 4 and 5: Identifying ways to reduce the identified risks and prioritizing risk reduction measures 

The aim of Stage 4 is to identify a course of action to address and treat the hazards/ threats and risks associated with them. 
Possible mitigation measures and suggestion of mitigation options appropriate for the identified hazard/ threat are provided to the 
end-user; these include: inherent safety; prevention of hazard/ threat; detection of hazard/ threat; control of hazard/ threat; 
mitigation of hazard/ threat; and emergency response. It is however important to bear in mind that the best options will invariably 
be context specific. 

Once the potential course of action has been identified, it is important to prioritize the most suitable options. Thus the objective 
of Stage 5 is to assist in identifying the most suitable intervention for a given project. The prioritisation will depend on a number 
of factors individual to each project; these include (and are not limited to): cost vs. benefit of identified interventions; corporate 
social responsibility; business continuity; legal and statutory requirements; technical and social feasibility; proportionality of 
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identified interventions; complementarity with measures introduced to mitigate other hazards etc. At this stage the end users will 
be provided with the cases where, with hindsight, the correct or wrong options have been chosen.  

Once all the stages are completed, the end-user will receive a report, which incorporates the results of all the stages including the 
following: Relevant bad and good practice case examples; Scores of the impact assessment and vulnerability assessment; 
Likelihood and exposure to risks; List of documents relevant for this particular case (including overview of both structural and 
non-structural risk reduction measures); and a List of tools relevant for this particular case with the emphasis on the tools 
developed by the project partners.  

It has to be emphasized that the report will not provide the answers but that is not the intention of the report. Rather it is the case 
that the report and the process will help in decision making by illustrating various examples and signposting to most suitable 
tools and documents that can assist the decision-making process. 

3. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

In order to protect societies and economies it is important to understand the sensitivity of the built environment and the necessity 
to adapt it to the impacts of a multitude of hazards and threats. This can be achieved through pro-active DRR measures 
implemented during the design, planning, construction and operation process by the built environment professionals, whose 
knowledge and experience fits into DRR approaches (Bosher et al., 2007). The involvement of construction professionals in DRR 
has in the past largely been associated with a range of critical activities such as temporary shelter before and after the disaster as 
well as the restoration of public services (e.g. hospitals, schools power lines) (World Bank, 2001). In reality, however, 
construction experts have a much broader role to anticipate, assess, prevent, prepare, respond and recover (Keraminiyage et al. 
2007). 

The Hyogo Framework for Actin (HFA) currently provides a comprehensive framework for public and private stakeholders to 
better understand disasters and take measures to reduce their impacts. It encourages not only to develop risk assessment tools and 
mechanism, but also ‘to incorporate these methods into decision-making process at regional, national and local levels’ (UNISDR, 
2005; p.10) and in ‘the urban planning and management’ (UNISDR, 2005; p.12). The idea of mainstreaming and incorporating 
DRR will be taken further in the post 2015 framework. In addition, GAR2013 (UNISDR 2013) emphasises that in order for DRR 
to be mainstreamed, the engagement of private stakeholders is critical.  

Being an open-access, multi-hazard online tool aimed at non-DRR experts, the DSSP offers an opportunity to increase awareness 
and understanding of disaster risks and impacts therefore providing a basis for more attention to be paid to disaster risk 
management. In addition, since the ISR framework is based upon an accepted international standard such as ISO 31000, it is 
anticipated that, being based on the ISR, the DSSP will provide suitable relevance (in functionality and terminology used) across 
Europe and globally and can be applicable to a range of urban contexts (i.e. city, building, organisation); a broad range of 
professions (i.e. planners, architects, security consultants, engineers, local authorities); and covering a range of countries (Pan-
European and global). Its main aim goes in line with the HFA2 in that it promotes risk assessments and supports wider groups of 
stakeholders to relate disaster risk to broader urban environment issues. 

4. CONCLUSIONS 

This paper has presented an overview of a web-based Decision-Support System Portal (DSSP) developed during a four-year 
European Union-funded project which is examining the design and planning of safer urban spaces. Central to the project is an 
integrated security and resilience (ISR) design framework that engages local stakeholders for identifying vulnerabilities and 
improving urban spaces with respect to ‘security threats’. There is a great variety of open access web-based tools that cover 
various threats and hazards, and that are of potential use to stakeholders involved in the planning, design, construction operation 
and maintenance of urban spaces. However the majority of such tools and guidance are context-specific and can only provide 
partial information that can be useful in disaster risk management. DSSP partially fills this gap: it is a multi-hazard tool that 
covers both natural hazards and man-made threats and is aimed at different levels of stakeholders, from construction 
professionals to local authorities. In addition, it can be used in conjunction with international documents and guidelines 

As highlighted in this paper, the DSSP has the ability to engage the stakeholders who would not normally consider DRR and to 
aid their understanding of the vulnerabilities and design possibilities of the proposed site by allowing users to pursue decision-
support scenarios of secure urban design and planning. Whilst the DSSP cannot accurately predict every threat or hazard and 
provide the solution for the prevention or mitigation, it helps various stakeholders to consider prior knowledge of existing 
hazards and threats in a local context and to recognise that too often disasters occur because risk reduction measures have not 
been considered or undertaken.  
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ABSTRACT: The classic narrative on climate refugees, for which a striking illustration is the “award-winning” documentary 

Climate Refugees (PMG Platform Group 2012) depicts climate change as a threat for developed countries, because of increasing 

flows of refugees from developing countries in the future. A second narrative on climate migrants is supported by several 

international organizations such as the IOM, UNU-HES and UNEP (Felli 2013) and emphasizes the agency of migrants and their 

potential contribution to the resilience of communities. The analysis of the case of study of Newtok and its comparison to other 

cases worldwide of resettlement programmes will show the complexity of internal displacement and the various challenges faced 

by communities who are forced to relocate due to climate change. Moreover, the paper will show the influence that the above 

mentioned narratives have had on international and national policy strategies on climate change and migration. The paper will 

conclude by discussing the implications of this research for the post-2015 post disaster framework and with a set of policy 

recommendations. 
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1. INTRODUCTION 

The classic narrative on climate refugees, for which a striking illustration is the “award-winning” documentary Climate Refugees 

(PMG Platform Group 2012), depicts climate change as a future threat for developed countries, because of increasing flows of 

refugees from developing countries in the future. As opposed to this prevailing discourse, Newtok is a real life example of how 

climate-induced displacement is already occurring within developed countries themselves. 

Since 2007, at least six newspaper articles or series of articles written in major newspapers, such as the New York Times, the 

Guardian, and the BBC have reported the story of Newtok, a remote village in Alaska (New York Times 2007, Guardian 2013, 

BBC 2013). The attention to this small village might seem surprising but can be explained by the fact that the 350 residents of 

Newtok are some of the first inhabitants of a developed country that will need to be relocated because of climate change. Twelve 

other communities in Alaska are imminently threatened by climate change to the point of relocation (GAO 2009).  

Internal displacement has been neglected in national and international policies (Forced Migration Review 2008, Locke 2009, 

McLeman and Hunter 2010, Bronen 2013), which is due in part to the securitization of the climate refugee discourse emphasizing 

the protection of borders and military interventions (Hartmann 2010, Detraz and Betsill 2009). “Protection shields” are built not 

only against natural disasters, but also in the expectation of increasing flows of refugees from developing countries in the future 

because of climate change. The uncertainty surrounding projections of future refugee flows (Tacoli 2009, Gemenne 2011, 

Farbotko and Lazrus 2012) and the non-existing legal status of climate refugees (Glahn 2009, Barbaneagra and Spataru 2012) 

have contributed to this securitization. 

A second narrative has tried to counter this narrative by emphasizing climate migrants as agents of change and potential 

contributors to the resilience of communities. This narrative has been supported by several international organizations such as the 

IOM, UNU-HES and UNEP (Felli 2013). However, its reductionist approach has also had negative influences on policy 

orientations, although different from the ones by the climate refugee discourse. 

This paper intends to reveal the complexity of internal displacement and the various challenges faced by communities who are 

forced to relocate due to climate change, by analysing the case-study of Newtok and offering a comparison between this and 

other cases of resettlement programmes worldwide. The paper will then demonstrate how the above mentioned narratives have 

influenced policy strategies and by narrowly depicting climate-induced displacement have indirectly prevented effective 

relocation strategies to occur. It will conclude by discussing the implications of this research for the post-2015 post disaster 

framework and by presenting a set of policy recommendations.  

2. CLIMATE CHANGE AND RELOCATION STRATEGIES IN NEWTOK AND WORLDWIDE 

2.1 The effects of climate change on Newtok 

2.2 Institutional arrangements for relocation in Newtok 
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2.3 Comparison of Newtok to other cases of relocation 

3. NEWTOK AND GLOBAL NARRATIVES ON CLIMATE-INDUCED DISPLACEMENT 

3.1 Two competing narratives: climate refugees vs. climate migrants 

3.2 Why both narratives are unhelpful for policy formulation 

3.3 The negative impact of narratives on climate and migration policies 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The goal of this research project was to explore how the discussion around Newtok can give an alternative perspective to the 

climate refugees‟ problem. In this sense, this piece of research supports evidence-based evaluation of what is happening at the 

local level while linking it to a broader debate that is relevant at the international scale. The paper shows the difficulties of 

finding suitable adaptation and relocation policies, which are exacerbated by inadequate financial resources, institutional 

mechanisms and a precarious legal status for internal refugees. The paper therefore informs the first area of the Hyogo framework 

(UN 2005) “Governance: organizational, legal and policy frameworks” by showing the importance of adequate institutional 

frameworks supporting the access of local governments to finance, information and technical assistance. It also shows how “Risk 

identification and early warning” as well as “Preparedness for effective response and recovery” can be delayed for extensive risk 

events linked to climate change in developed countries when attention is focused on a hypothetical security threat of future flows 

of international climate refugees from developing to developed countries. 

In the Hyogo Framework for Action 2 (HFA2) there is a section on integrating climate change adaptation, development and DRR 

as there is a clear link between these. However, the section does not address the question of migration and the precarious legal 

status of refugees. The link between development goals, adaptation and migration is not always virtuous. In particular, more 

evidence is needed on the conditions needed for migration to have sustainable positive effects on the well-being of communities. 

Migration strategies should also be taken into account in all disaster risk reduction and adaptation programs. Finally, internal 

migration has been neglected so that research and policy should be supported particularly in this area.  

Knowledge about how to access finance is essential and was only briefly mentioned in HFA2, while this constitutes one of the 

main constraints for communities to take the lead on DRR. Access to finance can also be made difficult through inadequate 

institutional mechanisms and a lack of effective cooperation between local and national governments. In Newtok the problem 

was mainly a missing lead agency that would oversee and coordinate efforts from various agencies. Understanding the main 

barriers to cooperation is key and although the HFA2 mentioned the need to gather “worst case” studies, it is unclear how to 

incentivize information disclosure as local/national governments may see this as putting them in a negative light. 

The HFA2 mentions that economic losses should be put forward as an argument to lay more emphasis on risk reduction rather 

than disaster response. However, a large part of the costs incurred by natural disasters are social such as a reduction in physical 

and mental health or loss of social cohesion that are difficult to monetize. In the case of Newtok, the political struggle to secure 

financing for relocation has led to tensions between the local administration and the residents. Moreover, health hazards have 

appeared due to flooding and the lack of funding available for infrastructural upgrading.  

Social media was mentioned as a main tool for educating and giving public access to information on DRR as well as making 

voices of civil society heard. However, it is questionable whether communities most affected by disasters always have access to 

ICT or social media networks (such as Facebook that is banned in China). Hence, original ways of reaching out to these 

communities need to be found in cooperation with local governments, using/acknowledging traditional ways of communication. 

Moreover, concrete and innovative strategies to change persistent narratives in research, policy, civil society and the media need 

to be developed.  

Indigenous knowledge is mentioned as an important aspect to support in the HFA2 but nothing is specified about the difficulties 

of reconciling indigenous knowledge with scientific knowledge, as sometimes induced recommendations for DRR and adaptation 

may differ. There is a need to collect best practices on how best to deal with situations where there is a clash between these 

knowledge and showing institutional models that may work best to reconcile them. The nomadic lifestyle of indigenous 

communities, which was the case of Newtok‟s residents before they settled, can be an asset moving towards resilience in a world 

of change. 
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5. CONCLUSION 

This paper has shown that neither the climate refugee nor the climate migrant narratives by themselves are helpful to support 

sustainable relocation of communities affected by climate change. Rather, the diversity of climate-induced migration should be 

taken into account to derive appropriate policy measures. These will be different for some island states, where populations may 

have to seek refuge abroad given land limitations, than for cases such as Newtok, where internal relocation has already begun. 

Furthermore, this paper has discussed how the use of the term climate refugees may have led to a securitization of climate 

policies, causing internal displacement to be neglected in research and policy areas. This has significant implications on the 

ground: in Newtok, the lack of experience on managing internal resettlement programmes and the lack of political support have 

been major impediments to an effective relocation strategy. 

The shift of the narrative to climate migrants promoted by organizations such as the IOM may be positive as it represents 

migrants less as victims, but more as autonomous agents of change. Also, it brings attention to the need for building resilience at 

the individual/community level instead of focusing solely on mitigation strategies and international aid flows. However, it also 

brings the risk of shifting the burden of adaptation on those affected (Felli 2013) and to reduce the feeling of responsibility of 

international institutions and nation states.  

Yet, contrary to assumptions that local adaptation simply occurs, the case of Newtok shows that it is essential to have an effective 

institutional framework, including a designated lead federal agency (Shearer 2012, Bronen 2011) that can simplify the 

bureaucratic process necessary to allocate resources, access necessary funding and provide technical assistance. Further policy 

recommendations that could be derived from this analysis, as can be found below, would be the creation of a federal relocation 

fund responsible for climate-induced migration in the US as well as the creation of a convention for displaced persons due to 

climate change. More studies comparing best practices of internal relocation will be needed to enable more effective policies in 

the future. The recent surge of research and data collection supported by the IOM and EACH-FOR may be a positive sign that the 

wheel is turning. 

6. POLICY RECOMMENDATIONS 

 A federal relocation fund should be established and a lead agency should be designed to deal with climate-induced 

migration in the US. Provisions for the fund should be secured through congress and a formal application process 

developed. Institutional design should be in line with recommendations from Bronen (2011). 

 Timeliness is of special importance because no investment can be made in a city that plans on relocating. The 

timeframe between when a city decides to relocate and when it is relocated should be as small as possible. Clear criteria 

should be followed to ensure the sustainability of the relocation, such as those outlined in “The Peninsula Principles” 

(Displacement Solutions 2013).  

 International Organizations should support efforts to address internal migrations caused by climate change. This 

includes promoting research on the topic and gathering best practice examples of effective relocation strategies as well 

as institutional designs that enabled sound adaptation to slow onset events. 

 International Organizations should also drive the agenda to translate the 1998 Guiding Principles on Internal 

Displacement (UN 1998) into national legislation. Ideally, the Guiding Principles should be turned into a binding 

international agreement for countries to protect their internal climate refugees. Inspiration should be the Guiding 

Principles on Climigration proposed by Bronen (2011). The proposed Convention for Persons Displaced by Climate 

Change by Hodgkinson et al. (2010) should be extended to allow direct assistance to non-state actors as suggested by 

Shearer (2012). 
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ABSTRACT: Relatively little research has been undertaken with specific regard to older people and disasters, yet disaster 
researchers often classify older people as a ‘vulnerable’ group. Of the research that has been undertaken, the majority 
considers the opinion and perspective of aged care service providers, not older people themselves. In addition, most is 
concerned with the response and recovery phases of emergency events. This article discusses recent research which explored 
the meaning of being prepared, for older people, with regard to emergency events. The study found that for the older people 
who participated, being prepared for an emergency is not a one-off tangible activity – it is a process and a feeling of comfort 
and security in their world.   

Keywords: preparedness, older people, lived experience, resilience 

1. INTRODUCTION 
Although little research has been undertaken with specific regard to older people and disasters (Ngo 2001), disaster 
researchers often classify older people as a ‘vulnerable’ group. However, it is not advancing age alone that makes people 
vulnerable; vulnerabilities are generally due to the issues associated with the advancing age, such as ‘impaired physical 
mobility, diminished sensory awareness, pre-existing health conditions, and social and economic constraints’ (Fernandez et 
al. 2002, p. 69).  This may be true, but these issues are not specific to older people and could also be relevant to the non-
aged.  

 

Recent events, and discussions that have taken place during disaster management planning and exercising, have triggered 
consideration to the way older people are engaged in disaster management processes (Cornell, Cusack & Arbon 2012). Most 
disaster research concerning older people ‘has focused on displacement and relocation as a consequence of a…disaster’ 
(Marshall & Mathews 2010, p. 80), i.e. the response and recovery phases; little research has been undertaken on older people 
and preparedness for emergency events. Of the preparedness research carried out to date, most is centred on authorities 
preparing to respond to an event. For example, there has been much research on developing social vulnerability indices 
within communities, to assist emergency workers when responding to an event (Morrow 1999; Yeletaysi et al. 2009; Center 
on Aging 2005; and Flanagan et al. 2011). Similarly, there is literature that considers the preparedness of aged care facilities, 
such as whether, when and how to evacuate facilities (Hyer et al. 2006; Hyer et al. 2007; and Castle 2008).  

 

There is a lack of research on the preparedness of older people living in their own homes, or on agencies that provide care to 
older people in their homes (Laditka et al. 2008). Discussion thus far largely considers the development of tools and 
checklists that it is hoped will help older people prepare for emergencies, rather than what might influence their decision to 
prepare.   

 

2. METHOD 
The study took a qualitative, interpretive approach as the aim was to explore and understand whether people’s life 
experiences have influenced their perception of preparedness and what it means to be prepared for an emergency event. 
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Eleven people – eight women and three men – ranging in age from 77 to 90 years, took part in semi structured interviews. 
All were of white Anglo-Australian heritage; nine were born in Australia, two in England. Ten of the eleven participants 
were or had been married, while one woman had never married. Of the ten who were or had been married all the men were 
still married; one of the women was still married, and one divorced; and the five remaining women were widowed. The 
participants came from a range of professional and socio-economic backgrounds. All participants resided in their own 
homes, in the greater Adelaide area, and were in receipt of low-level in-home care, for example assistance with shopping or 
housework. 

 

The small number of participants was part of the study design, in order that in-depth interviews could be undertaken, gaining 
rich data. As people make decisions with regard to preparing for emergencies based on the context of their own lives and 
experiences, the interviews explored the variety of emergency events experienced during the participants’ lives; how those 
events may have changed them; the meaning drawn from the events; and the subsequent influence of their experiences on the 
way they prepare, or perhaps choose not to prepare, for emergency events. 

 

3. RESULTS AND INITIAL THEME DISCUSSION 
Thematic analysis of the data produced three themes - understanding my world, shrinking my world and accepting my 
world.  

 

The first theme illuminated the events that the participants had experienced. The emergency events that the participants 
wished to discuss were nominated by them; participants were not, for example, asked ‘have you experienced a bushfire; have 
you lived through a flood event?’ The events were wide-ranging and included natural hazard events, human-induced events 
and (for the time in which they occurred) socially unacceptable events such as teenage pregnancies. Those working in the 
professional world of emergency management, while espousing the ‘all hazards’ approach, often  confine their thinking to a 
set range of events; traditionally considering natural hazard events, and human-induced events such as chemical leaks, 
terrorism and major transport accidents. This theme emphasised that older people - with experience of many, varied events - 
have a much broader view. They recognise that experience, strength and understanding can be gathered from many aspects 
of their lives, both the big ‘out of the ordinary’ events and the small ‘everyday’ events.  

 

Emergency preparedness messaging was sometimes seen by the participants as being either unhelpful or meaningless, with 
regard to learning from and being prepared for emergency events. One example was the term ‘one in one hundred year 
flood’. The participants felt that this phrase is misleading – their life experience has shown that traumatic and disruptive ‘one 
off’ events will happen a second, and maybe even third time, over one’s lifetime.  

 

The temporal and private nature of events was highlighted by the participants’ stories. For some, the event was internalised 
and less significant to, or noticed by, others. Importantly, an event may not have a clear beginning and certainly may not 
have an end; it may continue to be a feature of every day experience, such as living without a loved one after their death, or 
giving up a child for adoption.  

 

All of the participants understood that their physical health is not as strong as it once was, and this did not worry them. 
Rather than dwell on activities they can no longer do, they either adapted previous activities, or found new ways to enjoy 
their world. They were conscious that this reduced physical strength has implications for being prepared for an emergency – 
in terms of potentially being unable to carry out certain preparedness measures (for example clearing vegetation) and also in 
terms of reacting in an impending event (due perhaps to no longer having a car). They did not, however, feel vulnerable. 

 

The participants felt mentally strong and prepared to deal with any type of emergency; in fact it was mental strength that was 
more important to them in terms of being prepared than physical strength. This feeling of mental strength is a positive 
finding, and something that can be harnessed by emergency management planners and community groups. These older 
people were not mentally fragile, and in fact felt stronger due to the events they have lived through. They therefore should be 
invited to share their experiences and advice on coping before and during emergencies.  

 

The second theme of shrinking my world was noticeable in terms of a shrinking social world, shrinking engagement and 
shrinking thinking. The participants have a smaller social world, with both reduced contact with others, and also a reduced 
geographical area in which they now interact. This smaller social world is not something they feel negative about; they enjoy 
the genuine friendships they have, and also the freedom to do what they please, with whom they please. Spatially, the 
participants felt able to manage their homes, and felt comfortable and secure in their homes. 
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The participants did recognise, however, that a shrinking social world has implications in terms of being prepared for 
emergencies, both for the negative and the positive. On the negative side, participants recognised that strong social 
resources, including good friends and a strong community spirit, are critical supports in times of an emergency. They can 
provide shelter, food and psychological support. A shrinking social world reduces access to these resources. On the positive 
side, the participants said that although their social world was shrinking, the relationships they had with friends and family 
members were ‘real’, with genuine supportive bonds, rather than casual acquaintances or family who were not close.  

 

The participants displayed shrinking thinking in terms of their considerations of being prepared for emergencies.  When 
considering their lives, the varied events they had experienced, and what those events meant to them, the participants had a 
narrow view of events that they might to prepare for in the future. Despite discussing the range of events that they had 
experienced; events that they discussed being prepared for now was narrow, considering ‘traditional events’ from their lived 
worlds. Their main concerns were health related, such as a fall in the home, or a more severe issue such as a heart attack or 
stroke. They did not consider other health issues such as extreme heat or pandemic. 

 

The identification of shrinking my world as a theme was interesting because it highlights a potential window of opportunity 
to engage older people in emergency planning activities – while they are still happy to share their time, knowledge and 
experience, but before they potentially retreat to an increasingly smaller social world and also before their engagement with 
the wider world, and potentially their thinking, becomes so narrow and focused. 

 

The final theme is acceptance of my world, and an overarching conclusion for the participants in acceptance in their world is 
that life just happens. While one can learn from experiences, and they all attest they have learnt from their experiences, at the 
end of the day life is ‘what it is’, they feel that being prepared for an emergency event is a process rather than a one-off 
event. Being prepared is about living and learning.  

 

The participants accepted a greater level of dependence on others. This was not seen as negative, and in many cases was a 
release; they did not feel that this greater dependence implied helplessness. Indeed, acceptance of greater dependence 
showed a sophisticated type of control being displayed by the participants, whereby they made conscious decisions to 
‘delegate’ certain tasks to others. In some cases, this delegation might be reversed, as perhaps they recovered from an 
operation. One notable exception to accepting greater dependence, was when this was seen as seen as a direct corollary to 
independence, for example relying on others as a result of giving up driving. This was raised by those participants who had 
already had to give up driving, and it was also raised as a major concern by those who had not yet had to give up driving, but 
believed that they one day might have to.  

 

The participants in this research displayed acceptance of sharing in their lived world, in terms of time and time priorities, 
without issue. They look after friends and family in both formal and informal arrangements, and are keen volunteers in the 
community. This volunteering has allowed the participants to share their past experience and knowledge - they do not 
consider that ‘knowledge is power’ and are happy to share what they have learnt through their lives.  

 

The participants felt that they have been lucky to live good long and fulfilled lives and were comfortable with where they 
were in their world; they were not concerned with their reducing future life, were not overly worried about preparing for 
what might come, were accepting that they may die soon, and confirmed that death held no fear for them. 

 

4. DISCUSSION 
This research brings an ontological view of what it means to be prepared, having explored the lives of eleven older people. 
The study provides new knowledge in understanding that for older people, being prepared for a disaster is not concerned 
with toolkits and checklists, and tangible items. While it may be important to them to have food in the home and fuel in the 
car, being mentally prepared, and mentally at peace (for example having insurance) is far more important.  

 

The study also shows that a variety of event types influence behaviour, and help build a feeling of being prepared. It allowed 
the participants to define the emergency event, and also include the incremental effect, of events over an entire life time. 
Several of the participants said that an accumulation of smaller experiences enabled them to feel prepared and able to cope. 

 

This research also highlights that while older people might not define themselves as ‘being prepared’ in terms of traditional 
disaster management assessments, they do not feel vulnerable to disasters. They accept their limitations, but feel confident 
they can cope. Given their lack of engagement to date, this is a key finding as it has implications for how older people may 
(and should) be engaged in the future; i.e. they should not be approached as a ‘vulnerable’ group as such; rather a group that 
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has some specific needs, but that also has a wealth of positive attributes in terms of knowledge, experience and sense of 
community. While the older people in this study might not define themselves as being prepared, they certainly consider 
themselves to be resilient.  

 

In allowing the participants to self-define the emergency events they discussed, events that from a professional ‘disaster 
management sector’ perspective might not be considered to influence preparedness were raised. This has implications for the 
development of preparedness messaging and education, and concurs with Graham’s (2011, p. 20) suggestion that ‘The most 
effective messages are relevant to all hazards and meaningful on a day to day basis, while also effective in an emergency’. 
While Graham made this statement in respect of disaster recovery messaging, there are parallels for preparedness messaging 
– by being too specific about ‘being prepared for a flood’, or ‘being prepared for a bushfire’ agencies may miss the 
opportunity to engage with people about being prepared for emergency events generally.  

 

When considering the development of disaster management plans and policies, in addition to involving older people 
themselves, the shrinking nature of their lived worlds and acceptance of their lived worlds must be taken in to account. At 
this stage in their lives being prepared for disasters – when understood from the more traditional disaster management sector 
world of, for example, natural hazards – is not important to the participants. They are confident of their resilience and their 
ability to cope. Designing preparedness materials for older people on specific hazard types, therefore, may serve no purpose. 
Ensuring older people are secure, safe and feel mentally strong is more important.   

 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
This research has been supporting the implementation of the Hyogo Framework for Action by fostering and eliciting 
community participation, education and knowledge gained from and within community members. The research has 
enhanced relations locally, between aged care providers, community groups and government agencies, facilitating a broader 
disaster preparedness dialogue.  
 
The research has highlighted that the Post 2015 Framework for Disaster Risk Reduction should emphasise building capacity 
at the local government and community level to prepare for and manage risks. In addition, in aiming for resilience in 
communities, a broader view should be embraced that considers a greater range of disaster risk including more ‘everyday’ 
concerns such as low income, financial and health concerns.  
 

6. CONCLUSIONS 
The material gathered in this research shows that for the older people who took part, being prepared is principally a mental 
state of being. In accepting their advancing years and deteriorating physical ability, the participants gain comfort in knowing 
that their life experiences and the emergency events they have lived through, have left them feeling comfortable in their 
shrinking world, and strong enough mentally to deal with any potential future emergency.  

 

While, thinking in emergency management is expanding and considering new approaches, the sector has, as Richardson 
stated, followed the general approach of having ‘someone up the front of a room, telling people what they should do, giving 
them a booklet and pamphlet, and then going away. Then, later, there is usually some finger wagging done, when “they” 
don’t or didn’t do what “we” told them to do’ (Richardson 2013, Would you like steak knives with that?, Sastrugi blog, 
viewed 8 August 2013, http://sastrugi64.wordpress.com/2013/08/08/would-you-like-some-steak-knives-with-that/) 

 

This research therefore has implications in terms of developing well informed disaster risk reduction, resilience and 
preparedness policy and practice. By understanding what influences older people living in the community to prepare for 
emergency events – indeed, understanding that for this group of older participants being prepared is less important than 
being resilient - the sector can establish how best to assist them in their emergency preparedness planning; rather than 
making assumptions about what this target group wants or needs. 
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ABSTRACT: To increase the effectiveness of using social media for disaster resilience, a ‘whole of community’ approach is 
needed. Along with emergency services, government, NGOs, schools, hospitals, community groups, business, media and 
citizens can all play a role in using social media to prepare for, respond to and recover from disasters.  

Despite the rising popularity of using social media in disasters, it is still not a normal part of mainstream emergency 
communications globally. Also there are few instances where a whole of community approach is being applied – in which 

emergency services engage with the community as partners, inviting two way communication to share information from the 
scene. What is needed is capacity building by providing the ‘know how’ for using the new technologies in the disaster 
context, and empowerment by providing access to the tools and platforms such as mobile apps and crowdmaps, to enable the 
community to help themselves and help each other.   

The Emergency 2.0 Wiki, a free global online resource for using social media and new technologies in emergencies, is 
helping to close this knowledge and technology gap and increase the takeup of social media for community resilience. The 
wiki provides tips, guides, mobile apps, mapping tools, videos and an international directory of emergency services and 
NGOs on social media. It has tips for citizens to use social media to help themselves and help others, an accessibility toolkit 

for people with disabilities and guidelines for emergency services, governments, schools, hospitals, community groups and 
business. This includes guidelines for business continuity planning.     

An initiative of the Government 2.0 in Queensland Community of Practice in Australia and lead by international reference 
groups of professionals representing key industry sectors, the content is developed through a collaborative knowledge 
sharing model, crowdsourcing the latest technology and best practices.  

Keywords: social media, community resilience, emergency20wiki, community empowerment, disaster resilience 

1. INTRODUCTION 

The Emergency 2.0 Wiki believes that social media can play a transformative role in making disaster resilience a social 
norm. Social media offers the potential to help create a level of resilience that ensures communities don’t just ‘bounce back’ 
after a disaster, but ‘bounce forward’, becoming stronger with increased social networks, social cohesion and social capital.  

This requires a whole of community approach to using social media for disaster resilience in which the community becomes 
partners in disaster resilience. To achieve this, the four actions listed below need to be undertaken.  

1. Incorporate social media into mainstream emergency communications 

2. Engage with the community as partners  

3. Capacity build the community – provide education and information 

4. Empower the community – provide tools and platforms 

This paper will provide examples of how this can be done and how the Emergency 2.0 Wiki, a free global resource and 
collaborative knowledge sharing model for using social media for disaster resilience, can help. 

2. INCORPORATE SOCIAL MEDIA INTO MAINSTREAM EMERGENCY COMMUNICATIONS 

Despite the rising popularity of communities using social media in disasters, it is still not a normal part of mainstream 

emergency communications globally. To accelerate takeup of social media by response agencies, capacity building is 
needed. Guidelines and training resources are key to this. National guidelines for using social media for disaster resilience 
are important to provide guidance for emergency response agencies. For those countries without guidelines, there is no need 
to re-invent the wheel. The Emergency 2.0 Wiki contains links to guidelines produced for various governments, such as the 
United States and New Zealand, which countries can adapt. The NZ guidelines were developed with assistance from the 
Emergency 2.0 Wiki which facilitated an international peer review. A French version is also available. Guidelines for 
collaborating with volunteer technical communities are also available courtesy of the Digital Humanitarian Network. To 
assist emergency services to ensure their social media messages can be accessed by people with disabilities, the Emergency 
2.0 Wiki created an Accessibility Toolkit. Training resources are also integral to capacity building response agencies to use 

social media for emergency management. The Emergency 2.0 Wiki contains a link to a free online social media for 
emergency management training course available globally (in English) courtesy of the US Federal Emergency Management 
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Agency (FEMA). It is interactive, with videos and can be done in parts. The Emergency 2.0 Wiki is proud to be referenced 
as a resource in this course. The Wiki also contains links to case studies, conference presentations and other resources. 

3. ENGAGE WITH THE COMMUNITY AS PARTNERS 

Social media enables the whole of the community to join together to inform, share, connect and collaborate to prepare for, 
respond to and recover from disasters. A whole of community approach to using social media for disaster resilience involves 
emergency response agencies engaging with the community as ‘partners’ in disaster prevention, preparation, response and 

recovery. This partnership approach involves recognizing that government, schools, hospitals, NGOs, community groups, 
private sector, media and citizens all have a role to play in using social media to help the community prepare for, respond to 
and recover from disasters. This approach also involves inviting two way communication from the community. Information 
from citizens can help agencies to respond to questions and debunk rumours and receive increased situation awareness 
enabling efficient allocation of resources.  

Governments of all levels can use social media to build community resilience. Local governments play an integral role in all 
phases of a disaster. They can help increase the preparedness of their communities by using social media for risk awareness 
and preparedness messages. During a disaster they can utilise social media for two way communication; posting information 
updates with localised information such as evacuation shelters and roads closed and inviting citizens to share situation 

awareness information. In the recovery phase local governments can also use social media for two way communication, to 
share community recovery information and mobilise volunteers and to invite citizens to report damage/debris.  

Schools can increase resilience in their communities by using social media to share preparedness information with parents.  
During a disaster schools can use social media to notify parents of closures (or if they are being utilised as an evacuation 
shelter) and in the recovery phase schools can use social media to point parents to recovery information or volunteer 
opportunities. 

Hospitals can increase resilience in their communities by using social media during disasters to alert the community to 
cancelled appointments and elective surgeries, hospital evacuations and closures and updates to patients’ families. In the 

recovery phase social media can also be used to provide updates to hospital employees on reporting for work.  

NGOs, community groups, faith based groups, volunteer groups and services clubs are best positioned to tap into local needs 
in times of disaster and to help the community during the long road to recovery when outside help and media attention 
subsides. Community groups can utilise their established social networks to help amplify preparedness and alert messages. 
Due to their position of trust they can also be a valuable provider of situation awareness information for emergency response 
agencies. In the recovery phase their networks can be quickly utilised to mobilise emergency relief and volunteer activities.  

Digital volunteers or volunteer technical communities (VTCs) specialising in disaster response can play an integral role in 
helping emergency response agencies during disaster response and recovery. Activities include: mapping disaster areas 

online and aggregating, analysing and posting information on the impact and needs; sharing and amplifying official 
emergency messages via social media; monitoring messages and cries for help from the public via social media and sms; 
verifying messages posted via social media, sms and crowdsource maps; providing 24 hour assistance due to geographic 
dispersal of volunteers across time zones. VTCs include: Virtual Operations Support Team (VOST), Digital Humanitarian 
Network, Humanity Road, Crisis Commons, Standby Task Force, Crisis Mappers and Humanitarian Toolbox.  

The private sector can increase business resilience by incorporating social media for resilience into employee inductions, 
emergency drills and business continuity procedures. During a disaster business can use social media to keep employees, 
customers, suppliers and stakeholders informed. In the recovery phase businesses can use social media to seek assistance or 

to post offers to donate goods, services and for volunteer help.  

Citizens can play an important partnership role in all phases of a disaster. They can help increase the preparedness of their 
social networks by sharing agency preparedness messages and tools such as disaster apps. During a disaster they can help 
amplify official messages and provide situation awareness through social media messaging and geo-tagged images and video 
from the scene. In the recovery phase they can use social networks to let loved ones know they are safe or to rally friends 
and family to join them in volunteer activities or donations. 

The Emergency 2.0 Wiki provides tips and guidelines for all sectors of the community to use social media for disaster 
preparation, response and recovery including examples, case studies and lessons learned from recent disasters around the 
world. 

4. CAPACITY BUILD THE COMMUNITY – PROVIDE EDUCATION AND INFORMATION  

To effectively implement a whole of community approach for using social media for disaster resilience requires capacity 
building the community, providing education and information on the role they can play in using social media for disaster 
resilience to help themselves, each other and emergency response agencies. 

Public education campaigns and materials need to have social media integrated into them with simple, action oriented 
information such as “Follow us on Twitter for up to date alerts” or “Download our disasters app”.  Campaigns also need to 
encourage citizens to help each other by sharing disaster information via their social networks. To encourage effective 
sharing of location based information for situation awareness, citizens need guidance on key information protocols such as 
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adding the official #hashtag and the time when sharing warnings and enabling GPS on mobile devices when sharing images 
from the scene.   

National volunteer strategies should incorporate the use of social media to access timely information, provide situation 
awareness information to response agencies as well as mobilising volunteers.   

Government disaster preparation information for businesses should incorporate the use of social media for business 

resilience to ensure they continue providing services soon after a disaster. This includes guidance on establishing a 
temporary remote workforce, engaging with stakeholders and saving key business information to the ‘cloud’. The 
information should also contain ideas for how business can use social media to become a partner in disaster recovery through 
the provision of products, services, facilities (eg office space, Wifi) or volunteers. The Emergency 2.0 Wiki contains a 
wealth of information that can be incorporated into public education campaigns.  

5. EMPOWER THE COMMUNITY - PROVIDE TOOLS AND PLATFORMS  

Key to empowering the community to help themselves, each other and emergency response agencies in all phases of a 
disaster, is providing access to official tools and platforms containing timely disaster information such as a Twitter channel, 
Facebook page, mobile app, crowdmap and aggregated feed.   

5.1 Utilise Twitter for early warning alerts  

Twitter has proved vital in sending warning alerts to save lives. Citizens and the media can also quickly amplify warning 

alerts by retweeting. Twitter Alerts are a special disaster service available to agencies, enabling sms style ‘push notificat ions’ 
to followers during a disaster. Agencies need to sign up for this free service and then encourage their followers to subscribe 
to receive their alerts.  Twitter is also a key tool to mobilise volunteers in the disaster phase. The Emergency 2.0 Wiki 
contains tips on how agencies and the community can use effectively use Twitter in all phases of a disaster. It also has a link 
to the Twitter Alert global directory.    

5.2 Use Facebook for all phases of disaster communication 

Facebook, as the most popular social media channel, is invaluable for establishing disaster resilience as a social norm. Its 
visual emphasis makes Facebook an effective channel for educating about disaster risk, and encouraging preparation. 
Facebook is also very effective for alerts, updates and the recovery phase. However, due to the way newsfeeds are 
aggregated, paid advertising is now essential to ensure wide message reach. The Emergency 2.0 Wiki contains tips on how 

agencies and the community can use effectively use Facebook in all phases of a disaster.    

5.3 Provide smartphone apps with multi-hazard live alerts, two way communication and social sharing  

Due to the rise of mobile technology and smartphones one of the most useful tools for disaster resilience are disaster apps. 
Disaster apps can be designed to provide valuable information to empower citizens in each phase of a disaster. Disaster 
preparedness material can include checklists and videos; live alert push notification warnings can be issued, guided by GPS 
integration to determine user current location and surrounding incidents and links to official information sources and maps. 
Social media integration can enable the user to share warnings with friends and family. To assist with situation awareness 

apps can enable image capture for sharing of geocoded photos by the user.  To encourage civic engagement in the recovery 
phase the app could enable citizens to ask for or offer assistance with emergency relief. Ideally the app should provide multi-
hazard information. EmergencyAus is one such app that provides most of this capability. While not an official government 
app (it was developed by the private sector) it demonstrates what is possible in enabling the public to help themselves, help  
each other and help response agencies. The Emergency 2.0 Wiki contains a global directory of disaster apps.     

5.4 Utilise crowdmaps to empower citizens to help one another 

Crowdmaps can be used to empower citizens for resilience in all phases of a disaster. Crowdmaps are interactive maps 
enabling citizens to find location based disaster information as well as to share their own reports, photos and videos from the 
scene via sms, tweets, email or webform. To enhance disaster preparation emergency response agencies can post key 
information such as evacuation shelters. During the disaster agencies can post incident information such as closed roads. 

After the disaster agencies can post locations for emergency relief such as water, food and shelters.  Just as important is t he 
capability for two way information. Citizens can share situation awareness information to help response agencies and their 
fellow citizens by posting geo-tagged sms, tweets, images and videos of incidents such as flooded roads and damage/debris. 
Verification of citizen information can pose a challenge and is another instance where volunteer technical communities could 
assist. In the recovery phase crowdmaps can serve as an online hub for communities to help themselves and each other, for 
example posting locations for volunteer meeting points and donated goods and services. Ushahidi, a free open source tool 
with a mobile app is the leading crowdmap tool. The Emergency 2.0 Wiki contains a crowdmap directory and tips.  

5.5 ‘One stop shop’ aggregated feeds 

Aggregated Feeds are a highly effective way for emergency response agencies to provide live social media updates from a 
variety of sources in one spot. For example Australia’s QLDAlert.com provides Twitter Feeds and warning updates from 

emergency services, weather, road and transport information, power, water, health, education and local councils on one page, 
along with a live warnings/incidents map. It also has official government community recovery feeds. The Emergency 2.0 
Wiki contains examples of aggregated feeds. 
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6. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

6.1 The Emergency 2.0 Wiki has supported the implementation of the Hyogo Framework for Action in the 

following key areas:  

1. Ensure that disaster risk reduction is a national and a local priority with a strong institutional basis for implementation: 
Promoting community participation and social networking for resilience by providing tips for citizens on how to use social 
media to help themselves, each other and emergency response agencies. 

2. Identify, assess and monitor disaster risks and enhance early warning: Providing guidance on how to act upon early 
warnings via social media including how to effectively amplify warnings to help others; providing links to early warning 
tools eg mobile disaster apps, TwitterAlert. 

3. Use knowledge, innovation and education to build a culture of safety and resilience at all levels: Facilitating exchange of 

information on good practices, lessons learned via the Wiki and social media channels (LinkedIn Group, Twitter, Google+, 
SlideShare, YouTube); providing training and educational materials targeted at specific sectors eg local government and 
business; promoting engagement of social media to stimulate a culture of disaster resilience and strong community 
involvement in public education campaigns. 

4. Reduce the underlying risk factors: Providing an accessibility toolkit to assist people with a disability overcome 
accessibility challenges of social media and provide agencies with guidelines to ensure their messages are accessible; 
incorporating disaster risk reduction measures into post-disaster recovery by facilitating sharing of expertise, knowledge and 
lessons learned; providing information on how the private sector can use social media for resilience. 

5. Strengthen disaster preparedness for effective response at all levels: Strengthening policy, technical and institutional 
capacities by providing best practice guidance, resources, case studies, tips; facilitating dialogue and information exchange; 
encouraging active whole of community participation and encouraging volunteerism including digital volunteerism. 

6.2 Gaps, needs and further steps in Disaster Risk Management that should be addressed in the Post 2015 

Framework for Disaster Risk Reduction 

The Post 2015 Framework for Disaster Risk Reduction needs to recognise the transformative role that social media can play 
in making disaster resilience a social norm. The Framework needs to encourage the incorporation of social media into 
national policy frameworks, disaster management plans (national, state and local) and national communication guidelines. 
The Framework needs to promote a ‘whole of community’ approach to disaster resilience in which the community become 
partners, using social media for information and action. There needs to be a stronger focus on capacity building communities 
by providing education and information on how to use social media for disaster resilience. Finally, there needs to be a 
greater emphasis on providing the tools and platforms to empower communities to help themselves, each other and 

emergency response agencies.   

 

7. CONCLUSION 

In the course of our work the Emergency 2.0 Wiki has found that a whole of community approach is needed for the effective 
use of social media for disaster resilience. This involves emergency response agencies engaging with the community as 
‘partners’ in disaster prevention, preparation, response and recovery. This approach involves recognizing that government, 
schools, hospitals, NGOs, community groups, private sector, media and citizens all have a role to play in using social media 
to help the community prepare for, respond to and recover from disasters. Social media provides the potential to transform 
communities by making resilience a social norm and helping create a level of resilience that ensures that communities don’t 
just bounce back after a disaster, but bounce forward, becoming stronger with increased social networks, social cohesion and 

social capital.  To implement this whole of community approach to using social media for disaster resilience, governments 
and response agencies need to incorporate social media into mainstream emergency communications, engage with the 
community as partners, capacity build the community by providing education and information and empower them by 
providing the tools and platforms to help themselves and their communities. The Emergency 2.0 Wiki looks forward to 
helping shape the Post 2015 Framework For Disaster Risk Reduction and taking a more active role in helping the 
international community use social media to ensure disaster resilience becomes a social norm.    
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ABSTRACT: Human rights relate to the idea of rights of human beings arising from their very human nature and inherent 
dignity. It is generally accepted that members of society in a position of vulnerability are more likely to face serious human rights 
violations. The paper focuses on how do human rights address the most vulnerable in society, with the view of assessing if and 
how they can enhance the resilience of individuals also when confronted with natural disasters. Attention is paid to governments 
and their responsibility to protect individuals from human rights violations, besides enhancing their agency in society through the 
observance of human rights, access to relevant information, participation in decision-making and education. The article suggests 
that human rights can enhance individuals' resilience to face natural disasters; hence human rights shall inform disaster-related 
programs and studies.  

Keywords: human rights, resilience, vulnerability, natural disasters, protection 

1. INTRODUCTION 

Human rights belong to all human beings, for these rights are linked to the inherent dignity of each and every individual. Persons 
in a position of vulnerability in a given society will more often than not experience violation of their rights. Similarly also occurs 
in relation to natural disasters, for those who are already in a position of vulnerability before a hazard hits a community will 
remain in this vulnerable position, which is likely to further deteriorate as events unfold. As put by Zack 'disaster magnifies 
social inequality', and 'the lack of [disaster] preparation by and for the most disadvantaged in itself further disadvantages them', 
should they face a disaster (Zack, 2009). Both human rights scholarship and disaster literature suggest that women, children, the 
elderly, the poor, internally displaced persons and members of minority groups tend to figure in a position of vulnerability in 
society.  

As defined by the International Federation of Red Cross and Red Crescent Societies (IFRC): "A disaster is a sudden, calamitous 
event that seriously disrupts the functioning of a community or society and causes human, material, and economic or 
environmental losses that exceed the community’s or society’s ability to cope using its own resources."1 Natural disasters are the 
focus of this paper. Strictly speaking no disaster is fully natural, because if disaster preventive measures are effectively and 
timely taken individuals will be better prepared to cope with natural hazards they may face (hurricanes, cyclones, earthquakes, 
etc.). Thus all will depend upon individuals' capacity to cope (resilience), and a disaster will occur when the disruption caused by 
a natural hazard goes beyond such capacity. 

This paper argues that by enhancing the observance of human rights the vulnerability of individuals in a society will be reduced, 
and they will become more resilient also to cope with natural disasters. We identify how this can be achieved especially through 
governmental action.  

2. WHAT ROLE TO BE PLAYED BY GOVERNMENTS? 

2.1 A right to humanitarian assistance? 

The role to be played by governments in natural disasters has been initially addressed in relation to humanitarian assistance to 
disaster victims. Already in the 18th century the legal scholar Vattel suggested that humanitarian assistance provided by nations 
in a position to assist other nations facing famine and disaster was an act of humanity (Focarelli, 2010). In the United Nations 
(UN) framework, reference to humanitarian assistance to victims of disasters dates back to 1971, in which a report by the 
Secretary-General on Assistance in Cases of Natural Disaster recognized the affected government's duty to protecting among 
others the right to life of victims. However, other states could only supplement the humanitarian assistance provided by the 
affected government to its own population. Similarly the UN General Assembly Resolution 36/225 of 17 December 1981 
suggests that the affected state has a 'primary responsibility' in relation to natural disasters, namely administration, relief 
operation and disaster preparedness.  

                                                
1 See http://www.ifrc.org/en/what-we-do/disaster-management/about-disasters/what-is-a-disaster/, visited 18 April 2014. 
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Later on in the 80s, an initiative led by France attempted to develop a doctrine of the right of interference, sometimes referred to 
as the duty of interference in relation to humanitarian assistance. Accordingly, victims themselves would have a right to receive 
humanitarian assistance. The theory acknowledged the primacy of the territorial state in providing humanitarian assistance, but 
suggested that in case of its inability or unwillingness to act other actors (including non-state actors and international 
organisations) should be granted access to the country to provide the much-needed assistance. This should apply in man-made as 
well as natural disasters. The idea however did not gain wider international support. The later adopted General Assembly 
Resolution 43/131 of 8 December 1988 simply stated that the territorial state had the primary responsibility to initiate, organize, 
coordinate and implement humanitarian assistance in its territory. The resolution does not clearly allow other actors to intervene 
in case the territorial state is unable or unwilling to act. It merely says that 'the international community should respond speedily 
and effectively to appeals for emergency humanitarian assistance', but there is no reference to an independent right of individuals 
to receive humanitarian assistance. On a positive note the resolution suggests that 'the abandonment of the victims of natural 
disasters  … without humanitarian assistance constitutes a threat to human life and an offence to human dignity’. Later General 
Assembly resolutions restated similar ideas. 

The responsibility to protect (also referred to as the R2P) is a more recent doctrine of addressing the need for the international 
community to step in should the territorial state be unable or unwilling to address particular crises in its own territory, so as to 
prevent or halt among others massive loss of life. It covers mainly serious international crimes, namely war crimes, crimes 
against humanity, ethnic cleansing and genocide, and thus it was not originally conceived to address loss of life relating to natural 
disasters. The 2009 report of the UN Secretary-General on 'Implementing the Responsibility to Protect' refers to the R2P doctrine 
which was adopted in the 2005 World Summit Outcome. Some scholars suggest that the R2P could also be used in cases of 
natural disasters, so as to save lives of the affected population that would otherwise be at serious risk. In natural disasters R2P 
would incorporate three levels of obligations for the territorial state: (a) responsibility to prevent, which includes public warning 
of impending natural disasters, (b) responsibility to react, requiring the affected state to accept disaster assistance offered by 
other states, together with the obligation for the international community of states to offer such assistance; and (c) responsibility 
to rebuild, asking for the collaboration of disaster-affected countries and further members of the international community in post-
disaster reconstruction efforts. It further suggests that sovereignty comes with responsibility, and therefore states affected by 
disasters have responsibilities in relation to their population that may become victim of natural disasters. In case of inaction due 
to inability or lack of will by the affected territorial state to take action the international community should then intervene in 
order to respond to victims' needs (Saechao, 2007). 

States however have so far been reluctant to support any doctrine advocating for outside interference in situations of natural 
disaster potentially affecting a particular country. For example the 2005 Hyogo Framework for Action on disaster risk reduction 
(DRR) acknowledges states' primary responsibility to protect the people and property on their territory from hazards, but silences 
on what are the consequences should the territorial state fail to act accordingly. 

Be that as it may, there is no doubt that natural disasters have the potential to negatively affect the enjoyment of fundamental 
rights of individuals, notably the right to life, health, property, and the right to an adequate standard of life (relating to basic needs 
such as food, water and shelter). There is also no doubt that the affected state has a responsibility to address the basic needs of the 
population negatively affected by natural disasters. Therefore, it can be said that states have human rights obligations in relation 
to individuals affected by natural disasters, for example arising from international treaties on this area, as discussed below. 

2.2 Human rights treaties and the duty to protect victims of natural disasters 

To date there is no human rights treaty systematically addressing the particular rights and needs of those affected by natural 
disasters. Zack suggests further research is needed on whether a new set of rights should be developed in order to take into 
account especial needs arising from natural disasters. This is so especially taking into account that many human rights normally 
enjoyed by the population may in natural disasters be curtailed by the public power, for example through adoption of martial law 
(Zack, 2009).  

Only very few direct references to natural disasters can be found in human rights treaties. For example Article 11 of the 
Convention on the Rights of Persons with Disabilities indicates that contracting States shall take 'all necessary measures to ensure 
the protection and safety of persons with disabilities in situations of risk, including the occurrence of natural disasters.'2 A 
regional standard referring to the matter is the African Charter on the Rights and Welfare of the Child of 11 July 1990, indicating 
that States shall take all appropriate measures to ensure that internally displaced children, including those displaced through 
natural disaster, receive appropriate protection and humanitarian assistance (Article 23).3 

Despite the fact that human rights treaties generally make no clear reference to natural disasters, in principle such treaties will 
continue to apply in situation of natural disasters, apart from some clauses that are possible to be derogated from (suspended by 
the state during the state of emergency). For example the right to freedom of movement (article 12 of the International Covenant 
                                                
2 UN General Assembly, Convention on the Rights of Persons with Disabilities. Resolution adopted by the General Assembly, 24 January 
2007, A/RES/61/106, available at: http://www.refworld.org/docid/45f973632.html (accessed 21 April 2014). 
3 Organization of African Unity (OAU), African Charter on the Rights and Welfare of the Child, 11 July 1990, CAB/LEG/24.9/49 
(1990), available at: http://www.refworld.org/docid/3ae6b38c18.html (accessed 22 April 2014). 
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on Civil and Political Rights - ICCPR) may be subject of derogation during emergency situations.4 This could allow states to 
deny public access to areas hit by natural hazards, such as areas that were subject to recent landslide and regarding which more 
landslides are expected to imminently occur. This could be justified with the view to protect the lives of individuals that would 
otherwise be at risk should they enter the affected area. However, other set of rights listed in article 4 of the ICCPR cannot be 
derogated during emergencies, especially the right to life, which shall continue to be observed by the affected state. The Human 
Rights Committee (HRC), which is the international body assigned with the task of monitoring states' compliance with this 
particular international treaty, issued an authoritative document interpreting the issue. In this document, called General Comment 
no. 29 (2001) on Derogations during a State of Emergency, the Committee identified nature catastrophes among situations 
justifying derogation from the ICCPR.5  

Moreover, international monitoring bodies of human rights treaties indicate that states have three levels of human rights 
obligations, the obligation to respect, protect and fulfill human rights. The obligation to respect suggests that states themselves 
should not violate human rights of individuals. Thus, state agents should for example refrain from discriminating against women 
in post-disaster aid schemes. The obligation to protect requires states to take action so as to avoid that third parties encroach upon 
the rights of individuals. Thus, states are to take appropriate measures to ensure that women are adequately protected from 
violence also in natural disasters, including by private individuals. This reflects the recommendation made in 2007 by the UN 
Committee on Elimination of All Forms of Discrimination Against Women (CEDAW) to Indonesia.6 The obligation to fulfill 
requires further action by states enabling individuals to at least realize the minimum level of their human rights. As suggested by 
the UN Committee on Economic, Social and Cultural Rights (CESCR), in relation to the right to food this means that states 
should provide food to those affected by natural disasters, particularly basic emergency aid for those most in need.7  

2.3 The Human Rights-Based Approach and how it enhances resilience 

The adoption of a human rights-based approach (HRBA) to disaster management may enhance the agency of individuals in 
society and thus increase their resilience to face natural disasters. Among factors to be considered here include access to relevant 
information, consultation and participation in decisions that may affect a community, and education with the view to enhancing 
individuals' capacity to cope with natural disasters. Collins refers to agency as the 'capacity of human beings to decide'. He 
further suggests that such capacity is closely related to the circumstances in which individuals find themselves, which may force 
them acting in a particular way (Collins, 2009). If we consider environmental disasters as possible situations in which individuals 
may find themselves confronted with, it is possible to suggest that individuals' agency is very likely to be negatively affected by 
disasters. 

The HRBA is a conceptual framework furthering human development which is based on international human rights standards and 
directed towards the promotion and protection of human rights (OHCHR 2006, 15). Key features of the HRBA include: linking 
development goals to human rights standards; focusing on marginalized groups, empowerment and participation; and ensuring 
accountability of duty-bearers.  

Human rights cannot be expected to provide detailed recommendations for good development processes or clear answers to 
resource-allocation and policy choices, but they provide a conceptual framework for evaluating and improving practice and 
ensuring that decision-making is more reasonable, objective and transparent, and will benefit those in position of vulnerability. 
The HRBA reminds people they should pay attention to human rights and their potential breach. It suggests that the most 
vulnerable should not be left out, that individuals have rights and that they have to be given the opportunity to take part and 
effectively contribute in the decision-making process on actions that will impact their lives, including in relation to natural 
disasters. 

For the UN Office of the High Commissioner for Human Rights (OHCHR) a HRBA indicates that "human rights standards must 
constitute the objective and guiding principles of development, and that the capacities of duty-bearers and rights-holders must be 
strengthened” (OHCHR, 2008). Thus, the rationale favors a process in which capacities of different actors shall be developed and 
strengthened.  

Efforts addressing the negative impact of natural disasters and incorporating a HRBA should as a minimum include: (a) 
Accountability, so that particularly states shall be answerable for acts and omissions impacting on human rights, and that 
complaint mechanisms are available and effective; (b) Information that is transparent and easily accessible to the community, 

                                                
4 UN General Assembly, International Covenant on Civil and Political Rights, 16 December 1966, United Nations, Treaty Series, vol. 999, p. 
171, available at: http://www.refworld.org/docid/3ae6b3aa0.html (accessed 22 April 2014). 
5 UN Human Rights Committee (HRC), CCPR General Comment No. 29: Article 4: Derogations during a State of Emergency, 31 August 
2001, CCPR/C/21/Rev.1/Add.11, available at: http://www.refworld.org/docid/453883fd1f.html (accessed 21 April 2014). 
6 Committee on the Elimination of Discrimination against Women, Concluding Observations Indonesia, CEDAW/C/IDN/CO/5 (CEDAW, 
2007), of 10 August 2007, paragraphs 38-39. 
7 Committee on Economic, Social and Cultural Rights, General comment No. 12: The right to adequate food (art. 11), document 
E/C.12/1999/5, paragraph15. 
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especially on environmental hazards and disaster risk management (DRM); (c) Participation of civil society and communities 
should be sought out and promoted in DRM, including in DRR (Fisher, 2010); it should also be active, free, and meaningful; and 
(d) Non-discrimination, namely paying attention to groups likely to be excluded on different grounds, among others gender and 
color.  

3. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

To date the Hyogo Framework for Action (HFA) is silent on the issue of human rights, and we argue that it is important to 
incorporate human rights in a post-HFA document. We believe that a climate of general observance of human rights will enhance 
individuals' resilience to face natural disasters. Although there are various underlying roots and causes of vulnerability, disregard 
for basic human rights such as the right to housing, the right to life, and the right to liberty and security of the person makes 
societies even more vulnerable to natural hazards.  

A state should provide good conditions mainly through appropriate legislation on disaster risk management, as well as through 
overall respect for civil liberties so as to enhance the participation of different actors in this process. It is important also to 
engaging people to create solidarity that empowers them and enhances their capacity to improve the quality of their lives 
(Jonsson, 2003). Oxley argues that a top-down approach by legislation and implementation mechanisms must be complemented 
by a bottom-up approach by non-state actors to mobilize and strengthen local capacities for individual and collective actions to 
reduce disaster risk and make their governments more accountable and responsive to their needs (Oxley, 2012). 

It seems that a general climate of respect for human rights by states enhances the resilience of communities to cope with natural 
disasters. Conversely, the lack of human rights protection may lead to governmental negligence in providing minimum standards 
of relief and recovery assistance to disaster-affected people. Moreover, defective legal mechanisms that do not lead to 
government accountability in relation to their citizens may lead to a sense of impunity when it comes to disaster-related issues. 
Examples include a situation where state authorities fail to warn the population about impending disasters, or when authorities do 
not take measures to prevent damage to property arising from natural hazards. Finally, if a state does not perceive the local 
community as key player in disaster risk management, limiting for example communities’ access to information, the reduced 
community involvement will certainly make more individuals vulnerable to disasters.  

4. CONCLUSIONS 

In our paper we conclude that human rights can play an important role in improving individuals' resilience to face disasters. This 
is so especially because of actions expected from the government that empowers individuals to better cope with natural disasters. 
The paper suggests that states have human rights obligations relevant to individuals affected by disasters. First of all, there is the 
need to provide humanitarian assistance to those affected by disasters, which is a primary responsibility of the state but which can 
arguably lead to further international consideration, included in situations of inability or lack of will by the affected state. 
Secondly, some specific provisions on natural disasters can be found in few human rights treaties. Thirdly, human rights treaties 
in general will continue to apply in the event of disasters. Although some provisions may be suspended, other rights cannot be 
suspended during emergencies, especially the right to life. Finally, human rights doctrine include among state obligations the 
duty to protect human rights of individuals, thus third parties shall not be allowed to encroach upon individuals' enjoyment of 
their rights, including in situations of natural disasters.  

It has also been argued that one reason for human rights to inform the post-HFA era is that the more a state generally observes 
human rights, the better will be for individuals to cope with natural disasters. One way of enhancing individuals' resilience is 
adopting a HRBA in DRM initiatives. This should enhance individuals' participation and sense of ownership in community 
efforts relating to natural disasters. It should also lead to a decrease in discrimination combined with an increase of available and 
effective accountability mechanisms.  
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ABSTRACT: The discussion on how to address climate change, both in terms of mitigation and adaptation, has paid scant 
attention to human rights. We argue that a human rights-based approach (HRBA) provides excellent tools towards a real positive 
change, including, but not limited to climate change. We compare four case studies and their national legal framework on disaster 
risk reduction (DRR): Brazil, Dominican Republic, Ethiopia and Nepal. The focus is on how human rights affect progress or lack 
of it in the advancement of DRR, climate change adaptation and climate change mitigation. We suggest that the mere existence of 
national legislation covering natural disasters may not be sufficient. Regardless of various ambitious policies on natural disasters 
if such basic issues like the human rights protection and empowerment of local community is missed, this will hamper the 
efficiency and effectiveness of efforts to reduce or manage disaster risk and climate change. We argue therefore for the inclusion 
of a HRBA in the post-Hyogo Framework of Action. 

Keywords: Disaster Risk Reduction, climate change mitigation, climate change adaptation, human rights-based approach 

1. INTRODUCTION 

The early discussion on climate change focused mainly on mitigation efforts, especially the need for states to reduce greenhouse 
gas (GHG) emissions. The discussion later also developed towards adaptation to climate change, which is in many aspects linked 
to disaster risk reduction (DRR), for both aim to decrease vulnerability and enhance communities' resilience to disasters linked to 
natural hazards. However, the discussion has missed an important focus on human rights especially in the process of addressing 
climate change, both in mitigation and adaptation efforts.  

The paper will address this gap, and it is structured as follows. Following this introduction, Part two reviews the literature on 
climate change mitigation and adaptation, and on DRR. It presents key concepts and identifies references to human rights in this 
context. Part three covers the human rights-based approach (HRBA) and why it should be included in initiatives aiming to tackle 
climate change (mitigation and adaptation) and DRR. This part also covers the case studies suggesting that countries with a 
greater respect for human rights and which integrate a HRBA when legislating on risk reduction present better resilience and less 
vulnerability to cope with natural hazards and disasters. Part four argues therefore that it is important to incorporate human rights 
in a post-Hyogo Framework for Action (HFA), which is currently missing. This is the added value of the current paper. The last 
part concludes our study.  

2. CLIMATE CHANGE MITIGATION, ADAPTATION AND DISASTER RISK REDUCTION: HOW DO 
HUMAN RIGHTS INFORM THIS DISCUSSION? 

It is commonly believed that climate change and global warming are linked to the greenhouse effect (see e.g. Glazebrook 2009, 
329). The temperature increase in the planet is linked to the rising of GHG emission by human action. This leads to changes in 
the climate, namely an increase in the temperature around the globe. Although climate change is linked to anthropogenic action, 
the action of individuals (and companies) based on rich countries are overwhelmingly linked to the increase in GHG emission. 
This gives a smack of injustice, for the poor is left with no choice but paying together with the rich for the burden mainly caused 
by the rich (Knodel 2012, 130).  

This paper looks at how the empowerment of individuals across the globe shall enhance their ability to deal with challenges 
posed by climate change. We take into account three notions: climate change mitigation, adaptation and DRR. Climate change 
mitigation aims to slow, stop or reverse climate change, in particular through the reduction of large GHG emissions, for example 
by industries. Mitigation efforts have been carried out mainly at international level with negotiations involving different national 
delegations (Hall and Weiss 2012, 315). Those who consider too late for climate change to be contained or reversed only with 
correction measures mainly advocate for adaptation measures, which should minimize harm arising from climate change. 
Examples of adaptation measures include vulnerability assessments, response strategies, capacity-building, risk reduction 
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strategies, disaster reduction strategies and economic diversification to build resilience (Glazebrook 2009, 337). A related 
concept is disaster risk reduction, which can be one example of climate change adaptation measure but which is more than that, 
for it covers all disasters, not only those relating to climate change. The United Nations International Strategy for Disaster 
Reduction (UNISDR) suggests that DRR is "the concept and practice of reducing disaster risks through systematic efforts to 
analyse and reduce the causal factors of disasters."1 Examples of DRR measures include reducing exposure to hazards, lessening 
vulnerability of people and property, wise management of land and the environment, and improving preparedness and early 
warning for adverse events. In the next section we look at how human rights cross cut the three concepts just presented. 

Scholars suggest that human rights are specially suited to inform the climate change debate (see e.g. Hall and Weiss 2012). This 
is so because human rights focus primarily on state action, and climate change is also linked to state action. Moreover, the most 
vulnerable individuals and communities of the globe will be particularly hit by the harmful impact of climate change, and the 
human rights framework aims to assist especially those most in need. In other words, the level of enjoyment of human rights of a 
given individual or community determines the negative impact experienced from climate change (Barnett 2010). For example, in 
any setting farmers who depend on natural resources and favourable climate to make their living including to realizing their right 
to food will face a difficult position if for example their lands are suddenly flooded. However, in countries where there is no 
social security system in place, or where freedom of movement is restricted farmers will be worse off, for they will have less 
alternatives for coping with the situation (Barnett 2010, 259).  

So far human rights have informed very little of the discussion on climate change mitigation, especially because the human right 
to a healthy environment is still contested internationally. Since the treaty-making exercise to limit GHG emissions has failed to 
secure universal state support,2 some authors considered litigation as potentially avenue to limit GHG emissions. Posner 
(2006/2007) looking at human rights litigation in the US concluded this might not provide the best avenue for advancing climate 
change mitigation, for it can hardly address a global problem, but it may raise global awareness on the issue. Hall and Weiss 
(2012, 313) also did not see much hope in using a human rights framework for climate change mitigation, for there are too many 
conceptual uncertainties especially around the identification and delimitation of obligations of duty-bearers and right-holders, 
coupled with difficulties in establishing the causal action linked to the negative effects of climate change. The literature 
discourages the use of a human rights framework as potential judicial avenue for climate change mitigation. The literature 
however does not address if and how human rights should be taken into consideration when climate change mitigation measures 
take place, independent from any litigation. Also there is no reference to whether there is a need to incorporate a HRBA in 
mitigation efforts. 

With regard to climate change adaptation, the link with human rights is more easily made, as Hall and Weiss (2012, 322-352) 
suggest. Firstly adaptation measures are relatively clearly designed and assigned to particular actors, mainly states, and therefore 
in case of defective action or inaction those responsible are more easily identifiable. Secondly, adaptation measures tend to take 
place in relatively small-scale initiatives, both at the community and local levels. This also facilitates the monitoring of 
adaptation measures so that they reach those most vulnerable in society. Examples of climate change adaptation measures include 
the training of volunteers, evacuation exercises, building protective sea walls or reinforcing or elevating bridges that are likely to 
be hit during extreme weather events, post-disaster recovery programs, and relocation and shelter for victims. 

In relation to disaster risk reduction, first of all there is a need to better integrate climate change adaptation measures to 
initiatives on DRR, as recommended during the mid-term review of the HFA (UNISDR 2011, 50-52). Secondly, linking DRR 
and human rights within and outside the context of climate change should enhance individuals' resilience, as put by Kälin (2011, 
2). Aspects of relevance in terms of DRR include those that relate to individuals' vulnerability to disasters, for example the 
quality of public health service, of livelihoods, housing, of official disaster prevention efforts and response mechanisms, and of 
the environment. If all or some of those aspects present themselves adversely, it is very likely that the population will be more 
vulnerable to disaster (Fisher 2010, 564). 

3. THE HUMAN RIGHTS-BASED APPROACH AND WHY IT SHOULD INTEGRATE CLIMATE 
CHANGE (MITIGATION AND ADAPTATION) AND DISASTER RISK REDUCTION 

The human rights-based approach may be helpful to inform the debate on climate change and DRR, for the HRBA is «(…) a 
conceptual framework for the process of human development that is normatively based on international human rights standards 
and operationally directed to promoting and protecting human rights.» (OHCHR 2006, 15). This approach has key features: 
linking development goals to human rights standards; focusing on marginalized groups, empowerment and participation; and 
ensuring accountability of duty-bearers. Such approach suggests that human rights provide a conceptual framework for 
evaluating and improving practice and ensuring that decision-making is more reasonable, objective and transparent, and will 
benefit those living in poverty (or those found most vulnerable in a given situation).  

                                                
1 http://www.unisdr.org/who-we-are/what-is-drr Accessed on 16 February 2014.  
2 Canada withdrew from and the US signed but not yet ratified the Kyoto Protocol to the UN Framework Convention on Climate Change, which 
sets binding obligations on industrialized countries to reduce GHG emissions. 
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In the context of climate change and DRR the HRBA should remind stakeholders about human rights obligations that may be 
violated in this context, and how to avoid this to happen. The HRBA would for example suggest that the most vulnerable should 
not be left out, that individuals have rights and that they have to be given the opportunity to take part and effectively contribute in 
the decision-making process on actions that will impact their lives, including in relation to climate change. In relation to climate 
change mitigation, a HRBA could recall the notion of solidarity rights, namely rights to be enjoyed not only by individuals, but 
by collective entities. One example of such category of rights is the right to a healthy and safe environment. Although at this 
point in time it is largely not possible to bring a complaint before judicial courts based on such right, this difficulty should not 
impede one to realize that we still share one single planet and that it is on the interest of everyone to keep the planet 'alive'. Thus, 
every nation and every actor counts and each one is expected to act towards the common goal.  

A HRBA should integrate initiatives on climate change adaptation, which aim to reduce individuals' vulnerability so as to better 
cope with the increased occurrence of natural hazards due to climate change, which may or may not lead to natural disasters. 
Integrating a HRBA to adaptation efforts should improve individuals' access to information, enhance community participation in 
adaptation strategies, better transparency throughout the process, and finally setting-up remedies to those that argue their rights 
were violated in this context. The HRBA in relation to disaster risk reduction is very similar to the one adopted in relation to 
climate change adaptation, for the two concepts are closely linked, though DRR is broader than climate change adaptation. A 
HRBA in the context of DRR should include, as a minimum: accountability, information, participation and non-discrimination. 
Accountability suggests that those involved in such initiatives shall be answerable for acts and omissions that impact on human 
rights, and that there are effective mechanisms available to all those willing to make complaints. The sharing of information 
including about environmental hazards should be transparent and easily accessible to the community. Participation should be 
active, free, and meaningful, enabling all parts of society, including impacted communities, grassroots organizations, minorities, 
rural populations and women to play an active role in the development of their country and to express their priorities. The 
involvement of civil society and communities should be sought out and promoted in risk reduction (Fisher 2010, 590). Finally, 
non-discrimination requires paying particular attention to groups that are likely to be excluded. International human rights law 
prohibits discrimination on various grounds, including gender, economic status, social condition, colour, and language.  

In our study we took a closer look at four countries that are affected by natural hazards: Ethiopia, Nepal, Brazil and Dominican 
Republic. Specifically, we looked at legal frameworks in these countries that address the issue of natural hazards as identified by 
the International Federation of Red Cross and Red Crescent Societies (IFRC).3 The analysis of these cases allowed us to 
demonstrate that integrating a HRBA in legislation on risk reduction may have the potential to decrease countries’ vulnerability 
to natural hazards associated with climate change. Also, we looked at the overall human rights situation in these countries 
suggesting there is a correlation between the general enjoyment of human rights and the likely adoption of measures tackling 
climate change especially adoption of legislation on risk reduction informed by a HRBA. Due to length constraints we are able to 
briefly report here on only two cases we covered in our research.  

According to the IFRC (2013) categorization of the national legal framework of each case study, Ethiopia belongs to the category 
of countries that do not have appropriate laws dealing with natural disasters. In addition to this, there are insufficient efforts to 
include communities in the process of reducing disaster risk. Such lack of empowerment and engagement of individuals in DRR 
activities may have its roots in the political system of Ethiopia which, according to popular regime indicators is an undemocratic 
country severely curtailing political and civil rights, such as freedom of assembly and association, freedom of speech, and 
freedom of religion, and frequently using political imprisonment because of their religious, political, or other beliefs, as well as 
torture. The Dominican Republic represents an opposite case. The country better meets its international obligations in terms of 
respect for economic, political and social human rights. Moreover, a HRBA in legislation on DRR is strongly emphasized. In the 
Dominican Republican Disaster Risk Management Act community engagement and empowerment are perceived as fundamental 
to foster local DRR. The outcome is that NGOs, community-level organizations, volunteer groups and other civil society actors 
in the country are well empowered to participate in decision-making, planning and implementation, and in supporting at-risk 
communities to deal with natural hazards including those linked to climate change.  

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Human rights are specially suited to inform the climate change debate because the most vulnerable individuals and communities 
are particularly hit by the harmful impact of climate change, and the human rights framework is meant to assist especially those 
most in need. If basic human rights are restricted, vulnerable communities have even less alternatives for coping with a stressful 
disaster situation. Therefore, the promotion and encouragement of respect for human rights and fundamental freedoms, which 
figure among the purposes of the United Nations, should be made a priority when tackling the negative consequences of climate 
change, particularly in countries frequently affected by natural disasters. For improving the protection of human rights the 
engagement by the government, representatives of civil society, donors, NGOs, and UN agencies remains pivotal.  

                                                
3http://www.ifrc.org/en/what-we-do/idrl/about-disaster-law/legislation-for-disaster-risk-reduction/ Accessed on 18 February 2014.  

186



 

 
 

 

The paper also highlights the importance of inclusion of a HRBA in the debate of climate change mitigation, adaptation and 
DRR. This approach not only links development goals to human rights standards, but more importantly it calls for focusing on 
marginalized groups, empowerment and participation, and ensuring accountability of duty-bearers. In other words, the HRBA 
suggests to meaningful include the most vulnerable in this process, for individuals have rights and they have to be given the 
opportunity to take part and effectively contribute in the decision-making process on actions that will impact their lives, including 
in relation to climate change.  

As the case studies investigated by us suggest, the inclusion of a HRBA in legislation on DRR, for example, contributes to the 
overall success in implementing laws addressing the risk of disasters, also when associated with climate change. Countries that 
do not allow their societies to be well enough informed, engaged and resourced to take an active part in reducing risks reported 
lack of progress and overall disappointment with the legislative route. Therefore, the incorporation of human rights into the 
countries’ legislative framework relating to DRR and climate change, and the overall promotion of a HRBA should be a priority 
in the development of a post-HFA.  

5. CONCLUSIONS 

The paper calls for an enhanced protection and promotion of human rights, arguing that there is a link between granting society 
greater civil and political liberties, and improving climate change mitigation, adaptation and disaster risk reduction. Specifically, 
respect for human rights and the inclusion of a HRBA in the legislation addressing climate change and DRR make communities 
more resilient to the negative consequences caused by natural hazards, as suggested by our case studies. Conversely, if citizens’ 
rights are violated, including their right to participate in and to be informed about public affairs, and if governments are not 
accountable to their citizens, this may lead to an increased vulnerability to natural hazards. In other words, countries may adopt 
various laws and policies with ambitious goals towards natural disasters. However, if the empowerment of local communities is 
missed and the overall protection of human rights is neglected, the efficiency and effectiveness of efforts to reduce or manage 
disaster risk will be severely undermined. A HRBA provides a useful framework for such an exercise, and the revision of the 
HFA in 2015 provides a window of opportunity for states to reframe their commitment to putting in place more effective DRR 
strategies. 
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ABSTRACT: From its early conceptual beginnings within the field of ecology in the 1970s, ‘resilience’ has been understood as 
the capacity of a system or agent to maintain or recover functionality in the event of disruption or disturbance. Current 
approaches that apply this concept to cities view resilience as a process of evolution. Recent shocks suffered by cities –such as 
New Orleans, 2005; Mumbai, 2008; Port-au-Prince, 2010; and New York, 2012 – have highlighted the urgent need to translate 
this evolutionary approach into action. However, turning the concept of resilience into practice, particularly in cities, is a 
challenge yet to be addressed by political leaders, academics and practitioners. 

This presentation will share the preliminary results of a research project carried out by Arup in collaboration with the Rockefeller 
Foundation. The project’s focus is on creating a holistic evidence-based framework for understanding city resilience to inform 
urban planning and investment decisions. Building on a comprehensive literature review, case studies, and primary evidence 
gathered in six cities world-wide, this research aims at creating tools to help city governments and other urban actors to define a 
trajectory of resilience by identifying current gaps and opportunities.  

Challenging ‘name and shame’ approaches that many city rankings promote de facto, the City Resilience Framework proposes a 
number of indicators and variables that can build a clear and holistic image of the current resilience status of a city. This 
approach is based on critical gaps suggested by scholarly sources, namely: the limitations of measuring urban resilience, and a 
lack of consideration for social processes. A second consideration is that theoretical approaches require to be underpinned by 
evidence on what variables and indicators enable cities to build resilience. The presentation will conclude with critical reflections 
on challenges for the operationalization of holistic tools to inform urban planning and investment decisions. 

Keywords: resilience, urban resilience, measurement, frameworks 

 

1. INTRODUCTION 
As the 21st century unfolds, an increasing majority of the world’s population will live in cities, where their wellbeing relies on a 
complex web of institutions, infrastructure and information. Cities must be able to survive and thrive despite numerous pressures 
that pose a challenge to urban living. These include food, water or energy security; climate change; disease pandemics; economic 
fluctuations; rapid urbanisation; social conflict; and terrorism, among others.  Risk assessments and measures to reduce specific 
foreseeable risks will continue to play an important role, but pressures are still likely to develop and unforeseeable events may 
occur. Unless our cities are resilient, a range of shocks and stresses may cause decay or collapse, affecting millions of people 
with far reaching economic consequences.   

In order to plan for the future, cities need a means to determine whether their development trajectories will enhance or undermine 
their resilience. This is particularly true for rapidly growing cities in developing countries.  If governments, donors, investors, 
policy makers, and the private sector are to foster more resilient cities, they need to understand the factors that contribute 
positively (or negatively) to resilience at a city scale. They need to identify where action and investment will be most effective.  
They also need to understand the dynamic networks of control and influence which reach beyond a city’s administrative 
boundary, and influence their ability to take appropriate action. Yet, at present there is no common definition of city resilience, or 
a framework to guide decision making.   

The City Resilience Framework is the result of an intensive 18 month research project undertaken by Arup with support from the 
Rockefeller Foundation. Its aim is to create an accessible, evidence-based articulation of city resilience that will ultimately guide 
the creation of a robust basis for measuring resilience at the city scale. Its purpose is to inform urban planning practice and 
investment patterns, to better enable urban communities - particularly poor communities - to survive and thrive following 
significant social, environmental, or economic stress and disruption. 
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2. FUNDAMENTALS FROM LITERATURE AND CASE STUDIES 
A comprehensive literature review was the first phase of an intensive process of research and development. The desk study 
highlighted important insights about resilience, which informed the development of a draft framework. These include: 

• Resilience is defined differently by different theorists, according to their discipline or context. ‘Evolutionary resilience’ 
recognises that systems constantly shift between states of equilibrium. Under changing conditions, continual adaptation 
is required (Sheffer, 2009; Folke, 2006; Davoudi, 2012). This definition is particularly relevant to cities undergoing 
growth and/or contraction.  

• Resilience is different from the ‘predict and prevent’ approach that characterises traditional disaster risk reduction 
(Lucini, 2013). Rather than focusing on individual risks, resilience recognises the need for a multi-faceted approach 
that manages change and uncertainty in a more integrated way.  

• A number of approaches have been taken to enable practical application and assessment of resilience (Béné et al, 2012; 
Arup/IFRC, 2011; Martin-Breen & Andries, 2011: 52). In the context of cities, an asset-based approach takes into 
account the resilience of individual infrastructure components, but neglects the role that these components play in city 
systems. A system-based approach overcomes this criticism, but does not consider the interdependencies between 
different systems at different scales, nor the governing structures that influence the way systems work. A performance-
based approach defines resilience in terms of a city’s ability to fulfill and sustain its core functions. This recognises that 
a city’s functions are achieved by multiple city assets, systems and actors simultaneously, and therefore begins to 
address questions of interdependency and power dynamics.  

Based on the initial literature review, a draft hypothesis was developed, which proposed that the resilience of a city could be 
articulated in terms of the performance of critical functions of a city. These are functions that cities aim at maintaining in the face 
of shocks and stresses. The draft hypothesis was tested through a desk-based analysis of the ‘factors of resilience’ identified from 
more than 300 secondary accounts of cities experiencing shocks or stresses, together with recent guidance on urban resilience. As 
a result of this work, the hypothesis was refined and amended to include eight functions. These include: to deliver basic needs; to 
safeguard human life; to protect, maintain and enhance assets; to facilitate human relationships and identity; to promote 
knowledge, education and innovation; to defend the rule of law, justice and equity; to support livelihoods; and to stimulate 
economic activity. 

This approach describes - and will ultimately be used to measure - city resilience in terms of the ability of the city to function. 
This approach is more holistic because it recognises the cross-cutting nature of assets and systems, which contribute to multiple 
city functions simultaneously. The performance-based approach also embraces actions taken by a wide range of agents 
(government, business and civil society) at different scales of city operation (individual, household, city, etc.).  

3. LESSONS FROM CITIES 

The aim of the fieldwork -- and subsequent primary data analysis-- was to inform the understanding and characterisation of city 
resilience provided by secondary sources.  Urban resilience is a relatively new concept, for which there is not a widespread 
agreed definition. In this context, an evidence-based understanding of resilience is relevant. This was developed by asking city 
stakeholders how they manage the stresses and shocks their cities face. Evidence was collated through mixed social research 
methods in six cities, namely: Cape Town, South Africa; Concepcion, Chile; Cali; Colombia; New Orleans, USA; Semarang, 
Indonesia; and Surat, India. 

The analysis of  more than 1,500 unique ‘factors of resilience’ collated in the field shows that urban resilience is a complex 
universe of themes, with further themes, trends and ideas nested within it. This universe encompasses elements of sustainable 
cities, liveable cities, smart cities, and DRR, but combines these through a particular lens. It is clear that there is a considerable 
level of interaction between the themes, in terms of the outcomes they can help to promote for city resilience. This demonstrates 
that urban resilience cannot be approached in silos. The definition of resilience demands a cross-sector perspective. This also 
suggests that shrewd cities can capture multiple social, economic and physical resilience benefits from individual actions. 

Importantly, our fieldwork demonstrates that no city perceives that it has done all that it can to promote resilience. While the 
attitude of consultees is more positive in some cities than others (for example, more of the factors generated in Semarang and 
Surat are items that individuals feel are already present in their city, compared with items that are absent), it is clear that there are 
gaps in every city’s approach. This suggests that resilience is an ongoing process, rather than a fixed end-point. 

The research also confirms that resilience can be evident at multiple scales, from the individual, to the neighbourhood or 
community, to the city scale and beyond. Each of these scales – and the relationships between them – are seen to be critical to the 
overall resilience of a city.  
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4. MEASURING THE RESILIENCE OF OUR CITIES 

Every city is unique. The way resilience manifests itself plays out differently in different places. In order to measure the 
resilience of cities, they need a lens through which the complexity of cities and the numerous factors that contribute to a city’s 
resilience can be understood.  

The City Resilience Framework developed by Arup and the Rockefeller Foundation (2014) comprises 12 key indicators that 
describe the fundamental attributes of a resilient city. The relative importance of the 12 indicators is likely to depend on the urban 
context and the challenges a city faces. However, our research tells us that, generally, these factors are what matter most when a 
city faces a wide range of chronic problems or a sudden catastrophe. They represent the backbone of a resilient city. They are 
what enable people to survive and thrive and businesses to prosper despite adverse circumstances (Arup & the Rockefeller 
Foundation, 2014). 

The City Resilience Framework proposes that a resilient city is a city where there is or are… 

1. Minimal human vulnerability: Indicated by the extent to which everyone’s basic needs are met. 
2. Diverse livelihoods and employment: Facilitated by access to finance, ability to accrue savings, skills training, business 

support and social welfare. 
3. Adequate safeguards to human life and health: Relying on integrated health facilities and services, and responsive 

emergency services.  
4. Collective identity and mutual support: Observed as active community engagement, strong social networks and social 

integration. 
5. Social stability and security: Including law enforcement, crime prevention, justice, and emergency management. 
6. Availability of financial resources and contingency funds: observed as sound financial management, diverse revenue 

streams, the ability to attract business investment, adequate investment, and emergency funds.             
7. Reduced physical exposure and vulnerability: Indicated by environmental stewardship; appropriate infrastructure; 

effective land use planning; and enforcement of planning regulations. 
8. Continuity of critical services: Indicated by diverse provision and active management; maintenance of ecosystems and 

infrastructure; and contingency planning 
9. Reliable communications and mobility: Indicated by diverse and affordable multi-modal transport systems and 

information and communication technology (ICT) networks; and contingency planning.  
10. Effective leadership and management: Involving government, business and civil society, and indicated by trusted 

individuals; multi-stakeholder consultation; and evidence-based decision-making. 
11. Empowered stakeholders: Indicated by education for all, and access to up-to-date information and knowledge to enable 

people and organisations to take appropriate action. 
12. Integrated development planning: Indicated by the presence of a city vision; an integrated development strategy; and 

plans that are regularly reviewed and updated by cross-departmental working groups. 
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
Disaster risk reduction and urban resilience are complementary and aim at concurrent objectives. The twelve indicators in the 
City Resilience Framework provide a holistic articulation of resilience which equates to the elements of a city’s immune system. 
A weakness in one area may compromise the city’s resilience overall, unless it is compensated for by strength elsewhere. 
Contributing to the overall strength of these twelve aspects will improve the ability of our cities to face and recover from shocks 
and stresses – and thus contribute to disaster risk reduction by strengthening all urban systems. The City Resilience Framework is 
a first step. It provides the foundation for an assessment methodology focused on city resilience, defining its structure; the 
categories, indicators, sub-indicators, and –in the future—variables and metrics.  
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ABSTRACT: Purpose: The aim of this study is to examine how personnel from different organizations create 

meaning and intend to act in a potential dangerous situation. Design/methodology: The article rests upon an 

experiment, showing a movie with a bomb at the entrance of a retirement center. The task of the participants was to 

describe the situation and decide how to act in different situations. The participants involve was personnel from 

different kinds of organizations. Findings: Our findings show that there are different kinds of understanding of the 

situation and how to act, that could be explained by the logic of the organizational field, professional knowledge and 

the person’s earlier experience. Originality/value: While most studies have been focusing on the interaction between 

emergency organizations alone, this study has investigated the sense making and acting of emergency organizations 

and other non-emergency organization. Most studies are also conducted either as retrospective interviews after a 

crisis or during training exercise. This study rest upon an experiment, were the subjects had to interpret the situation 

and decide how to act in real time. 

Keywords: Cross-sector collaboration, sensemaking, experiment, training exercise 

 

1. INTRODUCTION 

When incidents occur, studies often focus on activities performed by the emergency services at an incident site. The 

aim of this study is to examine how professionals from different organizations create meaning and intend to act in a 

potential dangerous situation.  

The study focuses on an incident that has not yet become a crisis. The incident is about a bomb outside a retirement 

home, and the purpose is to study how professionals from different types of organizations create meaning about the 

incident, how they perceive the situation and how they intend to act. 

1.1 Problem to collaborate across organizational boarders 

In emergencies, collaboration across organizational boundaries is often a problem, because lack of knowledge about 

other organizations' roles and tasks (Ansell et al., 2010; Kapucu et al., 2010; Thomalla & Schmuck, 2004). As to 

Ansell et al. (2010) ”it is difficult to delimit its [the organization’s] territorial or functional boundaries /…/ it [major 

emergencies] also adds ever-larger number of actors in need of coordination”. Studies show that collaboration is 

facilitated if the actors before the crisis got to know each other's tasks, roles and mandates, and identified 

interdependencies (Ansell et al., 2010; Batho et al., 1999; Comfort, 2007; McEntire, 2002; Ödlund, 2007, 2010). 

A study, conducted at a major air crash exercise in Sweden, showed that those who interacted in the planning of the 

exercise also interacted more efficiently during exercise (Danielsson & Eliasson 2011). In the interviews after the 

exercise the personnel in the organizations that collaborated during the exercise said that this was due to the 

planning in the pre-phase. This lead to increased knowledge about the personnel in the other organizations, e.g. what 

was their task and how their routines worked. Collaboration on the pre-stages of crisis is however sparsely studied. 

Most studies focus on the incident-phase, and the work of emergency organizations. In our study we investigate how 

different professions perceive the same incident and how they intend to act in the same shown situation. Our focus is 

how different professions relate to the specific conditions that exist in this situation, e.g. how professionals from 
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organizations within different sectors of society create meaning and prepare to act on the same type of information 

and in the same situation. The stimuli are a five minute long movie showing a bomb outside a retirement home.  

2. THEORY 

The theoretical model in this paper departs from the assumption that members of different organizations construe 

different meaning of a situation, and this affects their priorities and decision-making (Weick, 1995). For this reason, 

we pay particular attention defining and studying the individuals view on the same incident. The aim is to study how 

professionals from different organizations make sense out of the same situation. We hold this to be a key issue in 

understanding multi-organizational co-operation. 

In the normal course of events, local authority bodies and services operate in various organizational fields, which 

comprise the organizations that are active in specific, institutionalized areas (DiMaggio & Powell 1983). The 

various organizations in any one field observe a variety of types of institutional logic (Friedland & Alford 1991), 

meaning that they share certain cultural characteristics, act in accordance with certain specific frames of reference, 

and prioritize and act to attain certain objectives. When there is an ordinary emergency, a new organizational field 

arises—one with a shared province and the shared objective of responding to the emergency, but without shared 

notions on how this is to be organized. In this study, we analyze how this institutional logic affects the organizations 

involved in the experiment, e.g. if a shared understanding or certain acting could be seen among the different 

professions. 

In this study, the subjects are faced with a new situation. We assume that they will construct a reality around the 

threat and interpret the situation (Weick, 1979, 1995) based on their earlier knowledge, their profession, and built on 

the institutional norms from their organizational field and domain (figure 1). 

 

 

 

 

 

 

 

 

Fig: The sensemaking process: the lower boxes are the individual levels; the cross-hatched boxes the factors related to the 

individual’s own organization or profession; and the shaded boxes aspects of the emergency management field. Those studied is 

the marked boxes.  

3. DESIGN/METHODOLOGY  

The article rests upon an experiment, showing a movie with a bomb outside a retirement home. The task of the 

participants was to describe the situation and decide how to act in different situations. 

Studies in social science on crisis and disaster very seldom use experiment as a research method. The ways hazards 

and disasters are studied qualitatively are, we would say, quite homogeneous. Most pervasive are case studies 

involving techniques such as observations, retrospective interviews, and document studies. However, due to the 

material, social and psychological complexity of the situation, and the retrospective character of much of the 

qualitative data, it is very difficult to draw reliable conclusions from the studies. In this paper, we present an 

experiment carried out as a method to understand how selection and subjectivity operates in the framing and sense-

making of a hazardous situation.  
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3.1 The Experiment 

This article is based upon an experiment conducted during three workshops. A 5-minutes movie showing a 

suspected bomb at a retirement home was projected on a wide screen and the subjects were sitting in groups of 4-8 

persons around a table, watching the movie.  In the movie, six questions were asked. After each question the movie 

break and the subjects were told to first write down their answer individually on each question, and then (after a few 

minutes) discuss their answer with the others in the group. After the discussion the movie continue to the next 

question. The groups were composed of professionals from different organizations such as emergency organizations 

(police, fire and rescue, ambulance), care organizations within the municipality (elderly care centers, schools, and 

kindergarten), administrative and technical support personnel from the municipal and emergency managers from 

municipals and the County Administrative Board. The questionnaires were collected after the workshop and 

analyzed by the content related to our model.   

4. FINDINGS 

Our findings show that the differences in the understanding of the situation between the professionals can be 

explained by the logic of the organizational field, professional knowledge and the professional’s earlier experience. 

The results show that there are similar definitions of the physical threat, but different kinds of understanding of the 

situation and how to act. The similarities could be described as a common understanding of the bomb, something 

that could explode, and that the building has to be evacuated. 

The differences are found in the situation awareness, e.g. how this situation should be dealt with, and what it could 

lead to. In the written answers most participants agree to that this is a police task. But more obvious can this be seen 

in their respective answers. The police are already from start ready to define the situation as a real threat and acts 

accordingly. The fire and rescue professionals perceive the situation as a police task and await instructions from the 

police. In mean time they inform the personnel at the center and call attention to the threat, some of them will 

activate the fire alarm. The professionals from the municipal could be divided in two groups, one that have some 

knowledge what to do, and another who will ask their colleagues to help interpret the “thing” they saw outside (the 

bomb). While the police, and to some extent also the professionals from the fire and rescue, will cordon off and start 

evacuate, other professionals will try to find the personnel at the center to a) find out what the “thing” is, and b) 

inform them about what they have seen and that they already have called the police (or emergency swift board). 

They will then wait to be told what to do.  

Regarding evacuation, the police will systematically search the building and evacuate everyone inside, open each 

and every door. The fire and rescue personnel will ask the personnel at the center to help evacuate, but then do it 

systematically. Some professionals from the municipal do trust the personnel at the center to do the evacuation 

following their ordinarily routines and plans for evacuation, and they will help if they are asked to. There are an 

understanding among some of the professionals from the municipal that the personnel at the center might know what 

to do and will do it in effectively, taking into account that it is people with dementia, and they need to be trated in a 

special way. This is not anything that either the police, nor the fire and rescue reflect on.  

In the later plenary discussion the professionals find that they have learned much about how other professionals 

interpret this situation and “would never have thought that this was how the others understood it” as one of the 

police officers said. Another police officer reflected on evacuation and said that he will bring with him how the 

personnel at the retirement home said they would evacuate people with dementia. Also the professionals who do not 

normally work in crisis situations thought that the workshop gave new useful knowledge about how to act in a crisis 

and what they could support the emergency organizations with.  

4. ADDED VALUE TO INTEGRATIVE RISK MANAGEMENT 

While most studies have been focusing on emergency organizations alone, this study has investigated the sense 

making of professionals from different organization. Most studies are also conducted either as retrospective 

interviews after a crisis or during training exercise. This study rest upon an experiment, were the subjects had to 

interpret the situation and decide how to act in real time, not knowing how the situation would develop. The value 

added is also the design of the experiment that could be used pre-crisis, e.g. to support risk manager in their risk-, 

and crisis planning. 
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5. CONCLUSIONS 

This study shows that professionals from different kinds of organizations do not know other professions by 

competence, tasks or routines. In a broad sense, almost all of the participants in the workshop say that this is a police 

matter, but when describing what to do and how to act, there are quite a few differences due to professionalism, 

organizational values and logic, and the knowing about the crisis field. The workshop provided a platform to discuss 

these differences and get to know other professionals motives how to act. 

Regarding the experiment, these workshops do have an impact on learning about how other professionals interpret 

the situation and how they would act, and could be used as a training tool for risk management and emergency 

preparedness, and give useful information preparing for multi-organizational collaboration. 
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ABSTRACT: Global governance implies cooperative measures designated for solving problems on global 

scale, in which diverse actors interact through different channels and networks establishing steering 

mechanisms and rule systems. While each state has the primary responsibility for systematically 

implementing measures to reduce vulnerability and increase resilience, there are other actors that have an 

influence (to different degrees) on the decision-making process, not least at the global level. Consequently, we 

are in the presence of an emergent global governance system in disaster risk reduction (DRR)—quite young 

in comparison to other policy fields—characterized by non-hierarchical and networked relations among 

different actors in different arenas, and even across and within their boundaries. 

Global networks have led to significant achievements in DRR but they have also presented obstacles and 

challenges, often endogenous to the system’s complexity. It is necessary therefore to understand this 

complexity in order to enhance the benefits that global governance provides to DRR, seeking at the same time 

to diminish its constraints. Thus, the aim of this paper is to gain a better understanding of global networks in 

DRR within a nascent global governance system. 

The study of the International Strategy for Disaster Risk Reduction, the Hyogo Framework for Action (HFA) 

and related documents showed that there are instruments and shared practices, a common language, and 

global networks (as well as regional and national) of actors and institutions engaged in DRR. Even though 

HFA is normative and non-binding, it contains the core principles for integrative disaster risk management 

and can be seen as the manifestation of commitment to systematically incorporating DRR into policies and 

programs that lead to sustainable development and poverty reduction. Hence, the post- 2015 framework for 

DRR offers the opportunity to strengthen and improve this system, especially with regard to coordination 

and implementation. 

Keywords: disaster risk reduction, global governance, preparedness, resilience. 

1. INTRODUCTION 

Natural hazards are not likely to be eliminated. They are impossible to avoid, and, in many cases, they are difficult to predict or 

prevent. Furthermore, as a consequence of globalization and interdependence, natural disasters are becoming more ‘transnational’ 

and therefore communities are deeply affected by hazards that originate outside their territorial boundaries. Each country has its 

own hazard profile, vulnerability, and cultural, economic and political characteristics, as well as its own risk and emergency 

management system (Coppola 2011). Hence, it has been observed that hazardous events have different effects in different 

countries. In more developed countries they seem to create greater economic losses, while in developing countries there are more 

victims and fatalities (Stanganelli 2008; Collins 2009). In addition, more developed countries count on technical solutions as 

supporting tools in the decision making-process and they seem to be a step ahead of less developed countries, which frequently 

show inadequate (or absent) disaster preparedness and mitigation programs. 

The number and seriousness of disasters have been increasing in recent years and they will continue affecting communities. 

Therefore, it is crucial to systematically incorporate disaster risk reduction strategies and policies in order to reduce communities’ 

vulnerability and improve their capacity to cope with natural disasters. The consequences of recent natural disasters have 

highlighted the need for individual responsibility, local coordination, and continuity plans involving a diversity of actors not only 

at the local level, but also at the national, regional and international to ensure that communities have the ability to respond to and 

recover from hazardous incidents (Sutton and Tierney 2006).  

Thus, in the era of globalisation and interdependence global partnerships in disaster risk reduction become essential. The aim of 

this paper is therefore to gain a better understanding of global networks in the field, with a focus on how and to what extent they 

interact in a nascent global governance system.  
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2. GLOBAL GOVERNANCE AS THEORETICAL FRAME  

Thakur and Van Lagenhove (2006) defines global governance as the complex of formal and informal institutions, mechanisms, 

relationships, and processes between and among states, markets, citizens, and organizations—both intergovernmental and 

nongovernmental—through which collective interests are articulated, rights and obligations are established, and differences are 

mediated. Rosenau (1995) refers to “rules”, “control”, and “steering” and Dingwerth and Pattberg (2009) disaggregate global 

governance into four constitutive elements: systems of rule, levels of human activity, the pursuit of goals, and transnational 

repercussions. In addition, Finkelstein (1995) defines the phenomenon as any purposeful activity that seeks to ‘control’ or 

influence another entity in the arena occupied by nations or at other levels by projecting influence into that arena. 

In other words, global governance can be explained as the sum of diverse governance process—formal and informal mechanisms 

to accomplish some grades of order—within an international system in which there has never been any such thing as order and 

world government (Weiss and Kamran 2009). It implies cooperative measures designated to solve problems on a global scale, in 

which diverse actors are involved and, at the same time, it is this variety of new actors and their interaction that makes the 

international system even more disaggregated and decentralized. Global governance represents a qualitative change as the result 

of the demand of ‘political globalisation’ in order to deal with global problems (Kacowicz 2012). 

Media influence and modern transportation have helped to erode national boundaries and these factors facilitated transnational 

interactions by shrinking social, political, economic and cultural distances (Knight 2009). The partners involved in global 

governance compete with each other, but they also cooperate, which augments their mutual dependence, and the wide spectrum 

of actors interacts through diverse channels and networks establishing steering mechanisms (Porter 2009).  

Rosenau (1995) studies the interaction of actors and the channels they used to established steering mechanisms and rule systems 

in global governance in depth. He divides them into three groups: those created through the sponsorship of states (e.g. 

international and regional organizations such as the UN system), those sponsored by non-state actors (e.g. ONGs, social 

movements, epistemic communities, group of volunteers etc), and those jointly-established by states and non-states actors (e.g. 

cross-border coalitions and issue regimes, funded in both cases to strive for a common purpose). The interaction and networking 

between actors can occur in four different arenas—and even across and within their boundaries—namely intergovernmental 

(states), transgovernmental (states and national agencies), transnational (NGOs and business corporations) and supranational 

(institutions created with a specific purpose, for example under the umbrella of the UN) (Dingwerth and Pattberg 2009).  

In this context, international and regional organizations have become essential partners in the promotion and establishment of 

rule systems and, at the same time, they seem to play a predominant role and have become integral to global governance (Weiss 

and Kamran 2009). Because of the characteristics of the international system, the increasing number of issues that encompass 

world politics, and the diversity of actors that interact in diverse arenas—as well as the inherent complexity of their interaction—

the world might encounter different forms of global governance. Based on shared problems or common interests, the actors differ 

in their purposes and methods (i.e. persuasion, threat or coercion), and some of them might be more effective than others 

(Rosenau 2009). 

3. PATTERNS OF A SYSTEM OF GLOBAL GOVERNANCE IN DISASTER RISK REDUCTION 

As has been pointed out in a previous section, natural disasters have become more transnational, and communities are affected by 

hazards that originated even outside their territories. In the past, states had the monopoly on the formation of rules in the 

international system, regardless of the type of rules or the mechanisms used to gain consensus. However, this situation radically 

changed with the diversification of actors, and the decentralization of power occurred as a result of the shift from government to 

governance. Thus, while each state has the primary responsibility for implementing policies and programmes that aim to reduce 

vulnerability and increase community resilience, the task to addressing hazards and mitigating their impacts no longer seems to 

depend exclusively on states’ own capacities and, in consequence, other actors have influence (to different degrees) on the 

decision-making process, not least at the global level. 

Disaster risk reduction is the result of a wide range of activities and interaction of actors, such as governments and local 

institutions, international institutions and multilateral and bilateral development institutions, non-governmental organizations 

(NGOs), scientific communities, the media and the private sector (Christoplos, Mitchell and Liljelund 2001; Sutton and Tierney 

2006; UNISDR 2004). Furthermore, international and regional organizations are important for studying the connection between 

disaster risk reduction and global governance and, consequently, it is essential to take into consideration the role of the 

International Strategy for Disaster Risk Reduction (UNISDR, the United Nations Office for Disaster Risk Reduction) in building 

disaster resilient nations and communities. In this context, the Hyogo Framework for Action: Building the Resilience of Nations 

and Communities to Disasters (HFA) is considered the first international acknowledgement of the necessity for systematically 

incorporating risk reduction efforts into policies and programs that lead to sustainable development and poverty reduction, as 

well as practical measures and actions.  
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Disaster risk is considered a “global concern” that can threaten the world’s economy and population, as well as the sustainable 

development of developing countries (UNISDR 2007). The prevention, management and reduction of disasters represent, 

therefore, a great challenge for communities worldwide, and the need to formulate a clear regulatory agenda has been recognized 

in HFA (Olowu 2010). In this context, HFA is a normative and non-binding document that contains the core principles for 

integrative disaster risk management and promotes the development and strengthening of institutions, mechanisms and capacities 

in order to build resilience to hazards. Furthermore, it implies a global approach since the efforts should be supported by the 

cooperation and/or partnership of actors at the bilateral, regional and international levels (UNISDR 2007; Collins 2009).  

HFA promotes a proactive and multi-stakeholder approach and encourages the existence of a system of networks (on voluntary 

bases) to contribute to its implementation and, thus, the importance of “networks” and “partnerships” are highlighted in all five 

priorities for action: HFA1 in relation to community participation; HFA2 regarding research and scientific and technical 

cooperation; HFA3 promoting dialogue and networks of experts across sectors; HFA4 focusing on private-public partnerships; 

and HFA5 advocating for the coordination of regional approaches and policies for response and assistance. In this sense, the 

document highlights that each state is, in principle, responsible for policies and programs for increasing resilience and 

diminishing the impact of hazards, but it also acknowledges that concerted international cooperation and an “enabling 

international environment” are a prerequisite for the development of knowledge, capacities and motivations that are needed to 

build resilience (UNISDR 2007). 

As a result, a variety of instruments and institutions have been built up, in many cases under the sponsorship and coordination of 

UNISDR. The Global Platform for Disaster Risk Reduction takes place every second year since 2007 as a forum for discussion 

and information exchange for government representatives, NGOs, scientists, and practitioners, among others. Regional platforms 

are also multi-stakeholder forums for dialogue and exchange in a given region, and besides that, two binding regulatory 

agreements have been signed in Asia in order to regulate disaster preparedness and response action, i.e. the ASEAN Agreement 

on Disaster Management and Emergency Response; and the SAARC Agreement on Rapid Response to Natural Disasters. In 

national contexts, national platforms work as multi-stakeholder forums for improving disaster risk reduction policies. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The process of consultation on a Post-2015 Framework on Disaster Risk Reduction (HFA2), launched in March 2012, has sought 

to involve all relevant stakeholders and forums, as well as contributions from other social networks (UNISDR 2013). As 

secretariat and coordinator of the preparatory activities for the Third World Conference, UNISDR have got the task to compile 

the feedback of the different consultation phases, support the intergovernmental negotiations of the preparatory process for the 

Conference, and facilitate the development of HFA2 (United Nations General Assembly 2014; UNISDR 2013a). 

As an outcome of the consultation process to date, the need for appropriate governance has been highlighted as a critical issue for 

HFA2 and important matters such as the development of coherent (and eventually binding) frameworks and specific policies, the 

coordination of roles and clarification of responsibilities, and increased accountability have been raised by different stakeholders. 

A call for the inclusion of local actors and citizens in the design of HFA2, and the value of public awareness and education have 

also been emphasized (United Nations General Assembly 2014; UNISDR 2013a; UNISDR 2013b). Finally, stakeholders have 

acknowledged the importance of the Global Platform for Disaster Risk Reduction in fostering partnerships, as well as the role of 

regional and national platforms in the development of mechanisms for disaster risk reduction. 

The inclusion of different stakeholders in the formulation of HFA2 contributes to the development of a common understanding of 

disasters and disaster risk, which can lead to possible ways of governing them. Furthermore, the process itself represents a step 

ahead in integrative disaster risk management. Built on HFA, the new framework will provide the opportunity for creation of 

norms, mechanisms and procedures through the interaction of a diversity of actors involved in disaster risk reduction. Hence, it is 

of great importance to understand how those actors interplay in this global system, which is the intended contribution of this 

paper as a part of a dissertation project that is still in an initial stage.  

5. CONCLUSIONS 

After ten years of the implementation of HFA, it is possible to observe shared practices and a “common language” within disaster 

risk reduction, and, at the same time, the dissemination of lessons learned has been encouraged and improved as a central element 

for increasing communities’ capacity to cope with natural disasters. Many instruments, organizations and institutions have been 

developed and two binding agreements have been implemented to date, both in Asia.  

In this context, we are in the presence of a nascent system of global governance, quite immature in relation to other policy fields 

such as environment and security. This system is characterized by non-hierarchical and networked relations among different 

actors in different arenas, and across and within their boundaries, which makes the system complex, especially regarding the 

definition of roles and responsibilities, and the implementation of policies and programmes. Global networks have led to great 

achievements in building resilient communities but they have also introduced obstacles and challenges, in many cases inherent to 
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the system’s complexity. Thus, it is necessary to understand the complexity of this global system in order to enhance its benefits 

for disaster risk reduction, and reduce (as much as possible) its constraints. Therefore, HFA2 offers the opportunity to strengthen 

and develop it, particularly with regard to coordination and implementation. 
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Abstract 
The ITS'S role is having from two aspects important in crisis management in intelligent city. First aspect 

is undesirable effects crisis occurrence in exploitation urban transportation network and other role of 

transportation network in reduce damages cause of occurred crisis and presenting services to damaged 

regions in intelligent city. Efficiency old methods traffic control and urban transportation management 

was not desirable in crisis conditions that is cause of lacking update information network and delay in 

response time. Exploitation from IT development in management transportation section of intelligent city 

has caused of modern manner of control and management transportation network. Intelligent 

transportation systems was contained whole of traffic control advanced systems that has formed from 

three sections receive information, information processing and present obtained results from process. ITS 

technology is way to coordinate travel demand with supply. In this paper, meantime explanation structure 

and ingredients of ITS, effects cause of accomplish and using this kind of systems in occur crisis time in 

urban regions was examined and present necessary approaches for enhance services network.  
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1. INTRODUCTION 

Historically,criseshave beena threat tohuman and are in the future .The way to deal withcrises 

andreduceadverseimpactson communities is managing them properly. Floods, earthquakes, fires, 

landslides, stormsand otherdisastersarethemost importantinfluenceson thelives of ordinarypeople. These 

eventscreateaseries ofimpactsandlosses that are the concerns of people and civil community planner 

[Mahinpour ,Zarintaj 2000] . These naturalor artificial events inurban areasdue to thehigh density 

ofhumanpopulation, causing  vast human damages .  Urban areas in Iran,due topoorroads andstreetsin 

frontofthe vehicle growth and static population is  the  vulnerableareasduring thecrisis. Usingmodern 

managementsystemandutilizesadvanced technologycan  act towardsharness theimpact ofthe 

crisisoccurredandreducing its effect . Intelligent TransportSystem is  among variousexamples ofthe useof 

modern technologyin the management andcontrol ofurban transport[Mesgari, Sosan 1999]. Intelligent 

transportationsystems includes the use ofadvanced technologyin receiving information, information 

processing and theprocessingresults. In general,the use ofITStechnologyoffersa way 

tocoordinatetraveldemand to offer [ShariyatMahimani, Afshin .Nazelidehghani , Shams Nobakht 2006]. 

Intelligent transportationsystemincludemanysubdivisions that  helptheoperatinggroups in crisis to 

facilitatetrafficduringthe crisisto helptheir waytothe crash sitehasand alsothelocation ofevacuation 
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.Thus,usingthis kindoftransportation systemsinurban managementapproachescan beevacuatedpeoplefrom 

the sceneandrescue operation .ITS systems have a real time response and reaction toward events that is 

the evident characteristic. Planning and proper management in is one of the debates of crisis management 

that come from these community for countering crisis and this system is a sound approach . Moreover 

,The benefits ofintelligent transportationsystems arenumerous  and their role incrisis 

managementisundeniable that are expressed as follows [Hamdelahi , Mehrdad 2003].  

 

2. LITERATURE REVIEW 

Some of theconceptspresented inthis articlein order tobecome familiar are given as briefdefinitions:  

Disaster: Events thatdisruptthe established order of system or the disasterisan 

eventthatoccurssuddenlyandcancreatemassivefinancial or human harms that requires emergent and real 

time responses [SiyadatMosavi , Mahmoud 1995].  

Disaster management: Disaster management is applied science that search for tools by systematic 

observation of disaster and analysis them in order to prevent disasters or in theeventpreparedto 

reducetheirimpact, rapidreliefandrecoveryact [Jahani, Ali 2000].  

Traffic control systems :One of the ways for traffic control in situation after disaster is the formation of 

checkpoint in routs for management of transformation and helping in roads, Imagingofthe roadforreal 

time awareness ofcrisis situation , roads androadrepairprocess, law enforcement  and special rules , using 

of auxiliary electric systems so that thepower outage  are not causedtrafficproblemsandroad . The use 

offlashinglightsandelectronicboards  may be necessary forpassengerawarenessofroad 

conditionsandnotices [NateghiElahi , Fariborz 1999] .  

Intelligent TransportationSystems: Today,with advancesintechnology such as communication 

,telecommunications,computer, automotive, etc. can be planquickly andaccuratelyin manydifferent 

areasof  transport networkmanagement and witha variety ofdecisionsandthe implementation ofvarious 

strategiesusingreal time informationimplement all of them . Different systems  in the world are used in 

transportationmanagement which ITS term is selected by countries working in new technology and smart 

tools in transportation in 1994 . The main purpose of the application and implementation of this system is 

declared  toan  alternative for  construct routes in order to enhance the capacity of roads. The system 

initially was called smart tools of  highway systems(IVHS). Often ,IVHSis considered as set of vehicles 

and smart highways that utilizing of technology  depend on driver , vehicle and highway . IVHS members 

in Canada in January 1995 with the goal of linking the term to all  intelligent transportation systems used 

the term of ITS. ITS encompasses all transport systems. Although the infrastructure of  traffic advanced 

technologies such ITS is based on electronic instrument  and planning of system is based on Transport 

Telematic, but the infrastructure of ITS is based on information syntax , communication and coordination 

between members. 

Data collection systems: This part of the intelligent transportation systems provides and will gather the  

information and inputdatarequired  forintelligent transportationsystem . The inputdataincludesa wide 

rangeof information that rangingfromelectrical signalstovideo pictures . 

Information processing systems: Afteracquiring information ,their processing phase conduct for 

providing  confident outputs  and is done inreal timefor users . Amongthese systems, 

dataprocessingsystem  from inductive loops forintelligent controlof trafficis used.  

Systems for introduction and exit of information : This part of 

theintelligenttransportationsystemincludetools and devicesfor introduction and  display of information to 

usersthatare radiotraffic, timing traffic light , the policeand toll, variable  monitor systems  ,  

automaticguidedvehiclesystems following satellitesystemshelp  such as  GPS andGISand smartluminous 

[Tavakoli , Farokh , Abbas RanjbariFarsd , SaeedNoriBoshehri 1996].  

 

2.1 AdvancedTraffic ManagementSystems (ATMS) 

Undoubtedly , advancedtraffic managementsystemsis the mainpillars ofintelligent transportationsystems 

as the base of intelligent transportation system is base on collected information and processing of them 

and delivering of these information to other sections . Features ofthissystem include: real timeand 
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timelyperformanceandrespondto traffic movements. In fact, the advancedtraffic managementsystem based 

onsource and destination  predicts wherethetraffic is to occur. ATMS includesregional traffic 

videosystems, traffic control onhighwaysandcoordinatingtraffic lights. ATMstries 

tocoordinateactivitiesofvariouscivil organization and response  against the resolving of issues related to 

delay in traffic . ATMsisthe mostuseful for civil  densitythatreducestravel time.  

Advancedtravelerinformationsystem (ATIS): Thissystem is used for safeand usefultripsand 

eliminatesunnecessarytravel .  

AdvancedVehicleControlSystems(AVCS): These systems are designed for better control of vehicles or 

automatic control of vehicles.  

commercial vehicles guidance systems (CVGS): Thesesystemsreducecostsandincreasesdriver safety and 

development servicing the users that examplesof thistechnologyinclude: two –way timing  

communication , travel information systems , electronic invoicing , location finding and automatic 

identification of vehicle . 

AdvancedPublic TransportationSystems(APTS): These systems have more application than former 

systems like ATIS and ATMS and also AVCS can be used in these systems . Aseriesof facilities are 

created in these systems foreasy movement of  public vehicles that this goal is met by Intelligent controlof 

traffic lights and driving with public vehicles . 

 

 

3. THE PROPOSEDINTELLIGENTTRANSPORT MODEL IN TIMES OF CRISIS 

Intelligenttransportationsystem architectureprovidesaframeworkwhere the system canbe built by this 

framework ؛ alsoITS is a conceptual design that defines the structures and system behavior  and provides 

a definition of system that shows its components structure , relation between them and Principles ofand 

rules governing design and their evolution over time . Prior tothe implementation ofintelligent 

transportsystemsineach region, coordinationbetween system componentsis  themost 

essentialprinciplesthatpromotethese systems areconsidered . Inthis context,astructuralsystem 

architectureismainly composed ofvarious components ofthe system (Technology and special systems) and 

their relationshipsto one another[Mir afshar ,M . 2012].  In fact, thesystem architectureissuchthat provide 

theimage ofmultiple organsystemsand their interactionin the frameworkofanoverall pictureofthesystem. 

Oneof the features ofIntelligent TransportationSystem Architectureis thattheperformancedoes 

notdependonany particulartechnology.Affairto be done  are specified by the architecturebut does not 

imply over their performance . Obviously,this affair  has led tothe effective operation ofthesystem in a 

long time , because the functionsandduties of asystem over timeandtechnologicaladvancesin everydaywill 

remainunchanged [Safarzadeh,M,Mirbaha ,B 2007].  

The real benefitsofITSarchitecturebecomes apparent whenthevarious systems of ITScansharetheir 

informationandexchange information with other systems. When the number of  ITSsystems is more ,  

system integrityismore important [Safarzadeh.M ,Mirnbaha 2006].  

 

3.1 Architectural Components 

The maincomponents of thearchitecture includefunctional section that determines and explains required 

performances in order to realization of user needs ؛and physical aspect that describes how 

toestablishfunctional section with respectto current situation. This two main section that called physical 

and logical or functional  architecture  are known in  Intelligent TransportationSystem. 

Logicalarchitecturefor  display of the data flow andcontrol  of thevariousfunctionsarementioned in 

theIntelligent TransportationSystems. Physical architecture, 

physicalsubsystemsandarchitectureflowsbetween sub-systemsthatmaintaindata flowprocessingarchitecture 

,are defined logicalinputsand outputs ofthefinalsysteminside and outsidethe system for thecurrent 

architectureof thesystem . Butapart from thephysical and logicalarchitecture that are seen in  

functionalarchitecture oftheintelligent transportationsystemsallover the world ؛ there are 

othercomponentsthatdepending onthe referencearchitecturehavedifferentnames [MesroraChadori 2009].  
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User services: Inthis part of the  ITSarchitecture, intelligenttransportationsystem tasksare 

identifiedfromusers'perspective. Various groups of ITS services are specified in the document related to  

intelligent transport systems services . In fact , user services are not considered as main components of 

architecture and is the only document that collects ITS user services with coordination [Consulting 

Engineers, 2002].  

Logic architecture: Logical architectureincludesprocesses(activities or functions) that is required to 

achieve ITS userservicesarchitecture and in fact , is functional view of user services . Showsthe logical 

architectureshowstheperformance characteristicsandprocessesthatare neededto implementuser services. 

Most of theseprocesseswith the aim of providing user services need to use sharing information 

withotherprocesses .Data that must be transmitted between processes , are specified in the logical 

architecture of data. In other words,detailedand accuratedescriptionsof thesystembehavior,focusing 

onoperationalprocessesandinformationflows,  is presented a logicalarchitecture ofthe system . Processes 

and data flows  that are grouped is shown  the data flow diagrams with different levels of detail in the 

logical architecture [Lockheed Martin Federal 1997].  

Physical architecture: Physical architecture have high level structure with physical identities that consist 

subsystems  and terminals around processes and existing data flows in logic architecture and all of them 

constitute intelligent transport systems . In physical architecture , logic architecture processes will 

beassigned  to physical components ( subsystems ) and  data flow in logic architecture 

areaggregatedatphysicalarchitecture streams. Subsystems and terminals are connect by physical 

architecture flows and will show real information in communication . Performances that will be in logic 

architecture, aggregate with each other by performance similarity and the situation that will be used. 

Physical architecture and the type of classification  into it exhibits in diagram 1 . As showed in this 

diagram, performance divided into 22 subsystems that can be divide into 4 main group base on passenger 

name, centers, road and vehicle . The small  and applicable grouping depending on equipments is 

organized and is attributed to set of  subsystems duties that work together and will be utilized with using 

capabilities of software and hardware package [Mohammad TaghiIssaei , Mohsen Issaie 2004].  

 

 
Figure 1. The Proposed Intelligent Transport Model in Times of Crisis 

 

Market packages:  Market package are a set of ITS services blocks that administrative view regulated . 

Each market package constituted of one or more services packages that delivery special transport services 

and or resolve one of transport problems. The market packages provide a view of national  ITS that is 
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applicable and available ؛ also  designed in the formation that can resolve transport needs and problems 

bb each other or  alone . The market packages are connected to user services and usually cover more than 

one user service. On the contrary , one user service sometimes  involves range of capabilities that divided 

between various market packages whereas are different in  the type of implementation and performance. 

One of widespread usage of market package is connecting problems , challenges and transport policies to 

ITS solutions [Bossom,R,2004].  

Communication architecture: The complex nature of telecommunication is growing and has rapid 

development . ITS also have diverse and large range that determines by user services , needs and relations 

between them . ITS national architecture is considered as frame work that connect transport to 

telecommunication [Tabiie, M arefi ,Mosavieshkovari 2007]. 

 

 

 

4. PEDESTRIANMANAGEMENT IN INTELLIGENT CITY IN TIMES OF CRISIS 

4.1 Smart Walking Managements 

After vehicles  , the pedestrians are  the  mostimportantelementsof traffic ؛Allthe people who every day 

leave the home  in order to go to school,college, office  and etc ؛they walk part ofthe 

routeofwayandstriveto reachtheir destinationfaster  and  the shortest and safest paths whereas  due to 

thecongestion become of themostdangerousroutes. Crowdingthe streets commensuratewith the number 

ofpedestrians, speed andnumber ofbuses,the size andspeed of the vehicleshas been exacerbated. When 

theline width in the pedestrian lanes is not proportional tothe number ofpedestrians , 

unauthorizedindividuals enter intothe path ofvehicles and as consequence can cause slow motion and 

exacerbation of traffic. Therefore,the use ofintelligent transportsystemsinorderto facilitate of this action is 

effective [Haji hosseinlo , M, Ferydonzadeh 2009].  

 

4.2 Model Needs 

Crossingthe street is  oneof the problems concerning  thepedestrians and  Intelligent 

transportationSystemstechnologycanovercomemanyoftheseproblems . Specialcasesoftheproblem 

which are resolving through the use ofintelligent transportationsystems are studiedin following 

sections [Tabatabei , S,DavodiMonjazi 2007].  

 Ignorance of driver  

 The lack offeedbacktowaiting pedestrians 

 The lack of feedback to crossing pedestrians  

 Not tracking of pedestrians  

 The lack of suitable equipment in order to crossing of  blindpedestrians [SoleimaniKermani 

,M, Salehi 2010] 

4.3 Model Solutions  

In this section, due to  mobility problems  of posed  spaces forpedestrians,  

varietyofintelligenttransportationsystemtechnologiesthat can  be used for improving of mobility, 

accessand enhancing pedestriansafety, arediscussed. 

The equipments of detectors  with short wave and infrared: Possibility of detectingpedestriansin the 

areaatthe edge ofthe sidewalkcan be achievedautomatically by  these theequipment. 

Inrecognitionofthepedestrianlanes, micro-wave detector canbe used.  These equipments in order to 

complementing and reinforcing of push buttons or replacing of these buttons with standard ones that 

capable of activating of pedestrians awareness trait and also recognition of them in pedestrians lane , are 

used. Usingthis equipment related toIntelligent TransportSystems, we  canovercomeexisting 

deficienciesinorder tocreatea safespaceforpedestrianmovement . 

Displays with electronic eye: These devicesareequipped withanelectronic eye 

thatmomentarilydisplaysinformation ofpedestrians who  crossing the road . These displays in the place of 
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pedestrians crossing can be alternative for common symptoms for pedestrians  and drivers can aware 

about the presence of people for crossing the street by help of signal that  called “ pedestrians signal “ .  

Sending equipment of reverse numerical signal: Theequipment used in crossings with  

typicalpedestriansigns inorder toinformthemof thetimeremainingtocross thestreet, are different . It is 

assumedthatpedestrianscanuse theremaining timedisplay in order to regulate their appropriate time and  

crossing street  in timely manner . The time requiredforthe safe passageofpedestrianstocrossthe street 

issetby  equipment withIntelligent TransportSystems and reverse numerical timer activate by pedestrians 

in the  activation of passage sign or prohibited flashing light and when passage sign is lighted , reverse 

numerical sign be zero .  

Lightingtechnique equipment in sidewalk: Theequipmentassociatedwith Intelligent TransportSystems 

in combining to  lightingsidewalk technique  in pedestrianlanes, can warn the driver about presence of a 

pedestrian . Amberlightsembeddedin sidewalk and oneach side of theline and when apedestrian can 

activates system by pushbuttonor viathe automatic pedestrian  recognitionsystem , lights start flashing 

with fixed rate and warns the passing vehicles about presence of  a person in pedestrian lanes .  

Signequipmentforblind anddisabled persons: Intelligent TransportSystems that are used to 

facilitatemovement andimprovethe safety of disabled pedestrians , can complement visible signs and 

guide blind pedestrian and also these persons can cross the street and intersection without any 

dependence. Symptoms andsignsused forindividuals with disabilitiesare: installed signs in speaker, 

receive and send systems and push button .  Equipment of intelligent transport systems relatedto crossing 

of disabled people from thestreetare:  

 Displaying pedestrians when arrive to street  

 Detection street from each other  

 Analysis of thegeometry ofintersections 

 Analysis of traffic control systems  

 Recognition of duration of passage and its starting time . 

 Coordination in the time of passage when there is not guidelines boards for pedestrians  

Equipment for producing sound through installed signal on speakers: Thisequipmenthas 

theaudiosignalsthat are used for blindpedestrians and abuzzingsound, whistle, orhornchirpstartwork . Two 

ofthe most popularaudio pedestrianssignalsinAmericaarebuzzingsoundor the soundof birds that broadcast 

inthepedestrianlanes . Audiosignal  “pippip”   for  the east –western direction in the west  of United 

Statesand  “KooKoo” voicefor thenorth - south directionintersectionsareused . Audiosignalsarebroadcast 

when apedestriancrossingsignactivate and display and when the intersection is empty , audio sings are 

inactive .  

Transmitter and receiversystems: receiver and transmitter systems viainfrared  transmitter orLED that  

placedat the top ofthe  special column of these receivers on theedge of thestreet for transmitting of voice 

message to hand receiver , are used . Talking Signscan beone of the typesof equipment that can detect the  

location and direction ofpedestrian, the  name of crossingthe street,    walking of pedestrians, or 

prohibited crossing  by sending massage. The systemcan provideindependenttravelforblindpedestrians  

with wireless communicationsthat use a infrared waves .  

Push button systems for blind people: Push button systems for blind people are used with vibration or 

sound signs ؛ the simplest type of them consisted from touchable arrow (raised) that are used for 

representing of intersection direction and the most sophisticated push buttonsystem included a  set of 

touch messages , street intersectioninformation, voices of pedestrians guiding positioning , finding push 

button and release theaudiosignals in order to specifying the time of sign change. 

 

5. EVALUATION MODEL INDEVELOPED COUNTRIES 

America's nationalarchitectureandarchitecturalframework forEurope are the most common, yet most 

widely usedarchitecturein theworld. ManycountriesinEuropeand otherparts of the world  thatusing the 

general approaches of thisarchitecture , construct their national  or regional architecture for intelligent 
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transport systems. Consequently, understandingthe differences betweenthesetwo kinds ofsimilarity is 

essential  forusers whoareenteringthe field ofintelligent transportationsystem . 

 

5.1 Similarities and Differences  

Tocompare the twomain world  known architecture which are used for creatingarchitecture in other 

countries , can provide indexes and compare two architectures base on this index. Indicatorsthatare 

includedin this sectionare :methodology, contentand Uses .  

Methodology: Both American and Europe architecture are developed by utilizing of process oriented 

method ( performance ) . This method are used by American architecture because this method was the 

best one in 1933 and has the best tools for support of system . The Europe framework  architecture also 

uses this method because is easier than object oriented method and also are more suitable than high level 

architecture.  Since the process oriented existed at the first , as result all designers use this method . This 

method is used for designing of various systems for many decades . With regard to considering the safety 

cases , all standards are based process oriented . In conclusionwe can say thatdespite thelong history ofthe 

use of thismethod, allsystem designersare familiarto method and  thismethodhas beenfirst choicein design 

systems .  

Content- Performance: since methodology and services that two architecture provide  are similar , their 

performance are alike . The main difference isthegreaterlevelofdetail that have been identified in 

architecture for data flows , also the selection of data flow diagrams that are used for performance 

displays are different between two architecture .  

Physical content: The way that two architectures is different since their structures in architectures are 

heterogeneous . The architecture is used in situation that market package , communication standards  and 

etc can determine ITS establishment . The Europe architecture also must adopt the laws related to 

financial assistance of European Union .Thus , both architecture will be able  to act as guidance .  

The maindifferencesbetween thesetwo architecturescanbe summarizedinthe following topics:  

 Specificserviceobjectivesare verydifferent from each other 

 The NationalIntelligent TransportationSystemArchitecture ofAmericashowsthe relationship 

betweenthephysical components and usersare required tofulfill theneeds 

oftheirconstituents.Thearchitecturalframework forintelligent transportsystemsin 

Europe,onlytoshowthe relationship betweenperformances and users initially select the 

performances that meet their needs and decide themselves how these performances 

accommodate  with physical components .  

The reason for first difference is quite clear and most of works is done with various methods in Europe 

and U.S. The seconddifferenceis thatamajority ofthesame work will be done in different 

waysinEuropeUnion countries  and a possiblesolution isto ensure 

thatarchitecturemodelingframeworkisthat allowed  the similarfunctionsindifferent countriesbydifferent 

physicalcomponentsoftheimplementationare applied .  

 

6. REVIEW THE SITUATION IN IRAN (The Current Situation and Suggestions) 

Due todeterioratingtrafficsafetyand reliefin Iranand highseverity of crashes, taking advantage ofintelligent 

transportationsystemisvery importantinour country . The numberof dead andinjured people due tocrashes 

inIranisvery highfigurecompared to othercountries. Important position of Iran in theregional and 

globalfreight  requires comprehensive improvement in transportation . Highriskin this area,not 

onlycausesdistrusttowards transportation but also presses limitedcapacityrelief , hospital service  andetc 

and its costs impose to people , organizations , insurance and etc . Transportation industryin our 

countrywithoutregardtothis section  entered area that Part ofITSsystemisbeing exploitedin our country . 

Today,regardless ofanintegrated structurein the country andonlyfacedwith aparticular problem and in 

order to resolve that problem ,ITSsubsystem are used  in most cases  . In addition, the absence of large-

scale management of ITS in many cases subject to a special issue of a duplicate investments . The special 

matter in intelligent transport systems is related to their ability for increasing of efficiency of country road 

networks without widened roads and construct new ones .Today, thecountry's authoritiestoovercomethe 
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shortcomings are given the twocategories  that are   management and controltraffic . 

Unfortunately,studiestodate did not done inthe formulation of  ITS nationalarchitecture  and  inmajor 

citiesin Iran, this system has been implemented  regardless of the ITS architecture . However , necessity 

of providing ITS architecture pattern  is evident in country .  

The following suggestions would be offered to improve the ITS position in Iran: 

 Establishinga general frameworkthrough whichonlyprocessesareneeded to resolve theproblems 

identified and otherparts ofthe preparationITSarchitectureandrelated documentsby usersandare 

onlyavailablethroughHelpand examplesprovided 

 Createa comprehensiveframeworkthatincludesall thefunctionsrequiredforrelations,foundations, 

architectural elementsand otherdetails of allthe properties of anationalreference architecture. 

 Reference architecturecan becreatedthrough whichall thesmallerparts ofthecountry andintelligent 

transportsystems architecturedefined 

 Establishing ageneral frameworkfor thearchitectureaccording to themanualsavailable attheITSand 

based onthe target area, architecture scale of intelligent transport is recognized and then is designed 

and provides.  

 Createlegal obligationson usingthenationalarchitecturalprojects in order to implementing of ITS 

projects by private sector, can exploit governmental aids in implementing of projects.  

 There are nolegal requirementsfor theuse ofintelligent transportsystems architecture, thearchitecture 

isintroduced torecognizeandencourageit.  

 

7. CONCLUSIONS 

Inthisstudy, it has been triedthat in thefirst , is presented a  comprehensiveand understandable 

definitionofintelligenttransportationsystem architecture  , then  twomainexamplesofthisarchitecture which  

iswidely usedin the world , has been introduced . The main objective of this research is to identify these 

differences and thereby identify the factors that allowingusers toselect one ofthese two types 

ofarchitecture as aguideusedtoestablish anationaldilemma.Intelligent transportationsystems are important  

withthe goalofmaximizing oftrafficflow and optimization of flow rout inmanaging urbanandextra-urban 

transport network. Various componentsofintelligent transportationsystemshavespecific functionsthatare 

importantin transferringinformation to usersandimplementers. In general,the use ofintelligent 

transportsystemsin times of crisisaretwoadvantages: rapid reactions of assistance forces and faster 

evacuation of healthy and damaged  people in the disaster area. An important feature ofintelligent 

transportsystemsin timesof crisis isthatsendstimely information and addresses to users of transport 

network and with  Introducingthealarm and identification of 

crowdedorcongestedpathscanreducetrafficand preventthe spread ofdamagetothe disaster. Intelligent 

transportationsystem has a management system that is considered  to avoid a crisis so called streets traffic 

,roads,accidents and etc.Based onthe materialspresentedinthispaper,the necessityof usingthese systems  

are enhanced incities andpopulated areasandwith the helpof these systemscan bepromotedin urban 

areasofcrisismanagement. High costofthese systemsled tothose responsible forthemanagement ofurban 

areasin  order to  providethe necessaryplatform becauseinvestment in establishment of intelligent 

transportationsystemsto reducethedamagecaused by thecrisisisaffecting and the return of investmentis  

faster with regard to increasingpopulation densityand more critical areas .  
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ABSTRACT: Planned or assisted relocation is increasingly being seen as a logical and legitimate climate change (CC) 
adaptation strategy (IOM 2010). In developing country cities, many of the communities at highest exposure to climate change-
related hazards (e.g. flooding, landslides and sea level rise) are urban poor communities, generally known as ‘informal 
settlements’.  Recognizing that vulnerability to hazard is a multi-faceted concept in informal settlements, careful attention in the 
relocation process must be paid so as to not accentuate some vulnerabilities while reducing others. For example, CC-related 
relocation might reduce physical vulnerability to hazard through reduced exposure, while simultaneously increasing social and 
economic vulnerability through declines in social capital and/or livelihood opportunities. The research analyzed existing 
guidelines, policies, principles and statements of best practice (collectively referred to as ‘instruments’) to determine the degree 
to which comprehensive vulnerability reduction is considered. An evaluation framework which systematically probes the multi-
faceted aspects of hazard vulnerability was developed and applied to these instruments. The research found that there are 
currently only two explicit ‘climate change-related relocation’ instruments available to help guide CC relocation efforts, and 
numerous other non-climate change specific instruments which, collectively, are both useful and notable for their variation in 
suggestions on how to reduce vulnerability. The research concludes by proposing, as other researchers have done, that additional 
climate change-specific relocation guidance instruments should be developed for use at national and local scales.  

Keywords: relocation, resettlement, displacement, climate change, guidelines 

1. INTRODUCTION 

Planned, managed or assisted relocation1 is increasingly being seen as a logical and legitimate climate change (CC) adaptation 
strategy (IOM 2010, Oliver-Smith and de Sherbinin 2014). Although climate change-related movements can occur at scales 
ranging from intercontinental to local, the majority of CC-related movements have been, and are expected to continue to be, 
within-country or even local in scale (Bierman and Boas 2010, Newland 2011). Examples of this include rural to urban relocation 
in drought-affected regions of countries such as Bolivia, Senegal and Tanzania (Tacoli 2011), and intra-urban 
relocation/resettlement in flood-prone cities such as Manila, Philippines (Republic of the Philippines 2011), Ibadan, Nigeria 
(IUFMP 2013), and Dakar, Senegal (Ayouba 2010). 

This paper focuses on local-scale and urban climate change-related relocation as an intentional climate change adaptation strategy 
for developing country cities. In these cities, many of the residents at highest exposure to climate change-related hazards (e.g. 
flooding, landslides and sea level rise) live in urban poor communities, commonly known as ‘informal settlements’. Thus, the 
research specifically focused on urban relocation schemes for residents of informal settlements. 

Recognizing that vulnerability to climate-related hazard is a multi-faceted concept in informal settlements, this paper contends 
that careful attention in the relocation process must be paid so as to not accentuate some vulnerabilities while reducing others. 
For example, CC-related relocation might reduce physical vulnerability to hazard through reduced exposure, while 
simultaneously increasing social and economic vulnerability through declines in social capital and/or livelihood opportunities. 
The research analyzed existing guidelines, principles and statements of best practice to determine the degree to which guidance is 
available for comprehensive vulnerability reduction (physical, social, economic, political, etc.) in relocation schemes. An 
evaluation framework which systematically probes the multi-faceted aspects of hazard vulnerability was developed and applied 
to guidelines, principles and best practices. 

 

  

                                                           
1 Other terms used in the literature include: climate change displacement, movement, retreat, resettlement, and migration. Often, 
descriptors such as “forced”, “assisted”, “induced”, “voluntary”, “involuntary”, “autonomous”, etc, are also added depending on 
the specific context examined and/or position taken by the author. 
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2. LITERATURE REVIEW 

The literature on climate change displacement identifies a number of direct and indirect pathways by which climate change can 
trigger the need to relocate vulnerable communities (Biermann and Boas 2010, IOM 2010, Newland 2011, Connell 2014). Direct 
pathways include changing climate processes such as sea- and lake-level rise, increased temperatures, decreased rainfall and 
associated increased water scarcity, and discrete climate ‘disasters’ such as flooding, cyclonic storms, and storm-induced 
landslides. Indirect pathways include relocation for climate change mitigation or adaptation projects, and relocation due to 
degrading resource bases. It should also be pointed out that climate change, along with conflict, poverty, ethnic tensions and 
other migration ‘push factors’ might simply be the ‘final straw’ in a multifaceted decision to relocate (Black et. al. 2011, 
Newman 2011). 

Although climate change related displacement has been recognized for over 20 years now (Brown and McLeman 2009), and is 
increasingly recognized as a force which may produce many tens or even hundreds of millions of displaced people, the 
international community has been slow to develop appropriate climate change-specific instruments (i.e. policies, legal 
instruments, guidelines or principles) by which to assist displacees and guide the relocation process. The UN’s 1951 Refugee 
Convention and 1967 Protocol, for example, is usually interpreted as being neither applicable to climate displacees nor to internal 
displacement (Docherty and Giannini 2009), so provides little guidance in that regard.  More recently, numerous proposals have 
been put forth to add an additional Protocol to the original 1951 Refugee Convention which would add ‘climate refugees’ to the 
1951 refugee definition (McAdam 2011), yet even if this initiative came to fruition, the new Protocol would not cover individuals 
displaced within their own country’s borders since refugees are, by definition, cross-border displacees. 

There are, however, numerous relocation or resettlement mechanisms (policies, guidelines, principles, etc.) which potentially 
provide guidance for climate change relocation, particularly that which occurs within a country’s borders. These include the UN-
OCHA Guiding Principles on Internal Displacement (UN-OCHA 2004), the African Union Convention for the Protection and 
Assistance of Internally-Displaced Persons in Africa (African Union 2009), and numerous multilateral aid agency guidelines on 
involuntary resettlement (e.g. IADB 1998, The World Bank 2004, ADB 2012, UNDP 2014). 

As late as 2012, Zetter (2012, 285) contended that no instruments were available to guide climate change related relocation: 

There are…well established international, regional and national legal instruments, covenants and norms to protect the 
rights of people forcibly displaced by conflict, persecution, natural disasters and development projects. It is therefore 
surprising that a similar framework to protect the rights of people forced to move because of climate-induced 
environmental change does not exist. 

However, as will be seen in this paper, this has now changed somewhat with the very recent introduction of two instruments 
which have directly tackled the thorny issue of climate change relocation. 

3. METHODS 

The main research method employed in this study was the review and analysis of existing literature on climate change-related 
relocation and resettlement affecting urban poor communities. Particular attention was paid to literature which purported to offer 
guidance for such relocation or resettlement. A total of forty seven articles were examined in the research, of which, seven 
appeared to offer significant guidance for relocation. An evaluation framework based on a multi-faceted perspective of hazard 
vulnerability was developed and applied to literature which appeared to provide some level of guidance for relocation/ 
resettlement (i.e. articles which offered guidelines, principles, and/or suggested policy or best practices).  Each article evaluated 
was assessed as having a particular hazard vulnerability reduction perspective (e.g. economic vulnerability reduction) “present”, 
“absent” or “neutral” (i.e. the article alluded to a particular aspect of hazard vulnerability reduction but not in any specific 
manner). 

4. RESULTS 

The research revealed that only two instruments or documents, the Correa et.al. “Populations at risk of disaster: a resettlement 
guide” (2011) and the Peninsula Principles (Displacement Solutions 2013a), contained guidance specific to climate change 
relocation. The Correa et.al. guidelines, written under the auspices of The World Bank and Global facility for Disaster Risk 
reduction, are oriented toward natural disasters generally rather than climate change per se, yet nonetheless acknowledge 
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throughout the document that climate change will likely lead to increasing natural hazard risks for some communities, and that 
these increased risks will translate into increased needs for resettlement (Correa et. al. 2011). As such, the guidelines can be said 
to address climate change-related relocation. The Peninsula Principles were developed through a series of consultations organized 
by an international NGO called “Displacement Solutions” (Displacement Solutions 2013b), and involving lawyers, jurists, law 
professors, UNHCR and UNU staff, and NGO staff. The NGO describes the Principles as a “Soft law/international standard” 
(Displacement Solutions 2013b) which is designed to be “a guide and guidelines for governments to deal with the problems of 
climate displacement” (Displacement Solutions 2013b). 

The research also revealed that there are numerous other instruments which provide general guidance on community relocation. 
Most of these instruments are focused on guiding relocation due to development projects, and most were judged to offer useful 
guidance for climate change-related relocation despite not having been drafted for that purpose. This is captured succinctly by 
Ferris et.al. (2011, 22), who observe that there are:  

…multiple similarities between the displacement caused by slow-onset climate change and displacement resulting 
from infrastructure development projects (which) provide(s) a strategic cognitive advantage for crafting 
operational approaches and longer term strategies to meet the displacement risk stemming from new challenges of 
rising sea levels and other effects of climate change. Both types of displacement result ultimately from human 
action—whether through carbon emissions contributing to global warming, infrastructure construction projects or 
natural resource exploitation projects.  

A review of these multiple additional instruments revealed that there is significant variation in both the emphasis placed 
on vulnerability reduction through relocation, and the types of vulnerability to be addressed as part of the relocation 
process. For example, UNDP’s 2014 draft Social and Environmental Standards stress livelihood restoration and 
economic vulnerability reduction, yet barely mentions physical or exposure-related vulnerability reduction (e.g. reduced 
exposure to riverine flooding) as an aim of the resettlement process. Similarly, the ADB’s 2012 involuntary resettlement 
sourcebook stresses economic and gendered vulnerability reduction, including the granting of secure housing tenure 
through the resettlement process, yet compared to the UNDP standards does not emphasize livelihoods enhancement 
nearly to the same degree. Collectively, these additional instruments provide useful guidance for climate change-related 
relocation, yet due to the significant variation in vulnerability reduction approaches promoted by these instruments there 
remains significant questions about aspects of vulnerability that climate change relocation can address. 

5. CONCLUSIONS 

Although several recent climate change-specific relocation instruments have been developed, there remains much work to be 
done to advance the climate change relocation guidance available to national and city-level officials in developing countries. In 
particular, instruments specific to climate change relocation and incorporating a multi-dimensional vulnerability reduction 
perspective, should be developed. These should be developed or adapted to reflect each country’s vulnerability context, and 
perhaps even further contextualized for use in specific urban settings. Ultimately, instruments developed years ago for use in 
project-level involuntary resettlement (e.g. The World Bank involuntary resettlement sourcebook) are a useful base upon which 
to build guidance instruments for climate change applications.  
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ABSTRACT: These days in Hungary the protection against the natural and civilization-caused disasters is one of the 

most current national tasks, which the public opinion and also the political and professional management pay a raised 

attention on. One of the decisive purposes of the safety-politics is to preserve the safety of the people’s life and property. The 

serious industrial accidents, which happened in the past period, showed the importance of the revision of the regulation 

being in force. 

In the year 2012 the regulation related to disaster management in Hungary has been renewed and connected to this the rules 

concerning the dangerous plants also have changed. The new regulation not only expands and circumscribes more detailed 

the scope and tasks of the authority, but it introduces the conception of a new dangerous plant category, therefore the number 

of the establishments falling under the authority’s supervision increases.  

As a result of this, new laws – related to disaster management, respectively to the activity of dangerous plants – have 

come into force in 2012, which formulate stricter expectations, than they are in the European Union. The new effect-taking 

regulation besides expanding and determining more detailed the tasks and scope of the authority, it extends the effect of the 

rule by introducing a new dangerous plant category. Therefore it increases the number of establishments, which the authority 

has to deal with. For the authority to be able to manage its increased work – pertaining to dangerous plants – efficiently and 

in high-quality it is important, that the professionals, doing these tasks possess the required knowledge so their high-level 

education, which provides the adequate special knowledge – and within this the acquirement of chemical and technological 

experiences of certain level – is essential. 

There are being taught more subjects related to chemistry on the National University of Public Service. The aim of this is 

to ensure the special knowledge of those, who come out from the education. These subjects are connected to each other and 

built on each other and in this way they prepare the students for the experiences they will use in the course of they later 

work. Although the chemistry-related subjects are not the most liked ones under the students, with some educational method 

their fear can be decreased. 

In this article – mainly by working up the relating literature and laws – I would like to give a brief survey from the 

authority’s tasks, regarding the dangerous plants. In addition – based on the experiences of my educational work on the 

National University of Public Service since 2012 – I would like to reveal the importance of the teaching of subjects related to 

chemistry, namely the subjects, which present the possible effects of hazardous materials and dangerous technologies and 

the possibilities of prevention. Furthermore I would like to briefly show the teaching method I use, and which I managed to 

bring closer these not very liked subjects to the students with. 

The aim of this article is to give a brief survey of the official tasks related to dangerous plants, to show the importance of the 

subjects related to chemistry and technology, furthermore to represent what kind of methods can be brought these – not very 

liked - subjects closer to students with. 

Keywords: hazardous plant, disaster management education, chemistry, chemist, chemical safety, dangerous plant, internal 

emergency plan, chemical reconnaissance, chemical decontamination, decontamination method, hazardous plant, activity of 

the industrial safety authority, disaster management education 

 

1. CHEMICAL RECONNAISSANCE AND DECONTAMINATION 

The laws, related to disaster management order the operators of dangerous establishments to prepare an internal emergency 

plan as the part of their safety document. In this plan they may show the measures and resources for the protection against a 

possible industrial accident. Plants, which have to count with the getting out of hazardous materials, that can cause health 

damage, or contamination of the environment, also have to plan some reconnaissance and decontamination tasks and 

determine the demand of resources. 

The aim of this article is to present the requirements, related to internal emergency plans, furthermore to give a brief review 

of different decontamination methods and the planning of chemical reconnaissance and decontamination, respectively to 

show the planning of chemical prevention by dangerous plants and the problems, related to internal emergency plans. 

In line with Government Decree 219/2011 (XI. 10.) on control of major-accident hazards involving dangerous 

substances (hereinafter: Decree), the operator of the establishment dealing with dangerous substances has to draw up an 

internal emergency plan for the purpose of preventing risks set out in the safety report and safety analysis. (hereinafter: SR 
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and SA) [1] The document annexed to SR and SA regulates the prevention, recovery and mitigation of major accidents 

involving dangerous substances as well as the order and conditions of information, alert and preparation. [2] The law lays 

down the content points to be included in the internal emergency plan, sets requirements related to updating and revising the 

plan as well as preparation and drilling. [1] 

In the case of establishments where the release of dangerous chemicals, the contamination of the area, ground water, 

fresh water or built environment is possible, the internal emergency plan has to consider chemical reconnaissance and 

decontamination, define the personnel and facilities needed to implement them and describe the process of these activities. 

 
2. INTERNAL EMERGENCY PLAN 

 

2.1. Requirements for the internal emergency plan 
A general requirement for internal emergency plans is that the tasks of prevention and recovery are proportionate to the 

threats listed in the SR and SA, and the bodies, forces and equipment specified in the plan are able to prevent major 

accidents and to mitigate their impacts. [1] 

The internal emergency plan has to describe the tasks intended to prevent major accidents involving dangerous 

substances and to mitigate their effects. More specifically, it must contain the situations following major accidents involving 

dangerous substances; tasks of controlling their effects; organisations, forces and equipment involved in the control; the 

infrastructure that can be involved in the control; facilities and materials that can be used and the measures and rules of 

conduct intended to protect the employees. [1] Only those forces and equipment can be taken into account in the 

enumeration which are available. We cannot rely on tools which are not in use, the circumstances are not proper for their use 

(e.g. adequate power source), their technical compliance cannot be guaranteed or the employees are not prepared to use 

them. [4] It is important that the forces and equipment ensured by other regulations capable to execute the tasks defined in 

the plan are applicable to executing these tasks provided their duties are not affected and they meet the general requirements 

in the internal emergency plan (e.g. industrial fire brigades). 

The internal emergency plan also has to address the duties set out in the external emergency plan, such as the mode of 

alert, the content and transfer of the information to be communicated, the conditions of assistance in emergency response as 

well as the preparation of the personnel involved in response. 

The operator is responsible for establishing the necessary conditions to implement the tasks in the plan, procuring the 

right equipment, setting up and preparing an executive body. [1] 

2.2. Review of the internal emergency plan 

The internal emergency plan is annexed to SR and SA, so it is drafted at the same time. The law prescribes its revision every 

three years or whenever the safety documents are revised. Besides, the operator may initiate its revision when its activities or 

protection system is modified. [1] 

2.3. Drilling of the internal emergency plan 
The feasibility of the internal emergency plan has to be regularly checked by the operator. For this purpose, annual drills 

have to be conducted for a given part of the establishment, during which simple management (command-post) or execution 

(e.g. firefighting) tasks are carried out. Every three years the whole personnel are involved in a complete drill, in which the 

control of a major accident is practised. To conduct the drill, a schedule is prepared, in which the hypothetical situation is 

described together with the tasks to be conducted by certain units. The situation described in the schedule has to correspond 

to the scenarios presented in the internal emergency plan. [1] [4] 

3. THE PLANNING OF CHEMICAL RECONNAISSANCE AND DECONTAMINATION 
Chemical reconnaissance has to be planned at those establishments where the release of hazardous chemicals, the spread of 

their vapour, gas or the contamination of the surface, ground water or fresh water are possible. In this case, the actual 

capacity of chemical detection has to be defined and subunits, bodies have to be set up. When planning, the quick 

accessibility of the results has to be considered. During chemical reconnaissance, the type and concentration of the 

hazardous substance released have to be identified (when it is unknown) so that appropriate measures can be taken to 

mitigate its harmful effects and to assign the forces and equipment needed for the intervention. The detection can be done by 

a monitoring system at the plant, by bodies at the plant using on-site detection devices or by an internal or external 

laboratory following a sampling on the spot. The latter option can be applied in establishments with operating, suitable 

devices and qualified personnel. An accurate assessment of the situation requires meteorological data, so related equipment 

and personnel have to be taken into account in the plan as well. [2] 

When planning chemical reconnaissance and decontamination, the crew and their personal protective equipment have to be 

addressed (at reconnaissance, depending on the tasks, it can be subunits of 2-3 persons, while at decontamination, a body 

implementing the complete decontamination or separate units implementing certain tasks can be set up). [3] 

4. CHEMICAL DECONTAMINATION OF ESTABLISHMENTS AND PROBLEMS EMERGING 

RELATED TO INTERNAL EMERGENCY PLANS DURING THEIR EXAMINATION 

I have reviewed internal emergency plans of several dangerous establishments which I became familiar with in my work. 

Furthermore, I relied on the experience I gathered in the drills of internal emergency plans. 
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4.1. Goals formulated in the internal emergency plan 

In the internal emergency plans of establishments where the release of chemicals which are toxic and harmful to health is 

possible, the emphasis is laid on the rescue of people on the affected area, the treatment and safe transport of the injured, the 

evacuation of the employees working on the area and the isolation of those not directly affected. The localisation of the 

emergency and stoppage of the release are important as well. Depending on the scale of the incident, recovery can be carried 

out by the personnel of the plant, but in most cases complete recovery of the impacts of the accident require the contribution 

of professional forces. 

4.2. Preparation 

Experience shows that operators acquaint the employees and the subcontractors working in the area of the plant with the 

content of the internal emergency plan to the extent required and prepare them to execute the tasks. The training is held 

together with other trainings prescribed by the law, e.g. fire protection, workplace safety after entry to the workplace, and 

repeated every year. Moreover, the operators ensure that the internal emergency plan is available to the affected surrounding 

companies. 

4.3. Drilling 

According to the regulations partial drills have to be conducted annually for given units of the establishment in addition 

to the complete drill involving the whole establishment every three years. To organise the drill, the operator prepares a 

schedule, which is submitted to the authorities. Following the drill, the operator prepares a report and specifies the areas to 

be developed, improved. Based on the experience gained during the supervision of drills, we can conclude that professional 

mistakes can be detected (e.g. attempting to extinguish fire of more intensity, the staff of the establishment observes the 

whole intervention instead of gathering at the refuge areas, crossing the imaginary stream of water when transporting the 

substances). In a few cases the schedule of the drill was not prepared in line with the scenarios described in the internal 

emergency plan. Despite these, we can state that the preparedness of establishments has improved with regard to the 

execution of the drills and the preparation of the relevant documents (the drills conducted in 5 out of the 6 establishments 

with internal emergency plans belonging to the branch office were approved last year, the authority obliged one to repeat it). 

5. THE PREPARATION OF PROFESSIONALS PROVIDING OFFICIAL TASKS 

5.1. The disaster management education 

Towards the professional and effective provision of the - above mentioned – increased tasks of the authority the 

education of a large number of professionals, prepared with special knowledge is necessary. The establishment of this 

education happened with the participation and agreement of the professional disaster management organisation’s industrial 

safety field, which has official tasks and scope. The disaster management education on the National University of Public 

Service started in 2013/14. Its aim is, that the graduated students be able to implement the general prevention and official 

tasks, emerging in the segments of general disaster management (e.g. organisation of disaster-prevention and disaster-

averting, reconstruction, civil protection preparation tasks), or in the frame of the fire-prevention, fire-fighting, technical-

rescue, fire-investigation and the related preparation, as well as from the primary disaster-averting activities, in addition they 

should be able to accomplish the tasks related to industrial safety. [4] 

Beside this, the students, who come out from the university have the opportunity to find a job in civil life, since the 

professionals, who have a higher degree in disaster management and fire-protection are required by the dangerous plants, by 

firms, which are making the plant’s documentations, or by the different institutes, to support decision-making and to help 

keep the rules. [4] 

5.2. The importance of the chemistry-related education 
The accidents related to hazardous materials notably endanger human life and health, the material goods and the 

environment. [15] The measures, of which aim is the decrease and the elimination of impacts require, that the intervening 

force make the right decision considering the circumstances, and to this it is very important to know the characteristics of the 

material causing the accident. [5] 

In order to implement the previously presented official tasks – mainly to comprehend and understand the processes of 

the production and converting activities in dangerous plants, to know the dangerous features of the used and stored materials 

and so to professionally consider the safety documentations, which are filed by the operators and which show detailed the 

applied technologies and used materials – it is absolutely necessary for the industrial safety professionals to have – beside 

the knowing of the effective regulations – some chemical and technological knowledge of certain level. 

The different subjects of natural science and of chemistry, taught on the specialization serve this aim. These subjects are: 

 applied natural science – applied chemistry 

 applied natural science – radiation protection 

 chemistry of toxic materials 

 dangerous technologies 

 averting of damages caused by hazardous materials 

 basics of industrial chemistry – facultative subject 
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A survey, made under the students during the first presentations showed that they have chemistry-related knowledge of 

different levels. Therefore it is important to spend time during the lessons to refresh the fundamental chemical knowledge, 

respectively to present the features and impacts of the most frequent hazardous materials and compounds. The programs of 

the different chemistry-related subjects have to connect with each other and built on each other, so there is some overlap in 

the program of subjects. 

It can be seen from above that the university wants to establish the competence of the graduating professionals with 

more chemistry-related subject. The previously presented subjects – connected to and built on each other - prepare the 

students from general knowledge to the acquirement of special skills. Therefore during the construction of presentations it is 

important to find enough time to refresh the fundamental knowledge for that later it do not cause any problem to take in the 

specific materials. [4] [5] 

It is also important that the students get closer to natural sciences and get to like the chemistry-related subjects, so either 

the giving over or the acquirement of knowledge become easier. In order to this by the construction of the material of the 

lessons it has to be aspired to prepare understandable, colourful and graphic materials, which can keep up the interest. This 

purpose is served also by the practices in laboratory and visits by dangerous plants, organized in frame of different subjects, 

furthermore by the showing of educational films and documentaries, related to certain parts of the subject-matter. It is also 

needed to pay attention to give the right assistance for closing up for the students, who attain the material of the lessons more 

difficult, or manage with the practical tasks harder. Applying these methods it can be achieved that neither the students feel 

the chemical knowledge far from themselves who otherwise prefer humane subjects. [5] 

6. CONCLUSION 
In year 2012 a new disaster management regulation came into force in Hungary, which expanded the authority’s tasks 

related to dangerous plants and beside this introduced the concept of the so-called “below-tier plant”, therefore increased the 

number of dangerous plants belonging under the scope of the authority. In order to implement the increased official tasks 

more efficiently it is required to employ prepared professionals, who have the right knowledge. To accomplish the tasks on 

high-quality the education of professionals, which provides the right special kills – including chemical knowledge – is 

necessary. On the National University of Public Service more chemistry-related subject serves the aims, mentioned above. 

These subjects – built on each other - ensure the competence of graduated students by teaching either the general chemical 

knowledge or the special skills. 

By the experiences it can be told, that chemistry and the related subjects are not the most liked ones, furthermore that the 

students often have incomplete chemical knowledge. Therefore it is important to have enough time to refresh the basic 

knowledge, so later the students will be able to attain the more specific material easier. By preparing the presentations of the 

lessons it has to be considered that the material has to be clear and the presentations have to be colourful and graphic to keep 

up the interest of the students. This can be achieved by organizing – in frame of different subjects – laboratory-practices or 

visits to different dangerous plants, moreover the educational films and documentaries showed connected to some parts of 

the subject-material also serve this purpose. Beside these it is also very important to give the right support for students, who 

acquire the material more difficult or get along with practical tasks harder in order to close them up. Applying these 

educational methods it is possible that either the students get closer to chemistry-related subjects, who prefer the humane 

ones, respectively who “were afraid” from chemistry until now, so either the transmission or the acquirement of knowledge 

can be made easier.  
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ABSTRACT: The following describes how the Met Office works in collaboration with National Meteorological and 
Hydrological Services (NMHSs), national governments, donor, development and non-governmental organisations (NGOs) to 
address the challenges the changing weather and climate bring. Examples are provided of how the Met Office has worked with 
partners in several developing countries to increase capacity. It focuses on risk across all timescales, and how world-leading 
science is taken into services. It illustrates how risk knowledge is made available to vulnerable people, enabling them to be 
weather aware and climate prepared.  
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1. INTRODUCTION 
Natural variations in climate and longer-term changes due to human activities are causing more severe weather events, affecting 
communities and the environment, particularly in developing countries. Floods, droughts and storms are putting increasing 
pressures on lives and livelihoods, agriculture production and economic performance. Dealing with the changing weather and 
climate, variability and extremes is essential to ensure a nation’s preparedness, well-being, prosperity and growth. 

2. WORKING IN PARTNERSHIP 

2.1 Improving service delivery 

The Met Office works in collaboration with National Meteorological and Hydrological Services (NMHSs), national governments, 
donor, development and non-governmental organisations (NGOs) to address the challenges the changing weather and climate 
brings. We draw on our experience, as well as scientific and operational strengths, to offer practical advice and specialist 
consultancies to our partners. Our wide range of skills and expertise enable us to support countries around the globe in 
developing and enhancing their weather and climate services. These enhanced services assist in planning to protect against 
disasters, underpin socio-economic growth, inform policy and help prepare for and adapt to the impacts of climate change. 

Key areas we support include: 

• Situational assessments 
• Institutional strengthening (strategy, management, operating procedures, standards) 
• Capacity development (archiving, forecasting, observing) 
• Product/service design and development 
• Disaster risk management and early warning systems 
• Weather and climate media and communications (television, radio, mobile, internet) 
• Technical assistance (design of observations and applications, systems consultancy, modelling) 
• Commercial consultancy for public and private sector clients 
• Tailored training programmes 
• Monitoring and evaluation 
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2.2 Climate consultancy 

We support countries in understanding the effects of climate change, managing climatic risks, and developing plans to adapt to a 
changing climate. Our climate consultancy services include: 

 
• Regional climate modelling systems for studying impact, vulnerability and adaptation, and projecting climate change. 
• Assessing and managing the impacts of climate change and variability on physical and human systems, including 

water, agriculture, ecosystems, health and energy. 
• Developing tools and services for strategic decision making. 
• Analysing and developing techniques to improve the understanding and communication of climate risks. 
• Supporting the development of a national climate service in line with the Global Framework for Climate Services. 

3. APPLYING WEATHER AND CLIMATE SCIENCE TO REAL LIFE 
Building resilience to weather and climate variability and adapting to climate change requires information on timescales from 
days to centuries. Weather and climate science thus involves analysis of past weather data to understand climate variability, any 
critical thresholds, and future weather and climate. Over longer periods, while confidence decreases, if the information is applied 
in an appropriate manner it can prove extremely useful in adaptation decision-making and resilience-planning and help maximise 
opportunities.  

The Met Office works with stakeholders worldwide across all weather and climate timescales. This includes: understanding past 
climate and climate risk; designing early warning systems; and providing capabilities to support national scale adaptation 
planning; all building on the UK’s national climate capability and services.  

Many developing countries depend heavily on agriculture and natural resources for the livelihoods of their people. These 
countries are particularly vulnerable to severe weather and climate variability and change which may have catastrophic impacts. 
Working with local end-users, the Met Office expertise builds capabilities that enable countries to prepare for extreme weather 
and adapt to changing climate. A few examples are provided below. 

 

 
 

Figure 1: Illustration of projects across all timescales. 
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3.1 Tanzania – implementation of Climate Services 
Working with the Tanzania Meteorological Agency, the Met Office is developing a programme of activities which will build 
underpinning capability as part of a larger modernisation plan. Initial activities will include: digitising the paper-based 
meteorological data archive; developing a climatology for Tanzania; training scientific and technical staff; building strong 
engagement with climate-sensitive sectors (agriculture, energy, water, and disaster risk reduction); and pilot projects to develop 
weather and climate services for climate-sensitive stakeholders. The programme enables Tanzanian society to make climate-
smart decisions based on robust, reliable and integrated climate information. It also supports Tanzania’s progress against the 
millennium development goals through better management of climate variability and change risks and opportunities. 

3.2 East Africa – Severe Weather Forecasting Demonstration Project (SWFDP)  

SWFDP East Africa regional teams identified the need to improve severe weather forecasting, and the interaction of NMHS with 
users. By understanding key meteorological and environmental triggers, forecasting teams can issue relevant severe weather 
warnings. Access to skilful forecasts at increased lead-time enables better preparation to protect life and infrastructure. SWFDP, 
with focused support from the Met Office Global Guidance Unit, has led to enhanced forecasting ability, stronger relationships 
between regional NMHS, and improved risk mitigation. 

3.3 Rwanda – Early Warning System 
Western Rwanda is vulnerable to weather-related hazards, including flooding and landslides. Enhanced weather information 
services were required to improve preparedness and ultimately reduce vulnerability and economic loss.  

The Met Office worked with the Rwanda National Meteorology Agency (Meteo Rwanda), the Ministry of Disaster Management 
and Refugees Affairs (MIDIMAR), the Rwanda Environmental Authority (REMA) and the district administration to develop a 
pilot Early Warning System (EWS). This would provide better weather information services to disaster managers and the public 
in areas prone to extreme impacts of weather and climate.  

The existing situation was assessed against international best practice using the UN-International Strategy for Disaster relief 
(UN-ISDR) framework. This led to an agreed road map for implementation which covered developing new EWS products, 
improving forecaster tools and capability, communications and response.  

Meteo Rwanda is, as a result, issuing rainfall planning forecasts on a regular basis to disaster managers and is able to issue severe 
rainfall weather warnings to the general public to ensure they are better prepared. 

3.4 Kenya – STARCK+  
The Adaptation Consortium funded under STARCK+ in Kenya is providing climate information services (CIS) to the populations 
of four semi-arid counties and setting up County Adaptation Funds (CAFs). The aim is to improve climate resilience and to 
ensure that CAFs are spent on appropriate initiatives that will make a real difference to Kenya. The Met Office is delivering 
tailored weather and climate services in partnership with the Kenya Meteorological Service (KMS), the Humanitarian Futures 
Programme (HFP), Christian Aid, CARE International, and the International Institute for Environment and Development (IIED), 
the consortium leaders. A key aim is to ensure long-term sustainability, so that KMS and its county partners can continue to 
provide and benefit from CIS which build resilience for all people throughout the counties. 

3.5 African Climate Science Research Partnership (CSRP) 
Major progress in reducing poverty sustainably in Africa can be achieved through improved climate information. This needs 
better understanding and modelling of African climate and its drivers. The Climate Science Research Partnership (CSRP) 
between the UK’s Department for International Development (DFID) and the Met Office Hadley Centre is working with African 
stakeholders and scientists to improve prediction on monthly-to-multi-decadal timescales, to develop climate monitoring and 
attribution systems, and to promote the profile of climate science in Africa. This programme advances capabilities for sustainable 
poverty reduction in Africa through improved understanding of the drivers of African climate variability and change. It also 
improves prediction on monthly-to-decadal timescales and strengthens capacity for use of climate science in Africa.  
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3.6 Providing Regional Climates for Impacts Studies (PRECIS) 
Climate change is likely to adversely affect developing countries whose economies are heavily dependent on agriculture and 
natural resources. Adapting to these effects will require countries to combine their local knowledge of climate and its impacts 
with future climate projections at appropriate resolution. PRECIS, created by the Met Office Hadley Centre, is an easily 
configurable system that makes it possible to develop high-resolution regional scenarios worldwide. It is made freely available to 
developing countries. The regional climate model adds high-resolution information to the large-scale projections of a global 
climate model. It provides fine-scale information in areas of complex topography and represents high-resolution climate 
phenomena such as fronts and tropical cyclones. This provides countries with important information relevant to planning and 
implementation of their adaptation programmes. 

3.7 Climate modelling in Bangladesh 
The Met Office Hadley Centre, UKaid and the Bangladesh University of Engineering and Technology provided consultancy and 
training in applying regional climate change models in Bangladesh. The overall purpose of the project was to build in-country 
capacity to apply regional climate change models and interpret the model outputs. This project provided policymakers with the 
data they need to plan effectively for climate change. Specific project goals and activities included: 

• setting up a climate change modelling lab by procuring necessary hardware and software at Bangladesh University of 
Engineering and Technology (BUET); 

• building capacity to understand climate change models and simulate regional climate scenarios; 

• developing capacity to analyse and interpret output from climate models; 

• creating awareness about climate change risks and facilitation of incorporation of climatic risks in development 
planning.  

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
Enabling nations to deal with the changing weather and climate supports the strategic goal of the Hyogo framework, to develop 
and strengthen institutions, mechanisms and capacities to build resilience to hazards.  One of the priorities for action of the 
framework is to identify, assess and monitor disaster risks and enhance early warning, including scientific and technological 
development, climate modelling, forecasting and early warning. All of these priorities are addressed through the projects detailed 
above. Countries around the globe, including least developed countries in Africa, a particular focus of the framework, are 
supported to develop and enhance their weather and climate services. We work closely with NMHSs to improve their service 
delivery and enable them to deal successfully with weather and climate-related impacts and natural hazards. Effective 
meteorological and hydrological services strengthen nations’ preparedness, well-being, prosperity and prospects for growth. 

5. CONCLUSIONS 
These projects demonstrate not only that weather and climate science is an essential part of climate resilience, adaptation and 
disaster risk reduction, but also that there must be users who will take action based on the information provided. The Met Office 
is ideally placed to facilitate early, close and routine discussions between stakeholders that will ensure that this important issue is 
given due attention and resources. 

6. ABOUT THE MET OFFICE 
The Met Office is a global centre of excellence in weather and climate science, and the UK's national weather service. Founded 
in 1854, the Met Office pioneered weather forecasting. Ever since then we have been at the forefront of developments in weather 
and climate science. 

Our weather and climate services serve a wide range of worldwide customers, including governments, businesses and industries, 
armed forces, and national meteorological and hydrological services. 

We operate one of the world’s leading climate change research centres, the Met Office Hadley Centre. We run the National 
Severe Weather Warning Service for the UK, which warns of weather likely to endanger lives and property and have a 
partnership with the UK Environment Agency for the Flood Forecasting Centre. 

For our international development work, we draw on our scientific and operational strengths to offer practical advice and 
specialist consultancies. Our wide range of skills and expertise enables us to support countries around the globe in developing 
and enhancing their weather and climate services. 
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ABSTRACT:  

Short synopsis: The Rapid Analysis and Spatialisation and Of Risk (RASOR) project will develop a platform to perform multi-

hazard risk analysis to support the full cycle of disaster management, including targeted support to critical infrastructure 

monitoring and climate change impact assessment. RASOR projects and analyses hazard extent, exposure and vulnerability to 

enable risk managers to develop strategies to reduce risk and to support near-real time decision-making during events. 

Over the past decades, there has been a dramatic rise in disasters, and their impact on human populations. Rapid climate change 

has brought changing weather patterns, making risks increasingly challenging to predict and changing the ways in which hazards 

interact with each other. Europe’s Copernicus/Global Monitoring for Environment and Security (COPERNICUS) Programme is 

implementing a number of services related to climate change and to emergency management. In this last arena, COPERNICUS 

now offers both rush and non-rush operational mapping products for authorised users on a global basis. There is to date however 

no tool to integrate these diverse products and existing background data in a single work environment that supports the 

generation of new risk information.  

RASOR adapts the newly developed 12m resolution TanDEM-X Digital Elevation Model to risk management applications, using 

it as a base layer to interrogate data sets and develop specific disaster scenarios. RASOR overlays archived and near-real time 

very-high resolution optical and radar satellite data, combined with in-situ data for both global and local applications. A scenario-

driven query system allows users to project situations into the future and model multi-hazard risk both before and during an 

event. RASOR allows managers to use real scenarios when determining new mitigation or prevention measures, and integrate 

new, real-time data into their operational system when organising response activities. 

The RASOR Consortium will offer three tracks of services based on adding value through customised exploitation of the RASOR 

tool for risk management and insurance markets: a global risk assessment service, and SME-led national and local services 

through innovative partnering arrangements in each national marketplace. These tracks are validated in five different geographic 

locations with end users and practitioners, as well as with international organisations representing different possible markets. 

A number of EU-wide initiatives made headway in creating a European area in which disaster management is increasingly reliant 

on satellite technology inside and outside Europe. This will continue within the Horizon 2020 research programme that foresees 

future investments in the same area. RASOR complements this effort with a tool for a macro-level assessment of hazards and risk 

to ensure that communities most at risk are aware of the risks and have the compelling information to convince political decision 

makers to make resources available for emergency planning and preparedness. 

Keywords: satellite, EO, risk modeling, risk assessment, risk management, risk analysis, disasters, civil protection  
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1. INTRODUCTION 

Over the past decades, there has been a dramatic rise in disasters, and their impact on human populations. Rapid climate change 

has brought changing weather patterns, making risks increasingly challenging to predict and changing the ways in which hazards 

interact with each other. Europe’s Copernicus/Global Monitoring for Environment and Security (COPERNICUS) Programme is 

implementing a number of services related to climate change and to emergency management. In this last arena, COPERNICUS 

now offers both rush and non-rush operational mapping products for authorised users on a global basis. There is to date however 

no tool to integrate these diverse products and existing background data in a single work environment that supports the 

generation of new risk information. The World Bank and the Global Facility for Disaster Reduction and Recovery (GFRRR) 

recently released a comprehensive review of how risk is managed in various countries offering insight into lessons learned and 

remaining challenges. [1] 

2. CURRENT PRACTICE IN RISK ASSESSMENT 

There is a broad range of tools used to conduct risk assessment. In this document, we are particularly concerned with the tools 

used to quantify, project and analyse risk, so that it is easier to understand, and so that different options for risk reduction can be 

analysed and compared to each other. 

Apart from the numerical models that simulate hazardous scenarios (seismic events, flooding, etc), most of these tools are in fact 

Geographic Information Systems, or add-ons to them, which are software tools that ingest a range of different data types and 

display them in geographically coded layers so that they are easy to visualize and understand in relation to each other. 

Some GIS systems are available commercially, to be used with a license (e.g. ArcGIS). Others are available free of charge (e.g. 

QGIS, ILWIS). All require some degree of familiarity with the tool, but are readily available to support non-expert users in their 

work.  

Most existing systems do not offer the ability to compare data across different hazards. Much of the cross-hazard risk analysis is 

therefore conducted outside of systems, with the results of a hazard-by-hazard analysis examined in isolation and compared after 

the fact to each other. This situation is compounded by analysis from hazard-specific experts who have no mandate to look across 

several hazards. The GFDRR commissioned a review of existing open source tools that offers insight into how these tools can be 

used and where they currently fall short. [2] 

3. RASOR INNOVATIONS 

RASOR flood analysis: RASOR offers access to world-class flood models developed by Deltares, as well as historical and actual 

flood event monitoring based on satellite EO-derived products. Users can update their analysis in near-real time by changing key 

parameters and running new simulations. 

RASOR geohazard analysis: RASOR offers a base layer that will include a seismic source scenario/model that users can 

manipulate, but not a ground motion model or probabilistic calculations. Ground motion can be simulated using a USGS software 

to draw a fault or designate a point and propagate effects from the point. 

RASOR exposure data innovations: RASOR marries comprehensive in-situ data based exposure layers with recent satellite-EO-

based data to provide accurate and up to date information on exposure. 

RASOR multi-hazard analysis: RASOR combines information on different hazards and analyzes them in relation to each other, 

as well as offering systemic analysis for five criteria: physical/functional; human; social; economic; and environmental. 

A comprehensive discussion of what RASOR aims to achieve and who will benefit form this is found in the RASOR User 

Requirements Document. [3] 

4. RASOR USER COMMUNITIES 

Risk assessments are conducted by a wide range of organizations at the local, national and international levels. All these 

organizations are considered as end users for the RASOR platform. The RASOR Consortium has contacted a range of end-users 

for each of the case studies that will be conducted within the first phase of the project. These end-users have expressed great 

interest in the RASOR products for usage in a wide range of decision making.  
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At the local level, risk assessment is conducted by municipal and regional authorities, in order to protect populations and ensure 

economic development and growth. Spatial planning is one of the fields of application on the local level that can benefit from 

spatial risk information.   

At the national level, risk assessment is typically conducted by national civil protection authorities, with a legislative mandate to 

understand risk and make recommendations to reduce risk, and by specialized organizations that are either experts in certain 

hazards (e.g. flood research institutes, geohazard and geophysics laboratories, forestry centres, ocean researchers) or by national 

geo-spatial agencies, with a mandate to map and document the spatial characteristics of countries. National organisations are also 

interested in risk assessment at the local level, but have a mandate to address risk across a broader spectrum, using national 

standards. 

At the international level, risk assessment is a critical component of the work of development organizations (e.g. UNDP, regional 

development bodies) and international financial institutions involved in development. Both of these types of organizations 

recognize the strong link between development and risk, and for over a decade have invested significant resources in the 

reduction of risk as a means of ensuring longer-term development. There are also companies with a specific interest in risk 

assessment. The RASOR platform for example aims to address needs from companies in the reinsurance sector. 

5. RASOR BUSINESS MODEL 

The RASOR platform is being developed in three phases. The first phase is an EC funded 7th Framework Programme to 

demonstrate the technical feasibility of the platform and develop it for deployment in five pilot areas. The second phase will 

extend this deployment on a global basis. The final phase will make the tool available globally and maintain it on a regular basis, 

offering the platform for free, together with bundled add-on products and commercial services from Consortium partners. 

6. CONCLUSIONS 

In essence RASOR aims at: improving risk assessment for multiple risks over areas with little available in-situ data; serving as an 

information integrator for space-based data in-situ data for use at local, national and international levels; providing a robust 

backbone for multi-hazard, end-to-end management addressing the full disaster cycle; documenting risk analysis and presenting a 

compelling “spatialised” view that informs mitigation decisions; facilitating the application of space technologies to the HFA 

priorities. 
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ABSTRACT: Modelling and simulation help comparing complex and interrelated decision options in disaster risk and crisis 

management. To support the user in his specific decision situations, detailed simulation results need to be aggregated and 

communicated by indicators that characterize situation- and process-related aspects of alternative scenarios. The FP7-funded 

project CRISMA implements a modelling and simulation framework for stakeholder and crisis specific applications, which is 

demonstrated in pilot studies on coastal submersion, earthquake, extreme cold weather, chemical spill and large traffic 

accidents. This paper describes an approach to quickly understand and compare alternative simulation runs (which represent 

scenarios) with support of indicators that are calculated based on reference and model data in the simulation system.  

Keywords: Indicator, Simulation, Crisis Management, Scenario, Decision Support 

1. INTRODUCTION AND MOTIVATION  

The impacts of natural and technological hazards are increasing, and their effects on health and wellbeing are amplified by 
population growth and economic activities. Moreover, media raise awareness about disasters, sometimes in biased manner, which 
altogether puts additional pressure on crisis management and requires retraceable justification of decisions during crisis response 
and for investments during the preparation phase. 

Planning and training during the phase of emergency preparedness can be made more efficient by the use of modelling and 
simulation tools. Simulation of crisis evolvement and corresponding response activities can be helpful to estimate, for example, 
the impact variation of an earthquake or a large accident. Running the same simulation but using different parameters (e.g. input 
data or decisions) will give insight into the consequences of a decision. By defining clear reference scenarios, a comparison with 
alternative scenarios is possible. Such a comparison can be visualised by maps or tables, if appropriate with such results also 
illustrating evolvement over time. 

Simulation in general is the imitation of the operation of a real-world process or system over time, specifically referring to 
potential future states (Aubrecht et al. 2008). The act of simulating something first requires that a model needs to be developed. 
This model represents the key characteristics or behaviours or functions of the selected physical or social system. The model 
represents the system itself, whereas the simulation represents the operation of the system over time. Key issues in simulation 
include acquisition of valid source information about the relevant selection of key characteristics and behaviours, the use of 
simplifying approximations and assumptions within the simulation, and fidelity and validity of the simulation outcomes (Banks 
2001, Sokolowski 2009).  

A high quality simulation requires the appropriate level of abstraction, reliable models and good data quality, which may imply 
many and complex data for input, calculations and output. These need to be transferred to aggregated values for the user of a 
simulation and for the decision makers. For this purpose, indicators are relevant that highlight important aspects of complex 
datasets and allow high-level comparison of alternative scenarios. It needs to be mentioned that in crisis management absolute 
ranges of “good values” for indicators cannot be given, since that would normally be “zero cost” and “zero affected persons”. 
Everything else is mainly political decisions about less disliked options, which is the case in particular in situations with limited 
resources to address the problems faced. However, for a given reference scenario, ranking criteria can be provided for a specific 
decision context, but the need commonly remains to consider several indicators in the context of one decision. 
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To address these challenges, within the CRISMA1 project a collaborative, modular and open planning and decision support 
system is developed, which offers to public authorities, civil security forces and economic actors the technical capabilities for 
modelling and simulating realistic crisis scenarios and analysing their possible consequences (Sautter et. al. 2012, Dihé et al. 
2013). CRISMA tests its approach using reference scenarios that deal with electrical shortage during winter storms, coastal 
submergence and evacuation, earthquakes including forest fires, and response to chemical accidents and mass casualty traffic 
accidents. 

Indicators in the CISMA crisis management simulation application will enable decision makers in crisis management to (1) asses 
the consequences of incidents and crisis scenarios, (2) compare possible impacts resulting from alternative actions, (3) support 
strategic decisions on capabilities and related investments, (4) optimise the deployment of resources dedicated to crisis response 
in-line with the evolvement of a crisis, and (5) improve action plans for preparedness and response phases. In this paper we 
present the types of indicators developed in CRISMA, and illustrate their usage in one sample application. 

2. INDICATOR TYPES AND THEIR USAGE IN SIMULATION  

In disaster risk management, indicators are a means of encapsulating a complex reality in a single measurable construct that 
offers a systematic approach to discuss and quantitatively evaluate different root causes of risk (Aubrecht and Özceylan 2013). 
Indicators provide quantitative information having a special significance regarding objectives and their performance: “You should 
use an indicator to measure what needs to be reduced or heightened, or generally improved or changed” (Krems 2012). In this 
sense, indicators replace intuitive opinions with verifiable data, and for this purpose indicators can be absolute values or ratios. 
They produce a basis for comparison of scenarios with others (benchmarking), over time, as well as with target values (criteria).  

Four different types of indicators have been elaborated on for CRISMA that are considered relevant for decision support related 
to simulated crisis scenarios. Based on user requirements, a generic approach for each of these types has been described, which 
then was exemplified for the above-listed reference scenarios. The indicator types can be summarised as follows: 

1. Situation indicators are related to hazard, vulnerability and impact, e.g. magnitude of a hazard, severity of an impact, regional 
vulnerability. Situational indicators describe a status of the world, thereby covering e.g. meteorological parameters, or 
demographical, structural and network characteristics. High-level indicators that have been identified for a crisis area include 
“intensity of hazard”, “number and features of elements at risk”, and “damage per element type”. The damage indicators can be 
used, among others, for decisions about resource allocation and evacuation during a crisis situation, or for mitigation options and 
resource investments in preparation. At a national level and in the context of electricity blackout, a sample situational indicator 
could be “the number of households without telecommunication for more than two hours per district”.  

2. Capacity and resource planning indicators address real world objects and personnel deployed in the scope of crisis 
management activities. They are grouped e.g. according to patient situation (numbers and status), resource situation (vehicle, 
equipment, responder), time until arrival of resources, and treatment performance of resources. Attention of this kind of 
indicators is put on the simulated response phase of crisis management that also influences decisions about investments for better 
preparedness. While, in the context of forest fires, fire brigade resources are identified as the key indicators, for evacuation 
indicators may look mainly at event-time-specific population distribution patterns, and during an accident scenario a 
differentiated focus may be put on ambulance indicators. Such an example is elaborated in chapter 3 of this paper.  

3. Economic impact indicators (Perrels 2014) help to judge (1) expected economic impacts of hazards and (2) economic 
implications of the state of preparedness and resilience of an area. They are often valid for several hazards and serve both 
strategic and operational level crisis management decision making. The strategic-level indicators are useful for long term 
planning purposes (investments in capacity; new or changed policy incentives) to check preparedness or for learning and review. 
Relevant strategic indicators for CRISMA are a macro-economic impact multiplier (related to the original damage), fiscal gap 
indicator, and insurance coverage (per household/company and damage compensation). Operational-level indicators are 
precursors of economic damage model results; they facilitate early stage decision making in an unfolding crisis (or in training), 
e.g. related to built-up area, human losses or power outage.  

4. Key performance indicators (KPI) can be used to evaluate the efficiency of the crisis management. The choice of the KPI is 
highly context-specific, but all KPIs share the following common characteristics: (1) KPIs measure either the absolute result or 
the efficiency of the crisis management or mitigation activities. (2) They are valid in the scope of the whole scenario – either 
cumulative or pertinent to the final world state at the end of the crisis. (3) They really matter to the stakeholders, i.e. a certain KPI 
is only relevant for some specific decisions by some specific stakeholders. KPIs in the CRISMA reference scenarios are either 
given for an entire study area or an extract, examples include “hours needed for evacuation”, “number of depleted resources”, or 
“duration of road interruptions”. 

The implementation of the indicator concept within the CRISMA architecture framework relies mainly on two components. First, 
there is an Indicator Building Block, which is informed about new World States (the data at a given time in a scenario) and then 

1 CRISMA: Modelling crisis management for improved action and preparedness - Integration Project, www.crismaproject.eu  
Partly funded under the European Community's Seventh Framework Programme FP7/2007-2013 (grant agreement no. 284552) 
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calculates the respective indicators. Second, there is an Indicators and Statistics View that visualises the specific indicator output 
as part of the CRISMA user interface, which is realised as a Web Mashup Platform called WireCloud.   

3. APPLICATION OF INDICATORS IN A SIMULATION EXAMPLE 

Indicators are intended to be formed and used differently in the various CRISMA applications, which address dedicated decision 
situations for specific reference scenarios. Here we illustrate the case of training exercise support for emergency response by 
ambulances. The reference scenario assumes a bus transporting 45 passengers, which collides with another vehicle in the German 
countryside. Many people are injured, some seriously. An emergency call is received by the operations center and emergency 
units are sent out to the scene. Even such a limited number of affected persons (compared to earthquake and flood impact 
scenarios) is already a major challenge given the number of first responders, hospital beds and ambulance vehicles immediately 
available in rural areas. 

The operational response for a mass casualty incident is characterized by the treatment and transportation of patients. This 
procedure is constrained by available and usable emergency service resources (Hellmich 2010). First responders and other 
emergency personnel react according to standard procedures oriented towards 5-50 injured people in an accident (Weidringer 
2009). Reaction means getting an overview of the situation, giving first aid, transporting injured people away from the scene to a 
safe area. A chief emergency physician (CEP) guides the designated medical incident commander and the emergency medical 
services. The CEP forms his operational picture of the situation and decides whether to request additional rescue personnel and 
technical support or not. Further he coordinates the planning of primary medical care, in particular by triaging patients and 
assigning treatment priorities (Sautter et.al. 2014). 

The decisions relevant during this kind of crisis response are: where to position a patient treatment area, whether further 
resources are requested, when patients should be transported, to which hospital, and by which vehicle. All those decisions are 
based on predefined guidelines and, of course, experience of the person in charge. A relevant indicator that describes the situation 
refers to the number of patients, while indicators associated with resources include the number of first responders and vehicles. 

To be able to evaluate and consequently improve crisis management within such a setting, two key performance indicators (KPIs) 
are identified: (1) time until seriously injured (red triaged) patients are put on the way to the hospital, and (2) ratio of medical 
responders per patient at the incident scene. This is an important but limited view focusing exclusively on the perspective of a 
chief emergency physician, since it only addresses the activities on the scene, but not the whole patient treatment period 
including transportation, treatment in hospital and recovery. It is obvious that optimising crisis management to only these 
selected KPIs could potentially mislead decisions in the long run, e.g. from the viewpoint of a hospital manager or the traffic 
police. 

 

 

Fig. 1: Indicators and related details in a scenario Fig. 2: KPIs to compare alternative response scenarios 

The CRISMA simulation application for “resource planning” allows the configuration of a given reference scenario including the 
above-outlined “bus accident”, featuring variables such as time and date of incident, location, number and injury status of 
patients (red, yellow, green), number and type of first responders, and available vehicles. An agent-based simulation platform 
represents the behaviour and decisions of these patients, first responders and ambulances (Meriste, 2005). Further scenario 
modification options are to consider scenario-specific health or injury patterns for the patients, or to make assumptions about skill 
level and recreation demands of first responders, or to define the transport capacity and fuelling needs of vehicles. 

The model assumes that a vehicle is equipped with medical personnel as well as medical devices. As soon as the vehicle arrives 
at the scene the patients get treated according to their injuries, which takes a predefined time. Once emergency treatment is 
completed, the patient is transported to a nearby hospital. The simulation runs as long as patients or vehicles are on the scene. At 
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the end the simulation delivers the indicators and KPIs mentioned above. Figure 1 illustrates a given scenario and shows the 
injury status of the 17 affected persons as one indicator, and also provides detailed information on each “patient-agent”. Figure 2 
compares alternative strategies with 25 injured persons, here with respect to the KPI of “time to have red patients away from the 
scene”, and also suggests best strategies considering several weighted KPIs. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION  

The CRISMA simulation framework provides a tool set that supports a rigid and consistent management of disaster risk 
reduction. National authorities are able to provide assistance to local authorities by offering relevant reference scenarios. The 
indicators highlighted in this paper allow a harmonised approach to describe a given situation, the available resources, the 
expected economic impact and the KPIs of major concern. Thus, CRISMA supports the implementation of a strong institutional 
basis for awareness in crisis management. 

The developed indicators support the identification, assessment and monitoring of disaster risks within and between regions. 
While CRISMA does not improve sensor based early warning of actual hazards, it enables to check the quantity and quality of 
resources available to answer assumed crisis scenarios. Thereby, it can be considered to support early warning of resource 
shortage. At the same time, the systematic and regular conduction of crisis management simulations and their indicator based 
evaluation helps to build a culture of safety and resilience at all levels. The results enable the decision makers to establish 
awareness programs, improve pre-event planning, communicate results and challenges to the public and provide transparency for 
investment priorities. This could be a first step to reduce the underlying risk factors, either by improving infrastructures, 
appropriate resources, or improving societal resilience. 

5. CONCLUSION  

In the CRISMA system the modelled and simulated crisis management scenarios will create large amounts of data. Indicators 
provide a condensed view that enables decision makers to more quickly understand a given situation as well as differences 
between alternative scenarios. During the definition of indicators, we faced the challenge that available research studies and 
applied methodologies for several questions and crisis phenomena are very complex and multidisciplinary. As such, the common 
understanding of available and applicable indicators in the scope and for the benefit of the CRISMA modelling and simulation 
approach has been considered a major achievement. 

This paper introduced a way to improve crisis management strategies by using indicators in crisis management simulations. The 
approach was illustrated in the context of a mass casualty incident. It supports the Hyogo priorities, especially it allows national 
authorities to institutionalise the support of local decision-makers. Furthermore, it suggests ways forward especially towards 
systematic resource availability checks. Currently these indicators are tested in CRISMA pilot studies with many crisis managers 
in the context of applications that address specific decision situations related to various reference scenarios.  
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 ABSTRACT 

The Agriculture drought hazard during last decade (2000-2011) affected 75% of the land cover areas in Syria, 

mainly in Raqa, Hasaka, Dier Ezzor, Damascus and Daraa governorates in 47.9%, 38.9%, 30%, 21.6% and 20.6% of 

their total areas respectively. The uncertainty within agriculture production increased in 47% of the total vegetation 

cover of Syria, creating a high trend of agriculture instability. The overall economy was affected given the 

agriculture share in Syria’s GDP of around 16.9%. Despite severity of agricultural droughts, Syria was often 

classified in the past as a country with medium vulnerability given economic levels and coping mechanisms in state 

institutions. But the negative impacts of the ongoing conflict is putting Syria at much greater future risk with regards 

the risk of expected future drought cycles, that could further harm stability, bring further exacerbating factors to 

underlying dire situation for development trends, and threaten post-conflict recovery processes.  

With a view to the future, a need will emerge in the future to bridge the science of future drought risk forecasting 

and scenarios for Syria, with any future efforts to support resilience based development responses to in the post-

crisis period. This paper explores this risk-resilience nexus as a means of building sustainable responses that address 

recovery needs while also taking into account future drought risks. This helps strengthen resilience of communities 

and engages emerging resilience-based approaches and framework as a means of bridging humanitarian and 

development responses to the crisis.  

_______________ 

Key Words: drought risk assessment, SPEI, agriculture drought hazard, resilience-based development response 

1. INTRODUCTION  

Some 1.3 million people (206000 households) of a population of 22 million, almost 6% of the total population,   

have been severely affected by drought, of which 800,000 have lost almost all their livelihoods and face extreme 

hardship as a result of a severe reduction in rainfall and increasing in potential-evapotranspiration that has lasted 

more than four agriculture seasons (2007/2008 – 2010/2011). This has crippled agriculture in eastern and north 

eastern Syria; the livelihoods of the farmers who depend on only one crop are at risk - they have nothing else to 

support them and they may have to migrate out of the affected areas; (Erian et al., 2011, Kattana, 2011 and 

UNISDR, 2011). Migration estimates that between 40,000 to 60,000 families have left, toward Syria's cities such as 

Aleppo, Damascus and Deir ez Zour or to Lebanon in search of work and for new sources of income, in one of the 

largest internal displacements in the Middle East in recent years (Nashawatii, 2011 and Erian, 2010). 

The eastern region of Syria (Hassakah, Deir al-Zor and Raqqa governorates), are considered as the most important 

areas of agricultural production in Syria and most affected by drought. The Major impacts of drought are described 

as follows:  

 The eastern part of Syria represent 31.75% of the total rainfed areas of Syria and due to drought has been 

declined from 1.12 to 0.98 million hectare, during the years from 2000 to 2009; The region is contributing by 

58% of the total wheat production, 68-78% of the total cotton production,  62-72% of the total maize 

production and 22% of the total sugar beet production, and have 30% of the goats, 36-41% of the sheep and 

31-34% of the cows. (Kattana, 2011). Rainfed wheat area normally amounts to more than 0.8 million hectares,  

wheat production has dropped in the eastern part of Syria by 25.9% during the years 2000-2009, and total 

production from 2.6 to 2.1 million ton during the years 2005-2009 and reaching to 1.2 and 1.9 million ton in 
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2008 and 2009 respectively. During the agriculture season 2007–2008 and due to severe drought in the Syria, 

75% of the country’s farmers suffered total crop failure, where, wheat production dropped by 39.8% from 0.43 

to 0.25 million ton  from the year 2000 to the year in Al-Hassakehh governorate in the eastern part,  (Kattana, 

2011). Barley production has decreased in the last years 2005-2009 up to 40%, beside the absence of natural 

pastures and at the same time feed prices have doubled, which resulted in the sale of animals, accompanied by 

a large fall in price of ewes sold or slaughtered as well as young animals in the market; animals weight loss in 

beside physical deterioration; (FAO 2011). The estimated number of sheep population has dropped from 2.47 

million head at the year 2005 to 1.5 million head at the year 2009 and the livestock population was 50 percent 

below the pre-drought level more than a year after the drought ended; (Kattana, 2011  and Erian et al, 2011).  

 The severe shortage of rainfall that has lasted more than four agriculture seasons (2007/2008 – 2010/2011) has 

crippled agriculture in eastern and Northeastern Syria; farmers who depend on only one crop are in trouble - 

they have nothing else to help them and they have to move; (Erian et al, 2011; Kattana, 2011; UNISDR, 2011 

and FAO, 2011), and A rise in the rate of borrowing in rural households in the three provinces between 2006 

and 2010 estimated by 350%; (Erian et al ,  2010). 

 During the years 2007 to 2011, Some 1.3 million people (206000 households) of a population of 22 million 

have been severely affected by the disaster, of which 800,000 have lost almost all of their livelihoods and face 

extreme hardship. Migration out of the affected areas has increased, with estimates indicating that between 

40,000 to 60,000 families, with 35,000 from “Hassakeh governorate” alone have driven to urban settlements on 

so called mass migration toward Syria's cities such as Aleppo, Damascus and Deir ez Zour in search of work 

and for new sources of income, many ending up with difficult laboring work. in one of the largest internal 

displacements in the Middle East in recent years; (Nashawatii, 2011 and Erian et al , 2010), and Most of the 

houses on villages are left empty and less than 10% are occupied by elder people and children, The younger 

generations left seeking work, many left to Lebanon or Jordon, as workers in the sectors of construction or 

agriculture. Women left to work in the western part of Syria, for packing vegetables in “Tartous” greenhouses; 

(Erian et al., 2011). 

With a view to the future, a need will emerge in the future to bridge the science of future drought risk forecasting 

and scenarios for Syria, with any future efforts to support resilience based development responses to in the post-

crisis period. This paper explores this risk-resilience nexus as a means of building sustainable responses that address 

recovery needs while also taking into account future drought risks. This helps strengthen resilience of communities 

and engages emerging resilience-based approaches and framework as a means of bridging humanitarian and 

development responses to the crisis.  

1. MATERIAL AND METHODS 

On this study Agriculture Drought Hazard analysis is depend on satellite images (MODIS (250m*250m) for 

calculating ADH, MODIS - NDVI and MODIS - LST, images were down loaded from NASA site, 

https://wist.echo.nasa.gov/wist-bin/api. Several drought indicators have been used, after, Kogen (1995). European 

Commission (2006), Agriculture drought frequency obtained from the vertical calculation from (0,1) classified VHI 

maps for the different agriculture seasons. The total studied seasons were 10 seasons; Agriculture drought 

consecutive obtained from the horizontal calculation from (0,1) classified VHI maps for the different agriculture 

seasons. The total studied seasons were 10 seasons; Agriculture drought intensity calculated for each pixel as an 

average of all studied monthly VHI for all seasons, 88 maps that represents (11 seasons*8 months in each season), 

The obtained results were then classified into 4 classes as follows: Severe Drought: less than 15, Moderate 

Drought:15– 30, Slight Drought: 30 – 45. No Drought: More than 45 

For calculating Agriculture drought variability classes, the first step is  subtract the annual NDVI from the maximum 

average NDVI of all studied years. The obtaining significant variability classes only the shift of 5 to 6 months from 

average could be considered, as crop calendar for vegetation and natural vegetation in rangelands showing that in 

many years the crop cycle is not completed and NDVI reached its maximum in January instead of the normal 

months in April, May and sometimes early June. The deviation from average were calculated for all years and 

grouped to 4 classes as follows: No variability: If the positive and negative values were calculated from (0 - 1 

month); Low variability: If the positive and negative values of (2 month), Moderate variability: if the positive and 

negative values of (3 - 4 months), and Severe variability: If positive and negative values of (5 -6). Finally, the 

Agriculture drought Hazard ADH map for the studied area was created by crossing between the agriculture drought 

“Intensity”, “Variability”, “frequency” and “Consecutive” maps in order. 
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The total affected population is estimated by crossing the population density map with ADH map, and the main 

source for the density map is http://sedac.ciesin.columbia.edu/gpw/,  

Vegetation degradation classes were studied using images for long time (MODIS 1km) for time-series analysis. The 

time series calculations were carried out using the TimeStats software package. which was specifically developed 

for analyzing long-term hyper-temporal satellite data archives (Udelhoven, 2006). Both vegetation degradation time 

series trend analysis map and ADH map were crossed and the result were re-crossed with  land cover/land use map, 

that allow a better understanding for the type (s) of land use that are more vulnerable to LD and ADH, crop losses 

and cost for creating alternative job opportunity for affected worker by both Agriculture Drought Hazard and Land 

Degradation is developed by the Author(s). 

2.      RESULTS AND DISCUSSION: 

The preparation of the Agriculture Drought Hazard (ADH) map is done by crossing the previously produced maps 

namely: agriculture drought intensity” ADI” agriculture drought variability “ADV”, agriculture drought frequency 

“ADF” and agriculture drought consecutive “ADC”, as  shown in (Figure 10). The results show that 74.4% of the 

total area of Syria is affected by ADH, the slight hazard is covering area of about 9.47 million hectares that 

represents 51.17% of Syria total area, while area of about 3.95 million hectares that represent 21.3% of Syria is 

suffering moderate severity, area of about 2.78 million hectares that represent 1.5% of Syria is suffering Severally 

severity and areas of about 4.73 million hectares that represents 25.55% of the Syria total area is not effected.  

The distribution and levels of the agricultural drought hazard in Syria different governorates illustrate that Syrian 

governorates could be ranked according to ADH coverage percentage:  as follows: Hasakah (98.5%), Raqa (87.8%), 

Aleppo (82%), Daraa (73.2%), Hama (72.7%), Homs (70.4%) , Deir ez-Zor (68%), Sweidaa (64%), Tartous 

(62.4%), Damascus (61.5%)), Idlib (59.5%), Latakia (53.3%), and Qanetra (27%), or ADH severity level: Syrian 

governorate could be ranked as follows: Al-Hasakah (38.9%), Deir ez-Zor (30%), Damascus (21.6%), Daraa 

(20.6%), Aleppo (17.2%), Homs (16.4%), Sweidaa (12%), Hama(9.3%), Latakia (8.3%), Tartous (4.9%), Idlib (2%) 

and almost zero in Qanetra.  

 4. CONCLUSION 

 Water resources are dwindling by population increase regardless of drought in most Mediterranean countries; 

Water scarce was estimated to reach severe levels by the year 2025; (El- Quosy, 2009). The already on-going 

and growing critical situation caused by hydrological drought and soil moisture (agriculture) drought, will 

reflect extremely severe in water scarce, and contribute to the likelihood of conflicts by causing displacement 

and migration, increasing competition for scarce resources and exacerbating ethnic tensions; (Barnett and 

Adger, 2007; Reuveny, 2007; and UNISDR, 2011).  

 The continuous increasing gap between countries demands for water for serving its sustainable development 

and available water resources in many Mediterranean countries, The increasingly serious drought conditions 

throughout the entire Mediterranean region. Syria, Jordon, Palestinian Territories, Lebanon and Iraq have all 

reported water shortages that are sure to affect both their ecosystem stability and national security; El- Quosy, 

2009.  

 Poor rural households with livelihoods that depend on rainfed agriculture are more vulnerable to drought and 

less able to absorb and buffer the losses. Consequences include increased poverty, reduced human development 

and negative impacts on health, nutrition and productivity; (de la Fuente and Dercon, 2008). 

 Drought impacts in some areas is irreversibly, people abandoned their lands, houses and looking for new life in 

other areas that could offer them other opportunity and alternative chances. Their migration becomes permanent 

because farmers and Bedouins failed in obtaining economical yield or feeding their animals, to gain sufficient 

income to sustain their family’s needs. The rain is not enough anymore in amount and variability to sustain crop 

production and all scenarios showing a more moderate to severe drought in the near future, accompanied by 

increasing temperatures, disruption of the hydrological cycle, resulting in less and more erratic rainfall that will 

aggravate even further the already critical state of water scarcity ;(Abou-Hadid, 2006). 

 A strong relationship between droughts and animal death. Projected temperature increases, combined with 

reduced precipitation would lead to increased loss of domestic herbivores during extreme events in drought-

prone areas; Batima,, 2003.Impacts on animal productivity due to increased variability in weather patterns will 

likely be far greater than effects associated with the average change in climatic conditions. Lack of prior 

conditioning to weather events most often results in catastrophic losses in confined cattle feedlots; (Hahn et al., 
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2001). with economic losses from reduced cattle performance exceeding those associated with cattle death 

losses; (Mader, 2003).  
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ABSTRACTS 

Severe drought affects food security and development trends in vulnerable communities around the world, 

with recent history seeing serious implications of more severe drought impacts for example in the Arab 

region, the Sahel and the Horn of Africa. The estimation of agriculture drought hazard ADH and Land 

Degradation LD impacts on the value of vegetation losses to the economy is one key factor for better 

understanding the scale of direct losses and indirect impacts on rural communities’ instability and in 

supporting design of more resilience based development policies and programmes.   

In this study vegetation losses due to combined LD and ADH were studied. The study reflects the annual 

average impacts of the period from 2000-2011 over 76 countries in sub-Sahara, North Africa and West 

Asia and South Europe Regions. The results to date reflect the following:  

 Approximately, 8.9% of the studied area are  affected.  

 The total annual average estimated crop losses are approximately 35 billion US$.  

 Countries mostly effected by more than 500 million US$ are  Turkey, Iran, Nigeria, Spain, Sudan, 

Somalia, Italy, southern part of  France, Mali, Algeria, Chad, Ethiopia, Morocco, Senegal, Cote 

d'Ivory, Burkina Faso, Serbia, Iraq, Greece and Syria. 

 Countries could also be ranked according to its GDP effect by more than 1% as follows: Somalia, 

Liberia, Mali, Chad, Mauritania, Senegal, Zimbabwe, Burkina Faso, Sierra Leone, Cote d'Ivory, 

Sudan, Niger, Eritrea and Congo. 

This in-depth analysis is then coupled with frameworks of analysis and policy response geared towards a 

resilience-based development response to address the implications for insecurity at broader systemic levels, 

including issues of social cohesion and sustainability of poverty reduction and development trends. 

The focus is on bridging the risk-resilience nexus for enhanced policies and actions that can help prevent 

future risks and ensure more resilience in poverty reduction and human development trends.  

____________________ 

Key Words: Agriculture Vegetation Losses, Land Degradation, Agriculture drought hazard, Africa, 

resilience-based development response 

1. INTRODUCTION  

As indicated by IPCC (2012), drought will increase in many of the studied regions causing serious threat 

for most studied countries that already are suffering from fragility ecosystems, and facing severe risks of 

depletion of soil, vegetation, and water resources on daily basis. The strong seasonal and inter-annual 

variability of vegetation in most semi-arid regions is a subject of particular interest due to the ecological 

and economic impacts. The Severe sensitivity of vegetation to climate forcing may result in rapid land use 

changes and Severe vulnerability to land degradation, as result of human action. When drought conditions 

end, recovery of vegetation may follow but such recovery process may last for longer periods of time. This 

is coupled with a population increase within this region rushing at scary rates further increase stresses on 

natural resources. Land degradation constitutes one of the major problems facing a healthy environment 

and sustainable management of natural resources In Africa, Land degradation is considered extremely 

serious problem, as most countries are suffering from desertification in various types and degrees. It can be 

noted that many areas were exposed throughout history to the overuse of the natural resources which led to 

their deterioration and the acceleration of desertification problems in these roots of land degradation lie in 

increasing population, introduction of new and inappropriate technology in the affected regions, and in 

general, bad strategies of land management, and the breakdown between indigenous nomadic peoples and 

their traditional market and livelihood systems.  
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Associated with these changes are growing of livestock numbers, intensive cultivation and excessive 

irrigation, deforestation, overgrazing; trees and shrubs are removed to produce fuel wood, or agricultural 

land; the land becomes increasingly impacted by wind and water erosion. The land cover may become 

more barren or diverse, and nutrient-rich species are replaced by vegetation of poorer quality. The carrying 

capacity of the land is reduced, people who do not have land tenure security and/or water rights have little 

or no incentive to invest in sustainable land management. Instead, they tend to focus on meeting their short-

term economic needs, to the detriment of the environment. (Nicholson et al 1998). 

The negative impacts of land degradation are both ecological and socio-economic. Land degradation 

undermines the structure and functions of ecological systems that are critical for the survival of human 

beings. This impact has already put at risk the livelihoods and economic wellbeing, and the nutritional 

status of more than 1 billion people in developing countries (World Bank, 1998).  

In fact the trigger for the surge of interest in desertification was the drought that ravaged the Sahel in the 

early 1970s. Reportedly, a million people starved, 40% to 50% of the population of domestic stock 

perished, and millions of people took refuge in camps and urban areas and became dependent on external 

food aid (Graetz 1991).  In this regard, lands that are prone to degradation processes should be identified in 

advance to avoid possible damages.  

As drought becomes and important phenomena since the 70’s of the last century, arose the idea that regions 

that were undergoing a process of desertification, may have exacerbated or even caused the drought risk or  

at least enhanced its impact, (Nicholson et al 1998). In fact the complexity of desertification and its 

relationship to rainfall variability and drought is underscored by the extensive field work and analysis, 

Akhtar-Schuster (1995), Graetz (1991), and others. 

In this study, areas in Africa, sub-Saharan, Arab and South Europe regions that are subject to different 

Severe levels of both land degradation (LD) and agricultural drought hazard (ADH) will be characterized as 

well as their impacts to land cover. 

2   MATERIALS AND METHODS 

2.1. Developing Agriculture Drought Hazard Map  

On this study Agriculture Drought Hazard analysis is depend on satellite images (MODIS (250m*250m) 

for calculating ADH, MODIS - NDVI and MODIS - LST, images were down loaded from NASA site, 

https://wist.echo.nasa.gov/wist-bin/api. Several drought indicators have been used, after, Kogen (1995). 

Thenkabail et al (2004) and European Commission (2006), Agriculture drought frequency obtained from 

the vertical calculation from (0,1) classified VHI maps for the different agriculture seasons. The total 

studied seasons were 10 seasons; Agriculture drought consecutive obtained from the horizontal calculation 

from (0,1) classified VHI maps for the different agriculture seasons. The total studied seasons were 10 

seasons; Agriculture drought intensity calculated for each pixel as an average of all studied monthly VHI 

for all seasons, 88 maps that represents (11 seasons*8 months in each season), The obtained results were 

then classified into 4 classes as follows: Severe Drought: less than 15, Moderate Drought:15– 30, Slight 

Drought: 30 – 45. No Drought: More than 45 

For calculating Agriculture drought variability classes, the first step is  subtract the annual NDVI from the 

maximum average NDVI of all studied years. The obtaining significant variability classes only the shift of 

5 to 6 months from average could be considered, as crop calendar for vegetation and natural vegetation in 

rangelands showing that in many years the crop cycle is not completed and NDVI reached its maximum in 

January instead of the normal months in April, May and sometimes early June. The deviation from average 

were calculated for all years and grouped to 4 classes as follows: No variability: If the positive and negative 

values were calculated from (0 - 1 month); Low variability: If the positive and negative values of (2 

month), Moderate variability: if the positive and negative values of (3 - 4 months), and Severe variability: 

If positive and negative values of (5 -6). Finally, the Agriculture drought Hazard ADH map for the studied 

area was created by crossing between the agriculture drought “Intensity”, “Variability”, “frequency” and 

“Consecutive” maps in order. 

The total affected population is estimated by crossing the population density map with ADH map, and the 

main source for the density map is http://sedac.ciesin.columbia.edu/gpw/,  

Vegetation degradation classes were studied using images for long time (MODIS 1km) for time-series 

analysis. The time series calculations were carried out using the TimeStats software package. which was 

specifically developed for analyzing long-term hyper-temporal satellite data archives (Udelhoven, 2006). 

Both vegetation degradation time series trend analysis map and ADH map were crossed and the result were 

re-crossed with  land cover/land use map, after Arino et al (2008), that allow a better understanding for the 

type (s) of land use that are more vulnerable to LD and ADH, crop losses and cost for creating alternative 
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job opportunity for affected worker by both Agriculture Drought Hazard and Land Degradation is 

developed by the Author(s). 

3. RESULT AND DISCUSSION 

The total studied area covers 50 countries and represents approximately 2.95 billion hectares of land. The 

total rainfed areas are covering 2.16 billion hectares (represent 57.48% of the total studied area).  These 

rainfed areas could be sub-divided into 3 main land use types, the rainfed croplands area, the Rangelands 

area and the Forests that represent 20.32%. 39.23% and 40.64% of the total studied area respectively.  

The ADH map was produced, as shown in figure (1) and classified into 4 major groups.  The main Classes 

are: C1:No Drought hazard covers 213.88 million  Km
2
 of the study area and represents 72.52%, Class 2 

Slight Drought Hazard covers 3.66 million  Km
2
 of the study area and represents 12.4%, Class 3 Moderate 

Drought Hazard covers 3.75 million  Km
2
 of the study area and represents 12.72% ; and Class 4 Severe 

Drought Hazard covers 0.7 million  Km
2
 of the study area and represents 2.36%. Total effected areas by 

Agriculture Drought Hazards are ≈ 810.47million hectares represents 27.48% of the total Africa area, but 

the severely affected (moderate and Severe) areas are ≈ 444. 76 million hectares represents 15.08% of the 

total Africa area.Total effected areas by land degradation are ≈ 1.54 billion hectares represents 52% of the 

total Africa area.  

The overall study area that is subject to different Severe levels of both land degradation (LD) and 

agricultural drought hazard (ADH) was calculated and the results reflected that different Severe levels of 

both land degradation (LD) and agricultural drought hazard (ADH) are covering approximately 0.335 

billion hectares represent 11.3% of Africa total area. With regard to this percentage, severe levels of both 

LD and ADH effects 0.9%, severe LD and moderate ADH effects 3.8%, moderate LD and Severe ADH 

effects 0.2%, and 1.2% is affected by moderate levels of both LD and ADH. The most effected countries 

are: Djibouti, Somalia, Eritrea, Equatorial Guinea, South Africa, Gabon, Ethiopia and Kenya 

The total affected land used areas (Rangelands, Rainfed croplands and Forests) by combined ADH and LD 

are covering approximately 0.414 billion hectares that represent 13.9 % of Africa total area and could be 

sub-divided into two major classes: Class 1: Areas exposed to Severe threat of both sever ADH and sever 

LD, they cover 329 million hectares represents 11.5% of the total Africa area, (within this percent, severe 

levels of both LD and ADH effects 5.93%, severe LD and moderate ADH effects 2.43%, moderate LD and 

Severe ADH effects 1.96%, and 1.18% is effected by moderate levels of both LD and ADH); Class 2: 

Areas exposed to slight to moderate threat of both slight ADH and sever LD, they cover 85.3 million 

hectares represents 2.86% of the total Africa area, (where, slight ADH_ moderate LD represents 20.8 

million hectares represents 0.7 % of the Africa area and slight ADH_ Severe LD represents 64.4 million 

hectares represents 2.16% of the total Africa area);  

The levels of vulnerability for Africa countries could be classified, after, Erian et al (2012), and could be 

illustrated as follows: Countries with severe to Moderate Vulnerability: with moderate coverage of ADH 

and LD, with moderate severity and very Low to low capacity such as Somalia, Senegal and Kenya 

Countries with Moderate Vulnerability: Severe coverage of ADH and LD , with moderate severity and 

moderate capacity such as Eritrea, Morocco, and Eq Guinea ; Countries with Moderate Vulnerability: 

Severe to moderate coverage of ADH and LD, with moderate severity and Severe to moderate capacity 

such as Tunisia, Djibouti, and Namibia;  Countries with Moderate to Low Vulnerability: moderate  

coverage of ADH and LD , with low severity and very low to low capacity such as Cote D Lvoire, Sierra 

Leanne, Ghana, Liberia and Nigeria; Countries with Moderate to Low Vulnerability: moderate to low 

coverage ADH and LD , with moderate to low severity and moderate to low capacity such as South Africa, 

Burkina Faso, Chad, Benin, Togo, Ethiopia, Botswana, Cameroon, Sudan and  Mali; and Countries with 

Low Vulnerability: low coverage of ADH and LD, with low severity and high to moderate capacity such as 

Niger, Mauritania, Algeria, Libya, Malawi, Burundi, Angola, Zimbabwe, Lesotho, Mozambique, Gambia, 

Tanzania, DR Congo, Zambia, Swaziland, Rwanda, Egypt, Congo, Guinea, Guinea-Bissau, Madagascar, 

Uganda, and Central Africa.  

The assessment of the economics vegetation losses is based on  the combined impact of ADH and LD on 

Africa vegetation cover that includes Rangelands, Rainfed croplands, Forests and limited scattered irrigated 

areas. The total estimated Losses on land and rural permanent and seasonal workers that lost their jobs on 

Africa are as follows: About  152.52 million hectares of Rangelands that value 17.74 billion US$, that left 

18.64 million workers Jobless; About  338.35 million hectares of Rainfed croplands that value 89.24 billion 

US$, that left 308 million workers Jobless and About 69.45 million hectares of Forests that value 34.34 

billion US$, that left 24.08 million workers Jobless . In total for all Africa countries about 560.32 million 

hectares of Forests, that value 141.32billion US$, that left 350.72million workers Jobless and countries of 

relatively larger losses could be ranked as follows: Sudan, Nigeria, South Africa, Namibia, Ethiopia, 
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Somalia, Mali, Chad, Kenya, Niger, Morocco, Cote d'Ivory, Botswana, Gabon, Algeria, Cameroon, 

Mauritania, Ghana, Burkina Faso, Senegal and Congo. 

3. CONCLUSION  

Studying drought, Land degradation and socio-economic nexus in Africa are important for understanding 

their impact on increased food aid and instability of Africa countries. Most Africa countries are 

increasingly suffering from drought and land degradation in various types and degrees as well as poverty, 

food insecurity, conflicts, and displacements. The most vulnerable countries with high socio-economic 

instability were Somalia, Kenya, Senegal, Morocco, Eritrea, Equatorial Guinea, Tunisia, Namibia, Djibout,  

Liberia, Sierra Leane, Nigeria, Cote D Lvoire and Ghana. Countries of High to Moderate vulnerability are 

likely facing, Shortage food production, increased agriculture uncertainty and Suffering rural communities’ 

instability, such instability could cause crises with the increase in agriculture  drought hazard and/or Land 

degradation They require building resilience in agriculture sector and variety their economic resources 

specially on  their rural and fragile communities  were displacement; migration to urban areas or other 

countries could increase internal or trans-boundary conflicts 
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ABSTRACT 

Recent and potential future increases in global temperatures are likely to be associated with impacts on the 

hydrologic cycle, including changes to precipitation and increases in extreme events such as droughts, (Sheffield and 

Wood 2008). The Mediterranean - including most Arab countries - is one of the regions that has experienced trends 

toward more intense and longer droughts (IPCC 2012). Droughts are the world’s costliest natural disasters, causing 

an average $6–8 billion in global damages annually and collectively affecting more people than any other form of 

natural disaster (Wilhite 2000). Given the consequences and pervasiveness of drought, it is important to assess 

drought severity, but the precise quantification of drought is a difficult geophysical endeavor.  

Drought is extremely serious problem in the Arab region, and will be an increasingly serious threat for all Arab 

countries that already are suffering from increased conflicts, displacements and instability alongside growing 

fragility of ecosystem services, with trends of land degradation, soil depletion and reduced water security. The Arab 

region is under growing food insecurity facing increased drought at a time when 28% of its population is already 

under in poverty. The high sensitivity of vegetation and crops to climate forcing may result in rapid land use 

changes and high vulnerability to land degradation and water insecurity (Evans and Geerken, 2004). 

A key challenge for understanding and addressing these risks is to bring together the science of climate change and 

drought risks on one hand, and emerging resilience based development policy responses on the other. Through 

cooperation of the LAS on Drought & Drylands and UNDP, this paper explores this risk-resilience nexus with a 

view to enhancing abilities to prevent impacts of future drought cycles on human development trends in the Arab 

region.  

This framework is based firstly on drought indices such as SPEI for analyzing long-term drought trends and satellite 

data from the last fifteen years to reconstruct past agricultural droughts. By measuring monthly differences in 

productive capacity of vegetation and crop patterns, this allows a characterization of intensity, variability frequency 

and persistence of agricultural drought in any given area. With this information, it is possible to identify the 

exposure of areas of rain-fed agriculture, rangeland, forests, irrigated croplands, individuals and cattle to agricultural 

drought as well as the amount of drought-affected areas experiencing land degradation, and to further estimate 

expected annual average losses (Erian et al., 2012).  

This scientific analysis is then coupled with a resilience based framework to development policy to assess resulting 

social vulnerabilities and development responses that can reduce risks while building long-term resilience of 

development results. The focus is on policies and actions that prioritize prevention of future risk accumulation and 

the exacerbating factors to underlying social tensions and challenges in the Arab region.  

___________________ 

Key Words: Drought, Arab Region, social vulnerability, resilience based development response 

 

1. INTRODUCTION 

1.1. Main Climatic and Natural Resource Challenges in Arab States
1
.  

As climate change becomes globally agreed reality and extreme events are increasing on intensity, frequency and 

duration, stresses environmental factors are becoming important in fragile ecosystems and drylands with limited 

natural resources as in the Arab region. On the one hand, demographic growth and high per capita consumption are 

increasing the demand for environmental resources. On the other hand, environmental depletion and degradation are 

                                                           
1
 Arab States covers 13.38 million Km

2
 , and the Arab countries are “Algeria, Bahrain, Comoros, Djibouti, Egypt, 

Iraq, Jordan, Kuwait, Lebanon, Libya, Mauritania, Morocco and Western Sahara, Oman, Palestine, Qatar, Saudi 

Arabia, Somalia, Sudan, Syria, Tunisia, United Arab of Emirates UAE and Yemen”. 
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reducing both the quantity and the quality of renewable resources. In addition to this supply/demand-induced 

dynamic, the unequal distribution of environmental resources must be considered. These combined tends create an 

increasing probability of serious environmental scarcity in poor countries that fuel pre-existing grievances such as 

ethnic, religious or economic marginalization. The populations in Arab countries are growing; in some places they 

are increasing at unprecedented rates. The total population of the Arab world is likely to hit 700 million people by 

2050; this is roughly twice the size of today‘s population, This growth will increase the demand for scarce resources, 

including water and land, (World Bank, 2012). The Arab countries are rated among nations facing extreme and high 

water security risks as having least secure supplies of water, less than 500 cubic meters per person per year in some 

of the Arab countries and characterized by its aridity. The majority of Arab countries are already experiencing water 

deficits. The 2000-2009 supply-demand gap is filled by non-renewable water resources including fossil groundwater 

and desalination as well as through reuse. The demand is expected to rise by about 25 percent in 2020–2030 and up 

to 60 percent in 2040–2050 while renewable supply will drop by more than 10 percent over the same time period in 

the region This will result in an unmet demand for the entire Arab region, expressed as percentage of total demand, 

which will increase from 16 percent currently to 37 percent in 2020–2030 and 51 percent in 2040–2050, (World 

Bank 2011). The Arab region has the highest reliance on external water resources; more than 65% of the annually 

renewable resources originate outside the boundaries of the Arab, and many countries that are currently not facing 

any shortages will be confronted with huge deficits in the near and distant future, (World Bank 2012).  

Droughts are the world’s costliest natural disasters, causing an average $6–8 billion in global damages annually and 

collectively affecting more people than any other form of natural disaster (Wilhite 2000). Given the consequences 

and pervasiveness of drought, it is important to assess drought severity, but the precise quantification of drought is a 

difficult geophysical endeavor. most Arab countries are located in area that have experienced trends toward more 

intense and longer droughts (IPCC 2012). Drought is extremely serious problem in the Arab region, and will be an 

increasingly serious threat for all Arab countries that already are suffering from increased conflicts, displacements 

and instability alongside growing fragility of ecosystem services, with trends of land degradation, soil depletion and 

reduced water security. The Arab region is under growing food insecurity facing increased drought at a time when 

28% of its population is already under in poverty. The high sensitivity of vegetation and crops to climate forcing 

may result in rapid land use changes and high vulnerability to land degradation and water insecurity (Evans and 

Geerken, 2004). 

A key challenge for understanding and addressing these risks is to bring together the science of climate change and 

drought risks on one hand, and emerging resilience based development policy responses on the other. Through 

cooperation of the LAS on Drought & Drylands and UNDP, this paper explores this risk-resilience nexus with a 

view to enhancing abilities to prevent impacts of future drought cycles on human development trends in the Arab 

region. 

2   MATERIALS AND METHODS 

On this study Agriculture Drought Hazard analysis is depend on satellite images (MODIS (250m*250m) for 

calculating ADH, MODIS - NDVI and MODIS - LST, images were down loaded from NASA site, 

https://wist.echo.nasa.gov/wist-bin/api. Several drought indicators have been used, after, Kogen (1995). Thenkabail 

et al (2004) and European Commission (2006), Agriculture drought frequency obtained from the vertical calculation 

from (0,1) classified VHI maps for the different agriculture seasons. The total studied seasons were 10 seasons; 

Agriculture drought consecutive obtained from the horizontal calculation from (0,1) classified VHI maps for the 

different agriculture seasons. The total studied seasons were 10 seasons; Agriculture drought intensity calculated for 

each pixel as an average of all studied monthly VHI for all seasons, 88 maps that represents (11 seasons*8 months in 

each season), The obtained results were then classified into 4 classes as follows: Severe Drought: less than 15, 

Moderate Drought:15– 30, Slight Drought: 30 – 45. No Drought: More than 45 

For calculating Agriculture drought variability classes, the first step is  subtract the annual NDVI from the maximum 

average NDVI of all studied years. The obtaining significant variability classes only the shift of 5 to 6 months from 

average could be considered, as crop calendar for vegetation and natural vegetation in rangelands showing that in 

many years the crop cycle is not completed and NDVI reached its maximum in January instead of the normal 

months in April, May and sometimes early June. The deviation from average were calculated for all years and 

grouped to 4 classes as follows: No variability: If the positive and negative values were calculated from (0 - 1 

month); Low variability: If the positive and negative values of (2 month), Moderate variability: if the positive and 

negative values of (3 - 4 months), and Severe variability: If positive and negative values of (5 -6). Finally, the 
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Agriculture drought Hazard ADH map for the studied area was created by crossing between the agriculture drought 

“Intensity”, “Variability”, “frequency” and “Consecutive” maps in order. 

The total affected population is estimated by crossing the population density map with ADH map, and the main 

source for the density map is http://sedac.ciesin.columbia.edu/gpw/,  

Vegetation degradation classes were studied using images for long time (MODIS 1km) for time-series analysis. The 

time series calculations were carried out using the TimeStats software package. which was specifically developed 

for analyzing long-term hyper-temporal satellite data archives (Udelhoven, 2006). Both vegetation degradation time 

series trend analysis map and ADH map were crossed and the result were re-crossed with  land cover/land use map, 

after Arino et al (2008), that allow a better understanding for the type (s) of land use that are more vulnerable to LD 

and ADH, crop losses and cost for creating alternative job opportunity for affected worker by both Agriculture 

Drought Hazard and Land Degradation is developed by the Author(s). 

2. RESULTS AND DISCUSION 

3.1. Agriculture Drought Hazard in Arab Region 

The monthly VCI and TCI were calculated from the MODIES images and monthly VHI were then calculated from 

the monthly VCI and TCI. And from the VHI the monthly, Seasonally and decade ADI were calculated and 

presented as shown in (figure 1,a). ADF and ADC were also produced as shown in (figure 1b and 1c). ADV were 

also analyzed and calculated from the phases as shown in (figure 1d). The ADH map was then produced from the 

crossing of ADI, ADV, ADF and ADC and then classified into 4 major groups: C1. No DHA covers 885.74 million  

Km
2
 of the study area and represents 66.21%; C 2 Slight DHA covers 2.4 million  Km

2
 of the study area and 

represents 17.88%; C 3.  Moderate DHA covers 1.6 million  Km
2
 of the study area and represents 11.91% and C 4.  

Severe DHA covers 0.53 million  Km
2
 of the study area and represents 4.01%. The total affected population by 

ADH in Arab region is 194.3 million people that represent ≈54% of the total Arab region population, at least 100 

million people are slightly affected, and 67 million people are moderately affected and 27 million people are 

severely affected.  

3.2. Land Degradation in Arab Region 

Total effected areas by LD are ≈ 600 million hectares represents 44.84% of the total Arab Region area, but the 

severely affected (moderate and severe) areas are ≈ 205 million hectares represents 15.35% of the total Study area. 

The LD map was then produced as shown in table (7) and figure (3). Countries could be sorted by LD coverage % as 

follows: Kuwait, Djibouti, Saudi Arabia, Comoros, Iraq, Syria, Somalia, Egypt, Yemen, Qatar, Libya, Bahrain, 

Algeria, Palestine, Oman, Mauritania, UAE, Sudan, Jordan, Tunisia, Morocco and Lebanon with the following 

coverage % 83, 82.2, 68.7, 64.2, 64.1, 63.1, 50.2, 47.3, 46.3, 45.9, 45.8, 41.1, 40.5, 39.4,38, 36.9, 35.3, 33.3, 29.1, 

27.3, 14.5 and 9.5 Respectively. Countries could be sorted by LD Severity % as follows: Djibouti, Syria, Iraq, 

Comoros, Kuwait, Somalia, Saudi Arabia, Palestine, Bahrain, Yemen, Sudan, Qatar, Tunisia, Egypt, Oman, Jordan, 

Mauritania, Lebanon, Libya, UAE, Morocco and Algeria with the following severity % 69.3, 51.6, 51, 50.2, 44.7, 

39.1, 28.9, 28.03, 24.2, 20.4, 14.95, 13.3, 13, 10.7, 9.5, 9.3, 8.9, 7.1, 6.2, 6, 3.6 and 2.9, respectively.  

3.3. The Combined Effect of both ADH and LD on Land Use.  

The Combing of the ADH and LD maps in Arab Region as shown in figure (4) could be classified in 6 classes as 

follows: Class 1: High severity ADH and High severity LD ( H ADH_ H LD) that covers area of  about 4.82 million 

hectares that represents 0.36% of the total Arab region area; Class 2: High severity ADH and Moderate severity LD 

( H ADH_ M LD) that covers area of about 18.73 million hectares that represents 1.41% of the total Arab region 

area; Class 3: Moderate severity ADH and High severity LD ( M ADH_ H LD) that covers area of about 5.54 

million hectares that represents 0.41% of the total Arab region area; Class 4: Moderate severity ADH and Moderate 

severity LD ( M ADH_ M LD) that covers area of about 18.68million hectares that represents 1.41% of the total 

Arab region area; Class 5: Slight severity ADH and High severity LD ( M ADH_ H LD) that covers area of              

about 3.31million hectares that represents 0.25% of the total Arab region area; Class 6: Slight severity ADH and 

Moderate severity LD ( M ADH_ M LD) that covers area of about 15.32 million hectares that represents 1.15 % of 

the total Arab region area.  

The detailed impacts of combined ADH and LD on Rangelands, Rainfed croplands and Forests could be 

summarized as follows: 1) Impacts on Rangelands: The total affected area by combined ADH and LD is covering 44 

million hectares represents 3.26% of Arab Region area, 2) Impacts on Rainfed Croplands: The total affected areas 

by combined ADH and LD is covering 20.6 million hectares represents 1.54 % of the total studied area, 3) Impacts 
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on Forests: The total affected Forests area by combined ADH and LD is covering 1.78 million hectares represents 

0.14 % of the total studied area 

The total estimated Losses on land and rural permanent and seasonal workers that lost their jobs in Arab Region are 

as follows: 1)About 20.64 million hectares of Rainfed croplands that value 9.65 billion US$ are lost in ≈ 10 to 15 

years, that left 32.31 million workers Jobless, 2) About 43.84 million hectares of Rangelands that value 10.94 billion 

US$ are lost in ≈ 10 to 15 years ,, that left 9.83 million workers Jobless. About 1.92 million hectares of Forests that 

value 2.3 billion US$ are lost in ≈ 10 to 15 years ,, that left 1.59 million workers Jobless. In total for all Arab 

countries about 66.35 million hectares of Vegetation Cover, that value 22.73 billion US$ are lost in ≈ 10 to 15 years, 

that left 43.19million workers Jobless and are in need of about 59 billion US$ for creation alternative job 

opportunity.   

3. CONCLUSION 

A key challenge for understanding and addressing drought and land degradation risks is to bring together the science 

of climate change and drought risks on one hand, and emerging resilience based development policy responses on 

the other. Through cooperation of the LAS and UNDP on drought and Drylands, this paper explores this risk-

resilience nexus with a view to enhancing abilities to prevent impacts of future drought cycles on human 

development trends in the Arab region. The increasing consequences of drought on environment stress (e.g. more . 

desertification reduced biodiversity, water scarce, increased days of dust storms and forest fire areas, etc..). That will 

impact socio-economy (poverty, unemployment, change land use pattern and its production, effect public services 

and the slandered of leaving, etc…) and increase instability in local communities and national as well (e.g. food 

shortage, conflicts, displacements and migration, crimes, etc..).   

The framework is based firstly on drought indices for analyzing long-term drought trends and satellite data from the 

last fifteen years to reconstruct past agricultural droughts. By measuring monthly differences in productive capacity 

of vegetation and crop patterns, this allows a characterization of intensity, variability frequency and persistence of 

agricultural drought in any given area. With this information, it is possible to identify the exposure of areas of rain-

fed agriculture, rangeland, forests, irrigated croplands, individuals and cattle to agricultural drought as well as the 

amount of drought-affected areas experiencing land degradation, and to further estimate expected annual average 

losses, in multi-resolution and scales that allow working in Multi levels (global, regional, national and local 

communities), (Erian et al., 2012). This scientific analysis is then coupled with a resilience based framework to 

development policy to assess resulting social vulnerabilities and development responses that can reduce risks while 

building long-term resilience of development results. The focus is on policies and actions that prioritize prevention 

of future risk accumulation and the exacerbating factors to underlying social tensions and challenges in the Arab 

region. Principles for managing risk may require the following: 1)The sustainability of development and resilience 

of people, nations and the environment depend on sound risk management, which needs planning and investments 

that goes beyond the reduction of existing risk and includes the prevention of new risk accumulation.2) Prevention 

and reduction of disaster risk‐ are an international legal obligation and constitute a safeguard for the enjoyment of 

human rights.3) The increasingly trans‐boundary and global characteristics of risk drivers require further 

cooperative efforts in their assessment and management, and 4) The availability of open source and open access 

science‐based risk information and knowledge is instrumental to cost‐benefit analysis, transparent transactions, 

accountability and the development of partnerships with stakeholders. Disaster risk reduction needs to embrace three 

complementary and strategic goals, namely: Risk prevention and the pursuit of development pathways that minimize 

disaster risk generation; Risk reduction, i.e. actions to address existing accumulations of disaster risk; and 

Strengthened resilience, i.e. actions that enable nations and communities to absorb loss and damage, minimize 

impacts and bounce forward. 
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Hierarchical Classification of Influential Factors in Tabriz Resiliency  
 
 
Abstract 
Cities are complex and interdependent systems and due to their exposure to natural and manmade incidents and also their 
vulnerabilities in different aspect, they are more susceptible to damage and interruption. On the other hand, the view to 
disaster management and urban planning and management has been changed from response and mitigation to resilience and 
bounce back. Resilience is a concept which was introduced by Hollings and is used in uncertainties and unknowns. Based on 
the latest definition of resilience in National Academy resilience is “the ability to prepare and plan for, absorb, recover from 
or more successfully adapt to actual or potential adverse events”. 
The objective of this study and article is to classify and prioritize the resilience of Tabriz Metropolis. Therefore, influential 
factors including components and dimensions of urban resilience have been defined in view of authors’ previous studies and 
various relevant international researches. Then based on experts’ perspectives in different relevant fields, the questionnaire 
was designed to classify the priority of suggested dimensions and components for Tabriz Metropolis. Finally, position and 
priority of each dimension and also each component will be specified to promote resilience by use of planning and to reduce 
deficiency and shortage of each dimension and component. In fact, outcomes show existing gap between dimensions and 
also components.    
 
Key Words: Resiliency, Natural Disasters, Hierarchical Classification, Tabriz Metropolis.  
 
 
Introduction 

It is obvious that our world is exposed to variety of disasters and incidents. Human activities also deteriorate urban 
vulnerability condition. On the other hand, scholars view has changed from prediction strategies to resilience strategies 
(Normandin et al, 2011). There is a lot of definition of resiliency which has been determined by scholars and institutions. 
The concept of resilience has been introduced by Holling (1973) in the field of ecology. According to Holling, “resilience 
determines the persistence of relationships within a system and is a measure of the ability of these systems to absorb change 
of state variable, driving variables, and parameters, and still persist”.  

Subcommittee on Disaster Reduction “SDR (2005)” has defined the resiliency as “the capacity of a system, community, or 
society potentially exposed to hazards to adapt, by resisting or changing, in order to reach and maintain an acceptable level 
of functioning and structure. This is determined by the degree to which the social system is capable of organizing itself to 
increase its capacity for learning from past disasters for better future protection and to improve risk reduction measures.” 

Models of Resiliency 

"While there is some consensus in the literature regarding the factors that produce hazards vulnerability and those that 
enhance community resilience to disasters, there is less agreement on how to measure them" (Birkmann 2006; Cutter, 
Boruff, and Shirley, 2003; King and MacGregor, 2000). As it can be seen in table 1, it has been done a lot of studies in the 
field of resilient cities which have addressed variety of dimensions and components in order to their own view and 
perspectives. This table also determines that resiliency can be considered in different aspects and each study due to its view, 
explain different dimensions and components.   

Models and Frameworks of Resiliency 

Model or Study Dimensions or Components 

Harold Foster (1997) General systems; physical; operational; timing; social; economic; environmental. 

Center for Community 
Enterprise 

People; organization in the community; resources in the community; community 
process. 

Asian Disaster Preparedness 
Center 

Community-Based Disaster Risk Management Framework: Selecting the Community; 
Rapport Building and Understanding the Community; Participatory Disaster Risk 
Assessment; Participatory Disaster Risk Management Planning; 5. Building and 

Training a Community Disaster Risk Management Organization; Community-Managed 
Implementation; Participatory Monitoring and Evaluation; 

Community and Regional 
Resilience Initiative 

Social Vulnerability; Built Environment and Infrastructure; Natural Systems and 
Exposure; Hazards Mitigation and Planning 

Infrastructure Canada Cultural attitudes; all-hazards approach; all-vulnerabilities approach; resistance; 
flexibility; Recovery capacity; adaptive capacity 
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Model or Study Dimensions or Components 

CSIRO, Australia (2007) metabolic flows; governance networks; social dynamics; built environment 

Godschalk (2003) Redundancy; diversity; efficiency; autonomy; strength; interdependence; adaptability; 
collaboration 

Olshansky and Kartez (1998) 
and Burby et al. (2000) 

Building standards; Development regulations; Critical and public facilities policies; 
Land and property acquisition; Taxation and fiscal policies; Information dissemination. 

Bruneau et al., 2003  Technical; organization; social; economic 

NOAA, 2007  
Communities learning from previous experiences; economic risk reduction; business 

size; shared values and sense of place; leadership; local understanding of risk and 
responsibility. 

Buckle (2001) 

community capability; suitable physical infrastructure; suitable service infrastructure; 
established social infrastructure; local plan and arrangements; local engagement; 

supporting trends; shared community values, aspirations and goals; appropriate and 
adequate resources; positive social and economic trends; sustainable of social and 
economic life; partnerships; communities of interest; established networks; and 

resources. 

 

Methodology 

The objective of this study is to assess and analyze the resilience of Tabriz. Therefore, based on seventeen relevant studies 
including previous authors study, influential factors in urban resiliency were classified and categorized into seven 
dimensions and their related components. The dimensions are mitigation, infrastructure, physical, environment, socio-
cultural, economic, and management which has been tried to be complete and comprehensive to cover all aspect of urban 
resilience. Then, the questionnaire was designed and distributed between 40 scholars and expertise of relevant fields such as 
disaster management, urban planning, social and economic sciences, civil engineering and environment studies. Each items 
of questionnaire was included of five sections from 1 (completely vulnerable) to 5 (completely resilience). It was asked them 
to specify the condition of Tabriz in each component. Finally, obtained results of questionnaire was analyzed and evaluated 
by SPSS. 

Proposed framework  
For determining the resiliency of a given city, the pattern of resiliency must be specified. With consideration the frameworks 
and models which mentioned above and also previous experiences of different natural disasters around the world, the 
following framework was defined. The proposed framework explains different components and its dimensions. Seven 
components which cover comprehensively resiliency concept were defined and then according to components dimensions 
were specified. 
However, for considering the rate of resiliency of a given city, vulnerability and weakness of described dimensions must be 
identified. Then the resiliency is clarified in each component. On the other hand, all components and dimensions may not be 
used for resiliency evaluation of a given community and special components and dimensions is selected based on high level 
policy and strategies and also community condition. However the most appropriate measurement is that all dimensions be 
empowered and programs are adjusted for increasing the rate of resilience of community.  
In this framework has been tried to consider dimensions comprehensively and also each of these dimensions can be 
described to variables and indexes according to given case study and its situation.  
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Conception Dimensions Components 

Resilience  

Mitigation  governance; regulatory systems; comprehensive emergency plan building standards 
and codes; early warning systems; hazard insurance;  

Infrastructural lifelines; critical infrastructure; Public Facilities  

physical Industrial and Commercial Units; Residential Units; Historic places; Hazardous 
Facilities;  

Environmental Biodiversity; geographic attributes; natural capital  

Socio-cultural Demographics; education and training; race and ethnicity; household structure; sense of 
community; attachment to place; individual and public participation; beliefs; 

Economic economic growth; employment; housing; economic Safety; economic Diversity;  
management  Political stability; Continuity of government; National and international stability 

 
Conclusion 

Nowadays, cities and communities have been established in places where are exposed to different disasters or due to 
technological progress are exposed to man-made incidents. The view to disaster management and urban management has 
been changed from response and mitigation to resilience and bounce back. Resilience is a new concept which was introduced 
by Hollings (1979) in ecology. This concept is used in uncertainties and unknowns and based on the latest definition of 
resilience in National Academy (2012) resilience is “the ability to prepare and plan for, absorb, recover from or more 
successfully adapt to actual or potential adverse events”. 
The objective of this study is to assess and analyze the resilience of Tabriz. Therefore, based on seventeen relevant studies 
including previous authors study, influential factors in urban resiliency were classified and categorized into seven 
dimensions and their related components. The dimensions are mitigation, infrastructure, physical, environment, socio-
cultural, economic, and management which has been tried to be complete and comprehensive to cover all aspect of urban 
resilience. Then, the questionnaire was designed and distributed between 40 scholars and expertise of relevant fields such as 
disaster management, urban planning, social and economic sciences, civil engineering and environment studies. Each items 
of questionnaire was included of five sections from 1 (completely vulnerable) to 5 (completely resilience). It was asked them 
to specify the condition of Tabriz in each component. Finally, obtained results of questionnaire was analyzed and evaluated 
by SPSS. It was clarified that the mean of resilience in hazard potential is 2.3, in infrastructural is 2.18, in structural and 
physical is 2, in economic is 1.94, in environment is 2.23, in socio-cultural is 2.8, and in management is 2.16. The most 
resilient components of mitigation dimension are education and drills, governance role, and risk and vulnerability 
assessment. For infrastructural dimension, they are critical infrastructure, lifelines and urban facilities. Neighborhood 
coherence, land use and urban fabrics are the most resilient components of physical dimension. In economy, value of 
property, occupation and salary, and economic stability are more resilient components. The most resilient component of 
environment is biodiversity. Political stability is resilient component of management dimension. It is noticeable the entire 
mean of resilience for Tabriz is 2.23 (less than 3) which indicates inappropriate resilience condition of Tabriz based on 
experts’ perspectives. The most proper dimension also is socio-cultural. In this dimension, beliefs, family structure, 
ideology and religion, ethnicity, attachment sense, cultural capital and social capital are resilient components.  

Resiliency

Socio-cultural

Environmental

mitigation 

ManagementPhysical

infrastructure

Economic
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Figure 1: Tabriz resilience in different dimensions  

 
It is obvious that Tabriz can be introduced as a resilient city whenever all components and therefore all dimensions of 
defined and proposed model are in a proper and suitable condition. Although, Tabriz is in better condition of socio-cultural 
dimension, the results of other dimensions and also entire resilience of Tabriz state vulnerability of the city. Therefore, 
authorities and managers of city should not ignore improper condition of other dimensions and they should move towards 
resilience improvement. 
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ABSTRACT: The following paper is a brief theoretical approach to the state of the art in relation to the new demands of society 
in the area of climate and weather-related services for health. Apart from the study of the impacts of climate change on health 
which requires a longer reflexion, a special emphasis is given to the area of weather-related services based on biometeorological 
forecasting. A new way of understanding the interaction between atmospheric factors and living organisms is presented and some 
biometeorological indexes already developed are shown. Customized biometeorological services must be constructed in the field 
of human health based on the ICTs development and the amount of climatic data available but new approaches and scientific 
methods are required to success in achieving this enterprise.    

Keywords: Climate Service, Variability, Biometeorology, Customized Warning Systems. 

1. INTRODUCTION 
The main goal of this article is to show a new approach to the understanding of climate and weather-related human health risks. 
Meteorological factors have acted as determinants of human health crisis for ages. Climate change and its associated extreme 
events are confirming an ancestral relationship between nature and living organisms based on ecological and homeostatic rules. 
They have been taken into account very poorly by contemporary societies in order to mitigate climate-related impacts. 
In this sense, the development and implementation of new climate services from international and local organisms should be a 
must such as the Global Framework for Climate Services (GFCS), http://www.wmo.int/gfcs/ at the World Meteorological 
Organization (WMO).  
GFCS priorities are shown in Figure 1: (i) Agriculture and food security have become a major concern. Vulnerability of this 
sector is extremely dependent on atmospheric variability and change. (ii) Natural hazards are mainly caused by weather and 
climate. Building a greater resilience against hydro-meteorological risks is essential. (iii) Drinkable water access is fundamental 
for human development. Meteorological uncertainties about its availability should be minimized and accessibility to it improved 
in those regions of the world where its scarcity is normal. (iv) Public health depends on climate variability and change. The 
outbreak of new emerging infectious diseases is connected to demographic and environmental changes. Transmission vectors can 
modify their spatial distributions if new environmental conditions are generated. Individual health can also be associated to 
meteorological changes and anomalous weather variability.  
 

 
Fig. 1: Priority areas for the development of climate services according to the GFCS 
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2. ATMOSPHERIC-RELATED HEALTH RISKS   

1.1 Weather Variability and Climate Change 
Weather relates to the state of the atmosphere on a particular day or sequences of few days in a place on the earth. Climate is 
related to the average state of the atmosphere for long periods of time (30-40 years) in a particular place. In this sense, the 
concepts of weather variability and climate change become essentials to speak about the atmospheric determinants of human 
health. The first assumption is that weather variability itself is strong enough to impact on human beings health without even 
considering climate change. Atmospheric extreme events are part of the atmospheric patterns. According to the different reports 
of the Intergovernmental Panel for Climate Change (IPCC), climate change will increase the number of extreme events and their 
persistence and intensity.  The study of atmospheric-related health risks admits two different approaches:    

• Attending specifically to climate change impacts. In this case, health risks are related to the increase in number, 
duration and intensity of extreme events in some regions of the planet and also to the generation of new emerging 
diseases in new environments. 

• Attending to anomalous weather variability and change that are not extreme events. There are atmospheric situations 
that are not extreme and have a severe impact on human´s health. Due to the fact that these atmospheric contexts are 
more frequent than extreme atmospheric events, their impact on human health should also be assessed.  

Climate and weather-related health risks (Figure 2) depends on the vulnerability of each person: (i) to the new environmental 
scenarios and extreme events as a consequence of climate change and (ii) to the normal anomalous weather impacts on human 
health.  

1.2 Biometeorological Profiles and Health Risks  
Biometeorology has studied the interaction between the atmosphere and living organism for more than 60 years 
http://www.biometeorology.org . Plants, animals and human Biometeorology are the three main subdivisions of this scientific 
discipline that works with a specific concept of health based on an ecological approach. Each meteorological variable is 
constantly having an impact on living organisms. Air humidity, atmospheric pressure, sun radiation, ozone levels, 
electromagnetic fields and many more physical and chemical variables are constantly interacting on the ecosystems. From a 
biometeorological point of view, each person is constantly assuming the risk of having a health crisis because any living 
organism is permanently reacting to atmospheric variability and change. These interactions allow people to develop their own 
biometeorological profiles which are defined by the level of  dis/confortability that each individual has in relation to each 
atmospheric variable in the climatic domain where their inmune systems was developed.  

 

 
Fig. 2: Climate and weather related health risks 

 
Under this biometeorological definition of health, climate/weather-related risks explanation becomes a complex issue in which 
the vulnerability of individuals differs according to each biometeorological profile. In this sense, processes that take place at 
different temporal scales such as physiological thermoregulation, acclimatization and biological and cultural adaptation defined 
by Burton et al. (2009) are related to minimizing the impacts of atmospheric changes and variability on the health. 
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3. BIOMETEOROLOGICAL EARLY WARNING SYSTEMS 
Biometeorological early warning systems (BEWS) are not just meteorological forecasting systems. Meteorological offices are 
able to forecast extreme events but, at the same time, many other statements and public departments are required in order to offer 
an alarm and to activate protocols of social assistance and to inform to the public opinion. This is something that has been 
implemented in relation to natural hazards in many countries but it is something to do in the future in relation to the atmospheric 
determinants of human health risks. Some examples of EWS based on biometeorological indicators are shown. They are applied 
at different scales and to different groups of diseases.  

3.1 Global Biometeorological Early Warning Systems 
The development of biometeorological warning systems at global level is not something new. Some indexes such as the DOA 
Index, developed by Lecha et al. (2011) are offering daily forecasting to different regions of the world. The index expresses the 
variation of the amount of oxygen in the atmosphere in between consecutive days and it has been proved to be linked in different 
ways to excess morbidity in northern Spain for different groups of diseases (brain-vascular, cardio-vascular and respiratory 
diseases) according to the International Classification of Diseases (ICD).   

 

 
Fig. 3: DOA Index biometeorological forecasting based on Lecha et al. (2011) 

 
A different research based on the MC Index estimation, developed by Fdez-Arroyabe (2012), has been applied to the study of 
influenza in the Iberian Peninsula. Table 1 shows a synchronicity between the highest flu rates increments and MCI values. The 
existence of a delay period between infections and the diagnose offers researchers the chance to incorporate a biometeorological 
approach to the traditional epidemiological and statistical ones in the study of influenza in order to generate a biometeorological 
warning system to point out levels of risk of experiencing an outbreak or a spreading of this infectious disease. The obtained 
results for the Iberian Peninsula for the most important epidemic periods between 2000 and 2010 have indicated that climatic 
domains and meteorological contrast are relevant factors in the process of the influenza epidemics expansion. 

Table 1: Meteorological contrast index parameters (P1, P2 and MCI) and influenza rate increments per epidemic week in the 
outbreak of 2004-05 in the Iberian Peninsula  

 

Epidemic Week  Rate (0/0000)  P1  P2  MCI  Rate (Δ)  
47  22.08  2  1  90  –7.43  
48  30.91  4  3  270  8.83  
49  27.61  4  3  248  –3.29  
50  67.64  4  3  226  40.02  
51  87.88  4  4  382  20.24  
52  195.13  3  4  495  107.25  
1  355.72  2  1  90  160.58  
2  542.86  2  1  90  187.14  
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3.2 Customized Early Warning Systems 
The definition and implementation of weather-related Customized Early Warning Systems (CEWS) at an individual level has 
been developed based on the ecological explanation of human diseases mentioned before and on the definition of 
biometeorological profiles. A detailed meteorological forecasting is needed to be able to run the service personally. These 
personalized warning systems can easily be spread all over the world through the development of new climate services based on 
ICTs technologies such as WEB Services, GIS or APPs. In this way, weather related impacts on human health will be controlled 
and managed individually by each person. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
The present work is supporting the implementation of the Hyogo Framework for Action. The development of early warning 
systems based on biometeorological forecasting is something that has been applied for many years and it is the seed of what 
today has been called Climate Services. The holistic approach of biometeorology is at the basement of the Disaster Risk 
Management and can be extremely useful in the future in relation to climate and weather-related human health risks.  

5. CONCLUSIONS 
The amount of information related to Meteorology and Climatology has never been so important before. The scientific 
community has created networks among researchers from all over the world in order to study climate change and its future 
impacts (IPCC) on multiple fields. The social dimension of climate change as a global problem is constructing a constantly 
growing awareness about environmental problems on the Earth. There is no controversy any more about the idea that people´s 
wellbeing is dependent on ecological services and respect to nature. This fact becomes even more relevant when human health is 
mentioned. Climate and weather-related services based on information and communication technologies (ICTs) should be 
developed attending to each society and personal demands. Nevertheless, access to meteorological datasets is not enough. This 
will be possible only if new methodological approaches about how nature and living organisms are connected are developed. 
Information should be raw material to create new knowledge.  
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ABSTRACT: This paper presents a new approach to the assessment of risks in the emerging science of systems-of-systems and 
critical infrastructures as special instance. The idea is based on a paradigm shift from risk to resilient control domain. A model of 
reference is developed in which every element is represented with its measures of resilience (prevention, reaction and recovery) 
performed either locally or in coordination within the infrastructure. Arguments in favor of the proposal are discussed by 
considering the features of modern infrastructures, such as interdependencies, cascading and escalading failures, emerging 
behaviors, etc.  

Keywords: Critical infrastructures, systems of systems, integrated risk management, resilience. 

1. INTRODUCTION 

The size of an accident in our modern society and its distinctive features are the topic of the seminal book of [Perrow]. 
Paraphrasing the text, it is said that complexity is among the causes why accidents are unavoidable, they cannot be designed 
around and results into an increased vulnerability of Critical Infrastructures (CI). The society has discovered that progress is 
likely to generate new risks that may hardly justify the benefits. Most dangerous is to ignore this fact and continue by accepting 
higher and higher risks. The question is: why such vulnerability and what are the reasons for? The complexity of infrastructures 
is only part of the answer; it is more important to understand the new emerging risks and why they are not dealt with properly. 

A modern infrastructure provides essential services to a bigger and bigger plateau of users, but it also turns to be the technical 
platform on which develop other services and infrastructures. This principle ends up in a huge number of systems that are tightly-
coupled together by inter-connections of various natures, cyber, physical, and organizational [Rinaldi]. Such a network is an 
open-architecture in which every new element can plug-in and that we call System of Systems (SoS) [Maier]. 

In order to master risks of modern infrastructures, it is necessary to consider every single stakeholder interested, i.e. the 
categories at risk, identify threats and hazards, and finally assign responsibilities for protecting the assets and control residual 
risks. This is the objective of an integrated risk management.  The European Commission and US have fostered programs for the 
protection of critical infrastructures, which include integrated risk management [EC, DHS]. Nonetheless, how to deal with is not 
easy. One issue is the lack of tools for mastering complexity in the representation of the problem, and the analysis of risks. A 
comprehensive model of reference is very much demanded, which shows how things are related to each other and they interplay. 

This paper aims at providing an overview on the topic, to which the author brings his personal experience, ideas and solutions 
from several years of research in this domain. 

2. INTEGRATED RISK MANAGEMENT FOR CRITICAL INFRASTRUCTURES 

Integrated risk management for infrastructures is addressed in a number of papers, for example see [Haimes, Baiardi]. 
Nonetheless, the gap between the theoretical foundations and the application is still to be filled. In this respect, it is useful to 
recall what risk management is for technical systems of significant complexity. 

Risk management is a consolidated practice in several disciplines in which risk is an issue, such as technical systems, finance and 
economy, organizations, etc. Even though it may distinguish for the terminology and the specific issues addressed, the framework 
is almost the same. The following are the essential constituent elements: 

1. Definition of systems and problems in scope, with boundaries;  

2. Definition of the operation scenarios;  

3. Definition of the category at risk (stakeholders) and the respective risk acceptability criteria; 

4. Identification of hazards; 

5. Evaluation of risks;  

6. Identification of the risk control measures (technical, organizational) and policies that reduce all possible risks 
(individual and overall) by meeting the acceptability criteria and in compliance with norms and standards of the 
specific sectors. 
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Elements 1 to 6 are the core of risk management and they are performed over the entire lifetime (conceptual realization, 
implementation, commissioning, operation, development and decommissioning). This is time consuming activity and up to a 
certain extent prone to errors; if a precondition is not satisfied, or omitted in part, then it may finally end up into an inaccurate 
evaluation of the residual risk. Of course, risk management admits a fraction of unknown, which is someway unavoidable. This 
unknown is normally traded off against the benefit of using the system/installation.  

2.1 Benchmark of Risk Management versus Critical Infrastructures 

It is interesting to verify if risk management can be applied to modern critical infrastructures. Every element is discussed here 
below: 

1. Definition of systems and problems in scope: the definition of a critical infrastructure can only get close to the best 
picture based on the present knowledge, and it is expected to evolve in time.  

2. Definition of the operation scenarios: they depend on step 1. 

3. Definition of the category at risk (stakeholders) and the respective risk acceptability criteria: there is no single user and 
stakeholder, nor owner of the CI. The same risk can be accepted or not depending on the respective category at risk.  

4. Identification of hazards: they are identified on behavior and misbehavior of single components and their interplay. A 
too low grained description of the infrastructure will not be able to identify all hazards. A comprehensive model of 
reference is needed. 

5. Evaluation of the residual risk: several different domains are concerned so that the approaches can slightly differ in 
focus and estimation of risks. In this respect, it’s important to harmonize the acceptability criteria as provided by every 
stakeholder, and across the diverse risk frameworks. 

6. Definition of risk control measures: the effectiveness of the risk control measures is hard to assess because of the lack 
of a model of reference. The awareness of the overall risks as being part of the infrastructure is essential, as well as the 
sharing of this information among the stakeholders. This is the best way to deal with the transfer of risks, e.g. a system 
that has to control a risk that was generated elsewhere. If the estimate of risks is not correct, then it is not possible to 
perform a cost-benefit analysis, and finally to justify the investments in protection measures.  

The benchmark tells that risk management is stiff in the assumptions and its tools may be inadequate. Another detrimental feature 
is the fact that the infrastructure is in continuous development. New risks need to be evaluated over the life cycle and results may 
come too late, possibly inconsistent and imprecise. In conclusion, integrated risk management for CI can hardly be successful if 
based on the existing framework.  

 

 

Fig. 1: Control, risk and emergency domains: before and after the paradigm shift. 

3. FROM RISK TO RESILIENCE 

Several scientific contributions propose interesting alternatives for the analysis of SoS and critical infrastructures, for example 
see [Hollnagel, Leveson and Johansson]. Many of these contributions also come from domains other than engineering, such as 
sociology, economy and physics. The proposed approaches are holistic, with the SoS considered in their integrity. The focus is 
the behavior and misbehaviors that emerge from the complex interplay. A special attention is given to the identification of 
transitions among stable/predictable behaviors (i.e. under the control domain) to unstable/predictable (i.e. under the risk domain) 
and finally unstable/unpredictable (i.e. under the emergency domain) [Alessandri and Filippini]. These latter are the main cause 
of unexpected accidents that eventually fall into the emergency domain, either because they were not foreseen or they exceeded 
by surprise the risk control measures.  

The reason why accidents escape from the risk control was explained in the previous section. The risk measures are designed 
according to the principle of 1) identifying the causes and 2) avoiding that they may ever occur. In order to achieve this goal, an 
accurate knowledge of every single system failure that can contribute to an accident and its development is required, and this is 
difficult to satisfy for a CI. Here takes place the suggested paradigm shift.  
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The idea is sketched in Figure 1. Three sets represent the three different domains in which an accident scenario is controlled. The 
risk control measures intervene as soon as the malfunctioning overdoes the control domain. Beyond the risk domain, the accident 
falls into the emergency domain. In a classic risk assessment framework, the domain of control covers the nominal behavior and 
the performance but does not include failures. All around, there is the big umbrella of risk control measures that intervene. The 
change suggested by the paradigm shift is to accept that failures may manifest in the control domain, and therein they are 
counteracted. In place of failure avoidance, every system will gain other features: it will be able to detect precursors of failures, to 
have resource to resist and recover, as well as to adapt and finally learn from experience, thus enforcing the knowledge of what 
can go wrong. The set of these features is called resilience [Hollnagel]. The result of the paradigm shift is shown in Figure 1 
(right). The new control domain, with the introduced resilience features, encircles the risk domain (by prevention, resist and 
recovery) and also erodes part of the domain that belonged to emergency (by learning and adaptation).  

3.1 The Model of Reference 

A model of reference is proposed for representing the resilient features of SoS and CI. The groundwork can be found in 
[Alessandri, Filippini1 and Filippini2]. The CI is represented by functional dependencies. Overall, the model is a directed graph 
in which every system is a node with input/output functional relationships (e.g. provider/user, producer/consumer) for the 
exchange of services and/or resources. The resilience features are embedded in every node. They are triggered in case of input 
disturbance that causes the disruption of service and propagate to all dependent nodes. The propagation mechanism is the 
following: a node may resist to a disturbance up to a certain extent, and then lets it propagate. When the disturbance stops, the 
failed node may recover again. The model assigns a binary state X to every node: X = 1 means functioning and providing the 
service as expected, X = 0 means failed. The state transition from functioning to failed depends on the quality of service accepted 
by the users (the output nodes). As a consequence, the node state is a vector with as many entries as the number of output nodes. 

An example is given in Figure 2 for a simplified energy infrastructure consisting of five systems: production, transmission and 
distribution, plus the control and communications. The model accounts for the 5 system-nodes and the associated state vector 
{[X12, X15]; X2; X3; X4; X5}. A disturbance is applied in the power plant (Node 1) for a given time T. This propagates to the 
dependent systems, which are affected in their turn and let the disturbance to propagate. The resulting accident can be resolved or 
not, depending on the duration of the initial disturbance and the resilience measures in place. For example, a special scenario is 
when the four systems in the loop have all failed. This is a deadlock condition that cannot be resolved in the resilience control 
domain but it belongs to emergency. Figure 3 (left) shows an example of analysis of the accident in the state space. The plotted 
value is the sum of the states of the four nodes in the loop (2, 3, 4 and 5) versus time. Another analysis shows up to which extent 
the network is able to cope with the initial disturbance, if uncertainty is associated to the resilience measures, see Figure 3 (right). 
The plotted distribution represents the time of recovery of the infrastructure to its initial state after the disservice in Node 1. 
Moreover, it resulted that a small fraction of scenarios may turn to be out of control and fall into the emergency domain. 

 

 

Fig. 2: An example of infrastructure (left) and its model (right). 

 

 

Fig. 3: Accident scenarios: one realization (left) and the distribution of recovery time (right). 
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3.2 Integrated Risk Management for CI in the Resilience Control Domain 

The model performs the resilience analysis, though it does not necessarily inform about the reduction of risks. For example, it 
may be the case that a recovery time longer than T is beyond the acceptable risk for a given system, even before meeting the 
deadlock conditions. If the risk acceptability criteria of every stakeholder are added in the model then it is possible to assess the 
risks either for a disservice in a single node or in a cluster of nodes. This additional feature makes it possible to perform 
integrated risk management for CI within the proposed model of reference. The advantages are recalled here below.  

1 - The model is comprehensive of all systems into play. The functional representation permits to manage all dependencies that 
belong to the diverse domains in the infrastructure. This ends up into a simple graph structure. 

2 - The analysis can be used for a first screening of hazards (i.e. disturbances and disservices) that challenge the overall 
infrastructures on a large scale either by propagation or escalation (e.g. emerging). As such, every system is aware of internal and 
external hazards, as well as the causal chains that contribute to the occurrence of an accident.  

3 - Risk acceptability is harmonized among the several stakeholders.  

4 - Risk evaluation is performed in the same modeling framework and this guarantees the consistency of the results.  

5 - The control domain is extended to failures and comprises the risk domain. This makes it possible to assess resilience and risk 
together. The circumstances in which an accident scenario is out of control and falls into the emergency domain are identified. 
Transfer of risks is feasible because of the causal chain is known and hazards can be tracked back to where they are generated.  

6 - About the life-cycle, being the model high level and functional, it is easier to add/remove nodes with the only 
recommendation of respecting the semantic. The analysis can be performed again and with significantly less computational 
efforts.  

4. CONCLUSIONS 

The paper presented a modeling framework for integrated risk assessment of critical infrastructures and more in general SoS 
which is based on a paradigm shift from risk to resilience control domain. The ideas at the basis of this paradigm shift were 
implemented by a model for the resilience analysis, and they were exemplified for a case study. 

This work is a summary of an extensive research on the topic, which is also documented in previous works of the author. A 
number of follow-ups are foreseen. The next goal is to refine the model with the inclusion of additional resilience features. The 
present model, say Model 1.0, includes the ability to resist and recover from a disturbance for every node. An upgraded Model 
2.0 will add prevention features, so to detect a hazard before this may manifest at the input, and coordination (e.g. distributed 
control) among the nodes. A Model 3.0 will add the adaptation features, such as learning from accident and best tuning of control 
measures on local and network scale. 
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ABSTRACT: Different natural and anthropogenic hazards can affect critical infrastructures (CI) causing physical damages to 
infrastructure assets, and the possible interruption of the services provided by these infrastructures. Since CI are recognized, by 
definition, as vital for the society (Kröger and Zio, 2011), their interruption can lead to serious and heavy socio-economic 
consequences. CI  are complex systems with multiple assets that contribute to the ability to provide a service. These assets are 
interconnected between each other, so that an impact on an infrastructure can propagate to other interconnected. The processes 
that can affect CI are very different in nature, magnitude and frequency. The European Project Threvi2 tackles these problems by 
defining a comprehensive ontology for the infrastructures systems, the interconnections among infrastructures and the hazards 
that can affect these infrastructures. An important component of this ontology is the vulnerability model, which allows to connect 
the hazard ontology with the infrastructure ontology by assessing if, how and to what extent a specific hazard can affect an 
infrastructure system.  

Keywords: vulnerability, critical infrastructures, modus, multirisk intensity scale 

1. INTRODUCTION 

The term vulnerability has been used in the literature of critical infrastructures and hazards with a variety of meanings (Ezell, 
2007, Deck et al, 2009). The United Nations defined vulnerability as “the conditions determined by physical, social, economic, 
and environmental factors or processes, which increase the susceptibility of a community to the impact of hazards” (UN/ISDR, 
2004). For technical systems, this general definition can be declined in three elements (Bouchon, 2006, Kröger and Zio, 2011): 
the degree of loss and damages due to the impact of a hazard; the degree of exposure to the hazard; and the degree of capacity of 
resilience.  

In this contribution, only the degree of loss, including different dimension (fatalities, repair costs, value lost, recovering time, 
environmental damage) was considered. It depends on intrinsic properties of the infrastructure components: fragility, 
susceptibility, or vulnerability of the components, controlling a different response to hazard, and a different degree of loss for the 
same hazard level. The degree of loss, then, is a function of the intensity of the hazard affecting the infrastructure. For physical 
vulnerability of specific components, this function is formalized in the literature as vulnerability curve (i.e., the degree of damage 
as a function of intensity) or fragility curve (i.e., the probability of exceeding a certain damage state as a function of intensity). A 
quantitative risk analysis at component level requires the assessment of losses to each component (e.g., HAZUS-MH approach, 
FEMA, 2001) through these curves, although today they are only available for a few hazards and a few components.  

2. METHODOLOGY 

The aim of this research is to develop a vulnerability model that can link the hazards to the infrastructures within a 
comprehensive ontology that can allow the infrastructure operator to identify the potential threats, and recognize the severity of 
these threats. For this we propose a two-level approach.  
The first level establishes a link between the hazards and the infrastructure components, with a binary approach (yes/no) in order 
to identify if an hazard can affect, or not, an infrastructure. Considering the complexity of both hazards and infrastructures, the 
number of links that are necessary to establish is huge, resulting in thousands of potential links. Moreover, the same hazard can 
affect the infrastructures with different mechanisms, making the identification of links even more complex. In order to reduce the 
number of links and to overcome this problem, we recognized that the mechanisms through which the different phenomena can 
affect the infrastructures are limited, because many different hazards share the same mechanisms (Hollenstein, 2005). We 
introduce the concept of “modus”, defined as the physical, chemical, or information mechanism through which a single hazard 
can exert a certain impact. We identified 27 modus (Table 1) organized in 9 main typologies. For each hazard, we identified by 
expert knowledge and literature data the modus that can associated to it, considering that multiple modus can be associated to a 
single hazard. Once the modus and the critical components have been defined, an interaction matrix was developed identifying, 
for each combination, if the impact is possible or not, by mean of literature data, historical events and the knowledge of a panel of 
experts (Table 2).  
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Table 1. Example  of modus 

Contamination 

Air contamination 

Water contamination 

Food contamination 

Mechanical 
action 

Wearing 
Corrosion 

Abrasion 

Pressure 

Static pressure 

Overpressure peak 

Kinetic energy 

Dynamic pressure 

Obstruction/Occupation 

Unavailability of resources 

 
Table 2. Example of modus-component association for road infrastructure 
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Road segment x x      x  x x   x      x   
Road bridge x x      x  x x  x x x     x   
Road tunnel x x      x  x x  x x      x   
Toll booth x x    x  x x x x  x x      x   
 
The second level of the vulnerability model consists in the definition of a general-purpose intensity scale to be used for the 
identification of the range of expected damages of each hazard.  Intensity is defined through a physical/chemical or information 
parameter, which should be quantifiable and physically-meaning, expressing the potential for degree of loss. Hence, intensity can 
be distinguished by magnitude of the hazard, the latter related to the size and not necessary to the potential of destructiveness. A 
rigorous description of intensity as a function of a quantitative parameter could be useful for risk analysis by using a component-
level vulnerability model (i.e., vulnerability or fragility curves). However, these vulnerability functions today are available only 
for a limited number of hazards and components (e.g., buildings, bridges, tunnels, FEMA, 2001). 
In alternative to the description of intensity with a quantitative parameter, it is possible to adopt intensity scales. The intensity 
scales have been proposed in the literature for a number of hazards (Blong, 2003), following the example of the Mercalli 
Intensity scale for earthquakes (Grunthal, 1998; Dorwick, 1996): for windstorm (MET Office, 1964); for hurricane (Saffir, 1973; 
Simpson, 1974; Crowder, 1995); for tornado (Meaden, 1976; Fujita, 1981); for hailstorm (http://www.torro.org.uk/hsintens.htm); 
for tsunamis (Ambraseys, 1962; Papadopoulos and Imamura, 2001); Intensity scale for damage to buildings (Alexander, 1989) 
for landslides; for damage of volcanic ash to aircrafts (Guffanti et al, 2009).  
The fundamental advantage of intensity scale is that intensity classes are associated to a corresponding level of damage. This 
allows a comparison of different hazards since, for each hazard, the damages are common and comparable, whereas the intensity 
parameters can be extremely different. The definition of a univocal intensity scale (based on damages) can be used to: rank the 
hazard in terms of maximum degree of damage, and associate a rough estimation of damages as a function of the expected 
intensity. To build the univocal intensity scale we started as a reference from the Mercalli scale, as adopted in the European 
Macroseismic Scale (EMS 98, Grunthal, 1998), having 12 classes. Each class is defined based on effects on humans, on objects 
and on nature, damage to buildings. To be adaptable to all hazards this scale was modified including more explicitly the effect to 
people and to ecosystems (Table.3). For each hazard, a range of intensity was defined (Table 4) by using the available literature 
and historical information, if any, and by expert knowledge.  
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Table 3. Multi-risk Intensity scale  

CLASS Description 

I1. Not felt Not felt by anyone. 

I2. Scarcely felt Felt only by individual people at rest in houses, especially on upper floors of buildings. 

I3. Weak Felt indoors by a few people. Noticeable shaking of many objects. 

I4. Largely 
observed 

Felt indoors by many people, outdoors by few. A few people are awakened. Windows, doors and dishes 
rattle. No damage to buildings. 

I5. Strong Felt indoors by most, outdoors by many. Many sleeping people awake. A few run outdoors. Doors and 
windows swing open or shut. 

I6. Slightly 
damaging 

Felt by everyone indoors and by many to most outdoors. Many people in buildings are frightened and run 
outdoors. Slight damage to buildings and infrastructures; for example, fine cracks in plaster and small 
pieces of plaster fall. 

I7. Damaging Most people are frightened and run outdoors. Many buildings and infrastructures suffer slight to moderate 
damage. Cracks in walls; partial collapse of chimneys. Few damages to ecosystems. 

I8. Heavily 
damaging 

Furniture may be overturned. Many to most buildings and infrastructures suffer damage: chimneys fall; 
large cracks appear in walls and a few may partially collapse. A few people can be wounded. Slight 
damages to ecosystems. 

I9. Destructive 

Many ordinary buildings and infrastructures partially collapse and a few collapse completely. Windows 
shatter. Several people can be wounded. A few can be killed. Partial destruction of ecosystems. Heavy 
damages to ecosystems. 

I10. Very 
destructive 

Many buildings and infrastructures collapse. Many people can be wounded. Several people killed. Partial 
destruction of ecosystems. 

I11. Devastating 
Most and infrastructures buildings collapse. Most people are wounded. Many people killed. Destruction of 
ecosystems. 

I12. Completely 
devastating All structures are destroyed. The ground changes. Most people are killed. Total destruction of ecosystems. 

 
Table 4. Example of range of intensity for some of the hazards. The colour of the scale represents the typology of potential 
damage: human (violet), information (yellow), physical (green), both human and physical (orange) 

	   I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12 

Magnetic field reversal 	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Magnetic storm 	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Volcanic gas release 	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Lahar 	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Lava flow 	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Lazy plumes 	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Toppling 	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Long lasting subsidence	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

3. DISCUSSION AND CONCLUSIONS 
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The presented vulnerability model completes the ontology of hazards and infrastructures creating a link between them. The 
ontology will be used to develop a simple support tool, Pathfinder, that can be used by hazard expert, infrastructure operators and 
public administrators to: 

- Identify the infrastructure components potentially affected by a certain set of hazards, and trace the ability to provide 
the service. Providing an expected level of intensity, the pathfinder will recognize the associated degree of damage to 
the components 

- Identify the hazards that can potentially affect an infrastructure defined by the user  
- Rank the hazards potentially affecting the infrastructure in terms of maximum potential intensity.  
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ABSTRACT: Earth observations (Eos) and information, derived both from space and surface networks, have demonstrated not 

only their maturity, but their critical role in supporting first responders and risk managers by providing effective tools to rapidly 

map damages and impacts during rescue operations. GEO through its 160-plus partners comprised of 90 Governments, UN 

Organizations including UNISDR, and international scientific organizations, is working to expand the use of satellite imagery 

and surface data for managing risks posed by fires, floods, earthquakes and other hazards. 

Keywords: Earth observations, data democracy, data infrastructures. 

1. INTRODUCTION 

Earth observations (EOs) and information - derived both from space, airborne, land and marine networks - play an essential role 
in helping to increase the resilience of societies to natural hazards by providing decision makers with critical and factual data 
needed to drive investments to reduce underlying disasters risk factors and make society more adaptive to the effects of climate 
change.  By using Earth observation data and information, societies can enhance the resilience of exposed communities to 
hazards and, more important, can improve the response of individuals, urban systems and related infrastructures to extreme 
events. 

Earth observations and information are vital elements in this process as they provide a uniquely valuable vantage point to monitor 
and anticipate many kinds of large-scale dynamics. Satellite and in situ Earth observations, and related information and services, 
are essential to informing disaster preparedness and prevention policies, decisions and actions.  Combining Earth observations 
from space-based and in situ resources with robust computer models can result in improved national responses to natural and 
man-made disasters by enabling better coordination and streamlined operations of international response mechanisms and 
national civil protection agencies. 

2. EARTH OBSERVATIONS AND RELATED INFORMATION FOR REDUCING DISASTER RISK 

The Group on Earth Observations (GEO) is a voluntary partnership of governments and organizations that envisions “a future 
wherein decisions and actions for the benefit of humankind are informed by coordinated, comprehensive and sustained Earth 
observations and information.” GEO Member governments include 90 nations and the European Commission, and 77 
Participating Organizations comprised of international bodies with a mandate in Earth observations. Together, the GEO 
community is creating a Global Earth Observation System of Systems (GEOSS) that will link Earth observation resources world-
wide across multiple Societal Benefit Areas, including agriculture, biodiversity, climate, disasters, ecosystems, energy, health, 
water and weather, and make those resources available for informed decision-making. 

The GEO Work Plan provides the framework for implementing the GEOSS 10-Year Implementation Plan (2005-2015). In its 
current version, the Work Plan gathers 26 practical Tasks based on the inputs of the GEO community and builds on activities 
which correspond to outcomes identified as being necessary to meet the Strategic Targets identified by the Implementation Plan. 
The GEO Disasters Task “Informing Risk Management and Disaster Reduction” has been designed to improve the use of EO and 
related information systems in support of the whole risk management cycle associated with hazards (i.e., mitigation and 
preparedness, early warning, response, and recovery). The five components of Task DI-01, focus on providing support to 
operational systems, enabling and informing risk and vulnerability analyses, conducting regional end-to-end pilots with a focus 
on building institutional relationships, and conducting gap analyses to identify missing data, system gaps and capacity gaps. 

GEO is working to expand the use of satellite imagery and surface data to support governments developing sustainable 
development policies and reducing exposure and vulnerability to disaster risks posed by natural and man-made hazards. The 
GEO community is developing decision-support tools and applications for the full cycle of disaster management, particularly for 
developing countries, working in close collaboration with national space agencies - through the Committee on Earth Observation 
Satellites (CEOS), the space coordination arm of GEO - to help improve all phases of disaster risk management (DRM) on a 
global basis.  
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More timely dissemination and use of geospatial information from globally-coordinated systems for monitoring, predicting, risk 
assessment, early warning, mitigating and responding to hazards will help to reduce loss of life and property at the local, national 
and regional level. The Disaster Risk Reduction and Management challenges facing the global community increasingly demand 
broad and timely access to high-quality, integrated and sustained Earth observation data and related information. Moreover, EOs 
are owned by many entities around the world, and no single country is able to acquire the comprehensive data and tools it needs 
to inform policy in these critical domains. Specifically, crisis management resulting from high-frequency natural and human-
induced extreme events requires EOs capacities that generally cannot be provided by one country alone; effective response 
requires regional/international collaboration and coordination so that, when such events occur, the flow of data from various 
countries, as well as the international organizations in which they are represented, works smoothly. 

The Global Earth Observation System of Systems (GEOSS) is a unique data resource that provides users access to more than 70 
million pieces of Earth observation data, information, tools and models that are essential to government leaders, civil defense and 
disaster experts, and ordinary citizens seeking to make well-informed decisions about disaster risk, reduction and mitigation at 
the local to international levels.  The GEOSS Portal is a single Internet gateway to the comprehensive and near-real-time data 
available through GEOSS. The GEOSS Portal integrates diverse data sets, identifying relevant data and portals of contributing 
systems, and provides access to models and other decision-support tools. Through the Portal, GEOSS enables decision leaders to 
access information not previously available to them and thereby provide essential services to confront environmental and societal 
challenges which otherwise would not have been addressed.  GEOSS makes the production of comprehensive Earth observations 
more sustainable by leveraging investments from a wide range of global partners, ensuring that Earth observations remain a 
global public good. 

The GEO Portal is integrating diverse data sets, identifying relevant data and portals of contributing systems, and provides access 
to models and other decision-support tools. In addition, the GEOSS Data Access Broker (DAB) is the engine that drives the 
entire system, connecting directly to the various GEOSS components and services, collecting and searching their information and 
distributing data and services via the Portal to the user. Finally, the Components and Services Registry and the Standards and 
Interoperability Registry provide a formal listing and description of all the Earth observation systems, data sets, models and other 
services and tools that together constitute GEOSS along with information about standards and other interoperability arrangements 
relevant to the implementation and operation of GEOSS. 

 

 

Fig. 1: Data products, Services and Earth observations Systems are available through the GEOSS portal. More than 65 Million 
(50 Million GEOSS Data Core) potentially discoverable and accessible resources (e.g. satellite scene, raingauge record,.). 
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Objective and reliable information on hazard, vulnerability and exposure, presented through an analysis of expected impacts for 
given Risk Scenarios, is instrumental to trigger and, more importantly, sustain the political will and economic strength necessary 
to achieve adaptation and mitigation to the effects of climate change on global society. 

Disaster Risk Reduction and Mitigation frameworks and strategies must include access to and use of essential global Earth 
observation resources, such as the Global Earth Observation System of Systems (GEOSS), to provide decision leaders and 
citizens the data and information necessary to make informed decisions about preparing for, preventing and recovering from 
natural and man-made disasters. 

Sharing data, information and knowledge, and making these resources readily accessible and usable by a large community of 
users is still a major challenge for large areas of the world. Technological and economic barriers pose a real challenge as 
information technology is evolving at ever greater speeds, driven by the increasing computational power of personal computers 
and personal devices and the growing popularity of technology-based applications for geocoding and location information. It is of 
paramount importance to support national and regional efforts for the establishment of large, multi-sectoral and meshed data 
infrastructures for Disaster Risk Reduction and Mitigation and other purposes. These cyber-infrastructures are critical to 
implement an integrated use of data and for the development of new data products, and to integrate observations through novel 
ICT solutions. GEO has demonstrated it can play an essential role in addressing these gaps in an effective and long-term manner 
through coordination and networking among its major stakeholders, and by working together with other key international 
environmental mechanisms. 

5. CONCLUSIONS 

We cannot totally eliminate risk but, instead, we can enhance the resilience of exposed communities to hazards and, more 
important, we can improve the response of individuals, urban systems and related infrastructures to extreme events. Underlying 
risk factors such poverty, corruption, lack of education, access to information are key in transforming intense events in disasters.  

In this framework, sharing data and related information and making these resources readily accessible and usable by a large 
community of users is of critical importance. Technological and economic barriers to online access to data are challenges in a 
sector where IT development is evolving at ever greater speeds, driven by the increasing computational power of personal 
computers and personal devices and the growing popularity of technology-based applications for geocoding and location 
information. For GEO, it is of paramount importance to support the establishment of large, multi-sectoral and meshed data 
infrastructure at national, regional and global levels. Data infrastructures (or cyber-infrastructures) are critical to promoting an 
integrated use of data and the development of new data products, and the development of e-infrastructures to integrate 
observations through novel ICT solutions.  

The purpose of GEO is to achieve comprehensive, coordinated and sustained observations of the Earth system, in order to 
improve monitoring of the state of the Earth, increase understanding of Earth processes, and enhance prediction of the behavior 
of the Earth system. GEO will meet the need for timely, quality long-term global information as a basis for sound decision-
making, and will enhance delivery of benefits to society. Crisis management faced by governments due to high-frequency natural 
and human-induced extreme events requires EO capacities that generally cannot be provided by one country alone; effective 
response requires regional/international collaboration and coordination. 
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ABSTRACT: Water is crucial source of our existence. While the amount of available fresh water does not change, demand for 
water resources rises together with population growth and economic standard.  According to current projections, it will be 
necessary to ensure access of water for 8 billion people by 2030. In the modern society, accessibility of drinking water is ensured 
via water supply infrastructure. The world is more complex than it used to be and we are more dependent on working 
infrastructure. Long-term interruption of water supply has negative influence on providing of medical care, production of food 
and energy, fire safety in a territory, and mainly on a primary user – every resident. Water infrastructure plays special role within 
the framework of critical infrastructure and it is vulnerable to a wide range of threats.  

The paper presents first results of research project VF20102014009 “The safety assessment of critical infrastructure elements and 
alternative possibilities for increasing the security of cities and municipalities in the drinking water in case of major natural 
disasters and industrial accidents”. The project has being solved within Security Research of Ministry of the Interior of the Czech 
Republic in 2010 – 2014. The objective of the project is to develop a systematic approach to critical infrastructure protection in 
field of drinking water supply and to suggest a general approach to risk reduction.  

Keywords: Critical Infrastructure, Crisis Preparedness Plan, Hazards Identification, Risk Assessment, Water Supply System 

1. INTRODUCTION 

Ensuring water, food and energy resources for current and the coming generation belongs among the most pressing problems of 
the world. These resources are crucial sources for satisfying our basic physiological needs. In view of ensuring functional society, 
physiological needs together with need for safety represent the highest priority. Only if basic needs are satisfied, then we can turn 
our energy towards “higher” needs leading to development of a person and thus the whole community. This idea is known as 
Maslow´s hierarchy of needs, defined by American psychologist Abraham H. Maslow in 1943 (Wikipedia). 

 
Fig. 1: Maslow´s hierarchy of needs (CITYPLAN, 2010) 

Infrastructure that provides basic products related to Maslow´s hierarchy of human needs is called critical infrastructure. Modern 
society is more dependent on functional infrastructure than used to be. Even small disruption of supplies can have very serious 
impacts on health of people and State economy. Based on experience of short-term and long-term disasters, events are trouble if 
the society cannot recover physiological and safety needs in few days. After 5th day the collapse of community will certainly 
come. On the other hand, community with high level of resilience and preparedness to long-term extraordinary events can avoid 
its breakdown (CITYPLAN, 2010). In this context, it is necessary to increase resilience of the water supply system that plays 
very important role within framework (not only) critical infrastructure.     

2. RISK ASSESSMENT OF WATER SUPPLY SYSTEM FOR PURPOSES OF CRISIS MANAGEMENT 
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The aim of risk analysis is to provide comparable measurements of the possibility of likelihood and impact of each identified 
hazard in order to determine priorities for risk management. In the framework of the research project VF20102014009, the 
solution enables to increase resilience of the entire water critical infrastructure – it means from water source (river basin, storage 
wells) to the distribution to consumers. Algorithm of risk assessment has been developed for purposes of crisis management. 
There are not solved “normal” operational failures of the water supply system in the project. The solution is concentrated on 
situations that could lead to interruption of water supply for more than 24 hours. Such events can easily escalate into crisis 
situations and become an interest of crisis managers. It means, the project looks for solution within the population protection and 
does not try to replace risk analyses that are used in field of water infrastructure and water management (AF-CITYPLAN, 2014).   

We identified 16 critical elements in the entire water supply system. These elements are fundamental and it is difficult to repair or 
replace them within one day. We also identified hazards that are relevant in the Czech Republic. Hazards were sorted into four 
categories – Natural (floods, drought, windstorm, frost, etc.), Hazards caused by the human factor (for example, traffic accident 
when dangerous substances can leak into the source of water), Technological hazards (concerning operation of water 
infrastructure), and “Dependent hazards” – these hazards represent interdependences between infrastructures (blackout, failure of 
telecommunications). 

Risk assessment can help to detect weaknesses (“Achilles heels”) in the system via Risk indexes. Experts have suggested to 
calculate two risk indexes - IRAMOUNT (risk index for water amount), and IRQUALITY  (risk index for water quality). Then the 
operator of water supply system can determine the priorities in risk management (“red” risks) and take necessary measures for 
increasing resilience of the system. Algorithm of finding weaknesses is presented in the Figure 2.  

 
Fig. 2: Algorithm of finding weaknesses in the water supply system [own compilation] 

The risk assessment of water supply system includes also information needed for crisis management authorities. For this purpose, 
the operator of the water critical infrastructure should evaluate:  

- The territorial impact of the extraordinary events (how big territory would be affected and how many people),  
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- Time needed for repairing the critical element, 

- The necessity to involve the crisis management authorities (the operator should know for each evaluated situation if he is able to 
manage it by his own forces and means, or if he requires help of crisis management authorities – for example services, equipment 
(AF-CITYPLAN, 2014).  

2.1 Increasing resilience and preparedness to crisis situations 

Preparedness of operators and crisis management authorities to crisis situation is proclaimed by crisis preparedness plan and 
crisis plan of municipality / region in the Czech Republic. The subjects of critical infrastructure (water supply operators) must 
develop crisis preparedness plan and municipalities (regions) must prepare crisis plan according to basic legislative regulation of 
crisis management – Act No. 240/2000 Coll. on crisis management. Crisis preparedness plan has to contain risk analysis where 
the operator considers relevant threat scenarios in order to assess vulnerability and potential impact on function of critical 
infrastructure elements. However, legal regulations do not suggest specific way of analysis or how detailed assessment should be. 
In this respect, the objective of research team is to offer to operators of water supply system an algorithm of risk assessment of 
water critical infrastructure. The operator should involve relevant outputs from the risk assessment into his crisis preparedness 
and give them to crisis management authorities.  

On the one hand, outputs rom risk assessment help to increase the resilience of the water infrastructure and the operator´s 
preparedness for crisis situation. On the other hand, relevant results help to increase the preparedness of the authorities that are 
responsible for responding to emergency and crisis situations (AF-CITYPLAN, 2014).. 

3. MATERIAL AND METHODS 

During research project, we have used a number of relevant methodologies for risk analysis. For example Hazard and Operability 
Study which is one of the most used approaches to risk identification. Main objective is to identify potential risk scenarios. Risk 
assessment of water supply system has been based also on Failure Mode and Effects Analysis together with What-If analysis and 
brainstorming. List of relevant hazards to water supply system was compiled after detailed analysis of the system. The experts 
took into account the complete list of incidents listed in the “Blue Book” (issued by the Ministry of the Interior – General 
Directorate of Fire Rescue Services), their experience, knowledge, and the findings of the published research projects concerning 
similar issue. The Fuzzy Logic Method was used for estimating impacts of hazards. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The project outcomes respect the objectives of the Hyogo Framework for Action. Availability and access to water (food and 
energy) is basic condition of sustainable human development and security of a country and its citizens. The project takes account 
current and future hazards for water infrastructure that follow from global trends. More people and assets are located in cities and 
rapid urbanization increases exposure to disaster risk. Outcomes of the project can help to reduce vulnerability of cities and 
community to disasters via resilient water critical infrastructure.  

The project helps to fill the gaps in the Czech Republic – lack of legislation concerning the exact methods and procedures for the 
protection of critical infrastructure in all defined sector, there is no strategic concept of self-sufficient and resilient cities. 
However, it is necessary to continue and deepen cooperation between the private and public sector to achieve effective disaster 
management, and continue the research projects related to resilience of cities and critical infrastructure. 

5. CONCLUSIONS 

The society must develop critical infrastructure and increase its resilience including preventive protection in order to meet human 
basic needs in every situations. Water infrastructure is a complex system, vulnerable to a wide range of threats. The risk 
assessment is a good tool that can detect weaknesses of the water supply system. 

Both private and public sector must be engaged in disaster recovery. Sharing relevant outputs from the risk assessment of 
drinking water supply system is basic condition for setting co-operation between private sector (the operator) and public sector 
(crisis management authorities) during crisis situation related to water supply.   
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ABSTRACT: Iran, with high exposure to seismic risk, has experienced high property losses in the past decades stemming from 

the vulnerability of the built environment, rapid population growth and seismically-incompatible urban development. Despite the 

fact that voluntary earthquake insurance has been offered by insurance companies in Iran since 1992, but in practice the 

government by providing reconstruction funds to those who have lost their properties, has acted as free insurer to the private and 

public owners. To change this trend development of an effective system for financial recovery and compensation through 

insurance, financial incentives, and supporting funds; as well as promoting and regulating financial incentives for the general 

public and integrating earthquake risk insurance into the construction process has been foreseen in the “Natural Disaster Risk 

Reduction Strategy of Iran”. This paper provides an overview of earthquake insurance in Iran; as well as the new building 

insurance index.  

Keywords: Iran, Risk, Earthquake Insurance, Insurance Pool 

1. INTRODUCTION 

History of Insurance in Iran, goes back 1940. Despite long presence of Insurance in Iran, still overall insurance penetration rate is 

at 1.9%; in which 71% of Insurance Income and 83% of paid losses belong to Automobile and Health Insurance. Insurance 

industry is operated by 1 Public and 25 private insurance companies; 4 Reinsurers; and 18 Loss Adjuster. Due to low penetration 

rate of Insurance in Iran, in practice the risk transfer process from insurance has moved to the responsibility of the Government. 

Government had and are being acting as “Free Insurer” of those who failed to follow the building codes and construction 

regulation and those who impose risk to the society. The Municipalities and construction authorities by not full enforcement of 

the codes have accepted the Government to be the “free insurer” of the building code violators. These facts have caused that 

people do not show interest on earthquake insurance and insure their properties. This shows incompatible growth of insurance 

industry with respect to the economic development of the country; and the insurer, insured and the government are not happy 

with the insurance industry due to the existing regulatory and simple mechanism of insurance rating.  

To change this trend with the consideration of the fact that earthquake insurance is an integral part of the risk management 

process, both as a catalyst and incentive for risk reduction and mitigation, as well as the method for risk transfer and setting up a 

financial security for the post disaster recovery period; use as insurance as an effective risk transfer mechanism, in Articles 5 to 7 

of the “Natural Disaster Risk Reduction Strategy of Iran” in 2006; has stated that: 

 Develop an effective system for financial recovery and compensation through insurance, financial incentives, and 

supporting funds; as well as promoting and regulating financial incentives for the general public and integrating 

earthquake risk insurance into the construction process 

 Reducing the risk of future developments of urban and rural area and increasing the safety level..... by full 

implementation of building codes and enforcement of insurance and ... 

 Substantial risk reduction of existing structures with the main objective of saving human life, especially the schools, 

hospitals, public buildings, lifelines and infrastructures; as well as providing special loan and using insurance 

system as incentive for the strengthening of the private buildings. 

Iran Central Insurance Authority has initiated the following actions: 

 Building the insurance culture and Promotion the use of Catastrophe risk modeling for Industry and important 

structures and infrastructures. 

 Improve and update the existing earthquake insurance rate and zoning. This paper provides Building Loss Index to be 

used as a base for earthquake insurance premium calculation.  

 Establishing the Disaster Insurance Pool: The summary of this bill which is in the Parliament for final approval are:    

1) To recover limited economic loss on the Residential Units due to  Natural Disasters (Earthquake, Flood, Tornado, 

Thunder, Snowfall, Liquefaction and Tsunami, etc), the ‘Iran Natural Disaster Insurance Pool, INDIP” will be 

established to provide mandatory insurance coverage for residential buildings, while this coverage could be expand to 

Public Infrastructure if appropriate; 2) Affordable Premium should be based on the hazard and vulnerability of 

buildings, defined by Central Insurance Authority; 3) The initial investment of the Pool is 1000 billion Rials (1B US$) 

will be paid by the government, just for first year of establishment; 4) The Pool is a public NGO which it can use this 

financial sources such as: Selling policies and premiums, Governmental donations, Earning from investments, Public 

donations, etc.; 5) Reinsurance coverage for the Pool is not compulsory, but the INDIP board can decide to transfer 

their risk to national or international reinsurance; 6) Each fiscal year, if the financial resources of the Pool does not 

afford to cover the imposed losses, government can donate fund to cover the deficit; and 7) The incoming surplus of 
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each fiscal year will be transferred to the next fiscal year as an initial investment of that year.  The implementation of 

this pool requires an extensive study.  

2. EARTHQUAKE BUILDING INSURANCE INDEX 

Insurance rating requires an appropriate model and tools that can accurately and reliably quantify the potential loss and the level 

of risk that can be understandable, manageable and affordable both for property owner (insured) and the insurer. Therefore, the 

integration of solid strategy with the reliable risk model in insurance companies in writing the insurance policy is the key to the 

success. Today, Insurance Premium Index can be obtained as: 

P= E(L) + α . σ + e 

Where P is Insurance Premium; E(L) is Mean Annual Loss, α is weighting factor, σ is the variance of  annual loss and e is 

Insurance company costs and profit. To obtain the mean and variance of annual loss zonation for different building typology in 

Iran, the following steps as shown in Figure 1 has been performed: 

1) The earthquake hazard model for 328 cities of Iran was developed, see Figure 1d; 

2) Building inventory and its classifications has been obtained, see Figure 1b-c; 

3) 25 building types have been identified according to the construction material, year of construction and number of 

stories, see columns 2-4 of Table 1; 

4) The fragility function has been assigned according to the available information; and 

5) The mean annual loss of each building type has been evaluated for each city provinces, see Figures 1e. 

 Based on the obtained results, the cities have been categorized to five hazard zone and the mean annual loss for each building 

type in each zone has been calculated. Table 1 shows the earthquake insurance risk index, calculated based on Mean Annual 

Loss.  

 

 

Fig. 1: An overview of the process for Mean Annual Loss estimation of buildings in Iran: a) Active fault, seismicity and seismic 

hazard map of Iran; Safe (b) and vulnerable (c) building exposure; d) City-based seismic hazard zonation; and e) Distribution of 

expected mean annual loss of different type of buildings. 
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Table 2: Earthquake insurance risk index for different building typology and hazard zone 

 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

One of the great challenges for implementation of HFA, is creating demand in the public for safe construction and risk reduction. 

Earthquake insurance is an essential key for creating financial incentive among public, especially for the countries that people 

rely on government for recoveries and insurance penetration is very low. The authors believe that promotion of disaster insurance 

and financial incentives should become a major recommendation for the e the demand for safety. This When In this chapter we 

kindly ask you to address how your work has been supporting the Post 2015 Framework for Disaster Risk Reduction. 

5. CONCLUSIONS 

Earthquake Risk Reduction has almost become an integral part of the development process; and insurance is an integral part of 

the Iran DRR Strategy. Enhancing disaster insurance culture requires education both at the level of insurance industry and 

financial sectors and the publics; as well as establishment of Disaster Insurance Pool can be resulted to the promotion of wider 

application of disaster insurance in other sectors. Offering fare, just, reliable and affordable insurance rating and policy is the key 

factor in expansion of insurance coverage in Iran. This important can be achieved by privatization of insurance industry and 

allowing market-driven rating will drive the insurance company to Catastrophe Risk Modeling rather depending on fixed rate 

basis. Finally, promotion of disaster insurance should become part of the Post 2015 Framework for Disaster Risk Reduction. 
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Hazard Zone Number of 

Stories 

Year of 

Construction 

Construction 

Material 
Type 

5 4 3 2 1 

24 22 20 17 15 1-3 

Before 1991 

 1 

27 25 23 20 17 4-7 

Steel Structures 

2 

29 27 25 21 19 >8 3 

15 11 10 9 7 1-3 
Between 1991 and 

2003 

4 

13 10 9 8 6 4-7 5 

14 11.5 10.5 9 7 >8 6 

7 6 5 4 3 1-3 

After 2003 

7 

8 7 5.5 4.5 4 4-7 8 

9 8 7 6 5 >8 9 

23 21 19 16 14 1-3 
Before 1991 

 

Concrete 

Structures 

10 

25 23 21 18 15 4-7 11 

27 25 23 20 17 >8 12 

16 13 12 11 8.5 1-3 
Between 1991 and 

2003 

13 

12 9.5 8.5 7.5 6.5 4-7 14 

13 10.5 9.5 8.5 7 >8 15 

7 6 5 4.5 3.5 1-3 

After 2003 

16 

7.5 6.5 5.5 5 4 4-7 17 

9.5 8 7 6 5.5 >8 18 

25 23 21 18 16 1-2 
All times 

Semi Steel 

Structures 

19 

29 26 24 20 18 3-5 20 

21 19 17 14 12 

All buildings 

Before 1991 
Confined 

masonry 

21 

17 14 12 10 8 1991-2003 22 

12 10 9 7 5 After 2003 23 

35 32 25 22 18 1 and 2 All times Adobe URM 24 

6 5 4 3 2 All All times Wood 25 
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ABSTRACT: The construction sector has an important role to play in the future creation of a more resilient built environment. 
The restoration of and design of new community infrastructure in the wake of major disasters can provide opportunities to reduce 
future threats and hazards in the built environment. However, there are often competing interests involved and these socio-
political factors may result in a lack of transparency and fairness around decision-making processes. It has been previously 
documented that reconstruction efforts can be unduly impacted by misguided political and economic pressures to get 
communities ‘back on their feet’ quickly. Large scale disasters, particularly where there has been significant loss of life, tend to 
trigger intense media scrutiny and public expectation for rapid response and recovery. Particularly where there has been a large 
public fund-raising effort, both victims and donors often feel a stronger sense of attachment to the immediate recovery efforts in 
effected communities. The resulting media scrutiny and public pressure, real or perceived, on politicians to make quick decisions 
in relation to the reconstruction of community built infrastructure can lead to knee-jerk announcements regarding reconstruction 
plans that do not consider the longer-term sustainability and resilience of a community. In non-urban, or regional, communities 
the impact of poor political decisions can become even more pronounced. This paper will present analysis from semi-structured 
interviews conducted with stakeholders involved in the reconstruction after the ‘Black Saturday’ fires that occurred in regional 
Victoria, Australia, in early 2009.  

Keywords: media, resilience, governance, community engagement. 

1. INTRODUCTION 

The brave new world of the 24-hour news cycle and social media has changed the media landscape in recent years and can 
arguably have an important influence on political decision making. Particularly in times of crisis, such as in the event of a large 
scale natural disaster, the community turn to their political leaders to act decisively and return ‘normality’ to their world (Boin 
and 't Hart, 2003). This requirement to act quickly in the event of a crisis is in direct challenge with the idea that such events are 
an opportunity for change, incorporating improvements to improve future resilience. We argue that the pressure to ‘bring back to 
normal’ is compounded by the intense media scrutiny that follows such events. Bún also argues that governments are evaluated 
by how quickly they can return things to the status quo, aiming for fast and low cost disaster recovery (Bún, 2012). 

Another impact of disasters is that they tend to hasten existing social trends, such as economic and population decline. This 
became particularly apparent in the aftermath of hurricane Katrina in New Orleans (Kates et al., 2006). This means that 
governments responding to large scale disaster reconstruction need to consider how the community composition may change as a 
result of the flow on effects on the economy and the community itself. Tan (2013) suggests that the best way forward is a 
community engaged collaborative approach, and this borne out in evidence in recent disasters in Australia (Serrao-Neumann et 
al., 2013) and New Zealand (Vallance, 2011).  

We further investigate some of the ideas discussed by presenting a case study from a large scale natural disaster in Australia, 
namely the ‘Black Saturday’ bushfires. 

2. CASE STUDY 
 
The case study we present focuses on interviews conducted with key community and local government stakeholders in the 
aftermath of a major non-urban disaster. Forest fires (colloquially known as ‘bushfires’) can be particularly devastating in 
southern Australia, mainly due to the prevailing climate and vegetation types. Australia has a long history of significant fire 
events, often leading to significant loss of life. In the lead up to the now infamous ‘Black Saturday’ bushfires on 7 February 
2009, the state of Victoria suffered through one of its most severe and prolonged heat waves on record. A slow moving high 
pressure system, in combination with an active monsoon trough, resulted in prolonged hot dry conditions followed by strong 
northerly winds (Bureau of Meteorology, 2010). Ultimately, the resulting fires led to the deaths of 173 people, with the largest 
loss of live occurring from the ‘Kilmore East’ fire (119) followed by the ‘Murrindindi’ fire (40) (Victorian Bushfires Royal 
Commission, 2010). The scale of the loss of life in this disaster was unprecedented in Australia and as a result attracted intense 
media, Government and public scrutiny. 
 
The media coverage surrounding the immediate aftermath of the disaster was intensive and unrelenting. It can also be argued that 
some in the media used particularly unethical methods in the pursuit of a timely story. For instance, media pretended to be 

269



 

2 
 

 

volunteers, or hid away with residents in their cars to gain access in the immediate aftermath (Muller, 2010). Once the immediate 
disaster response had been reported on, the media turned  their spotlight back onto government examining the perceived pace of 
the recovery and reconstruction efforts (Best, 2010).  
 
The State Government of Victoria acted quickly after the disaster in response to community concern about how the events of 
Black Saturday were handled by emergency services. The 2009 Victorian Bushfires Royal Commission was tasked with 
investigating and reporting on the causes and circumstances of the fires, including the pre-fire preparation and planning and all 
matters relating to response to the fires (Victorian Bushfires Royal Commission, 2010). In their final report, handed down in mid-
2010, the Commission set out 67 recommendations. These included suggested changes to bushfire safety policy, emergency and 
incident management, response, land management and importantly planning and building regulations (Victorian Bushfires Royal 
Commission, 2010). Eventually the Victorian Government adopted all but 2 of the recommendations. 
 
Another important State Government body was set up in the immediate days following the fires; this was the Victorian Bushfire 
Reconstruction and Recovery Authority (VBRRA). It was replaced after two years by the Victoria Fire Recovery Unit, under the 
umbrella of Regional Development Victoria. These authorities not only provided support and consultation with the impacted 
communities, but also led much of reconstruction effort in relation to public community infrastructure. 
 
Some of the government rhetoric relating to rebuilding the communities ‘brick by brick’ has flown in the face recommendations 
from the royal commission, which advocated a ‘retreat and resettlement’ approach to areas that it deemed too dangerous for 
people to live (Stewart, 2010). It also did not consider the future economic and population demographics of the communities. For 
instance, some of the publicly funded schools in the impacted regions were struggling to maintain minimum student numbers 
even before the events on early 2009. The seemingly knee-jerk reaction to reassure the community that things would return to 
normal has resulted in some cases in poor decision making and wasted resources. 
 
A further example of where the longer term viability and needs of these regional communities was not fully considered was in the 
way some of the new community infrastructure was planned for, constructed and managed. Speaking to local government 
authorities it was discovered that they were not fully consulted in some of the projects that created new community assets that, 
once built, were handed over to them for long term management and maintenance. In some instances the required on-going 
maintenance costs for these building was in danger of sending the local councils broke. There were also examples of the scale of 
the public infrastructure projects being completely out of proportion to the needs of the current community population. 

3. CONCLUSIONS 
 
Evidence shows that communities need to be appropriately supported and engaged for us to achieve the best outcomes in disaster 
reconstruction. In the case of the Black Saturday bushfire, although there were good efforts to engage the community in the 
reconstruction process there was also insufficient consultation with local government. They seem to also bear the brunt of many 
of the rash decisions made at higher levels of government in response to intense media and public scrutiny. It is important that we 
fully understand both the positive and negative outcomes from these types of disasters so that we can better implement effective 
community resilience programs in the future. 
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Damage Assessments of Buildings in Turkey 
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ABSTRACT: Disaster management approaches of Turkey aims to reduce potential losses from hazards, assure prompt and 
appropriate assistance to victims of disasters, and achieve rapid and effective recovery. Recovery phase aims to restore the 
affected population’s lives and the infrastructure that support them. Recovery phase has several concerns including damage 
assessment of buildings after disasters. In this text, the processes, stages and important points of damage assessment studies of 
buildings and the contributions of these studies to disaster reduction aims are presented. 

Keywords: Recovery phase, damage assessment, masonry buildings, reinforced concrete buildings. 

1. INTRODUCTION 

Due to its tectonic formation, geologic structure and topographical and meteorological characteristics, Turkey has experienced 
many natural disasters including earthquakes, floods, landslides, fires, and rock falls which have resulted in loss of life, injuries 

and property damages. These frequently occurred natural disasters require highly effective disaster management to reduce the 
impacts of them. 

As in many countries, disaster management approaches of Turkey aims to reduce potential losses from hazards, assure prompt 
and appropriate assistance to victims of disasters, and achieve rapid and effective recovery. There are many important phases of 
disaster management including recovery phase. Recovery phase includes the tasks of restoring affected population’s lives and the 
infrastructure that support them. Damage assessment of buildings after disasters is one of the most important concerns that 
recovery phase covers.  

The processes, stages and important points of damage assessment studies of buildings after natural disasters performed in Turkey 

is presented in this text.  

2. DAMAGE ASSESSMENTS OF BUILDINGS IN TURKEY 

In Turkey, damage assessment of buildings covers observational assessing and grading of structural damages occurred resulted 
from natural disasters including earthquakes, floods and fires. Damage assessment studies provide a basis for beneficiary, 
resettlement site selection, and reconstruction stages of the recovery phase. 

Damage assessments of buildings in Turkey consist of two main stages which are disaster effect determination study and final 
damage assessments. Disaster effect determination studies are performed to obtain the needs of emergency relief and temporary 
housing of disaster victims. Final damage assessment studies are more detailed and door-to-door assessments. 

2.1. Damage Assessment Process 

After the occurrence of a natural disaster (earthquake, flood or fire), firstly, disaster effect determination studies are performed 

under the coordination of Provincial Disaster and Emergency Directorates. Disaster effect determination studies are performed to 
determine the densely damaged regions and buildings which should be demolished urgently and to detect the victims who need 
emergency relief and temporary housing. Following the completion of disaster effect determination studies in the affected 
regions, then, the reports showing the overall damage are prepared. These reports are sent to AFAD Presidency. AFAD 
Presidency evaluates these reports and then decides whether this disaster adversely influences the public life or not by 
considering the provisions of regulations. 

If the disaster which has occurred is evaluated as adversely influencing the public life, then, final damage assessment studies are 
performed within the influenced regions in accordance with the provisions of regulations. Final damage assessments are more 

detailed and door-to-door assessments. It requires more time and efforts. Final damage assessment studies provide a basis for 
beneficiary, resettlement site selection, and reconstruction stages of the recovery phase. 
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After the completion of final damage assessments, if there are objections to the results of the final damage assessment studies, 30 
days appeal process begins and disaster victims submit their petition to local directorates. Then,  a new damage assessment study 
is performed for the disaster victims who have objections and submitted their petitions. 

2.2. Damage Assessment Forms 

There are two damage assessment forms for the damage assessment studies. These are as below. 

 Disaster Effect Determination Forms 

 Final Damage Assessment Forms 

The damage assessment forms used in case of any objections are the same the ones used in final damage assessments.  

In the disaster effect determination form, information about; 

 People living in the buildings (Name/Surname and Father Name), 

 Damage state of buildings which are noted as collapsed/heavily damaged, slightly damaged or undamaged depending 

on their damage states,  

 Number of dead and injured people due to post-disaster, 

 Number of wasted animal due to post-disaster 

are collected and noted to the forms.  

In the final damage assessment form which is used for earthquake, flood, and fire disasters, the collected information are; 

 People living in the buildings (Name/Surname and Father Name), 

 Structure type of buildings, 

 Structural system of buildings, 

 Non-structural system of buildings, 

 Damage state of buildings (collapsed, heavily damaged, moderately damaged, slightly damaged or undamaged 

depending on buildings’ damage states). 

In addition to the currently used final damage assessment form, AFAD Presidency has conducted a study to develop alternative 
damage assessment forms. Recently developed final damage assessment forms which have developed for earthquake, flood, and 

fire disasters separately, contain more scientific and objective basis. Currently, these new alternative final damage assessment 
forms are in the stage of finalization. 

2.3. Evaluation of Damages of Buildings 

Damage state of the buildings changes depending on the types of buildings whether they are masonry or reinforced concrete. 
Masonry and reinforced concrete buildings show different behaviors under external loads. In order to identify the masonry and 
reinforced concrete buildings as slightly damaged, moderately damaged, or heavily damaged, the indications are given as below. 
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                                                                Masonry Buildings    Reinforced Concrete Buildings 

Slightly Damaged           - Cracking occurs in the plasters,                                          - No damage is observed in the frame of  

       - If direction of the earthquake is parallel to wall,                  the structure,  

                          diagonal cracking occurs,                                                   - In the non-structural system, cracks may  

      - If direction of the earthquake is perpendicular to wall,         be observed, 

                         vertical and horizontal cracks may occur in the wall,             

                       - Falling of wall plaster may be observed. 

 

Moderately Damaged     - Diagonal cracks occur in the wall and they are observable,       - Significant damages occur in the structural system, 

                                        - Falling of wall plaster is observed,                                               - This kind of damaged buildings may be strengthened. 

                                        - Falling of the building walls may be observed. 

 

Heavily Damaged         - Large cracks occur in the wall,                                    - Severe damages occur in the structural system, 

       - Some parts of the walls may collapse,                       - Strengthening of buildings is not economically feasible 

                                       - Separation of joint walls may occur.                               - Shifting between floor may be observed. 

 

 

3. CONCLUSION 

In this text, the general process and stages of damage assessment studies in Turkey, the forms used in damage assessment studies 
and evaluation of damage state of the buildings during the studies are explained. There are two main stages of damage 
assessment studies in Turkey. In disaster effect determination studies and final damage assessment studies, information about 
people living in the buildings and damage state of the buildings are gathered in addition to other collected parameters. The forms 
used for both of these studies are filled by considering the indications explained above. Damage assessment studies provide a 

basis for beneficiary, resettlement site selection, and reconstruction stages of the recovery phase. By the aim of accurate and 
efficient damage assessment studies, instead of the buildings which should be collapsed after the disasters, new, modern and 
more resistant buildings may be build. This contributes the reduction of possible risks due to any disaster.  
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Flood Damages: Lake floods and pluvial flooding  
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ABSTRACT: As much as half of all damaged property affected by lake flooding is situated in a fringe area not reached by 

surface water. Lake floods build up slowly and their duration can be long. The gradual rise of water allows for precautionary 

measures to be taken. Private precautionary measures lower the probability of structural damages to private property. Despite a 

few large lake flood incidents, the main part of Swedish flood damages occur during the Swedish summer when intense rainfall is 

common. Combining radar data with damage data reveals a significant relationship between the amount of precipitation and the 

size of insured damages. The number of rain related damages to insured private property in Sweden has increased during the past 

25 years. 

Keywords: flood damage, lake flood, pluvial flooding. 

1. INTRODUCTION 

Natural hazards affect all of society’s sectors and impacts can be of economic, environmental, cultural and social nature. Risk 

reduction decreases losses by reducing vulnerability of causal factors (Rose et al 2007), making damage analysis important in 

order to identify vulnerable factors. A large share of publications on economic analysis and monetary estimation of natural 

hazards address flood damage. Floods are the most common natural hazard in the world. It causes serious loss in terms of lives 

and damage to buildings and infrastructure (Wang et al 2011) and the economic losses due to floods have dramatically increased 

during the last decades (Kreibich & Thieken 2008). Damage cost assessment has not received much scientific attention and 

compared to methods and data on hazards, damage data are scarce and damage estimation methods are crude (Merz et al 2010). 

Little attention has been paid to the effects of hazards on the micro level, which is the effect of impacts on individual elements, 

critical infrastructures, single nodes, or hubs in network systems (Meyer et al 2013). Flood damage research is mostly focused on 

analyzing riverine floods. An exception is the study by Kreibich and Thieken (2008), which analyzed inundation due to high 

ground water levels and found significant differences between impact and damage characteristic in comparison with riverine 

flood. Lake floods and rain related flooding are seldom addressed explicitly in peer reviewed literature.  

2. ANALYSING LAKE FLOOD AND PLUVIAL FLOODING 

2.1 Data 

Data to analyze damages to residential property has been provided by Länsförsäkringar, Sweden’s largest insurance company, 

who covers approximately 35 percent of the Swedish national home insurance market (the ratio varies between regions). 

Elevation data for affected shore areas were extracted from the Swedish National Elevation Database. The Swedish 

Meteorological and Hydrological Institute (SMHI) have contributed with information on lake levels and precipitation data. 

Reliable radar data is available from the year 2000. The radar pictures holds information on daily precipitation, geographical 

distribution of aggregated precipitation in 3 hour intervals that reveals at which points in time during a 24-hour day rain has 

occurred, at what intensities and in what specific area of the cities. Examining the combined data set reveals interesting 

information.   

 

  

Fig. 1:  a) Number of damages reported to Länsförsäkringar insurance company 1987-2013. b) Damage claims distributed by 

month 1987-2013. 
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2.3 Pluvial flooding 

Cloudburst and rainfall causes thousands of damages to residential property in Sweden on a yearly basis. Damage statistics from 

Länsförsäkringar insurance company shows that the number of claims paid to insurance holders every year has followed an 

increasing trend during the last two decades. Most claims are being made during June, July and August (se figure 1) when 

cloudburst is most common. Pluvial flooding occurs when heavy downpour of rain saturates soil and urban drainage systems 

resulting in excess water not being absorbed. Pluvial floods are often short and intense and occur with little warning often in 

areas not prone to flooding (Houston et al 2011.) Climate change is likely to affect the water cycle by influencing the 

precipitation patterns (Zhou et al 2012).  

 

  

Fig. 2: geographical distribution of precipitation in the city of Norrköping at two separate dates both experiencing 80 mm of 

precipitation. 

 

A total of 11 rainfalls occurring in the two Swedish cities of Norrköping and Gothenburg, between the years 2000 and 2011 have 

been included in a regression analysis. Aggregated daily precipitation varies between 10 mm and 110 mm. Linking insurance 

data with precipitation data shows that rain, even in small and moderate amounts, can cause considerable damage both referring 

to the number of reported damages and the damage cost. The city of Norrköping experienced 80 mm of precipitation on two 

occasions (se figure 2). The first event in August 2000 led to 15 refundable claims, while the event in July 2011 implied 897 

refundable claims. Radar maps reveal that the first event occurred a little to the northwest of the city center, sparing the central 

part of the city, while the latter event hit precisely over the city center. The difference in number of exposed and susceptible 

elements can easily be related to the number of insurance claims, which indicates a greater gathered vulnerability in urban areas 

to extreme rainfall with subsequent flooding.   

 

2.3 Lake flood versus pluvial flood 

Arvika municipality was flooded in the late autumn of the year 2000 by Lake Glafsfjorden and again in august 2010, because of 

intense rain falling during the timespan of a few hours. Comparing these two happenings reveal interesting differences 

concerning damages to private property. The cloudburst caused more moveable property and a larger share of residential 

buildings to get damaged. In the case of the flooded Lake Glafsfjorden, a large share of damages involved holiday houses (47 %). 

Time aspects differ for the two flood scenarios as to the possibility of issuing warnings and for house owners to reduce damages 

by undertaking precautionary and damage reducing measures, like moving inventories away from flood prone parts of a building. 
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Figure 3: Arvika Municipality. Geographical distribution of insurance claims. Blue dots represent lake flood damages. Red dots 

represent pluvial flood damages 

 

 

3. CONCLUSIONS 

Factors effecting size of damage cost differs between riverine floods and lake floods. As much as half of all damaged property 

affected by lake flooding is situated in a fringe area not reached by surface water. Lake floods build up slowly and their duration 

is long (months), the gradual rise allows for precautionary measures to be taken. Private precautionary measures have large 

effects on the probability of building damage. Other factors, besides duration and precautionary measures, affecting damage costs 

are; wind and swell effect, if building was constructed pre-war and number of floors. When it comes to pluvial flooding the 

number of rain related damages to insured private property has increased during the last 25 years (se figure 1). Medium cost per 

damage claim has not increased much, but due to the increasing number of damages occurring, the overall cost of damages has 

increased significantly. Main part of damages occurs during the Swedish summer (June, July, August) when intense rainfall are 

common, indicating a possible relationship between damages and increased rain frequency and intensity. Using radar data of 

precipitation reveals a significant relationship between amount of precipitation and the size of insured damages, but this can only 

explain a small part of the variation in damage costs indicating that other factors have impact on the severity of damage and 

susceptibility of objects, such as rain intensity, topography, drains and urbanization.   
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Investing in climate change and extreme weather resilience through adaptation is an investment in 

protecting and enhancing value creation. Adaptation actions are feasible, available and cost-effective. 

Despite uncertainty about the possible effects and timing of climate change on local weather, the 

knowledge base is sufficient to develop an understanding of future risks and opportunities, and associated 

economic impacts. The development of effective adaptation responses requires an understanding of risks, 

opportunities and economic impacts within a context of high uncertainty. 

 

This presentation will focus on the Climate Value-at-Risk (ClimVaR) framework – a climate risk 

assessment and modeling approach that quantifies the costs of climate change and extreme weather for 

programs and projects. ClimVaR follows a stress testing approach to assess costs for different levels of 

severity and probability and across multiple time horizons. The approach produces a quantitative view of 

economic impacts which allows organizations to apply a time-adjusted value to climate risks and 

opportunities and make informed business cases for adaptation investments.  

 

Objectives 

 

The presentation ‘Climate Value-at-Risk: A framework for assessing the economic impacts of climate 

change’ will present an example of how to assess the economic impacts of climate change and extreme 

weather to inform business cases for adaptation investments.   
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ABSTRACT: The impact of natural hazards on small island nations such as the Turks & Caicos Islands (TCI) can be 
devastating.  Hurricane Ike in September 2008 highlighted the critical role that both the natural and man-made environment 
play in compounding or mitigating the risks posed by natural hazards.  At the same time increasing population growth 
places additional stresses on natural resources and ecosystems making environmental sustainability an imperative. 
Furthermore, in most Caribbean states tourism underpins the economy, creating a link between environmental protection 
and economic growth. The key issue for TCI is the impact of physical development, related to increasing population, 
tourism, the quality of the natural environment and its dependency on imports which make it highly vulnerable. In addition 
climate change is likely to increase TCI’s vulnerability to natural disasters due to increased frequency and magnitude of 
hurricanes and rise in sea level. 
Building Codes and land-use planning are recognised as important mechanisms for reducing disaster risk and promoting 
environmental sustainability.  Environmental risks are not only a technical issue but also a cultural problem,  therefore 
education and training at all levels of society is necessary, as well as legislation and enforcement.  However, a lack of 
human and financial resources means that this is often a challenge.  
There is a bigger picture that needs to be considered to reduce the vulnerability and increase the resilience of small island 
nations.  An over-arching vision for the sustainable development of the islands which feeds down and informs all future 
legislative and regulatory development is required.   
Using our recent experience in updating the building code and developing an environmental roadmap for TCI, this 
presentation will explore the drivers for effective environmental protection across the TCI. It will identify key objectives for 
environmental sustainability and reducing vulnerability that small island nations can use to mainstream an environmental 
agenda. 

Keywords: Small island nations, hazard, climate, environment, sustainability, building codes. 

1.0 INTRODUCTION 

The impact of natural hazards on small island nations such as the Turks & Caicos Islands (TCI) can be devastating. 
Hurricane Ike in September 2008 highlighted the critical role that both the natural and man-made environment play in 
compounding or mitigating the risks posed by natural hazards.   At the same time increasing population growth places 
stresses on natural resources and ecosystems making environmental sustainability an imperative. Furthermore, as in most 
Caribbean states tourism underpins the economy, creating a link between environmental protection and economic growth. 
In 2013 Arup International Development undertook a project on behalf of the Disaster Recovery Board to update the TCI 
Building Code and provide environmental recommendations, including a road map to support the TCI government taking 
further action towards promoting higher environmental standards.  

1.1 Context 

Turks and Caicos Islands (TCI) are a British Overseas Territory.  This group of islands lies in the North Atlantic Ocean, 
southeast of the Bahamas and north of Haiti.  According to the 2012 census the total population for TCI is 31,618 people. 
Approximately 90% of the population lives in two islands (Providenciales and Grand Turk), although these represent only 
22% of the total land area of the country.  The topography is very similar on all the islands. It is characterised by low 
undulating hills covered by low-lying bush surrounded by tropical beaches. Significant areas are classified as Ramsar sites, 
which are wetlands of international importance designated under the Ramsar Convention (Ramsar &Wetlands International, 
2013). Despite this homogeneity, the characteristics of human settlements on each island are very different. Population 
density and building typology vary significantly due to the fact that they have been developed in different historical periods 
as a result of different economic drivers. 

TCI is gifted with an attractive natural environment, proximity to lucrative North American markets, established high and 
middle-end tourism, and a small but well established financial services industry (Turks and Caicos Islands, 2013).  The 
economy is dominated by tourism, with nearly half of the TCI’s $547m GDP generated by the hotel and restaurant sector 
(UK Foreign & Commonwealth Office, Feb 2013).  There is little industry, mostly construction, and TCI relies heavily on 
imported goods and materials. 

2.0 ENVIRONMENTAL DRIVERS 

The environmental drivers below summarise the key considerations of why the environment is important for the built 
environment and economic development of TCI.  This presentation will identify key objectives for environmental 
sustainability and reducing vulnerability that small island nations can use to mainstream an environmental agenda. 
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2.1 Vulnerability to Natural Hazards 

Poor building design and construction creates vulnerability to natural hazards such as strong winds and seismic events.  In 
addition an environmental assessment carried out by United Nations Disaster Assessment and Coordination (UNDAC) 
following Hurricane Ike highlighted the risks to human health from the impact of debris (including construction materials, 
hospital waste, food and sewage) on water bodies, and the need for improved solid waste management and water and 
sanitation. 

Damage to buildings and infrastructure as a result of natural disasters can often be attributed to the failure to apply and 
adhere to an appropriate Building code.  Building codes are recognised as an important mechanism for reducing disaster risk 
through appropriate design and construction of buildings/ structures (including fire and construction hazards).  However, 
they are only effective if they are up to date, incorporate current understanding and perceptions of risk, reflect local forms of 
construction, are easy to use and are part of a wider culture of safety, education and training, as well as legislation and 
enforcement.    Furthermore, location and physical planning through land use plans and planning guidelines is equally as 
important to reduce exposure to natural hazards. 

In TCI, as other small island states, coastal vegetation, dunes and reefs have historically provided protection from storm 
surges.  However, in many coastal areas these have been destroyed to make way for development, particularly holiday 
resorts and villas.  In other areas these natural defences have been compromised by previous hurricane damage. This has 
increased the risk of flooding, particularly for buildings in coastal areas or on flood plains.  

Protecting coastal zones, improving Planning and Building Standards and improved waste management and water and 
sanitation strategies are key disaster risk reduction strategies that will improve TCI resilience to future events. 

2.2 Energy, Food and Water Security 

TCI, like many other small island nations, relies almost completely on imported food and goods, including dependency on 
oil imports for electricity generation and, in turn, potable water production. This makes TCI highly vulnerable to volatility in 
energy and food prices which are identified by the World Economic Forum (WEF) as high impact risks that are likely to 
occur in the next 10 years (World Economic Forum, 2013).  The resilience of the TCI community will depend on securing 
supply chains, and diversifying sources of energy and water. This requires making the most of TCIs natural resources – 
sunshine, rain, groundwater and land.  

At present, all power requirements across the islands are entirely dependent on centralised energy generation and distribution 
and on local generators.  There are opportunities to diversify power generation across the TCI in order to increase energy 
security.  TCI enjoys abundant sunshine (350 days/year) offering significant potential for investment in photovoltaics for 
electricity and in solar hot-water systems. Wind turbines may also present a viable option for large-scale electricity 
generation.  A shift from dependency on imported fossil fuel to local renewable energy should be accompanied by the 
introduction of measures to reduce energy demand through more efficient building design and operation, and through 
changes in human behaviour.  

Potable water is produced on most islands through diesel-powered desalination or reverse osmosis plants, which are very 
energy-intensive processes.  Existing local practices, such as rainwater harvesting and local ground water extraction (wells), 
enable communities to deal with discontinuity in supply due to fuel shortage or machine failure. However, informal evidence 
suggests that these alternative water sources are not enough to cover the total demands of the population and visitors (World 
Economic Forum, 2013).  Water production and consumption should be shifted towards patterns that can supported by 
natural  processes and storage systems, reducing TCI’s vulnerability to the effects of climate change and fluctuations in oil 
prices.  A secure water supply is dependent on environmental management to prevent over-extraction or pollution of the 
ground water, and an integrated water management strategy that reduces the demand for potable water through efficiency 
measures and reduces dependency on de-salination through greater use of rainwater harvesting and storage and grey water 
re-use.   

The range of water sources in TCI should be carefully managed. Given the strong links between energy sources, water 
scarcity and water consumption, an integrated water resource management approach should be adopted to build resilience in 
this critical system. (World Economic Forum, 2013).  TCI should encourage energy efficiency measures and actively support 
the use of low-carbon technologies. The combination of reduced energy demands with less dependency on fossil fuel 
imports will be essential to increase energy security of the TCI.  
 
2.3 Climate Change 

Climate change is likely to increase the vulnerability of small island nations to natural disasters due to an increase in 
frequency and magnitude of hurricanes and rise in sea level.   

TCI also has a part to play in mitigating global climate risk by reducing its greenhouse gas (GHG) emissions.   A recent 
assessment of the economic impacts of climate change on the water sector in TCI produced by the Economic Commission 
for Latin America and the Caribbean (ECLAC) cited emissions of CO2 per capita in TCI were approximately 5 tons of CO2 
per capita.  While this places TCI far below the emissions per capita of some countries in the Americas other competing 
high-end tourism destinations in the region produce lower emissions. They are therefore perceived as destinations that are 
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more sustainable for high-end and eco-tourism (European Commission, 2013) by consulted stakeholders and international 
media (International Ecotourism Society, 2012; National Geographic, 2007)   

The adoption of ambitious emissions reduction targets has the potential to act as a driver for the integration of environmental 
best practice across all sectors, and  potentially provide access to international cooperation, international financing, and new 
technologies. This will require the alignment of key strategic policy documents across various sectors, and a clear signal 
from the Government to the general public and investors that they intend to meet such targets.   Effective planning, policy 
and behavioural change can significantly reduce greenhouse gas emissions without compromising economic development. 
The state of California, for example, has been able to increase its GDP per capita by almost 30% and simultaneously reduce 
its greenhouse gas emissions by more than 10% between 1990 and 2006 (Arup, 2008). 

 2.4 Tourism  

Tourism in TCI is promoted using the slogan “Beautiful by Nature” which recognises TCI’s attraction to foreign tourists is 
due to the crystal clear sea and unspoilt beaches.  TCI experienced rapid economic growth as a result of tourism from the 
1990s up until 2006, and during this period inward investment, visitor numbers, employment and revenues all grew  (Turks 
and Caicos Islands, 2013).  Tourism underpins the economy of TCI, but in recent years visitor numbers have dropped due to 
a combination of the global economic downturn, and high-end tourists seeking relatively unspoilt locations elsewhere in the 
region. The quality of what was previously a pristine environment has been negatively impacted by unplanned development, 
lack of amenities (public space, parks), dumping waste and abandoned buildings. It is understood that pollution and shark-
fishing has damaged coral reefs and fish stocks. 

The link between environmental protection and economic growth has been acknowledged by the TCI Government. Their 
commitment to economic growth, protection of the environment and improving governance has been widely promoted at a 
number of media events, including the latest Joint Ministerial Conference of UK Overseas Territories held in December 
2012, tourism fairs, and a number of investment marketing collaterals. Action encompassing planning, building standards, 
conservation, utilities provision and waste management will need to be taken and enforced by various government 
departments but this is currently hampered by the lack of a National Physical Development Plan (NPDP) and limited 
resources. 

The TCI lifestyle has historically benefited from the diversity and distinctiveness of the existing landscapes, flora and fauna. 
Preserving these values for future generations will also contribute to the sustainability of TCI’s tourism and attraction of 
other high-value tertiary industries. Whilst TCI has already made substantial progress in this field, new market pressures and 
investment requirements emphasise the need for ensuring its consistency and enforcement of existing regulations.  

2.5 Real estate development 

Real estate development has been a prime source of revenue in TCI, but overlooked the relationship between land value, the 
protection of surrounding nature reserves and the liveability of urban areas1.  This determines their attractiveness to 
residents, workers, and potential investors (tourism, construction, financial services, etc.) as places to live, work and play. 
While businesses are primarily attracted by policies that stimulate job creation they also value basic ‘liveability factors’ such 
as good infrastructure or schools (Economist Intelligence Unit, 2011).  These are particularly important for high-value 
service industries such as banking and knowledge, which are relevant for both the current and future development of TCI.   

The Monocle Most Liveable Cities 2013 ranking rates the quality of the built environment as an important factor in 
attracting people (and as a result investment in urban areas). Likewise, the Mercers Quality of Living city rankings (Mercer, 
2012) suggest that the key conditions that impact on the quality of the built and natural environment include: recreation 
(restaurants, theatres, movie theatres, sports and leisure, etc.); medical and health considerations (medical supplies and 
services, infectious diseases, sewage, waste disposal, air pollution, etc.); and natural environment (climate, record of natural 
disasters). Actions such as provision of public spaces, public transport and bicycle lanes are scored high in other global 
rankings of liveability in cities, but are noticeably absent on TCI.  

The arrival of new residents and foreign investments is putting pressure for the development of new areas in Providenciales, 
South Caicos and Grand Turk, mostly related to real estate and tourism. Creating a robust framework for land management 
across all islands will ensure that the development of the islands occurs within parameters of environmental, economic and 
social sustainability. 

2.6 Key Objectives 

The environment (both natural and man-made) plays a fundamental role in supporting TCI’s economy, and the safety and 
well-being of TCI’s population. TCI have benefitted economically from the natural beauty of the islands, but developing a 
sustainable tourism or financial services industry requires investment in environmental protection and creating liveable 
urban areas. TCI’s location and dependency on imports (particularly energy) make it highly vulnerable to variety of risks, 
including natural hazards and global price fluctuations.  By looking at the drivers for effective environmental protection 
across the TCI, nine objectives for environmental sustainability have been identified; 

1 Liveability of the built environment is defined in a variety of ways as the quality or state of being pleasant, suitable, and worth living in. 
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Fig. 1: Environmental objectives 

3. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
Our work has been provides useful recommendations to ensure the integration of disaster risk reduction is incorporated in to 
sustainable development policies and planning in small island nations.  We developed a roadmap for mainstreaming an 
environmental agenda for action by the TCI government. It is focused on addressing key gaps and inconsistences in the 
regulatory framework, and actions to meet the objectives that were identified through our analysis of the key drivers.   

4. CONCLUSIONS 
The nine objectives are inextricably linked and their successful delivery requires effective collaboration across government 
departments and with partner organisations and stakeholders.  We recommend that these objectives become part of an over-
arching vision for the sustainable development of the TCI which is incorporated in the NPDP and feeds down and informs 
all future legislative and regulatory developments. 

 Planning and environmental policy should have three main outcomes: 
• Conservation of natural resources: ensure that natural assets (land, sea, air, water, vegetation) are conserved and/ or 

used sustainably so that they provide a resource for current and future generations and contribute to the liveability of 
urban areas; 

• Environmental impact mitigation:  minimise the negative impact of development on the environment (pollution, 
contamination); 

• Environmental risk reduction: reduce exposure and vulnerability to natural hazards through appropriate location, 
design, construction and operation of infrastructure and preservation of natural defensive systems (reefs, mangroves)  
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Abstract: In the VABENE++ project of the German Aerospace Center (DLR), powerful tools are being 
developed to aid public authorities and organizations with security responsibilities as well as traffic 
authorities when dealing with disasters and large public events. The primary goal is to use data from 
several platforms such as high resolution satellite images, real-time aerial images and ground-based 
sensors like floating car data in order to combine these different perspectives and to derive valuable 
information for decision support. Therefore, special focus lies on aerial situation monitoring, traffic 
monitoring, large-scale traffic modelling, data fusion, data management and further developing web 
technologies in a GIS environment. In this contribution, we would like to present the status of some of the 
different system components, discuss the challenges of data fusion and present some examples of previous 
demonstrations of the system. 

1. Introduction 
Disaster management is highly dependent on reliable information both in the prevention and preparation 
phase, as well as during a disaster situation. All possible sources of information have to be used in order to 
gather information necessary for making decisions. Information on the transport system is particularly 
important, since the mobility of the public and relief teams plays a key role for fast and efficient disaster 
relief. Public authorities and organizations with security responsibilities as well as traffic authorities are 
called on to take measures to deal with disaster situations while assuring basic mobility. However, 
Germany lacks an institutionalized joint traffic management system, which means that it is necessary for 
these various actors to make ad hoc arrangements to share information and coordinate measures. 

2. Project objectives and system components 
The goal in the VABENE++ project is to efficiently manage the required rescue logistics and the nearby 
traffic flow even under extreme conditions, thereby enabling response teams to rapidly reach the locations 
where they are needed. Scientists from various DLR institutes collaborate in this research project with the 
support of DLR’s Research Flight Facilities. The Chair of Remote Sensing Technology at Munich 
Technical University (TU Muenchen) and the Department of Geoinformatics and Remote Sensing at 
Osnabrueck University also participate in VABENE++.  

In order to support situation assessment and rescue logistics, research focuses on monitoring and 
modelling of traffic, traffic risk assessment, data fusion and management as well as on developing web 
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technologies in a GIS environment. Each of these applications requires detailed and high quality input 
data from different sources like satellite data, aerial images and ground-based information. But every data 
source has its specific advantages and limitations. Optical satellite data, for example, provide a good 
overview for large-scale situation assessments, but their spatial resolution is restricted and images can be 
affected by weather conditions like cloud coverage. Apart from that satellite imagery provides only a 
snapshot of the situation. Aerial images, however, enable monitoring smaller areas with higher spatial 
resolution for a longer time period, but the acquisition and the data quality is still dependent on the 
weather situation. Ground-based data like induction loops or floating car data deliver long-term 
information, but they are only selectively available. To overcome these limitations, several data sources 
are combined in VABENE++. 

2.1. Situation assessment and traffic monitoring 
A very intuitive way of getting a quick overview of a disaster situation is to use optical satellite data or 
aerial imagery. But since the availability and spatial resolution of satellite data is still very restricted, 
aerial images have proved to be more sufficient for fast and detailed situation assessment.  

In VABENE++ aerial images are acquired by DLR’s 3K or 4k camera systems (Kurz et al. 2012, 2014), 
which are currently implemented in DLR’s research aircrafts Cessna 208B Grand Caravan and Dornier Do 
228-212 as well as in the helicopter BO 105. These low-cost camera systems acquire very high resolution 
images and videos, which are processed and analyzed automatically aboard the aircraft. The images are 
georeferenced with real-time GPS/IMU data and orthorectified with a high resolution digital elevation 
model. In addition, an automatic algorithm detects cars on the images and computes their velocities. 
Following this, images and derived information on traffic flow are transferred to a mobile ground station 
via microwave data transmission. These systems enable a near real-time provision of information for 
situation assessment and further analyses of the disaster event (Reinartz et al. 2011). 

 

Figure 1: Car detection and velocity measurement based on aerial imagery of the 3K camera system 
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2.2. Decision support for traffic management 
Decision support tools for traffic management are based on information on the current traffic situation. In 
order to meet further decision support requirements data from aerial and ground-based traffic monitoring 
are integrated into the EmerT portal (Emergency mobility of rescue forces and regular traffic). This web 
based decision support application was developed by DLR especially for traffic management and implies 
information on real-time traffic situation together with prognosis and traffic simulation (Bieker et al. 
2012). Traffic simulations enable traffic state estimations and forecasts and can contribute to the 
identification of traffic bottlenecks. Traffic simulation of the EmerT tool is based on the open source 
traffic simulation package SUMO developed by DLR (Krajzewicz et al. 2012). In addition the tool 
provides travel times for rescue forces and allows Traffic Management Centers, Emergency Rescue 
Services, Police and Emergency Call Centers to exchange information.  

Currently all features of the application are supported for three demonstration areas in Germany and can 
be accessed by authorized users directly via the project website of VABENE++ (www.dlr.de/vabene).    

Aerial monitoring and the performance of the EmerT portal have been tested and demonstrated at several 
exercises and public events such as the trade fair “BAUMA” in Munich in 2010, the Oktoberfest in 
Munich in 2010, the celebration of the German Unification Day in Bonn in 2011, the Champions League 
Finale in Munich in 2012 and the Day of the Fire Service Baden-Wuerttemberg in Stuttgart in 2013. In 
addition, aerial imagery was provided during the floods in Germany in 2010 and 2013. End users and 

Figure 2: Selection of rescue forces with the highest accessibility to the disaster site and real-time route-
monitoring via the DLR EmerT system 
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partners during these demonstrations were the Federal Office of Civil Protection and Disaster Assistance 
(BBK), the German Technical Relief Agency (THW) as well as fire services and police forces of the 
federal states and cities.  

3. Discussion 
During disasters or large-scale events very complex and confusion situations can arise quickly and 
decision makers have to react immediately. To take appropriate actions they are highly dependent on 
reliable information.  In order to get a picture of a situation as close to reality as possible, information has 
to be collected from different perspectives and from different data sources. But each of these data sources 
has its advantages and limitations. By using several data sources, differences with regard to contents, 
differences in the temporal and spatial resolution, data format and interfaces have to be considered. In 
VABENE++ these input data are combined and employed for traffic simulation, which can be displayed 
and accessed by decision makers via the decision support tool EmerT. The functionalities of this tool are 
constantly extended, but each user group has specific requirements and there is still need for research to 
fulfil these requirements. 

Since more and more data from various sources are becoming available, future research will not only have 
to focus on developing and improving new technologies, but will also have to concentrate on merging 
existing data in order to derive enhanced information and to improve the basis for decision-making.    
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ABSTRACT: RISK - Risk management via an Innovative System based on Knowledge - is a European project implemented in 
Italy, France, Germany, Slovenia and Greece, started at the beginning of 2013, with a duration of 24 months. RISK focuses on 
the challenges of adapting to climate change and preparing for natural disasters facing diverse areas of the EU. The purpose of 
RISK is to propose an integrated approach on community and local government level that can guide decision-makers to reduce 
and manage risk of natural disasters.  

Keywords: Risk management, civil protection, European project. 

1. INTRODUCTION 
RISK - Risk management via an Innovative System based on Knowledge - is a European project implemented in Italy, France, 
Germany, Slovenia and Greece, started at the beginning of 2013, with a duration of 24 months. The coordinating beneficiary is 
the University of Sannio, Italy whilst the associated beneficiaries are the Province of Avellino, Italy; the University of Ljubljana, 
Slovenia; the Municipality of Ajdovščina, Slovenia; the company ‘Risques & Développement’, France; the University of 
Dortmund, Germany and the University of Crete, Greece. The project is co-financed by the CIVIL PROTECTION FINANCIAL 
INSTRUMENT of the European Commission and covers two themes: (1) Actions assessing the costs and benefits of risk 
prevention measures and (2) Actions developing risk assessments, hazard identification and risk modelling, including actions 
linked to the development of risk management plans. 

RISK focuses on the challenges of adapting to climate change and preparing for natural disasters facing diverse areas of the EU. 
The project intends to integrate these two plans as they widely overlap and complement each other. The general objectives of the 
project are:   

 to assess the vulnerability of the involved areas to the impacts of climate change and natural disasters;   
 to prepare adaptation action plans which if implemented would make such areas more resilient; and   
 to engage stakeholders in related decision-making.  

The purpose of RISK is to propose an integrated approach on community and local government level that can guide decision-
makers to reduce and manage risk of natural disasters. Specific objective of the current proposal is to develop a methodology that 
will systemise and harmonise the presentation of risk information from community level, improve the capacity of decision-
makers on local, regional and national level to measure key elements of disaster risk and vulnerabilities towards risk of 
communities, provide parameters to monitor changes in disaster risk, as a measure of evaluation of effects of policies and 
investments in disaster management, and point at the major deficiencies in confronting natural disasters and thus indicate possible 
areas of intervention. 

The impact of climate change and natural disasters is not limited within the boundaries of a country but manifests itself on a 
regional scale. The entire territory of the EU is foreseen to be heavily impacted by climate change, and their vulnerability to 
natural hazards is increasing also due to various reasons (e.g. urban development, land use, etc…). Unfortunately, the 
institutional set up and the approach to risk management are very different between European countries. Therefore, priorities 
related to climate change adaptation and natural hazards awareness are different for each country. It is of utmost importance to 
promote collaboration at the regional level to avoid strong differences in the adaptation and awareness strategies, in order to 
avoid unbalancing effects on the regional socio-economic framework and related consequences, such as conflicts for resources 
and other threats to socio-economic stability.   
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In order to enable such coordinated approach, a common framework for assessing vulnerability of different contexts and 
preparing adaptation plans is required. The project aims at encouraging key actors of the involved areas and related countries to 
work together in analysing climate change and natural disaster impacts, risks, vulnerabilities and in finding suitable adaptation 
responses to be integrated in their development plans.  

2. ACTIONS 
The main actions on which the project is articulated are:  

Creation of a Risk Management Tool  

The objective is the creation of a geospatial scenario-based risk-analysis software tool (named RISK tool), which estimates 
return-on-investment and uncertainty for portfolios of natural-hazard risk-reduction measures and mitigated locations. The model 
is inspired by financial-portfolio theory, a method for evaluating alternative, local and regional-scale investment possibilities on 
the basis of their estimated distributions of risk and return. The model is general enough to be applied to any hazard, though it 
may be difficult to acquire accurate estimates for some of the information required to run the model. The tool integrates natural-
hazards, earth-science, and economic information in an online Geographic Information System (Web-GIS) to estimate expected 
value and uncertainty of return-on-investment, expected loss, and expected value and uncertainty of community wealth retained. 
For a natural-hazard event, a user can run the tool to evaluate the risks and returns of investing in different portfolios of locations 
and loss-mitigation strategies, and then compare and rank them according to the user’s risk preferences. The tool is designed for 
decision-making at a local and regional level, but data at any scale can be entered into the model.  

Vulnerability Assessments  

The objective of this action concerns with the key components of the technical work to be carried out in five project areas 
(Sannio-Irpinia, Italy; Ajdovščina, Slovenia; Crete, Greece; River Wupper basin, Germany; Luz Saint-Sauveur and Pierrefite 
Gorges - Hautes-Pyrénées- , France). This work aims at producing the vulnerability assessments and the related vulnerability 
maps, which will be the main outputs of this phase of the project.  

Action Plans  

On the basis of the detailed vulnerability and risk assessments, during this part of the project specific action plans are performed. 
These plans have the purpose of providing national and, mainly, local stakeholders with robust strategies to address the priority 
areas, and to incorporate the related funds in their future public investments programming.  

Dissemination  

This action aims to disseminate information on the project activities, raising awareness and promoting the RISK results among 
the various actors involved and among other interested parties at a European level (additional regions, user groups, etc.), through 
workshops and electronic Newsletters as well as through the realisation of a discussion forum. 

The additional goal of this activity is to carry out an awareness campaign aimed at promoting the dissemination of the project 
objectives and results in order to facilitate the creation of a broad consensus in institutional Organisations and policymakers to 
help reduce the barriers highlighted by the project, and promote wide applications of the project outcomes. 

3. RESULTS 
The main results can be summarised as follow:  

 Project Website (http://nuke.risk-project.eu/); 
 Guidelines for the detailed assessments of future climate change and probabilistic risk assessment of natural disasters, 

with a specific implementation in the project areas; 
 Guidelines for the detailed analysis at geological, topographical, hydrological, and environmental level, with a specific 

implementation in the project areas; 
 Guidelines for the detailed vulnerability assessment of the infrastructure assets, with a specific implementation in the 

project areas; 
 Guidelines for the detailed growth assessment of the urban agglomerations, with a specific implementation in the 

project areas; 
 Guidelines for the creation of a multi-layered GIS including vulnerability and risks maps, with a specific 

implementation in the project areas; 
 Guidelines for the detailed evaluation of the socio-economic costs of the impacts of climate change and natural disaster 

risks, with a specific implementation in the project areas; 
 Guidelines for the detailed assessment of the roles and activities of national and local institutions that are currently 

responsible for the territorial planning, provision of infrastructure and services, and for disaster preparedness, with a 
specific implementation in the project areas; 
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 Guidelines for the creation of a section of an Action Plan, containing specific recommendations in terms of land-use 
and territorial planning, with a specific implementation in the project areas; 

 Guidelines for the creation of a section of an Action Plan, containing specific recommendations concerning the physical 
investments that will be required to protect or upgrade the infrastructure assets and systems, with a specific 
implementation in the project areas; 

 Guidelines for the creation of a section of an Action Plan, containing specific recommendations concerning the 
institutional preparedness and emergency plans, with a specific implementation in the project areas; 

 Guidelines for the creation of a section of an Action Plan, containing detailed economic evaluation of the recommended 
remedial adaptation actions against the costs of the impacts of climate change and natural disasters, with a specific 
implementation in the project areas; 

Furthermore, a brochure, 5 newsletters, 5 local workshops and a final conference will contribute to the dissemination of the 
project outcomes. 

4. TARGET GROUPS AND FINAL BENEFICIARIES 
A major milestone of RISK is the recognition of the role of the local and particularly the community level for disaster risk 
management and the resultant involvement of local actors. So, RISK is addressed toward two different target groups: 1) Local, 
regional and national decision-makers at different levels (civil protection, political, technical, etc…); 2) Technical and 
professional units (single person or agencies and companies with particular attention toward entities operating in the sphere of 
civil protection). 

Generally speaking, these groups are widely present inside the EU political and administrative organisation (e.g. governors, 
majors, municipal technical heads, education and health responsible, civil protection authorities, etc…). In a general framework, 
the final beneficiaries are identified with the entire population of the EU. In a more economically-oriented view, the entire 
production sector (goods and services) is recognised as a beneficiary.  

Using the practical experience gained from the partners, problems to be addressed concern the developing of strategies and 
know-how in the involved areas for a broad mainstreaming of the interconnection amongst climate change and disaster risk 
management at local level. Moreover, experience gained in previous projects, frequently, is not transferred to other municipalities 
by government institutions to the extent hoped for, also as a result of national factors. A major reason is that most decision-
makers still see disaster risk management more as a cost factor than an investment. A contributory factor here, however, is that no 
informative cost-benefit analyses are available. 

5. MULTIPLIER EFFECTS 
Although the project is mainly focused on the partner’s geographical areas, the aim is to create a series of key framework 
documents and methodologies in a whole variety of perspectives. The methodology will be devised in a way that will ensure a 
high quality output is achieved through focused pilot actions and effective services for risk and disaster management.  

The foreseen dissemination activities include a wide and varied development of communication strategies including workshops, 
web portal, brochure, newsletters, virtual community and participation in meetings and conferences. This ensures that as wide an 
audience as possible will be reached inside the target groups.  

The RISK project offers an initiative to interconnect European partners (and also from other countries) for the purpose of 
sustainable relations providing opportunities for the exchange of information, know-how, experiences and mutual understanding: 
multiplier effects will be related to the quality of the contributions of all partners to the project, considering that all partners will 
draw direct and indirect advantages from the project implementation. 

With this intent, the partners have all been chosen for their key role in their profession and they are all interested in the project 
outputs. Partners’ human resources engaged on the project will improve their knowledge and information through exchanges of 
experience, through the active and participatory project development but also through an international collaboration and an 
exchange of “best practices”. Specifically, as risk and disaster management reaches the wider population, it will have a multiplier 
effect to enable it to create the critical mass in a shorter period to bring about faster changes in development endeavours. 

RISK also contains potential multiplier effects regarding the possibilities for replication and extension of the project outcome. In 
fact the project could be broadened to identify and formalise new needs (in the EU) and relating operative tools. 

Finally, the project will suggest the possibility of extending the methodological and practical results to other geographical areas 
(e.g. EU neighbourhood countries), thanks to the creation of a thematic portal available on the web, but also thanks to the 
carrying out of international workshops and realisation of specific publications. 
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ABSTRACT: Climate change, future energy demand and security of supply are the major reasons for several countries around the 
world to introduce nuclear energy in their domestic energy production portfolio. This nuclear growth is strongly correlated to an 
emerging nuclear proliferation risk. The latter is driven by the need of more enrichment facilities in order to supply enough material 
for the nuclear power reactor fleet. In order to tackle the nuclear proliferation risk intrinsic and extrinsic features are needed, such 
as more proliferation resistant technologies in the nuclear fuel cycle and enhanced safeguards. 

Keywords: Nuclear proliferation, nuclear growth scenarios, emerging risk, nuclear fuel cycle 

1. INTRODUCTION 

1.1 Background 

For several years new investments in nuclear energy have been proposed by international institutions (IEA, IAEA), arguing with 
future energy demand, and security of supply and climate change mitigation strategies. Outside of Europe, the accidents at the 
Fukushima Daiichi nuclear power plants only had limited influence on the plans of introducing nuclear power and/or enlarging the 
installed nuclear capacity. The emerging interest in nuclear power and the expected growth of installed capacity in certain areas of 
the world, with many newcomer states making preparations for their first nuclear power plant, revealed the need for an analyses of 
the global nuclear fuel cycle and potential emerging proliferations risks (Ahearne, 2011; Arnold and Gufler, 2012; IAEA, 2012; 
IEA, 2013). 

1.2 Objective and Approach 

The primary objective of this work is to identify the necessary capacities of the future nuclear fuel cycle in order to supply the 
expected nuclear power reactor fleet. This provides the basis to analyze the potential proliferation risk induced by a growing amount 
of nuclear fuel cycle facilities. Besides the technical analysis, a socio- political approach is needed to cope with the identified 
question. In order to understand the dynamics of the development and potential implications a comprehensive analysis is needed, 
combinig both technical and socio-political aspects.   

2. Nuclear power scenarios  

2.1 Status of nuclear power in 2014 

The current nuclear power reactor fleet consists of 435 reactors in 31 countries with nominal 372 GWe net installed capacity 
(IAEA, 2014a). In the beginning of 2013 61 reactors in 13 countries and by June 2014 72 reactors in 14 countries were under 
construction (Gufler, 2013; IAEA, 2014a). Additionally 202 units were in a planning phase in 18 countries in 2013 (Arnold and 
Gufler, 2014). Projections and scenarios indicate a constant growth of nuclear installations on a global level – with a focus on 
developing economies in Asia including previously non-nuclear countries. 

The operating nuclear power reactor fleet is based on uranium as fuel and also the new reactors under construction follow the 
same pathway. The current reactor fleet is supplied with uranium from primary and secondary sources. Primary sources are 
derived from direct mining production, secondary sources comprehend stocks, as well as uranium originating from the 
reprocessing of spent fuel and downblended weapons-grade uranium. (Arnold et al., 2011; Gabriel et al., 2013; Zittel et al., 
2013). 

2.2 Status of nuclear fuel cycle facilities in 2014 

The nuclear fuel cycle consists of five steps on the front end1 (mining, milling, conversion, enrichment and fuel fabrication) and 
on four steps on the back end (spent fuel storage, reprocessing, fabrication of mixed uranium-plutonium fuel and spent fuel 
disposal). For the present study the scope was reduced to the front end, because the handling of material vulnerable to proliferation 

                                                 
1 The steps necessary before uranium can be loaded into a nuclear reactor are summarized by the term “front end”. The handling 
of the nuclear material, after it has been used in the reactor, is called the nuclear back end. 
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is much easier at this stage. In the front end the main focus is on the enrichment, as this step is the most relevant stage in the front 
end when it comes to nuclear proliferation. (IAEA, 2014b) 

The enrichment facilities are located in 12 countries (Argentina, Brazil, China, France, Germany, Iran, Japan, Netherlands, 
Pakistan, Russian Federation, United Kingdom, and United States of America). 31 countries are having nuclear power within their 
energy mix, 23 countries have nuclear fuel cycle facilities – 4 of them have no operating nuclear power plants. Around 60% of the 
countries using nuclear power are capable of at least one step of the nuclear fuel cycle mentioned in the paper. (IAEA, 2014b)   

On a global level in 2014 there are 22 conversion facilities (21 commercial) in operation, 1 planned, 3 under construction, 19 
enrichment facilities (14 commercial) in operation, 2 planned, 2 under construction, 54 uranium fuel fabrication facilities (42 
commercial) in operation, 1 planned and 19 spent fuel reprocessing and recycling facilities (9 commercial) in operation, 2 planned, 
2 under construction. (IAEA, 2014b) 

2.3 Nuclear power projections and scenarios 

There are several projections, scenarios and forecasts published by different institutions – private and institutional. Nuclear power 
is included by most of the institutions publishing energy scenarios. Two growth scenarios were selected – one assuming a strong 
increase of nuclear generation capacity, and the second one assuming a even stronger increase, since unchanged capacity 
scenarios do not affect the current proliferation risk. Nevertheless there are several projections and scenarios which indicate a 
much weaker growth than the selected projections on a global level.  

The two selected scenarios are the WNA nuclear century outlook high 2008 and the IAEA 2012 high projection. The basic 
assumption of the selected scenarios can briefly be described as follow:  

 WNA nuclear century outlook high (2008): The Outlook is built on a country by country assessment of the growth 
potential of nuclear power programs. The population of the countries are the key factor, on which the estimation on 
needed energy and nuclear capability are based on. The high trajectory assumes a full policy commitment to nuclear 
power. It assumes that fuel availability will not be a constraint for the growth of nuclear power. The estimated installed 
nuclear capacity in the year 2030 equals 1350 GWe installed (Gufler, 2013; WNA, 2008). 

 IAEA 2012 high: The projection was based on national projections supplied by each country for a OECD/NEA study, 
indicators of development published by the World Bank, global and regional energy, electricity and nuclear power 
projections made by other international organizations and conclude with 740 GWe installed in 2030 (IAEA, 2012).   

3. Proliferation  
Several studies and publications, e.g. the INPRO project of the IAEA and a study carried out by the Brookhaven National 
Laboratory made a distinction between intrinsic and extrinsic designs features and measures to enhance proliferation resistance 
(Bari et al., 2009; IAEA, 2008).   

Intrinsic proliferation resistance features of the system include physical and engineering aspects, extrinsic features institutional 
aspects as external barriers and safeguards. A combination of intrinsic and extrinsic features enhance the proliferation resistance 
(Bari et al., 2009). 

The spread of nuclear power leads to a spread of fissile and fertile material and the technology of nuclear material handling. Of 
special concern is the enrichment technology, as it gives the owner the opportunity to enrich uranium to a weapon grade level. 
Gas centrifuges (state of the art technology) consume much less energy compared to (old) diffusion enrichment technology, 
which makes the detection of facilities much harder, compared to the diffusion technology. The reconfiguration of the cascades 
allows the owner of the facility to produce weapon grade uranium. The intrinsic proliferation risk is high, due to a relatively easy 
option to switch from a civilian to a military use. Especially extrinsic measures are needed to reduce the proliferation risk of 
enrichment facilities – i.e. safeguards. Also the mass balance gives indication if the facility is used only for civilian proposes. 
Another step in the nuclear fuel cycle which is of special concern is the reprocessing of nuclear fuel, with the option to separate 
plutonium. The handling of the material is more difficult, and there is the need for an enhanced technology. However this step 
was not analyzed in the paper (Kessides and Wade, 2011; Knapp et al., 2010).  

4. Results   
Several countries intend to introduce nuclear power into their energy portfolio. For the IAEA high scenario until 2030 the 
following countries can be listed as upcoming nuclear power producing countries, based on the presented positions on IAEA 
conferences and on the statements on IAEA Technical Meetings: Algeria, UAE, Malaysia, Vietnam, Belarus, Nigeria, Poland, 
Ghana, Indonesia, Bangladesh, Turkey, Saudi Arabia, Jordan, Niger, Egypt, Kazakhstan, Kenia, Thailand (IAEA, 2014c, 2013). 

This would lead to a shift of the global nuclear industry towards developing countries and emerging markets. Additionally to the 
newcomer states the existing nuclear power using countries will enlarge their nuclear generation capacity. The main drivers on a 
global level are going to be China, the Russian Federation and India, while the growth in Europe and North America will be 
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much weaker. The current situation of the global nuclear fuel cycle demonstrates clearly that the main capacities (conversion, 
enrichment and spent fuel reprocessing) are located in the slow growing regions, while the strong growing regions have a need to 
catch up.  

The WNA nuclear century outlook projects a very strong growth of installed nuclear capacity until 2030. The growth is driven by 
the expansion of the nuclear power reactor fleet of existing nuclear countries, with several newcomers entering the market. The 
expected newcomers are Belarus, Egypt, the Gulf Cooperation Council (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United 
Arab Emirates), Indonesia, Kazakhstan, Nigeria, Poland, Turkey, Vietnam, Italy, Jordan, Thailand, Philippines, Albania, Algeria, 
Australia, Austria, Bangladesh, Chile, Croatia, Denmark, Greece, Iraq, Ireland, Israel, Kenya, Malaysia, Singapore, Morocco, 
New Zealand, Norway, Portugal, Serbia, Syria, and Venezuela (WNA, 2008).  

By comparing the IAEA high and the WNA nuclear century outlook it becomes clear that the amount of newcomer states varies 
strongly, which can be explained by the different approach and idea behind the projections. In order to gain results for the needed 
enrichment capacity the recent development of the capacity were taken into account and future developments were calculated in 
order to meet the demand of the future nuclear power reactor fleet. It was assumed that for 1 GWe of installed capacity 120 t of 
Separative Work Unit (SWU) are required per year. Additionally it was assumed that the capacity factor of the enrichment plants 
will be at 70% per year, corresponding to the operational history of enrichments plants. Based on the history of existing 
enrichment plants it was assumed that it takes up to five year until the plant reaches the full design capacity.  

In order to meet the fuel requirements of the IAEA 2012 high scenario the enrichment capacity needs to be enlarged from about 
68 kt SWU in the year 2011 to 127 kt SWU in the year 2030. As the enrichment plant in George Besse I was shut down in the 
year 2012, having had a capacity of 10,8 kt SWU per year, additional 67,5 kt SWU capacity are needed to be added on a global 
level – assuming that all existing enrichment facilities would continue operation till 2030 and no facilitates would have to be 
replaced. Taking the most recently built enrichment facility George Besse II with a capacity of 7,5 kt SWU per year as 
benchmark, this implies that up to 9 new enrichment facilities are needed to meet the demand (IAEA, 2014b).  

In case of the WNA 2008 outlook due to the big amount of newcomer states and the strong commitment of existing nuclear states 
to expand their nuclear power programs would lead to the need of 231 kt SWU installed capacity. Such a capacity could be 
reached by adding about 170 kt SWU installed capacity. This means that around 23 new enrichment facilities would be needed 
until 2030.  

The average design capacity of commercial enrichment facilities in operation on a global level is about 4 kt SWU per year, and 
the median value is at 4 kt SWU per year. The smaller design capacities would clearly enhance the number of enrichment 
facilities to be built. Several countries have even smaller enrichment facilities like the Chinese installation at Lanzhou with a 
design capacity of 500t SWU per year (Arnold and Gufler, 2014).  

5. CONCLUSIONS 
In order to guarantee a sustainable growth of nuclear power, investments into the nuclear fuel cycle are required. Regarding the 
proliferation threat, the enrichment is of special concern. There are several approaches to be taken into account when it comes to 
develop the nuclear fuel cycle in a proper direction. The concerns of many countries over spreading dual use technology was clearly 
demonstrated in the case of the Islamic Republic of Iran. Especially the technology of enrichment could be used not only for civil 
but also for military purposes. When taking into account that in case of a nuclear growth scenario a huge amount of new enrichment 
facilities would be needed to sustain the growth, more and more countries may aim to develop an almost complete domestic nuclear 
fuel cycle in order to assure the security of supply. Such a development would enhance the proliferation risk and the spread of 
nuclear material around the world.  

This leads to the need to look into different options currently discussed.  

The first option would be that every country is allowed to possess and develop a domestic nuclear fuel cycle including the 
enrichment technology. This is in accordance with the IAEA that assures every member state the same rights and obligations. 
Nevertheless the nuclear material should be safeguarded by the IAEA in order to reduce the spread of nuclear material. In such a 
case the safeguard mission by the IAEA would be huge, due to the high number of potential new facilities. This way does not seem 
to be feasible, due to the enormous workload and would lead to an enhanced proliferation risk, because nuclear material would be 
heavily spread –as well as the technology. In order to reduce the intrinsic proliferation risk, a step backwards towards the diffusion 
technology would help to monitor the enrichment facilities, as they can be hidden much more difficultly due to the high energy 
consumption.  

The second option can be described as a black box option. This black box option includes a centralized enrichment and nuclear 
fuel bank organized by the IAEA and hosted by one or more member countries. The enrichment and the fuel fabrication would take 
place at those facilities. This could be an option if all countries would agree on such a solution. If only certain countries would 
obtain their fuel from such a facility this would enhance the imbalance between the IAEA member states. The spread of dual use 
technology would be reduced and the mass flow of fissile and fertile material could be more easily followed. The proliferation risk 
would be lower compared to the first option, but other negative impacts are not negligible. For certain countries the security of 
supply – one of the very strong arguments to introduce nuclear energy – could not be enhanced, but rather the dependency on 
certain supplier countries would be increased. The IAEA would need to make sure, that every country is going to be supplied with 
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nuclear fuel on the same basis. If there is a threat for one or more countries, that due to certain boundary conditions nuclear fuel 
will not be delivered, they will not agree on this option.  

There is a clear correlation between nuclear growth and an emerging nuclear proliferation risk. The emerging nuclear proliferation 
risk is driven by the need of more enrichment facilities, the spread of knowledge, and the spread of nuclear material. In order to 
tackle the emerging nuclear proliferation risk intrinsic and extrinsic features are needed, such as more proliferation resistant 
technologies in the nuclear fuel cycle and enhanced IAEA safeguards. The safeguards need to get more funding’s and more 
competences in order to be able to fulfill their mission.  
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ABSTRACT: Today, planning for main four (4) procedures of crisis management is completely impressible from the utility level 

of facilities and technologies in the region so crisis management logistic design is based on its items. 

Utility of aviation industry and planning for the quality of its usage for "exploration ,primary  and ultimate assessment of  natural 

disasters in the  region, transportation of essential units, fast and urgent accessibility for combrous  zones and application of 

several types  of aviation facilities such as ultra light   , light airplanes and helicopters, gyrocopters, and airplanes with vast 

auxiliary applications  have undeniable  effects on crisis management logistics which  includes estimation , providing , 

transportation , maintenance and distribution of different services for natural disasters. 

This article is to introduce suitable facilities of aviation industry with definitions and concepts needed, and its impact on the 

application of any of the steps listed to be dealt with crisis management. 

  

Keywords: Crisis logistic, Resilience, Aviation, Analysis center 

INTRODUCTION 

Natural disasters always have drastic impact on human life and in recent decades, hundreds of millions of people have felt their 

lives in the ring of injuries and damages resulting from such disasters, many people died and more than millions of dollars as 

total losses causes that the social and economical growth is faced with many obstacles. Incidents, natural disasters and the level 

of their endamaging depend on human activities. With the presence of scientific and integrated management for crisis that can 

prevent occurring of disasters with prediction and detecting them before anticipation, and in the event of crisis can successfully 

control the activities of intervention, guidance, caring after crisis by prioritizing, organizing, planning and directing leading 

levels, we can hope that many crisis and disasters can be predicted and controlled before occurrence or in the case of incidence 

the resulting backwash of them can be decreased optimally. Based on main characteristics of resilient cities against natural 

disasters and scientific definition of crisis logistics, adopting  plans to anticipate and mitigate the effects of natural hazards 

,employing of technologies for monitoring and early warning, rapid ability to perform instant recovery solutions and quickly 

restore basic services and resumption of  social, institutional and economic activities after such incidents needs safe utilization of 

new technologies for fast access to data and information for monitoring and decision-making and planning before event, during 

and after it. 

Undoubtedly use of new , rapid and safe technologies of aviation industry with variety of functions such as ultra light and light 

aircrafts, helicopters and other facilities utilized in various types of assessment processes, supply, transportation , storage and 

distribution of goods and services have undeniable impact in the field of resilience against natural disasters and sustainable 

development indicators in the regions. 

This paper has presented a definition of crisis logistics concepts , and principles of resiliency and also new technologies in 

aviation industry , their capabilities , potential roles, importance and beside the brief comments about  the  experience of different 

countries in taking advantage of these industry ,its  application in various  process and disasters specially in impossible and 

cumbrous areas has been analyzed. 

-The role of aviation industry in crisis logistics (with a focus on regional resilience): 
One of the fundamental questions in relation to this case can be expressed like this: 

"What is role of aviation industry and air transportation in natural disaster subject?" 

According to the planning process in crisis logistics in order to enhance the regional resilience, we can express the efficiency of 

this industry in several processes of crisis management as follows: 

Besides the utilizing of Geographic Maps of various regions and providing information in different ways about areas, we can use 

various types of aircrafts, manned or unmanned helicopters to assess and explore urban and suburban areas with different land 

uses in 4 main procedures of crisis management tasks. 

 

    
 

1- Prediction and prevention process: 
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    This industry can be used to evaluate and identify the various items: 

a. Identification and assessment of changes  in distribution of old structures  in urban areas    (in short time intervals) 

b. Identification of trends and changes in urban design and residential and commercial (etc) districts beside items that 

mentioned in comprehensive and detailed maps constantly. 

c. Identification of vulnerable areas of the city, sub-urban regions according to regional background and records for 

occurrence of variety of disasters (such as earthquakes, floods, fires, storms, blizzard and etc.) 

d. Detection and continuous monitoring of deforestation and desertification increase or decrease the amount of water in 

the floodways of rivers, dams and canals. 

e. Precise and controlled Aerial visits but with low height level from all critical and sensitive positions including vital 

installations, such as refineries, fuel tanks, power plants and dams. 

f. Making online and direct communication with assessment centers in disaster management office before, during and 

after disasters. 

So we can utilize the following aviation instruments to have a wider application range and can get out from highly specialized 

military and fantasies uses. 

1-1-Unmanned aircrafts: Variety of unmanned aircrafts and helicopters are being built which can be used for various 

missions such as exploration and identification of several areas and online connections with analysis and assessment centers in 

the region for evaluation of regional conditions or incidents: 

1- Quasi UAV for identification and sending information goals 

 Aircraft or light quasi UAV with special camera for taking precise photos and videos to identify the region 

1-2-Robotic aircrafts: Today this type of flight instruments has more useful applications for detection and exploration of 

areas with low-height flight to take needing photographs. For example this type of  flying robots can be used to identify and  

take photographs from volcanoes  and their conditions, rapid changes in construction and traffic trend in the region, especially 

before , during and after crisis, sending reports from sensitive and important infra- structures, rapid climate change in the region 

in short time intervals . 

 Identification and evaluation of potential disasters in special regions such as volcanoes, fires, etc. 

1-3- Robocopters : On the nose of this helicopter, important sensors are installed  that  can scan all details of the scene  and 

views from several areas and  a pilot and an engineer  just as well as observers are used by those aircraft on the ground and they 

will be waiting for its  own decision for landing. 

 The capability of Local topography recognition by robo helicopter 

2- Manned aircrafts and helicopters: 
In  prediction and  prevention  process, generally using of  small aviation instruments with Control capabilities defined by human 

for a variety of missions  needs to apply human and artificial intelligence with together as  an explorational and analyzing tools.In 

small airplanes and helicopters controlled and directed by crisis management's  pilot, promptitude and accuracy in sending and 

identification of  sensitive areas has major role as perspective of crisis management . 

- Ultra light Airplanes: 
Ultra light airplane  is one of the ideal choices for use in the prediction and prevention  processes of crisis logistics' objectives are 

listed above due to the small size, manoeuvrability, high speed, relatively low maintenance and repairing costs and a smaller 

runway . Indeed, by defining the specific height and direction of flight for this type of airplane , we can achieve to desired items. 

 Ultra light airplane (Savannah) 

-Ultra light helicopter: 
In addition to the above advantages, these helicopters can be used in more conditions and situations because of  no need to wide 

runways. 
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-Gyrocopters :Using of gyrocopters are defined in some Rescue operation and the initial assessment duties , but we can utilize 

them in  following  processes because of their less maintenance and repairing costs and specific and defined height of flight in 

important exploration operations such as: 

       - Identification and assessment of changes in old zones and  their distribution  in urban areas. 

       -Identification of vulnerable areas of the city, sub-urban  according to regional capacity for occurrence of several  recognized 

disasters .( such as earth quake, flood, fire, storm , blizzard and etc.) 

       -Assess and identify the extent of the crisis in the early hours of disasters' occurrence  and  

initial estimates of damage and casualties. 

 Auto Gyrocopters 

2- Response and recovery and rehabilitation process 
In addition to using aviation industry and its related instruments in  the prediction and prevention, preparedness steps in crisis 

management  procedures ,it can be said that in  confrontation with crisis and disasters and  using variety of relief methods in 

several time intervals after disasters, defined facilities in aviation industry can play major role for achieving  the goals defined in 

crisis logistics .As noted above, some of the effective goals in crisis logistics planning are included as below: 

      - Rapid action in providing the manpower 

      - Agile infrastructure and logistical capabilities 

that in fact include  part of the major role for this industry in preparedness and confrontation steps in crisis management planning 

which contributes to increase the regional resiliency because of making preparation , planning  ,  high flexibility and lowering 

costs in crisis management and its logistics. Among more than 40 recognized natural disasters throughout the world , disasters 

such as earthquakes, floods, fires, hail and heavy rain and snow, avalanches and landslides have more precedents in the world. 

Although in most countries , air transportation is  generally used for relief and rescue missions,  according to the characteristics 

of urbanization , spread of areas and climate changes and frequency of various natural disasters' occurrence ,  paying attention to 

how this industry can define the goals of sustainable development and increasing resiliency,  becomes  necessary. Therefore, 

aviation  industry's role in reconstruction and rehabilitation process can be defined as following items : 

1) Search and reconnaissance operations such as those mentioned in the prediction and prevention procedures. Use of 

defined and proper equipments of this industry in these steps can reduce the loss of lives and property during 

disasters. 

2) Initial assessment after natural disasters and accurate reporting to online crisis management center to determine the 

extent of the incident and the speed of its progress in the area. 

3)  Search and identify the impassable areas, mountains, valleys and forests, sea and rivers in natural incidents such 

as floods, earthquakes, avalanches, heavy snow and rain. 

4) Photography and mapping of vast areas for  overall assessment of natural disasters , and then analyze the 

information  for  confrontation process and make decisions in reconstruction and rehabilitation programs. 

5) Transfer and transport relief and rescue teams, medical teams, supplies and food requirements, rapid transportation 

and rescue tools in specific situations. 

6) Handling and transfer of injured and damaged people with defined aircrafts and helicopters in the air ambulance. 

7) Lifting and carrying tools and equipment needed in various steps of reconstruction and rehabilitation after disaster. 

To achieve these goals, in addition to Mil and Bell helicopters that are used vastly in air rescue operations, following aviation 

equipment can be used with more advantages: 

 Small or oval helicopters  for initial assessment , immediate identification after  incident and assessment of regional 

situation at different steps of reconstruction and rehabilitation process 

 Light aircraft with capability of carrying a stretcher and medical equipments and landing on non asphalt runways 

 Amphibious aircraft for  reconnaissance and rescue operations in the water and coastlines 
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 Fire fighting operations in roads and residential areas by light  and ultra light airplanes 

 

Conclusions and recommendations: 
-Defining  action plan for utilizing of  aviation industry  in crisis logistics in developing countries: 

Documents and experience has shown that many countries with most production in environmental, economic and biological 

facilities were damaged and became unusable because of natural disasters, but due to trained and skilled manpower, efficient and 

dynamic crisis management and their high speed efforts, they could compensate all damages and losses and with proper planning 

they could manage their environment in times of crisis occurrence and minimized the losses rate and vulnerabilities. 

But on the other hand there are many rich countries that increased their vulnerability and remain vulnerable because of the poor 

and weak planning and poor management of human resources. 

For example in the Metropolis such as Tehran , available evidence indicates that much of the emergency relief organizations do 

not show their support for using of  air emergency and  even in the case of forgetting this puzzle, they deny its use! 

However, the research results in developed countries  show that they use air relief for transportation of damaged people to 

medical centres so deaths and losses statistics are much lower in these countries due to a variety of events such as fires and road 

accidents, so the definition of locating aviation industry and air rescue in crisis management process needs to new way of 

thinking.Therefore, after introduction of a variety tools and equipment for aviation industry and their usability in various 

missions, we need to define the method of locating and using them in crisis management planning. 

1) At first , there is an essential need to define a variety of application areas of this industry in      4-fold steps of crisis 

management in each country and then in its  different regions  according to specific characteristics of climate, weather, 

population and etc. 

2) Due to the variety of applications for various types of equipment listed in the aviation industry, there is need to define 

independent operating domains for education, specification of its finance and financial Workbook Set to determine the 

operating areas for different types of aircrafts and helicopters according to characteristics of different regions of the 

country in the case of crisis management perspective. 

3) For proper responding of using these equipments, we need to define new and update       tasks and defining online 

analyzing centers in crisis management offices for receiving recognized information and assessing them in prediction, 

prevention, confrontation, preparedness, recovery and rehabilitation processes. 

4) For optimal conclusion from consistent application of  aviation industry as an integral  and indispensable part in crisis 

management and its logistics , there is an essential need to design a proper structure for application of this technology 

for logistics management in disasters , improving communication and information systems and change traditional 

patterns to modern models to act quickly and accurately for  our operations in crisis logistics. 

5) Opposing the views about creating greater vulnerability due to the transporting injured persons with airplanes or 

helicopters because of air pressure and other movement disorders and traumatic stress of airplane or helicopter, some 

proceedings are being used to resolve possible imperfections which does not undermine the usefulness of such 

equipment. 

6) Now it's time for defining and planning aerial maneuvers for a variety of missions, including reconnaissance, search , 

rescue, relief and transportation of medical goods and equipment as well as fire fighting operations in different scales 

for crisis management exercises.  

7) In urban design and neighborhood of dangerous sites and roots such as mountains and highways , suitable points and 

areas must be defined for using several types of aviation industry's equipments for all determined aerial operations. 

8) For organizing the air rescue and relief centers in crisis management organizations , we require to establish  new and 

updated centers  to manage engineering and technical affairs , repair and maintenance of helicopters and airplanes , 

flight  operations management , affairs of crisis management's Pilots and medical and rescue operations management.
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ABSTRACT: Society is becoming increasingly dynamic and complex, and therefore more vulnerable. It is thus important that 
society is resilient in order to be able to protect citizens and critical functions in the wake of disasters. It has been suggested that 
disaster risk reduction (DRR) is key in establishing resilience, and that adequate capacity in DRR is vital to reduce the effects of 
disasters. DRR and capacity development involve many individuals and organisations, and previous studies have indicated 
discrepancies in how individuals and organisations perceive key aspects of DRR and capacity development. The purpose of this 
paper is to discuss the potential for misunderstanding of the key concepts of DRR and capacity development, focusing on a 
homogeneous group of international experts and on documents from nine capacity development projects for DRR. Thirty-five 
qualitative interviews and content analysis of the project documentation revealed substantial conceptual ambiguity, indicating 
significant differences in the way in which the respondents perceive and define key concepts. The findings also showed that there 
is still a gap with respect to how these concepts are understood and communicated in the project documentation. This high degree 
of terminological ambiguity is likely to cause misunderstanding and have a negative impact on the effectiveness of capacity 
development projects for DRR. 

Keywords: Terminology, Disaster risk reduction, Capacity development. 

1. INTRODUCTION 

The world is becoming increasingly dynamic and complex, and it has been pointed out that societies must be resilient in order to 
be able to safeguard their citizens and critical societal functions in the face of disasters (e.g. Becker et al. 2011). The majority of 
losses arising from disasters caused by natural hazards occur in low- and middle-income countries, posing a major threat to 
sustainable development and to the achievement of the United Nations’ Millennium Development Goals (UNDP 2004, p. 9-27; 
Twigg 2004, p. 2,9; Smith, & Wenger. 2007, p. 240). It has been advocated that disaster risk reduction (DRR) is key in 
establishing resilience (e.g. Birkmann, & von Teichman. 2010), and that capacity development for DRR is vital to substantially 
reduce losses resulting from disasters (UNISDR 2005). While the importance of capacity development is being increasingly 
recognised, recent studies have revealed problems impeding the actual implementation of capacity development in DRR 
(Hagelsteen, & Becker. 2013; CADRI 2011, p. 7-8; GNCSODR 2009; Becker 2009). 

Both DRR and capacity development involve many individuals in different kinds of organisations, and there are indications of 
discrepancies in how they perceive the key aspects in this field (Hagelsteen, & Becker. 2013, p. 7-8, 11). In a study on the United 
Nations’ contribution to the implementation of the Hyogo Framework for Action, Oelreich states that “Disaster risk reduction is 
not a self-explanatory term” (Oelreich 2011, p. 14). The Hyogo Framework for Action mentions the word “capacity” more than 
25 times in relation to developing, building, or strengthening DRR (UNISDR 2005), but does not specify or explain how the 
capacity for DRR should be developed. The results of another study including 63 respondents from international NGOs from 18 
different countries indicate a lack of a common definition of “capacity building” (Lipson, & Warren. 2006, p. 2-3). In addition, 
the link between capacity development and DRR is also unclear (UNDP 2007, p. 3). The terminology used often relies on 
abstract concepts that are difficult to translate into objectives and practical activities (Eade 1997, p. 2; Lopes, & Theisohn. 2003, 
p. 1; UNDP 2007, p. 3). Some concepts are often used interchangeably, e.g. capacity development and capacity building 
(OECD/DAC 2006, p. 9; Schulz et al. 2005, p. 13), and the same terms may be defined in different ways by different 
organisations. Thywissen (2006, p. 10-11) calls this multitude of terms “a Babelonian (sic) Confusion”, and we believe it is both 
interesting and important to study the potential for the misunderstanding of key concepts. The purpose of this paper is therefore 
to investigate the potential for conceptual misunderstandings concerning DRR and capacity development within a relatively 
homogeneous group of external partners involved in capacity development initiatives for DRR. To achieve this, we aim to answer 
the following research question: 

How do experts from different countries perceive and express the concepts of disaster risk reduction and capacity development, 
and in what way are these concepts and terms used in documentation on capacity development projects for disaster risk 
reduction? 
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2. METHODOLOGY 

Two separate studies were conducted as outlined below.  

2.1 Interviews with 35 international experts in DRR and/or capacity development 

Qualitative interviews were conducted with 35 international experts involved in DRR and/or capacity development in order to 
obtain an understanding of what the concepts of DRR and capacity development meant to them. The interviews were part of a 
wider study, but the part considered here included two basic open questions: “What does disaster risk reduction mean to you?” 
and “What does capacity development mean to you?”. The interviews were recorded, transcribed and analysed. The respondents 
were identified through purposeful selection (Bernard 2006, p. 189; Blaikie 2000, p. 205) and through snowballing from them. 
About two-thirds of the informants were men (63%), and the ages of the respondents ranged from late twenties to early sixties. 
They had work experience from governmental agencies, NGOs, various UN organisations, the Red Cross Movement and 
universities. 

2.2 Content analysis of nine international capacity development projects for DRR 

The documentation from nine international capacity development projects for DRR from a governmental agency undertaken 
between 2007 and 2013 were analysed to gain an understanding of the way in which terminology was used in the project 
documentation. The analysis was guided by the following illustrative questions: Are key terms clearly defined, e.g. capacity 
development, capacity building and specific thematic terminology related to disaster risk reduction? Is there consistency in 
terminology throughout the project documentation? Are abbreviations explained?   

3. DISCUSSION 

The findings from the 35 interviews revealed substantial differences between the way in which the respondents expressed the two 
concepts of DRR and capacity development. They defined them vaguely or in broad terms, some stating that they were “tricky 
questions” or explaining that the concepts were “abstract” or just “buzz words”, or “meaningless terms” and “intellectual 
constructions”. Some informants referred to the Hyogo Framework for Action as being theoretical, with no actions, or not being 
operational. One-third stated that there is confusion regarding DRR and what it means in practise, while two-thirds gave little 
explanation of what capacity development meant to them. One informant said: “For many people, capacity development is like an 
abstract thing, it is not clear how to do it”. Although several respondents stated that capacity development should be interpreted 
as activities at different levels, more than half of the informants pointed out that capacity development is only regarded as a 
training exercise. Nearly half of the informants used the term “capacity building” instead of “capacity development”, with 
seemingly equivalent meanings. Several respondents avoided one or both of the questions, and a few of them explicitly refused to 
discuss them.   

The analysis of the project documentation revealed an overall ambiguity across the projects with respect to how key terms and 
concepts were described and conveyed in the documentation. There was an overall lack of references to key terms, and of 
definitions of abbreviations in the documentation on both DDR and capacity development. Additionally, there were discrepancies 
in the use of project management terminology in that terms were not defined, were used inconsistently, or were used 
interchangeably, i.e., “project purpose” and “project objective”, or “programme” versus “project”. Therefore, it cannot be 
assumed that there is a shared concept or understanding of what the term and concept mean (James, & Hailey. 2009, p. 11). 

The cause of confusion or lack of consistency concerning terminology may be that people generally tend to underestimate the 
importance of using terminology correctly, and may assume that two different parties have the same understanding of key 
concepts such as capacity development and DRR. They may, therefore, fail to ensure they are talking about the same thing 
(James, & Hailey. 2009, p. 11). It is easy to assume when starting such a project, that everyone involved is in agreement 
regarding the terms used, but when the activities are to be implemented it often becomes apparent that the various partners do not 
have a common understanding of what should be done, or how it should be done. This may be due to a lack of knowledge, and an 
unwillingness to reveal this, and thus losing face. Other reasons for this confusion may be that the definitions and concepts are 
academic, complicated and over-elaborated (Twigg 2004, p. 12), making it difficult to translate them into objectives and practical 
activities (Eade 1997, p. 2; Lopes, & Theisohn. 2003, p. 1). There are sometimes problems in translating terms between 
languages, and the meaning of terms may also change over time. Finally, concepts may be used as slogans, rather than 
meaningful concepts due to a lack of clarity or knowledge (Lusthaus et al. 1999, p. 9).  

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

If capacity development is vital in DRR to substantially reduce the losses resulting from disasters, then it must be made clear 
what capacity development means in practise, and it should not be taken for granted that partners in different organisations and 
countries have the same understanding of the concepts involved. The lack of a common conceptual understanding will undermine 
opportunities for learning, for change, and for the development of capacity in DRR. If the concepts involved are not clearly 
defined, it will be difficult to assess whether the DDR measures were successful or not.  
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5. CONCLUSIONS 

Terms such as “DRR” and “capacity development” are often used loosely. The results of the 35 interviews and documentation 
from nine international capacity development projects for DRR indicated that terms and concepts are used interchangeably, and 
that the various concepts of DRR and capacity development are not adequately or uniformly defined. This study focused on a 
relatively homogeneous group of experts and documentation from a single governmental agency, and it is likely that substantial 
discrepancies in conceptual understanding will also be found in the more heterogeneous groups often involved in capacity 
development for DRR. It is evident that the concepts are interpreted or perceived in different ways depending on the values, 
beliefs, practices, and organisational and educational background of the person using them. This high degree of terminological 
ambiguity is likely to cause misunderstandings between partners concerning what to do and how to do it, which will have a 
negative impact on the effectiveness of the proposed measures. There is thus an urgent need to discuss and clarify the concepts 
involved in DDR and capacity development if we are to improve our preparedness to cope with disasters in the future. 
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ABSTRACT: The goal of this research is through geospatial modelling, create a ‘Potential Conflict Landscape’ for Africa to better 

understand and evaluate the risk of triggering cascading social and safety issues due to an event and its aftermath within a 

regional context.  

A spatial database was created for the continent of Africa using a hexagon grid with a grain-size of 600 Km2 resulting in over 

50,000 cataloguing units for data compilation and analysis. Using geospatial areal overlay and network analysis, parameters were 

extracted, summarized, and created for each of these units.  This geospatial analysis included cultural measures (e.g. ethnicity, 

language, religion), infrastructure measures (e.g. utilities, resources, roads), political measures (e.g. country borders, provincial 

borders), connectivity measures (e.g. remoteness, isolation, accessibility), landscape measures (e.g. land cover, water, elevation, 

roughness), and demographic measures (e.g. population, education, income).  These individual elements were then combined and 

analysed against the ACLED (Armed Conflict Location & Event Data Project) for Africa to identify relationship strength and 

clusters of factors that could provide a measure of confidence to the model and its outcomes. These factors were then further 

analysed through a sensitivity analysis to determine the breadth of that relationship across the range of values presented in the 

data.  From this analysis a potential conflict landscape model was created.  The model’s outcome creates a ranked series at the 

hexagon level showing the calculated risk of potential conflict visually across Africa.    

This modelling approach successfully created a conflict landscape for Africa that can be used to assess the risk to aid workers or 

responders if a natural / man-made disaster were to occur in a specific region.  It could also be used as an aid to determining 

factors of stability in a region that a significant disaster event (or response) could create a tipping point for social unrest. 

Keywords: Africa, conflict, landscape, GIS, modelling. 

1. INTRODUCTION 

The study of conflict on the African continent has long been an issue for policy and decision makers due to a combination of 

extent and the methods in place to process data to generate anticipatory assessments of conflict prior to its outbreak. Despite 

news reports of billions of dollars traveling overseas in support of conflict resolution and humanitarian relief, the lack of 

background context and quantitative analysis have impeded progress and understanding, resulting in poor allocation of resources 

from the international community. 

The objective of this study is two-fold. 1) To use anticipatory analytics to identify regions in Africa that are conflict prone and 

may act as tipping points in local or regional instability when disaster strikes, and 2), To be a case study to improve the 

procedures for analysis, storing and recalling large data sets quickly and efficiently, while achieving a reduction in data 

dimensionality. Both the idea of 'Big Data' and 'Anticipatory Analytics' are receiving much attention from the research 

community due to the high volume of problems that arise from the mishandling of data and not being able to identify future 

problems and 'at risk' areas. Several fields of academia have attempted to establish methodology that predicts future conflict 

through various socioeconomic and demographic factors, but few have conducted their studies from a geographic standpoint 

using geospatial analytics. Combining geospatial analytics with specific, targeted socioeconomic and demographic factors will 

permit visualization of conflict as well as a more informed and efficient evaluation of smaller regions in the context of areas 

around them. Using traditional statistical methods, psychological and sociological profiles on conflict, and political science and 

policy analytics in a geospatial setting could change the way large scale events are monitored and provide a more informed 

assessment for resource and humanitarian relief allocation or international intervention. 

The conflict climate in Africa has been characterized in consistent fashions by many difference sources. Dejesus (2011) goes 

back to the 1980's when geographers Nigel Thrift and Dean Forbes argued that the study of violent conflicts must be grounded in 

a perspective that looks at the human dynamic in a variety of facets. Thrift and Forbes contended that "people in conflict in place" 

constitutes a vital grounding focus for geographic inquiry and analysis. Other including Basnet (2010)  and Ulrichsen (2011) 

have addressed certain security and preventive measures that have been taken in African regions to address growing conflict 

regions such as increased security near major sea ports and mineral rich areas, increased regulations on the exportation of 

precious resources such as oil and diamonds, and an increased international aid presence overall.  
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Moving away from Africa specifically and more generally into factors that drive and induce conflict, many publications have 

attempted to measure conflict by emphasizing major factors. Raleigh (2010) attempts to provide evidence that physical 

geography influences (or may influence) conflict patters within African states. It poses arguments specifically related to four 

features of the physical environment: distance, resources, terrain, and size. Ondas (2003) focused on environmental factors as 

drivers which examined how rainfall levels generally are thought to increase the chances of a civil war onset. The rational is that 

freshwater availability affects the distribution of wealth, and water scarcity decreases the opportunity cost of rebellion. 

Ostby (2009) takes a more social science approach and concludes that when studying conflict at the sub-regional level, several 

factors will vary based on the working region, primarily including education, relative deprivation of household assets, strong 

"interregional" inequalities, and a combined presence of natural resources and relative deprivation. Many other publications, 

[Holborn (2007), Weidmann and Ward (2010) and King (2011)] continue with social science drivers for conflict, examining 

factors that can affect the concept of livelihood, including diversification, intra-community differentiation, and 'agency' in 

livelihood studies. Additionally, to add a temporal basis for comparison over time, the authors identify that the prediction of 

conflict poses a large challenge for social sciences, and explored the incorporation of geography into the forecasting. They 

specifically used geo-located data to look at conflicts in Bosnia over a period of 3 years, which served as a basis for comparison 

for factors believed to be involved in conflict incubation and development.  

While most models for conflict measurement and prediction have been traditional (and considered largely inaccurate), it may be 

beneficial to combine elements of traditional concepts with the efficiencies of geographic information systems to create a hybrid 

model that with some accuracy measure and predict conflict while highlighting geographic distributions and spatial patterns of 

context. Some of these traditional methods are outlined by Lou (2009), Baddeley (2010),  Hegre et al. (2009), and Santorineou 

(2012) and includes spatially correlated interregional flows measured as binary choice outcomes, transitional probability models, 

a Poisson model for spatial randomness and spatial logistic regression, interaction in the form of exploring dependence between 

points, goodness-of-fit testing, distance methods for point patterns, Gibbs models, marked point patterns, multidimensional point 

patterns in space and time, among many others. One specific model that uses traditional concepts along with GIS includes Shutte 

(2010) which focuses on terrorism, specifically psychological factors and triggers that play into driving terrorism, including 

access to population, targeting, harboring, lootable regions and resource rich area factors, among others. They align this data with 

Gaussian density surfaces, creating sophisticated histograms to look at changes in probability in the landscape. 

2. DATA COLLECTION 

The data used for analysis was collected from a variety of resources, including the International Conflict Research Group in 

Zurich, Switzerland, the Armed Conflict Location and Event Database Project (ACLED), the International Council for Science: 

Committee on Data for Science & Technology, the International Road Traffic and Accident Database, the World Fact-book 

Geodatabase, the International Council for Geoscience, and the Max Mind World Cities Database. A spatial database was created 

for the continent of Africa using a hexagon grid with a grain-size of 600 Km2 resulting in over 50,000 cataloguing units for data 

compilation and analysis. Additionally, datasets selected for comparison and weighting schemas are explained below.  

Roads: The roads dataset was classified by type of road (primary, secondary, etc.) as well whether or not a median was present to 

indicate a well maintained area. The final calculation calculated the count and length of road segments inside each hexagon.  

Mineral Resource: The mineral resource dataset was classified by type of mineral (gold, silver, metals, etc.), which would give 

indication to the area valuation and influence conflict events over resources.  

Georeferenced Ethnic Grouping: The geo-referenced ethnic grouping dataset was characterized by the type of ethnic grouping 

and the specified variation of said ethnic grouping. The overall calculation was conducted based off the area occupied by 

specified ethnic groups in a given hexagon as well as the frequency (number) of ethnic groups present in a single hexagon to 

recognize borders.  

Language Distribution: The language dataset was characterized by the language spoken and the population of speakers in a given 

area. The overall weighting and calculation was based on the area and frequency of speakers in a given hex as well as the number 

of different languages in a given hexagon to recognize borders.  

City / Population: The city database served to recognize high density areas as well as potential targets for violent activities and 

demonstrations. The database was characterized by the population of each major city as well as the number of cities in any given 

hexagon to further develop a density grid that can be used for targeting purposes.  

ACLED: Used for baseline comparison (10% random sample) as well as future event prediction (10%) and training (ground truth) 

by four 4-year groupings (1997-2013) to provide iterations for model development and testing through time. 

3. METHODS & MODELS 

Using a practical application of Bayes' Theorem developed by Grubb et al. (2003) we developed a pattern recognition model that 

provides an explicit framework for incorporating prior knowledge into an analysis. A derivative of the this model was used for 

the African case study with minor variations in that it still used general pattern recognition concepts and Bayesian methodology 

to identify the presence of conflict in context and to support predictions where characteristics are aligned for conflict.  
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The model used for the African case study also borrows other concepts such as simplified hierarchal weighted averaging. Each 

attribute characteristic was assigned a weighted value that would be used for comparison to other characteristics of the same core 

attribute. From there, the attributes were weighed against each other as well, as some will have greater influence than others in 

the overall classification. To the extent possible each weight was obtained from the literature, or weighted equally if nothing 

supported providing a specific weighting schema. Following the process of hierarchal weighted averaging, the overall 

classification was processed and displayed on an interval scale. While all of the data was relative, we could compare between 

regions across Africa. We then normalized the data set, to a scale of 0-1 for easier visualization and statistical analysis.  

4. RESULTS 

After collecting the data and establishing the weighted values, each characteristic attribute was processed and normalized. The 

final results from the modelling run are visualized for a portion of Africa in Figure 1.  

 

 
Fig. 1: Final result with all characteristic attributes normalized and visualized from high conflict areas (red), to low or no conflict 

areas (green). African country borders and the ACLED points are shown for reference. 

In order to assess the conflict landscape beyond visual comparison, statistical analysis was conducted to establish the percentage 

difference between our ground truth, the existing ACLED, and our modeled assessment. Calculating percentage similarity begins 

with scaling the ground truth and modeled assessment so that both use the same units of measure. Once the units of measure are 

equivalent, a difference value can be calculated. The calculated mean difference was .099, implying that our assessment was on 

average 90%-91% similar to the ground truth layer.  

5. DISCUSSION  

Overall, the case study produced acceptable predictions with strong spatial correlation and clustering patterns, with an overall 

average similarity of approximately 91% between the predictive analysis and ground truth data. The hexagon method seemed to 

work extremely well, indicating that more equidistant measurements can produce more accurate assessments with lower 

resolution data. The character attributes seemed to work as intended and the weighing methods for hierarchal archiving divided 

the characteristic sets fairly well. The main issue encountered during the study was dealing with a large amount of low resolution 

data while still trying to preserve high accuracy with a low margin of error. Additionally, gaps in the datasets became an issue 

due to the uncertainty associated with the differences between no conflict, and a lack of data to draw solid conclusions. Some of 

the datasets were continuous surfaces but seemed to lack detail that could have been useful in determining the reasoning behind 
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some of the clustering patterns. A prime example of this is with the mineral resource dataset, which has point data for a single 

mineral, but lacked data of the amounts of said minerals or whether more than one mineral was present in a single area. The last 

large problem encountered was distinguishing between different types of conflict. The characteristic attributes chosen were based 

on literature from political science and public policy, but were generalized for 'conflict', which is surprisingly ill defined. It would 

have been highly beneficial to follow the methodology of Schutte (2010) for splitting the study by conflict types of civil war, 

resource conflicts, insurgency, and isolated incidents.  

6. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

In the Hyogo Framework for Action the concept of context, and more specifically conflict context, should be added to the 

discussion as a cross cutting issue, possibly aligned with the existing Cultural Diversity area. We believe that an element of any 

response needs to provide for an assessment of risk to the responding groups and personnel. The most basic instructions on 

providing aid in any context include, as the FIRST step, an assessment of context of response risk.  Typically this takes the form 

of physical danger but we would like to see it expanded to include socio-cultural risk. This assessment needs to be a fundamental 

underpinning in the Post 2015 Framework for Disaster Risk Reduction. 

7. CONCLUSION  

In terms of future studies or expanding the current study, the first thing that needs to be done is limiting the scope of each model 

to either a specific type of conflict or a sub-region of a given continent such as Africa, allowing for a more detailed study as well 

as higher resolution data processing. Also, having a larger range of attributes would be very helpful as Africa datasets are very 

incomplete or nonexistent. Obviously, having higher resolution data would produce more precise results, but as a vehicle for 

reducing area, using overlapping hexagons (by the order of 3) could potentially decrease the point grouping factor by a 

magnitude of 6, giving a much better indication of distribution of characteristics and thereby increase the accuracy of the study 

overall. Lastly, expanding this study by identifying high disaster risk areas and other places of interest would make these results 

more applicable to the Risk and Response communities.  Their incorporation into the predictive dataset may further increase the 

accuracy of the actual predictive capabilities of the model. 
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ABSTRACT: The impact of a natural disaster in a region is escalated by lack of capacities including infrastructure serviceability 

levels and inadequate vital resources required for recovery. Often, existing capacities are unable to support post disaster recovery 

in different phases, i.e., emergency, short term recovery or restoration and long term recovery. For example, serviceability of the 

transportation network in Haiti after the earthquake significantly reduced and impeded both the first emergency response teams 

and the supply of international aid. The hospitals were not able to efficiently treat survivors due to lack of utility services such as 

water, electricity and also vital resources such as medical supplies, hospital beds, and medical equipment. This increased the 

severity of impact and delayed the recovery period of the community. The overall restoration and reconstruction of the 

community slowed down which delayed the return of the community to pre disaster levels within the desired time.  

Therefore, there is a need to assess the gap in existing capacities of communities required during the disaster response period for 

mitigating the specific demands arising in different phases. Additionally, decision makers should be able to develop short term 

and long term strategies for building capacities and enhancing resilience.  

This research presents a framework of a decision support system (DSS) that will enable decision makers to i) identify the gap in 

existing capacities of the community, ii) optimize various options available for filling the gap, and iii) develop short term and 

long term strategies for enhancing resilience. The framework is based on the interrelationship between community recovery and 

capacities of six types of infrastructure, i.e., civil, civic, social, financial, environmental and educational. Optimal solutions could 

be identified by considering the tradeoffs between capacity building and enhancing resilience, costs and time involved, and 

ability of the options to minimize the severity of impact.  

Keywords: Post disaster recovery, Capacity Building, resilience, infrastructure planning, built environment. 

1. INTRODUCTION 

Recovery is often observed as sluggish, ineffective, and duplicating of efforts resulting in wasted time and resources. As 

experienced following the January 2010 earthquake, Haiti continues to struggle with meeting resident’s basic needs. Emergency 

response teams in Haiti lacked adequate information on accessible roads and were unable to reach the severely affected areas 

(NY Times 2010). Similarly, the international aid community lacked information on damaged seaports and road networks, 

causing incoming international aid (medical supplies, food packages, water, tents, etc.) to be stalled at the point of entry 

(DesRoches et al. 2011). Weak government leadership resulted in poor planning of recovery and implementation. Hospitals in the 

most affected areas could not operate efficiently, nor meet the needs of the survivors due to physical damage, disruption of 

lifeline services and unavailability of resources such as equipment, medical supplies, doctors, etc.  

Lack of capacities such as infrastructure serviceability and vital resources in Haiti were unable to meet specific needs arising in 

different phases of recovery. This increased the severity of impact and delayed the recovery period of community. Additionally, 

with existing capacities failing to adequately support the recovery, restoration and reconstruction of the community slowed down 

that hindered the return of community to normal pre disaster levels within desired time.  

Therefore, there is a need to strategically build the gap in existing capacities of communities that will help in mitigating 

community needs in a timely manner. A framework of decision support system (DSS) is proposed that will help in developing 

effective recovery planning strategies based on strategic capacity building by optimal selection.  

2. DEFINITIONS 

This research adopts the definition of resilience proposed by the United Nations (2009). Resilience is defined as the ability of a 

system, community or society exposed to hazards to resist, absorb, accommodate to and recover from the effects of a hazard in a 

timely and efficient manner, including through the preservation and restoration of its essential basic structures and functions. 

Capacity is defined as the combination of all the strengths, attributes and resources available within a community, society or 

organization that can be used to achieve agreed goals. Capacity building is defined as the process by which people, organization 

and society create, retain, acquire and utilize capacity in order to achieve agreed goals and enhance self reliance over time. In this 

research, infrastructure is classified into six different types, i.e., civil infrastructure that includes utility systems, transportation 

systems, etc., civic infrastructure such as hospitals, emergency centers, etc., social infrastructure such as religious centers, 

homes, and businesses, environmental infrastructure such as watershed, financial infrastructure such as savings, community 

funds, and educational infrastructure that provide education on capacity development programs, education regarding disaster 

preparedness and disaster management.  
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3. POST DISASTER RECOVERY OF A DISASTER IMPACTED COMMUNITY 

Post disaster recovery consists of three phases, i.e., emergency phase, short-term recovery and long term recovery. Each phase 

has a unique focus, comprising of activities that work towards meeting needs of the community. For example, the emergency 

phase is focused towards providing humanitarian assistance to the community. The phase includes activities such as provision of 

medical assistance, evacuation, rescue, etc. Short term recovery phase focuses on restoring the livelihood of the community and it 

includes activities focuses towards rehabilitation and restoration. It includes activities such as restoration of utility services, 

security, restoring businesses, debris removal, etc. Long term recovery is focused towards the redevelopment, reconstruction of 

community and preparing the community against future disasters. Specific set of capacities of infrastructure are required to 

support recovery. For example, emergency phase requires the support for efforts such as rescue, evacuation, medical assistance, 

etc., whereas short-term recovery requires the support of utility services to restore the businesses in the community, debris 

removal, etc. However, recovery is often inadequately supported by the existing infrastructure capacities. Due to disaster impact, 

infrastructure may undergo a reduction in capacities. This gap in capacities makes them unable to provide adequate level of 

service during post disaster recovery. As a result, the recovery activities in each phase are not able to meet the needs of the 

communities and the overall recovery is delayed (Figure 1, recovery under lack of capacities represented by red line).  

 
Figure 1 Community recovery under different capacities 

This research proposes a decision support system (DSS) that will help in developing strategies for expediting recovery by 

strategically building capacities. The DSS will enable decision makers to i) identify the gap in existing capacities of the 

community, ii) optimize various options available for filling the gap, and iii) develop short term and long term strategies for 

enhancing resilience. (Figure 1, recovery represented by green line).  

4. FRAMEWORK OF DECISION SUPPORT SYSTEM (DSS) 

Figure 2 presents the framework of the decision support system (DSS) that consists of three modules, i.e., input module, analysis 

module and strategy development module. The DSS utilizes the pre and post disaster information available from disaster 

impacted areas. Though site investigations, loss assessment reports, needs assessment reports and other relevant sources. The data 

collected will include information regarding i) types of infrastructure, infrastructure serviceability, level of damage and capacities 

available, ii) impact on community such as number of survivors, survivors seeking shelter, medical needs, debris generated, etc., 

and iii) livelihood of the community including businesses, jobs, education, education, etc. The collected data will be analyzed to 

i) develop the interrelationship between existing capacities and community needs, ii) level of infrastructure services available 

after the disaster, iii) determining the severity of impact, iv) gap in capacities for supporting recovery and v) time analysis of 

overall recovery under various assessments of the analysis module. The objective of each assessment is enlisted below: -  

 Damage assessment 

– Identify activities specific to each recovery phase 

– Determine damage to community and infrastructure,  

 Capacity assessment 

– Establish relationship between existing capacities and needs of the community 

– Determine the gap in existing capacities. 

 Severity Assessment  

– Assess the severity of impact with respect to existing capacities 
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– Perform time analysis of recovery based on existing capacities 

 Capacity Needs Assessment 

– Attributes of each capacities such as costs, availability, and magnitude 

– Optimal selection of capacity building alternatives 

 Development of Strategies 

– Strategies to minimize impact within desired time by  

• Determining capacity building alternatives for each infrastructure with respect to each phase 

– Optimally selecting capacities for each infrastructure considering factors such as costs, availability, units 

available, etc. 

– Strategies for communities to take a collaborative approach for disaster response among spatially related 

communities. 

 
Figure 2 Framework of DSS for strategic capacity building 

The implementation of the DSS is described using a hypothetical situation where in a community is impacted by a natural 

disaster. 

4.1 Determining damage, existing capacities and assessing severity 

The hospital in the community is not able to receive adequate services from i) civil infrastructure such as utility systems such as 

water, power, gas, etc., ii) civic infrastructure such as local government in terms of supplies, manpower, disaster recovery related 

education and training, and iii) social infrastructure such as NGOs, religious charity institutions, etc. This results in the reduction 

of services and the hospital is not able to adequately meet the needs of survivors in timely manner. The resulting impact could be 

effectively minimized if each infrastructure: - 

i) has relevant information regarding  

a. desired target level of service to be achieved and support required from other infrastructure systems during each 

phase 

b. resources and manpower needed to plan recovery effectively 

ii) is able to optimally select options to strategically build capacities to meet the needs of community and support 

dependent infrastructure effectively within desired time.  

The interrelationship between the infrastructure capacities and community needs are dynamically modelled to perform time 

analysis of recovery and assess the severity of impact over time. This will help the decision makers by providing relevant 

information about characteristics of recovery such as speed of recovery, severity of impact over time and dissipation of impact 

over disaster affected area. 

4.2 Assessing capacity needs 

During loss of water supply from public utility, the hospital may consider the option of acquiring bottled water to meet the 

immediate hospital water demands and also explore temporary options such as transporting water through trucks in case the water 

from public utility is not available for couple of days. However, the hospital may find it challenging to select options under 

various constraints for adequately meeting the water demand. The capacities selected should be i) cost effective and time 
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effective, ii) they should offer more than one purpose, iii) the capacities should be scalable with respect to prevalent disasters, 

and iv) should provide a desired level of target service. The DSS allows the decision makers to optimally select options based on 

several factors such as i) cost of the option, ii) duration of availability, iii) when available, iv) funds available for investment and 

v) time taken to achieve the desired level of service.  

4.3 Development of strategies 

Since, the Strategic building of capacities is with respect to needs during each phase, lessons learned during emergency and short 

term phases could be incorporated in the long term planning. Recovery planning of communities could be developed well ahead 

of an anticipated disaster for i) fortifying affected infrastructure and ii) developing strategies, guidelines and policies for assisting 

strategic building of capacities within desired time.  

In case of the hospital, during the emergency and short-term phase, the hospital could build capacities for meeting the daily 

demand by selecting options such as acquiring of bottled water or temporary provision of water through trucks. During long term 

planning, the hospital could develop guidelines and strategies to ensure adequate water supply soon after a disruption. The 

hospital may consider i) communicating with the public water supply regarding the required level of water service in post disaster 

situation and ii) investigate the feasibility of capacity building options to adequately meet the water demand partially or fully 

during loss of services from public utility.  

The DSS will help in aiding recovery plans and mitigation strategies for communities. Strategies could be developed with respect 

to each phase at different levels: - 

 Infrastructure level  

o Prioritizing rehabilitation of damaged infrastructure for maximizing disaster response in each phase.  

o Building capacities with respect to each phase. 

o Resource and fund allocation based on urgency and level of impact  

 Community level 

o Provide information for the long term planning for community redevelopment based on prioritized critical 

infrastructure and their location. 

o Identifying and fortifying the existing critical infrastructure to protect communities and industries against potential 

disasters in the future.  

o Implementing “sharing of resources approach” among adjoining communities. 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Even with guiding policies, framework for post-disaster recovery, and feedback mechanisms (e.g.in-progress review and after-

action meetings) in place, the effectiveness of recovery is often compromised. Information and experience from the field are not 

available during the planning and implementation process. This research aims at minimizing the lack of continuity between the 

loss assessments damage assessments and information available from site, the recovery plan and implementation of 

reconstruction. Through this research, decision makers will be able to improve the effectiveness of recovery that depends on 

smooth transitions from early response to recovery and reconstruction, and throughout reduction strategy implementation. Each 

phase will be built on the preceding one and decision makers will be able to use knowledge and information efficiently, avoid 

duplication of effort and save time and resources. Additionally, it will also increase the coordination and communication among 

different actors who are in charge of different stages of the recovery process.  

6. CONCLUSIONS 

More severe natural disasters will occur. We can minimize the lasting damage by not only preparing better, but also responding 

better. This research aims to provide a better understanding of 1) infrastructure and their role during recovery, 2) effect of 

capacity building on the outcomes of recovery, 3) development of guiding policies and standard procedures for recovery 

planning, and 4) changes that could be implemented that will help in streamlining the entire recovery effort, i.e., from planning to 

implementation. The foundation of this research is based on the previous work done by Oh (2010) and Deshmukh (2011) which 

has identified the importance of restoring critical infrastructure for minimizing social and economic impacts. 
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Abstract: All preparedness for Disaster Risk Reduction is incomplete if the Response mechanism is not strengthened. 
However, responding to a disaster is not an easy task as it involves different agencies and departments and hence calls for 
good and efficient coordination amongst different stakeholders. 
 
Emergency Management Exercise (EMEx) is a capacity building week-long exercise designed to test the response 
mechanism that is in place in a disaster-prone city/town. The exercise provides an environment for the participants in 
developing new skills for emergency management and to work together to develop a multi-disciplinary, coordinated 
response to local disasters and emergencies. It becomes an important tool for evaluating and assessing the capabilities of the 
emergency responders and to test the current plans and identify gaps in existing capacity and systems. 
 
The entire programme involves Training of Trainers (ToT) in different tracks, Table-Top Exercise, Field Drill and Hot Wash 
conducted in different venues. The programme has participation of various professionals for disaster management in the city, 
viz.  regional emergency responders, educational institutions, hospitals, health professionals, humanitarian agencies, state 
agencies, members of the community, non-government organizations, civil society organizations and professionals working 
in related fields to assess the cities / towns  disaster preparedness and resilience.  
 
Assam State Disaster Management Authority conducted the first Emergency Management Exercise (GEMEx 2012) in 
Guwahati with the help of national and international agencies. The exercise had participation of over 800 stakeholders and 
some very important lessons were drawn out of the exercise. Keeping a continuum to the conduct of the programme the 
same has been carried forward to other major towns of the state and Emergency Management Exercises at three different 
cities/towns were conducted in the year 2013. 
 
Some of the lessons learnt from these Emergency Management Exercises are that all the Emergency Service Providers 
requires periodic training on Response planning, resource mobilization and deployment strategy besides the need for 
strengthening the Health facilities dealing with Mass Casualty Management. Further, special efforts need to be made for 
strengthening inter-agency coordination which has been found to be very weak, with each agency working within its own 
domain.  
 
Keywords: Emergency Management, Response, Disaster Risk Reduction 
 
1. INTRODUCTION 
 
The practicing and testing of all elements of any emergency plan is integral to the government’s efforts to ensure that every 
organization is fully prepared for all types of emergencies. Since false confidence may be placed in the reliability of a 
written plan, it becomes essential that all planning involves exercise to prove its feasibility. Keeping this in mind,Emergency 
Management Exercise (EMEx) was conceived as a tool to test the response mechanism that exists in a disaster-prone 
city/town and to assess such city/town’s disaster preparedness and resilience. 
 
EMEx was originally designed by a team from Harvard Humanitarian Initiative together with experts from Cornell 
Columbia Hospital and other institutions in the United States, and tested around the world including India, particularly in 
Mumbai and Chennai. Since then, the National Disaster Management Authority, Government of India adopted EMEx as a 
systematic approach to capacity building in urban areas in relation to emergency preparedness and periodic testing of its 
response capabilities.  
 
EMEx, as a testing tool, involves trainings, workshops and mock scenarios where various individuals (professionals and 
otherwise) and institutions, including emergency responders, educational institutions, hospitals, health professionals, 
humanitarian agencies, state agencies, members of the community and non-government organizations come together and 
participate in activities aimed at achieving a more disaster resilient city. The exercise is designed towards harnessing the 
strengths and capabilities of the different departments/institutions/organizations that are responsible for carrying out the 
emergency response mechanism in an event of a disaster. 
 
EMEx provides an environment for the participants to hone their inter-agency communication and co-ordination skills in 
responding to a disaster. It also helps in developing an aptitude for emergency management and the handling of mass 
casualty events, and most importantly,the ability to work together in order to develop a multi-disciplinary, co-ordinated 
response to local disasters and emergencies. Through harmonized efforts, EMEx becomes an important tool for evaluating 
and assessing the capabilities of the emergency responders, for testing the current plans and for identifying the gaps in 
existing capacity and systems. 
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EMEx, therefore, characterizes efficient disaster preparedness in a city which is vulnerable to multi-hazards and has a history 
of several disaster occurrences with devastating effects on its infrastructures, utilities and lives of people. 
 
2. NEED FOR EMEx 

 
The occurrence of a disaster in an urban setting is of a different character and magnitude compared to any rural environment. 
The scale and size of the effect is significantly greater in terms of the number of lives, infrastructure, services and economy 
affected.This was clearly demonstrated in Mumbai’s experience of the 2005 Floods which brought the entire city’s 
commercial, trading and industrial activities to a standstill for days, causing a direct loss of at least USD 100 million– flight 
and rail services had to be stopped entirely and the local stock exchanges could operate only partially. 
 
Against the backdrop of such a challenge, the urban risk reduction and disaster response strategies are poorly understood 
even today. In spite of the huge social and economic costs that disasters pose to the cities, the emergency response capacities 
remain largely untested. Addressing this situation, EMExs help in promoting awareness of urban disaster risks and to 
examine, test, evaluate and assess a city’s emergency disaster response capabilities. Through the conduct of the EMExs, the 
strengths and weaknesses of the systems can also be identified and improved for managing disasters and emergencies better. 
In this way, EMExs contribute towards bringing together the various actors involved in emergency management and 
facilitating them to network, co-ordinate, co-operate, gain a comprehensive overview of the city’s disaster management 
frameworks and obtain insights into how their role fits with others. 
 
Assam, a state of India, situated in the north eastern region of the country, is located in seismic Zone V, and is prone to 
earthquakes of high magnitude. The State has a history of two great earthquakes of magnitude 8.7 (in the year 1897) and 
magnitude 8.5 (in the year 1950). As many as 20 destructive earthquakes of magnitudes 6 to 7 have rocked this region during 
the past century. Besides, the State is also vulnerable, in varying degrees, to a large number of natural disasters like floods, 
landslides and cyclones as well as man-made disasters. With an objective to address this enormous risk of disasters in the 
state of Assam, the need was felt to conduct an EMEx for preparing the emergency responders to provide efficient disaster 
responses in cites. 
 
EMEx in the city of Guwahati was the first ever mega-exercise to be conducted in north-east India and the third in the 
country, after Mumbai and Chennai. The exercise was planned and successfully carried out by a collaboration of the District 
Disaster Management Authority, Kamrup Metro and the National Disaster Management Authority, Government of India, 
with the support of the United Nations Childrens’ Fund. 
 
Keeping a continuum to the conduct of the programme,EMEx has now been taken to the other major towns in the state of 
Assam. 
 
3. OBJECTIVES OF THE EMEx 

 
EMEx, which has been designed to explore and strengthen the emergency response systems and to assess the cities' disaster 
preparedness and resilience as well as to develop a multidisciplinary, inter-stakeholder, co-ordinated response to 
emergencies, has been conducted with the following objectives: 
 
a) Mass sensitization and public awareness  on emergency management and response  
b) Capacity enhancement of different stakeholders in emergency management and response 
c) Inter-agency communication, co-ordination and inter-operability to be tested and reviewed 
d) Rehearsing co-ordinated emergency management 
e) Identifying areas of reinforcement and improvement with respect to emergency support functions  
f) Identifying gaps in the strengths and capabilities of emergency response 
g) Preparation of a roadmap for Emergency Management Services  

 
4. METHODOLOGY/PROCESS FOLLOWED FOR THE CONDUCT OF EMEx 

 
For conduct of the EMEx, a walk-through method involving compound exercises for multiple stakeholders has been used. It 
includes discussion-based exercise, training sessions, table-top exercise, a full-scale simulation of mass casualty event 
followed by hot wash (debriefing) and preparation of an after-action report. 
 
4.1 Trainings & Table Top Exercise 
 
Generally, participants in exercises should have an awareness of their roles and be reasonably comfortable with them, before 
they are subject to the stresses of an exercise. Exercising is aimed at testing the procedures and not the people. If the staff is 
under-prepared, they may blame the plan, when they should actually be blaming their own lack of preparation and training. 
Therefore, an important aim of the exercise is to make the people feel more comfortable in their roles and to build their 
morale. Consequently, for each of the EMExs, a series of trainings for participants of different functional areas by relevant 
experts were conducted on the roles of stakeholders for a number of tracks ranging from 11-15.  
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These trainings were followed with a Table Top Exercise wherein the participants were exposed to an already developed 
scenario of different levels of magnitude followed by step-by-step injects. The scenario stimulated the responders to 
communicate and be co-ordinated. They were also invited to test how the plan worked as a scenario unfolded, which proved 
particularly useful for validation purposes and for exploring the drawbacks in the procedure followed.  
 
4.2 The Drill 
 
After completion of the Table Top Exercise, a full scale drill (live exercise) was carried out with actual deployment of 
personnel and equipment. These multi-agency, multi-jurisdictional, multi-organizational activities reflected many facets of 
preparedness. The full scale drill focused on implementing and analyzing the plans, policies, procedures, and co-operative 
agreements across multiple functional areas that require critical thinking, rapid problem solving, and effective responses by 
trained personnel in real time. 
 
Live exercises are a live rehearsal for implementing a plan. Such exercises are particularly useful for testing logistics, 
communications and physical capabilities. They also make excellent training events from the point of view of experiential 
learning, helping participants develop confidence in their skills and providing experience of what it would be like to use the 
plan’s procedures in a real event. 
 
4.3 Hot wash 
 
In all the EMExs, immediately after the drill, a debriefing was conducted based on the information gathered during the 
testing of an emergency operations plan i.e. the drill. This was done in order to highlight the critical aspects of capabilities 
captured and recorded during the drill as well as to place on record the data captured by independent observers during the 
exercise. This information was then compared to the plans, policies and procedures to identify strengths and areas for 
improvement. 
 
4.4 After Action Report 
 
On completion of each EMEx, an After Action Report (AAR) was prepared, which is a consolidation of information 
gathered during the testing and evaluation of the emergency operations plan through the drill. The report provides feedback 
to the participants of the exercise, governing agencies and other stakeholders about their preparedness and overall 
capabilities. Information gathered from this process helps in the identification of key areas that require focus and at the same 
time, serves as a guiding factor for any future improvement. 
 
5. FINDINGS/LESSONS LEARNT 
 
The EMExs have helped the government to realize the importance of preparedness for effective response and the need for 
periodic drills for testing the efficacy of the Plans. Some of the lessons learnt from the EMExs are:  
 

1. Emergency Service Providers to be trained regularly for disaster response 
2. Mock drills at hospitals need to be carried out regularly 
3. Better co-ordination needed amongst different hospitals for sharing of resources 
4. Hospital Disaster Management planning, activation and awareness needs attention 
5. Need for institutional strengthening at local level (municipality) for disaster management  
6. Clarity on roles and responsibilities for all agencies concerned with emergency response 
7. Standard Operating Procedures for Key Line Departments to be revised as per gaps identified 
8. Emergency Operation Centers to be activated with dedicated staff 
9. Mapping of resources for effective decision making 
10. Need for fail-safe communication system 
11. System for co-coordinating and disseminating information to the media and public to be worked out 
12. Emergency Service Delivery to be calibrated through proper planning and regular drills 
13. Improvement in Inter-agency Co-ordination and Response required. 
14. Mass awareness on disaster management issues required 
15. Refresher trainings to be conducted for all stakeholders 
16. Rehearse procedures for emergency response as per principles of Incident Response System 

 
6. CONCLUSION 
 
All activities carried out by the Assam State Disaster Management Authority are in line with the Hyogo Framework of 
Action (HFA) in order to strengthen and fulfill the dream of a resilient State of Assam and thereby, save lives and 
environmental assets at times of disasters.EMEx, in particular, is aligned with Priority Action 5 of the HFA to substantially 
reduce any adverse impact or loss by preparing and equipping the authorities, individuals and communities with the 
knowledge and capacity to act proficiently in case of a disaster. 
 
The conduct of these EMExs helps the decision makers to evaluate and assess the capabilities of the emergency responders 
and to identify the gaps in existing capacity and systems.The trainings and the drills conducted in the EMExs have brought 
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together major responders and tested real-time inter-agency communication and co-ordination at all levels of these 
organizations, especially the Incident Command Structure and its various agencies, and amongst the private sector and 
citizen groups. The drill motivated the stakeholders to take informed decisions in a planned manner which signifies 
mainstreaming Risk Reduction Measures into different functional areas of different agencies. The EMExs have, thus, helped 
in testing the preparedness level of the State and its subsidiary administrative system in managing an emergency situation.  
 
The EMExs have gone a long way in helping the government realize the need for continuous enhancement of capacity of the 
different stakeholders involved in Emergency Response. For this purpose, the government has developed a Perspective Plan 
for Capacity Building. Besides, the government is also taking steps to bridge the gaps identified in the ‘After Action Report’ 
of the exercises to enhance the State’s resilience and preparedness.For generating awareness among the masses, a 
comprehensive Media Plan has also been designed which in addition to providing for information dissemination of safety 
measures, gives due emphasis on reaching out to the people through activities and initiatives.Steps have also been initiated 
for developing Standard Operating Procedures for Key Line Departments, especially for all the Emergency Support 
Functionaries. Further, the government has taken steps for setting up fully functional Emergency Operation Centres (EOC) 
at State and District level as well as for developing a standard EOC guide for standardizing EOC operations.  
 
Without prejudice to the efforts taken by the various agencies, it is felt that there is a need for institutionalizing regular drills 
and rehearsals which are still largely carried out in a sporadic and ad-hoc manner and improving intra government co-
ordination and information sharing between the many concerned individuals and departments which still remains a 
challenge. 
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Meteo Risk Response©:  
A smart approach to manage weather related exposures  
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ABSTRACT: Economic and human losses due to severe weather conditions are increasing and trending for the worse. This rise, 
in combination with the increasing complexity of global supply chains is forcing companies to respond. Moreover, an additional 
public demand for corporate responsibility and transparency is adding to the pressure. An integrated new risk management 
approach for weather related (flood and storm) exposures to optimize the risk portfolio in a dynamic way has been developed and 
is offered by MRR. The developed proposition is a joint effort of three specialist companies: a leading weather service provider, a 
risk management expert team and IT solution partner. Meteo Risk Response (MMR) provides a strategic competitive advantage 
by delivering deeper insights into the effects of severe weather exposures and mitigations to minimize property damage and 
consequential financial losses to large corporate organizations and commercial premises.   

Keywords: Weather related risk exposure, risk management, flood. 

1. INTRODUCTION  

Over the period of 1980-2012, three quarters of all natural hazard events and two thirds of the 3.8 trillion USD related economic 
losses were caused by storm and flood. Asia alone suffered more than 40 % of these losses (Source: Swiss Re / Munich Re / 
AON Benfield). Severe weather conditions (storm and flood) are on the rise and economic losses are trending for the worse. This 
rise, in combination with the increasing complexity of global supply chains, forces companies to respond. Aggravating this 
already severe situation is the additional demand of external groups and organizations for transparency and openness. The focus 
of this document is on flood risks. However, the approach towards storm risks is similar to the one described. 

2. MRR approach©  

The entire MRR approach is schematized in Figure 1. The MRR package includes a state-of-the-art MeteoGroup weather station 
and a dynamic risk management software in a modern web based application. The software embraces the functionalities depicted 
by ISO 31000 combining loss scenario development, risk analytics, incident analysis, quantification of Earnings at Risk, Key 
Risk Indicator monitoring, alarm notification, and emergency response plan activation, and various data capturing, modeling 
(Monte Carlo simulations of earnings at risk), cost-benefit analysis of risk treatment plans and reporting features. 

The MeteoGroup’s International’s Severe Weather Centers warn of storm, heavy rainfall, hail, thunderstorms, heavy snowfall 
and ice storm. The warnings are made up to 72 hours in advance. Warnings are made for the premise location with geo-
coordinate precision. A perfectly adjusted 4-step warning concept informs about the intensity of the severe weather to be 
expected. Affected key personnel at plant level or the organization are warned individually, on-time and dependably. The 
regional hydrological modeling of the current and forecasted water level is based on hourly precipitation data and local topology. 
An average reference water level is determined based on historical meteorological data and hydrological modeling, considering 
multiple influencing factors like geography, topography, location, water sources, precipitation forecasts, etc. Different 
mathematical models are used to forecast the water level, such as: 

• Meteorological & hydrological forecasting models for studies on precipitation and run-off processes 

• Hydrological and hydraulic reservoir inflow forecasting models 

• Hydrological and hydraulic river/channel models covering the area upstream  

• Water demand assessment models 

• Models describing sediment transport in the catchment area 

A risk assessment at the premises leads to related loss scenarios, such as rising water levels, flash floods or storm surges, in order 
to develop a function of the loss amount and recovery time based on the water level above the defined reference level. The 
facility-specific vulnerability functions are based on realistic loss scenario developments and the annual exceedance probability 
information based on historical data. Given this information, a probability distribution function of the loss estimate due to 
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property damages and business interruption is developed which is used for the estimation of earnings variability due to flood risk 
exposures (Fig. 2). Loss scenarios lead to prevention and mitigation activities, as well as tailored alarm, emergency response and 
recovery plans. Important are alarm level settings and communication to activate the respective emergency response. Other flood 
exposures like flash flood, spring tides, rising ground water tables are also investigated and evaluated by the risk expert team 
during the site visit. If necessary, related loss scenarios and mitigation measures are developed to be considered and integrated. 

Figure 3 depicts the historical water level up to current date with a forecast of the further evolution based on actual local weather 
data. The forecast of the water level gives early warnings to the corporate risk manager about the current loss estimates and 
forecasts of earnings at risk at every company location. 

 

 

Fig. 1:  The ‘Meteo Risk Response’ Wheel
©

 

 

 

Fig. 2: Probability distribution function on flood severity  
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Fig. 3:  Current and forecasted water levels and loss estimates (min/max)  

 

 

The MRR solution package includes a dynamic Risk Management software combining loss scenario development, risk analytics, 
incident analysis, quantification of earnings at risk, key risk indicator monitoring, alarm notification, and emergency response 
plan activation, and various data capturing, modelling and reporting features (Helland and Garatun-Tjeldstø, 2014). Some of the 
features are exemplified below: 

• Risk Management Dashboard: A dashboard solution enables organizations to tailor risk reporting for individual 
stakeholders, allowing each audience to view Key Risk Indicators (KRI) reaching critical levels and drill down into the 
details as needed (Fig. 4).  

• Alerting procedure: When a KRI is approaching the threshold levels, SMS alerts and emails with potential losses and 
business interruption, emergency response and business continuity plans are sent out to the location’s management and  
related stakeholders. 

• Activation of Emergency Response plans: The email alerts include a link to the related emergency response plan in the 
reporting section (Fig. 5).  

 

 

 

 

Fig. 4:  Risk Management Dashboard  
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Fig. 5:  Online Emergency Response Plan  

 

3. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The MRR solution package supports the implementation of the Hyogo Framework for Action 2: Identify, assess, monitor and 
mitigate disaster risks. The on-site weather stations and scenario-specific pre-defined alert levels will enhance early warning and 
preparation for the event and post-event recovery. Companies and organizations implementing the MRR approach also benefit 
the local communities by sharing highly reliable weather data and early warnings at no costs. 

4. CONCLUSIONS 

Meteo Risk Response benefits companies with strategic competitive advantages by providing deeper insights into their 
businesses regarding severe weather exposures and thereby to make better decisions for all stakeholders. Meteo Risk Response 
provides an integrated new risk management approach for weather related exposures in order to optimize the risk portfolio, 
identify natural hedges, create an optimal risk treatment plan, enhance risk culture and facilitate risk reporting throughout the 
organization. Benefits of the approach include:  

• Most advanced weather stations with hourly data streaming and forecasting 

• A dynamic risk management software in a modern web-based solution including risk analytics, incident analysis, 
quantification of earnings at risk, risk indicator monitoring, alarm notification, and emergency response plan activation, 
and various modeling and reporting features 

• Loss forecasting and risk treatment of natural hazards by elimination or reduction of probabilities and/or severity of 
losses 

• Improved budget planning as well as optimization of reserves and insurance solutions regarding natural catastrophe 
impacts 

• Understanding of dependencies and supply chain vulnerabilities impacting the bottom line and cash flows 

• Facilitating the decision on risk appetite and risk tolerance levels 

• Improved reputation and meeting investors’ and stakeholders’ expectations regarding stable earnings, predictability and 
transparency by proactive Risk Management 

• Supports the commitment to corporate social responsibility and climate change impacts 

• For organizations with multiple sites a triage process will help to identify high risk locations to optimize effectiveness 
and efficiency of services with the aim to reduce overall cost. 
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ABSTRACT: Critical to preventing, mitigating and adapting to crises, are the upholding of basic human rights as set forth in the 
Universal Declaration of Human Rights, including the right to life, liberty and security of person (Article 3) the right to a 
standard of living adequate for health and well-being (Article 25), the right to education (Article 26), with local empowerment 
and dignity-building involvement as the basis for all activities (Articles 1, 22, 23) (UN 1948).  International human rights law can 
serve as an ethical foundation for risk-reduction strategies, promoting equity and offering protection and fulfillment of basic 
rights. However, a significant gap is the failure of international institutions and policies to adequately recognize and address these 
linkages. Thus, it is essential to leverage research and policy to address this gap and engage in a more equitable and effective 
approach to reduce underlying vulnerabilities and improve justice. The methods include a literature review of scientific and gray 
literature, including United Nations Official documents, with a focus on human rights- and ethics-based models and frameworks 
that address resilience to disasters and climate change. Findings indicate a paucity of publications in both the scientific and gray 
literatures, a lack of adequate linkages between the science and practice, and an inadequate representation of human rights, 
justice and equity in resilience research conceptual models and frameworks. To address the identified gaps in science, practice 
and policy-making, an integrative Rights-inclusive Resilience Conceptual Model is proposed, with suggested indicators for 
operationalization of the model. Through iterative benchmarks for evaluation of community resilience via locally-validated 
qualitative and quantitative indicators, as well as construction of a composite index for an overall resilience score, the purpose of 
the model is to enable accountability and transparency of policies and programs at achieving resilience and human rights. 

Keywords: adaptation, framework, human rights, indicators, resilience 

1.  INTRODUCTION  

The increasing incidence, severity and impacts of disasters over the last 20 years are attributed to: climate change impacts and 
climate variability; human vulnerability from poverty, human rights abuses and socio-economic inequity; increasing population 
growth and density, especially in hazard-prone areas including coastal zones; and, environmental degradation and poor land use 
(Henly-Shepard 2013). The impacts from climate change and disasters are neither equal nor homogeneous due to differential 
vulnerability between and within countries and regions that results from inequitable distribution of wealth and resources. Despite 
this recognition, current frameworks and institutions fail to adequately identify and address the issues of human rights, justice and 
equity as integral causes or drivers of resilience. Despite improvements in interdisciplinary collaboration, challenges continue 
with the integration of ecological, social, economic and physical sciences, in both the theoretical and practical sense. Practitioners 
often do not base their fieldwork on scientifically-founded evidence, and researchers often poorly connect their results with real-
world applications (UNISDR and WMO 2012). Through a coupled scientific and gray literature review, this paper explores both 
facets of this problem: 1) the failure of current institutions and frameworks to adequately address the root causes of vulnerability 
of human rights, justice and equity; and, 2) the need for improved collaboration between disciplines, researchers and 
practitioners. A Rights-inclusive Resilience Conceptual Model is proposed to address lacunas and explore opportunities for 
improving international frameworks, in particular, the post-2015 Hyogo Framework for Action (HFA). 

2.  METHODOLOGY 

This paper hypothesizes that past and present literature and fieldwork do not adequately address the intersecting issues of human 
rights, justice and equity-based disaster resilience, calling for the development of new conceptual models, tools and 
interdisciplinary approaches to bridge this gap. A modified PRISMA (Moher et al 2009) scientific literature review process was 
conducted, using the indicated search terms (Table 1), utilizing the search engine ISI Web of Knowledge, Web of Science, coupled 
with a gray literature review of United Nations official documents and a semi-structured search of books, publications, policy 
briefings, manuals and reports through both online database queries and a library search.  

Table 1: Literature review search terms. (Henly-Shepard 2013) 

Rights Terms (Mandatory) Disaster Terms         Resilience Term  Conceptual Terms 
“right*” “disaster*”                   “resilien*”   “framework*” 
“justice” “hazard*” 

“risk*” 
  “model*” 

 “climate change”  

The literature review was guided by the following research questions, in order to inform the development of an integrative 
conceptual rights-inclusive resilience model: 1) What is the level of interest being paid to this topic (in the form of publications 
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over the past two to three decades)?; 2) What conceptual models or frameworks exist, that address human rights, justice or equity 
approaches to resilience to disasters and climate change?; and, 3) If such models exist, are they able to be operationalized in the 
field? Papers were reviewed to identify whether or not an actual resilience framework or model was presented, if it was rights or 
justice-based and if it addressed disasters, hazards, risk and or climate change. Articles eligible for inclusion were also assessed 
to identify whether applied, practical solutions were presented. 

3.  RESULTS 

In response to the research questions posed, regarding the level of interest being paid to the topic, the data demonstrated few total 
articles (n=94) across all literature on the topic in the past 20-30 years, calling for more attention to developing this field. A slight 
increase over time in publications on this topic (Figure 1) was observed, with the majority of documents produced by the United 
Nations (n=49), followed by the gray literature (n=33) and the scientific literature (n=12). Addressing the final two research 
questions concerning conceptual models that illustrate the intersections of human rights, justice or equity with resilience and 
operationalizing them, the reviews found only 13 (14.13 per cent) with conceptual models, all which have been or could be 
applied to some degree in research. These models were primarily focused on rights having to do with access to property and 
natural resources, or justice and equity as they relate to climate change impacts and adaptation. These findings reaffirm the need 
for the development of a new conceptual representation of the link between human rights, justice and equity with development, 
disaster relief, recovery, resilience and climate change.  

 

 

 

 

 

Figure 1: Number of articles for all sets of literature addressing the topic. (Henly-Shepard 2013) 

4.  CONCEPTUAL FRAMEWORK  

The conceptual model illustrates the interdependency and intersections of climate change, development, disaster response and 
relief, disaster risk reduction, hazards, conflict and the resilience construct with human rights, justice and equity. This approach is 
supported by the understanding that resilience to disasters and climate change is strongly correlated with relief and recovery, 
sustainable development, capacity-building, the ability to enjoy human rights and equity and justice within economic, 
environmental, health and social realms (Henly-Shepard 2013). Human rights are universal, in that they are rights for all, all the 
time, including in times of disasters and are complemented by international humanitarian law for times of war (ibid). 
International human rights law obligates States with the responsibility to respect, protect and fulfil the rights of all those living 
within their jurisdictional boundaries at all times, inclusive of provisioning preventive and mitigation measures to hazards and 
protecting them from human rights violations throughout the disaster relief, recovery and reconstruction stages. As the duty-
bearers, governments are also obligated to encourage capacity-building, self-determination and community development for 
increased community health and resilience. Human rights minimum standards are derived from the 1948 Universal Declaration of 
Human Rights (UDHR), the 1966(a) International Covenant on Civil and Political Rights (ICCPR), the 1966(b) International 
Covenant on Economic, Social and Cultural Rights (ICESCR), the 1989 Convention on the Rights of the Child (CRC), the 1999 
Committee on the Elimination of Discrimination Against Women (CEDAW) among others (SPHERE 2011; United Nations 
1948, 1966a, 1966b, 1989). Drawing from the frameworks and fundamental principles of international human rights and 
international humanitarian laws, all human rights are interdependent and indivisible, and a rights-inclusive approach to resilience 
assumes that rights are mandatory, that the approach addresses root causes and that a clear public, political and legal 
responsibility, obligation and duty exists. Through iterative benchmarks for evaluation of community resilience through locally-
validated qualitative and quantitative variables, as well as construction of a composite index for an overall resilience score, the 
purpose of the model is to enable accountability and transparency of policies and programs at achieving resilience and human 
rights. As the model is rights-inclusive and draws on methods for integration of justice and equity, the majority of the indicators 
are based on universal human rights standards, laws and covenants. However, in order to appropriately describe the components, 
other indicators will be included that are not rights-oriented (e.g. for the ecological component, additional indicators may include 
measures of ecological redundancy, elasticity and malleability, etc.) as well. The indicators for each component range from low 
to high across the three dimensions, from very low to low in the Zone of Extreme Vulnerability, low to medium in the Zone of 
Survival and medium to high in the Zone of Thriving, measures which may be easily quantifiable. 
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Figure 2: Rights-inclusive resilience conceptual model. (Henly-Shepard 2013) 
 
Scoring of indicators will vary based on whether the indicator is determined to have a negative or positive influence on resilience. 
Indicators will be quantifiable through development of variables used to measure resilience within that component, as well as via 
construction of a composite resilience index across all components. As the model is participatory and iterative, indicators must be 
locally relevant and continually adjusted to changing conditions over time. Further research for identification of variables for 
these indicators is a primary next step for operationalizing the model. 
 
Table 2: Rights-inclusive resilience indicators. (Henly-Shepard 2013) 

Component Candidate Indicators 
Ecological Resource rights; Equity of community-based management rights for stewardship; Natural hazard buffering capacity of 

ecosystems; Sea level rise inundation zone projections; Right to secure, healthy, sound environment 
Human Ability to: live a life with dignity; be protected and secure; Access to humanitarian assistance 

Cultural Ability to enjoy freedom of cultural practices; Freedom of religion; Protection of culturally valued areas 
Social Connection with place/Sense of place 

Access to: social networks, free public education, disaster preparedness information, justice system 
Gender equity; Experience in past disasters, ability to learn and anticipate 

Health & 
Mental wellness 

Quality of life/Level of well-being; Access to: affordable, safe housing; affordable, adequate healthcare; affordable, safe 
food; adequate quality and quantity of potable water; LGBTQ mainstreaming into disaster plans 

Economic Property rights, Labor rights, Right to development; Ability to engage in livelihoods supporting higher standard of living; 
Poverty rate; Economic equity; Level of sustainability and risk reduction of development; Intergenerational job equity 

Governance Disaster risk reduction policies integrated with planning and development; Inter-agency hazard mitigation, response and 
recovery plans; Participation of residents in governance and disaster planning; Social contracts monitoring human rights, 
justice and equity 

Physical Building codes and standards (particularly public buildings like schools, hospitals, government services); Proximity of 
critical infrastructure to hazardous areas; Contingency planning and capacity of critical services 

5.  DISCUSSION & RECOMMENDATIONS 

The findings and proposed conceptual model reinforce that resilience-building (be it through research, fieldwork or policy) must 
embrace a moral compass, in order to meet human rights minimum standards, facilitate human security, and motivate 
stakeholders toward progressive norms of human well-being. In this light, the following recommendations are offered for 
consideration in the post-2015 HFA construction: 1) Re-assert the legal commitment of governments to human rights, justice and 
equity; 2) Improve collaboration between science, practice and policy realms; 3) Mainstream rights, justice and equity as baseline 
standards for resilience; 4) Advance transparent qualitative and quantitative measures of resilience; and, 5) Create adaptable 
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community-based strategies which are informed by, and feed back best practices into, regional, national and international 
frameworks and policies, in particular the post-2015 HFA, the Sustainable Development Goals, among other relevant platforms. 

6.  ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

A review of historical disaster situations, humanitarian crises and environmental degradation reveals that at the core of human 
and environmental insecurity are underlying vulnerabilities due to insufficient respect, protection and fulfillment of human rights, 
justice and equity. Although disaster relief agencies employ human rights frameworks for meeting minimum standards in 
humanitarian assistance (SPHERE 2011), regrettably current international platforms and frameworks pursuing resilience, risk 
reduction and development fail to adequately recognize and address human rights, justice and equity as root causes of 
vulnerability (UNISDR 2011). Intersections of disasters and climate change provide a logical transition for a rights-inclusive 
approach to adaptation, development, risk reduction and resilience-building. However, the HFA included no mention of human 
rights, justice or equity. The HFA Midterm Review 2011 recognized this, noting that global consensus of disaster risk reduction 
is unlikely unless it is based in universally accepted principles of justice and equity (UNISDR 2011; UNISDR and WMO 2012). 
In addition, the HFA Suggestions for Post-2015 HFA propose the Plan of Action Guiding Principle D.17(f) “Preventing new, and 
reducing the existing, risk of disasters constitute an international legal duty aimed at protecting persons, their livelihoods and 
property while respecting their human rights “ (UN 2014, pp. 4). As such, this Rights-inclusive Resilience Conceptual Model is a 
mechanism for policy and programmatic transparency and accountability, offering five core recommendations to constructively 
integrate the human rights agenda within the post-2015 HFA priorities. 

7.  CONCLUSIONS 

This paper offers a summary of rights-inclusive related literature, and highlights the failure of science and development to 
adequately address human rights, justice and equity in resilience conceptual frameworks and models. This may be due to an error 
of omission, negligence or oversight, or the result of over-emphasis on other factors like economics and politics. Regardless, 
perhaps the most important challenge upon us, is to forge a new social contract between communities, governments and 
professionals in the fields of development, disaster relief and resilience, to always prioritize human rights, justice and equity as 
our duty and obligation. Due to the multiplicative nature of disasters, climate change and human and environmental security, 
human rights frameworks, tools and collaborative strategies must be used to measure and reduce the root vulnerabilities of people 
and places at risk. The baseline principles of disaster resilience must be to protect, respect and fulfill the universal human rights 
owed to all human beings. Beyond the fulfillment of basic human rights, however, the ultimate goal of research and development 
should be to enhance the resilience and well-being of the physical, governance, economic, ecological and human systems by 
targeting and alleviating rights abuses, injustices and inequity. Construction of a Rights-inclusive Resilience Conceptual Model 
provides a framework for collaborative, integrative resilience research and planning in support of the post-2015 HFA, that better 
identifies, prioritizes and addresses root causes of risk related to human rights, justice and equity. 
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ABSTRACT: Given the increasing frequency and intensity of hazards, coupled with challenges with livelihood, water, food and 
human security, many communities are at heightened risk to impacts from disasters. Despite overarching international 
frameworks in support of risk reduction, climate change mitigation and adaptation, and sustainable development, a commonly 
overlooked yet critical component of community resilience is public health. A comprehensive approach is required to 
thoughtfully integrate public health resources, risks and risk reduction measures into disaster preparedness, response, relief and 
recovery initiatives. Building on a rich history of extensive health institution and international NGO partnerships, restoring health 
systems and services post-disaster, and distributing medical supplies to those in need, AmeriCares has launched an international 
preparedness program focused on community-based solutions to risk reduction. Informed by the Hyogo Framework for Action 
and other international protocols and frameworks, and driven by collaborative, community-based solutions to risk identification, 
mapping and comprehensive risk reduction prioritization, the preparedness program presents a new public health-inclusive 
framework that is adaptable and scalable to diverse communities and populations around the globe. In particular, this program 
presents initial lessons learned in the design, development, implementation, and monitoring and evaluation of the Public Health-
Inclusive Community Risk Framework in El Salvador and Myanmar, with potential application in diverse global locations. This 
session will present best practices and lessons learned, engaging participants in discussion around mechanisms, partnering 
strategies and pathways for integration of public health into community risk reduction initiatives.  

Keywords: community-based, disaster, framework, preparedness, risk 

1.  INTRODUCTION 

The health and well-being of the individual, family, neighborhood, community and region is dynamic and interdependent upon a 
multitude of factors, both internal (e.g. psycho-social health, allostasis or the ability to manage stability and stress amidst change, 
genetic pre-disposition to disease, nutrition and physical fitness) and external (e.g. socio-cultural influences, environmental 
exposure) (Antonovsky, 1979; IOM, 2001). The interdependency and interconnections between humans and the environment has 
long been recognized, with human and environmental health and well-being often being a focus of understanding this relationship 
(ibid).  This dynamic linkage is even clearer in times of emergency, disaster and increased stressors due to impacts from climate 
variability and climate change (Almedom & Tumwine, 2007; deFur et al., 2007; Marks, 2006; Perrin, 1996).  

However, significant disconnect continues between the fields of public health, socio-ecological resilience, disaster risk reduction 
and climate change adaptation. Most adaptation, resilience, risk and vulnerability frameworks and policies fail to include 
adequate (if any) measures of health, be they mental, environmental, reproductive, individual or public health, often focusing 
instead on physical safety and injury prevention measures through building of safe infrastructure (UNISDR 2005, 2008). 
Conscientious inclusion of public health into scientific and practical disaster risk frameworks and policies is essential to 
understand, and adequately address, the interconnected causal influences between (and outcomes from) health and risk, extending 
from the individual to international scales. In this paper, we build on identified gaps in the bodies of literature, and propose a new 
Public Health-Inclusive Community Risk Framework (Framework) to address scientific, applied and policy gaps. 

2.  METHODOLOGY 

Development of the Public Health-Inclusive Community Risk Framework was informed through a coupled scientific and gray 
literature review, in order to analyze gaps in addressing public health within current science and practice of disaster risk 
reduction. The scientific literature review included a cross-section of different schools of thought related directly or indirectly to 
public health and disaster risk reduction. The gray literature review focused on relevant international policies and frameworks in 
particular, including the Millennium Ecosystem Assessment (MEA 2003, 2005), the Millennium Development Goals and 
Sustainable Development Goals (UN 2010), the Hyogo Framework for Action (UNISDR 2005) and associated Mid-term Review 
2010-2011 (UNISDR 2011), and unofficial preparatory documents for the post-2015 framework (UN 2014). 

3.  RESULTS 

The literature review findings highlight the paucity of public health-inclusive risk and resilience frameworks. The Millennium 
Ecosystem Assessment framework highlights linkages between ecosystems and human well-being, defined by five fundamental 

321



 

2 
 

 

dimensions: access to basic materials, freedom and choice, health, social relations and social capital, and security (MA 2003, 
2005; Levy et al. 2005). There are broad stroke pieces discussing the importance of the health of people as it relates to resilience, 
including environmental health, reproductive health, and sense of place including contributions of belief systems to developing 
individual resilience (Cross 2001). There are also several discipline-specific papers focused on psycho-social health and 
resilience, including allostasis (Antonovsky 1979, 1996) and mental health & well-being. However, there is a dearth of 
frameworks that adequately represent and operationalize these relationships in a way that enables community and other 
stakeholders to engage in participatory risk reduction planning that incorporates public health considerations. These findings 
support the impetus for the development of the proposed Framework. The following outlines the structure and functionality of the 
Framework, and the adaptability to varying community and partner disaster risk reduction goals, objectives and socially-relevant 
processes. The paper and presentation will later offer case study findings from international field applications of the Framework 
in El Salvador and Myanmar. 

4.  PUBLIC HEALTH-INCLUSIVE COMMUNITY RISK FRAMEWORK 

The Framework illustrates the linkages between public health and disaster risk reduction, taking a socio-ecological resilience 
approach, with considerations for climate change adaptation. Founded in theory guided by the literature review, and ground-
truthed and adapted through applied co-development with local and international NGO partners, the Framework is adaptable for 
use in various international settings, particularly at the community level. The Framework can be utilized to understand risk and 
opportunities for risk reduction across various scales, from the household and neighborhood-level to the community, municipal or 
regional, and institutional levels. The Framework is adaptable to rural, peri-urban and urban areas, and as such the intended 
Stakeholders, Users and/or Partners range from community members and leaders representing diverse stakeholder groups, 
institutional leaders and local to international NGO partners. 

The Framework Approach is community-based and stakeholder-driven, insofar as it supports the co-development of the planning 
process, methods and tools (focused on organizational leadership and capacity-building, risk and resource mapping and 
identification, prioritization and risk reduction initiatives) that can be selected and adapted according to partner and community 
appropriateness. The Framework focuses on identifying root causes of vulnerability, a concept founded in part within the field of 
public health (i.e. the epidemiological “upstream” approach to diagnosing origins of disease). Embracing an interpretation of risk 
that extends far beyond the traditional disaster and hazard-centric risk factors, the Framework Scope considers risk factors not 
only specific to multi-hazards and impacts from climate change adaptation. Each community in which the Framework is adapted 
is encouraged to develop their own interpretation of risk to guide their planning process, with suggested components including 
risks to livelihoods, socio-cultural practices and areas, recreational areas, gender and age-equity, and well-being and public health 
risks, including (but not limited to) exposure to domestic and community violence, drugs, malnutrition, chronic non-
communicable diseases, communicable disease exposure, changing vectors due to climate change, environmental health issues 
and exposure, war and conflict, among others. 

The Time Scale and considerations for Financial/Partnership Sustainability may range from short to long-term interventions, and 
as such the Framework is best applied with technical support and capacity-building through local partners, and integration with 
ongoing community, government and partner initiatives. The Framework is a combined conceptual-operational model, with the 
Core Pillars including social, cultural, economic, political, ecological, physical and institutional dimensions. Within each Core 
Pillar are particular Indicators, serving as monitoring and evaluation metrics (both qualitative and quantitative) that may be 
chosen and adapted as appropriate for each community depending on local characteristics, resources and risk reduction priorities. 
Original contributions include public health-specific indicators within each Core Pillar, enabling increased awareness of public 
health risks, resources and opportunities for risk reduction and capacity-building around particular public health issues.  

5.  ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The Hyogo Framework for Action includes only one reference to public health: Priority for Action 4, Reduce the underlying 
factors, Section (ii)(e) “Integrate disaster risk reduction planning into the health sector, promote the goal of ‘hospitals safe from 
disaster’ by ensuring that all new hospitals are built with a level of resilience that strengthens their capacity to remain in disaster 
situations and implement mitigation measures to reinforce existing health facilities, particularly those providing primary health 
care” (UNISDR 2005, pp. 11). The Mid-term Review noted that as of 2011, there were “still very few countries reporting on risk 
assessments for schools and health facilities” (UNISDR 2011, pp., 23), such that the Chair’s Summary of the 2009 Global 
Platform questioned this target and ability of government and organizations to implement these national health facility 
assessments by 2011 (pp. 61). Despite the establishment of the Scientific and Technical Committee in 2008 to address science 
and technical policy matters including health sciences and incorporation of “knowledge of the wide health impacts of disasters” 
(HFA Midterm pp. 35), the HFA Suggestions for Post-2015 focus solely again on “Reduc(ing) disaster damage to…health 
facilities by a given percentage by 2-25” (UN 2014, pp. 8). The Post-2015 Section E.18.f. language does offer a suggested 
measure for implementation around International Health Regulations (ibid). 

This Framework offers theoretical and applied case study lessons that challenge current gaps and improve the current paradigm 
of the HFA, which focuses primarily on reducing loss of life and injuries through improved health facility infrastructure. The 
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Post-2015 HFA Priorities could be improved by including following public health priorities, each of which are addressed in the 
Public Health Community Risk Framework: preventive health; health education; environmental health; reproductive health; 
nutrition; livelihood security; psycho-social health; injury and loss of life prevention through first aid and CPR training, and early 
warning and evacuation systems and infrastructure; and, improved medical and public health service capacity extending outside 
of the traditional health facility (i.e. public health outreach workers and rural health programs, disaster triage and medical 
treatment trainings for remote communities, etc.). 

6.  CONCLUSIONS 

The Framework is useful as a theoretical, practical and policy-oriented tool, which carries international policy implications to 
broadening the resilience and adaptation discussion to be health-inclusive and community-centric. Increased awareness of, and 
importance paid to, public health and the interconnectedness with disaster risk, offers critical opportunities to improve the fields 
of disaster risk reduction, resilience and climate change adaptation and related international frameworks and policies. This 
includes, in particular, the timely opportunity to inform the improvement of the current public health gaps in the post-2015 HFA. 
Building on best practices and driven by collaborative, community-based solutions to risk identification, mapping and 
comprehensive risk reduction prioritization, the Public Health-Inclusive Disaster Risk Framework presents a new archetype to 
understand, and address, comprehensive risks, adaptable and scalable to diverse communities and partners around the globe. 
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ABSTRACT:  

This paper shares lessons learned from a comprehensive analysis FAO has done in 2013/14 to better understand the role and 

impacts the Hyogo Framework for Action (HFA) has had on the process and speed of mainstreaming disaster risk reduction 

(DRR) in agriculture. Building on the findings of FAO’s technical input paper submitted to UNISDR for the Global Assessment 

Report on DRR 2015 (GAR15), which reviewed key national DRR and agricultural development planning instruments, this paper 

presents, analyzes and compares timelines of the mainstreaming process in 6 countries, and discusses the key drivers identified 

for successful mainstreaming. Final recommendations focus on the need to better address sectoral dimensions of DRR planning 

and delivery within a post-2015 framework for DRR (HFA2).  

The analysis shows that content and scope of DRR integration in agricultural development planning documents varies 

significantly. Although content of national DRR strategies seems to have been gradually shifting from a previous focus on 

disaster response towards broader DRR measures since 2005, this cannot be confirmed for the agriculture sector. Beyond that, 

findings indicate that the HFA has not been a direct driver for mainstreaming DRR in agriculture, nor has it provided clear 

guidance for sectors. The analysis provides further insights on factors that have positively contributed to the integration of DRR 

in agricultural development planning.  

Findings point to the need for an HFA2 that gives greater emphasis to sectors where DRR is most meaningful and can deliver 

more concrete results. 

Keywords: agriculture, mainstreaming, institutions, DRR, HFA2 

1. PROGRESS MADE IN MAINSTREAMING DRR IN THE AGRICULTURE SECTOR 

This abstract builds on the findings of FAO’s technical input paper submitted to UNISDR for the Global Assessment Report on 

DRR 2015 (GAR15), which reviewed agricultural national development plans for the agriculture sector and national disaster risk 

reduction (DRR) plans from 30 countries highly vulnerable to natural disasters to assess progress in mainstreaming DRR in the 

agriculture sector. Twelve sector plans were reviewed in-depth to gain greater insights including on the timeline of progress made 

since 2005.  

Assessing to what degree the HFA has been a trigger or a driver within the agriculture sector was not always clear. This is 

primarily because the sector has a long-standing concern with natural hazards and its direct effect on production and food 

security. Over time, a number of approaches have been promoted within the sector by governments and the international 

community, including sustainable agriculture, food security, livelihoods and ecosystem approaches, among other, and often 

closely linked to natural resource management and sustainable development. Therefore, a number of agricultural development 

plans promote DRR-related measures yet without referring to DRR or the HFA as such. 

Overall, the findings show that agricultural development plans vary significantly in their degree of DRR content, ranging from 

brief to detailed, and from high-level DRR priorities lower-level specific actions. The plans have a wide diversity of DRR 

measures as well, reflecting a combination of some of the HFA priorities for action (PFA) in an ad hoc manner and addressing 

mainly PFA 2, 4 and 5. While the high priority given to addressing PFA 4 tends to relate to the key role of appropriate 

agricultural technologies and practices in building resilient livelihoods, the attention given to PFA 2 (through measures such as 

early warning or food security monitoring) and to PFA 5 (preparedness measures such as food reserves or contingency funds) 

suggests a persistent focus on disaster risk management (DRM) rather than DRR. In contrast, PFA 1 received very low attention, 

i.e. risk governance is not addressed in the national sector plans. While the DRR content in these plans is always a function of 

national needs, the degree of variation appears to reflect the lack of structure in the integration of DRR in the sector. Part of the 

challenge is that the HFA does not provide clear guidance to sectors, for example how the five priorities relate to sectors or what 

objectives they should strive to meet in relation to PFA 1 as well as the other four PFA. 
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2. DRIVERS FOR MAINSTREAMING DRR IN THE AGRICULTURE SECTOR – A TIMELINE 

ANALYSIS 

In order to better assess progress made by countries in DRR within the sector since 2005, FAO’s input paper to the GAR15 

conducted an in-depth review for Bangladesh, Pakistan and Liberia in relation to a selected number of their national DRR plans 

and national agricultural development plans formulated before and after 2005. This paper enhances this picture by adding Lao 

PDR, Niger, and Peru to the timeline analysis. The review and comparison of the chronologies and trends from the six countries 

with regard to mainstreaming DRR in the agriculture led to the following main findings:   

 

A gradual shift towards a more holistic approach to disaster risk reduction and management is taking place since 2005.  
Although there is no evidence of the direct link between the HFA and the mainstreaming of DRR in agriculture, the importance 

of measures to avoid and mitigate risk has received increasing political attention and commitment since the endorsement of HFA. 

The number of countries that developed comprehensive policy frameworks to manage disaster risks has increased since 2005. 

The spillover of this process into agricultural development planning, however, is taking place at a much slower rate. The shift to a 

more comprehensive approach to DRM materialized in Pakistan, for instance, with the development of the National Disaster 

Management Ordinance in 2006 (replaced in 2010 by the current National Disaster Management Act). This was followed by the 

National Disaster Risk Management Framework (2007-2012), which made mainstreaming DRR into development one of its nine 

priority areas. In Lao PDR the first Strategic Plan on Disaster Risk Management was developed in 2003. Despite the fact that the 

plan recognized DRM as a strategic direction (till 2020), it did not yet promote any systematic implementation of DRM measures 

to address disaster risks in general nor for specific sectors. Prevention and preparedness planning were integrated more clearly in 

national DRM and agricultural planning frameworks since 2010/2011 and the HFA priority areas served as guidance for the 

current updating process of the National DRM Plan. Only very recently, in March 2014 did the Ministry of Agriculture and 

Forestry endorse a sectoral plan of action for DRM in agriculture. Similarly, in Liberia the shift in concerted efforts towards 

building a national capacity for DRR became apparent in 2007; but it materialized into a more holistic DRM policy only in 2012, 

in which the integration of DRR into development was made an explicit goal. Liberia’s case is particular considering the major 

adverse impact of protracted conflicts including the destruction of infrastructure and the decimation of social cohesion, 

governance and national capacity at all levels. Post-war efforts focus understandably on rebuilding and transitioning towards 

growth and development, which is also reflected in the agriculture sector priorities. Niger is an example for a late intake of a 

formal policy framework for DRM which was established in 2012. At that point DRM was included in the socio-economic 

development plan (Plan de Développement Economique et Social) and the mandate of the National System for the Prevention and 

Management of Food Crises (Dispositif National de Prévention et de Gestion des Crises Alimentaires) was expanded from 

dealing mainly with food crises and emergency response to also taking the lead for the prevention and management of disasters. 

The HFA was mentioned, however, for the first time in the draft National DRR Strategy from 2013. 

 

National DRR strategies and plans that promote the mainstreaming of DRR as an priority are catalytic in triggering the 

integration of DRR within the agriculture sector. Within the broader national DRR agenda of Bangladesh, for instance, 

mainstreaming of DRR appeared for the first time in 2005 and a Plan of Action for Disaster Risk Reduction for the Department of 

Agriculture Extension was developed in 2009. The time difference from 2005 to 2009 indicates the timeframe needed to transfer 

the wider planning processes into a sector-specific one. In the case of Pakistan, the strong political commitment on 

mainstreaming DRR in development might have been one of the main drivers for the integration of DRR in agriculture. 

Pakistan’s National Disaster Management Plan (2012-2022) mirrors and reinforces it predecessor document (2007) in terms of 

the priority given to mainstreaming DRR into development and in describing the roles and responsibilities of the Ministry of 

Food, Agriculture and Livestock. The exact onset of integration of DRR in national development plans for the agriculture sector 

in Pakistan cannot be fastened onto a specific year (not all relevant agricultural policies or plans for previous years were available 

for this review). However, the current draft Agriculture and Food Security Policy includes DRR as well as climate change 

adaptation (CCA). Peru had already been promoting the mainstreaming of prevention in sectors since 2004. This is assumed to 

have been a strong driver for the integration of DRR in agriculture, materialized in its Strategic Plan for the agriculture sector in 

2007 and in its successor (Plan Estratégico Sectorial Multianual 2012-2016). However, the causality between the mainstreaming 

of DRR as priority in national DRR policies/strategies and its integration into agriculture planning cannot be as the only driver in  

all countries of the research. For example, Liberia identified risk management measures (although not yet comprehensive) in its 

national agricultural development plan before DRR mainstreaming was made an explicit goal in its 2012 DRM policy. In Niger 

the current food security and agriculture development strategy and programme, Initiative 3N, was endorsed in 2012 and focuses 

one among its five strategic axes and programmes on the improvement of the resilience of vulnerable groups to climate change, 

food crises and natural disasters. The draft National DRR Strategy was formulated only later, in 2013.  

 

The occurrence of major natural hazards is a driver for the development or fine-tuning of DRR policies and strategies as 

well as for sector specific planning for DRR in agriculture. Several of the timelines reviewed confirm that both national and  

sectoral policies for DRM have been initiated or moved ahead in years following an extreme event. For example, Bangladesh was 

affected in 2004 by floods and an earthquake. In the following year a significant shift towards clear objectives in building a 
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strong national capacity in risk management can be observed. In 2007 Bangladesh was also heavily affected by the South Asia 

floods and the cyclone SIDR and agriculture production, among other sectors, recorded largest losses and damages. Subsequently 

a plan of action for DRM in Agriculture was developed in 2009. In the case of Peru, the recurrent impacts of natural disasters on 

agriculture leading to significant losses every year have promoted the awareness on the need for disaster risk reduction and led to 

the recognition that DRR is one of the key challenges for the agricultural sector to address.   

 

The understanding of the nexus between disaster risks, sustainable development and climate change can drive the 

integration of DRR in national agricultural development plans. DRR plans that give priority to mainstreaming into sectors 

also often make a clear connection between disasters and sustainable development. For example, in Pakistan the high-level 

priority given to mainstreaming DRR into development and across sectors in the National Disaster Risk Management Framework 

(2007-2012) and its successor Plan is underpinned by the government's acknowledgement that reducing disaster risk and 

promoting resilience is fundamental for achieving sustainable development and poverty reduction. Similarly, the recognition of 

the crucial importance to address climate change and the emerging national CCA agenda in particular, have provided an 

additional political instrument to promote a more proactive approach to risk management and its direct or indirect integration into 

agricultural planning. In Lao PDR, for instance, the National Adaptation Programme for Action formulates several objectives that 

apply an integrated approach to CCA, DRR and sustainable natural resources management, outlining specific measures for the 

agriculture and water sectors. In Peru, DRR and CCA have been combined into an integrated Plan for the agriculture sector (Plan 

de Gestión de Riesgo y Adaptación al Cambio Climático en el Sector Agrario 2012-2021). Also, addressing DRR in other 

national policy instruments such as national development policies and poverty reduction strategies - to which agriculture plans 

are often anchored or linked to - positively influenced its mainstreaming, In Niger the awareness of the government on the nexus 

between disaster risks and rural poverty, food insecurity and economic development is reflected in national and regional policy 

instruments such as the Poverty Reduction Strategy Paper and the Comprehensive Africa Agriculture Development Programme. 

In Liberia, the Food and Agriculture Policy and Strategy and the National Food Security and Nutrition Strategy from 2008 

integrate some DRR measures, although the focus appears to be primarily on risk management rather than risk reduction. The 

findings also suggest that including DRR in key international policy instruments is more likely to influence the integration of 

DRR in sector development planning. This is the case for Peru and Bangladesh where the Millennium Development Goals were 

referenced in several sector development plans, while Peru referenced as well the UNFCCC. 

 

3. CONCLUSIONS AND RECOMMENDATIONS FOR THE HFA2 

Progress has been achieved in addressing DRR in national development plans for the agriculture sector, although the content and 

scope of DRR integration varies significantly. This reflects a lack of structure in the integration of DRR within the sector, 

underpinned by an HFA that is not sufficiently explicit on how its five priorities for action relate to sectors. 

The HFA has been a primary driver in the development of national DRR policies, strategies, and plans reflecting a gradual shift 

from a previous focus on disaster response towards broader DRR measures since 2005. A spillover of this process is taking place 

at a much slower rate for the agriculture sector, suggesting that a certain timeframe is needed to transfer the wider planning 

processes into a sector-specific one. In order to further accelerate proactive DRR in agriculture there is a need to recognize 

already existing DRR-related activities, build on them and provide more systematic and strategic support to further upscale them 

and enhance their scope into programs promoting proactive DRR in agriculture.  

Findings from the timeline analysis point out that the HFA has only indirectly influenced the integration of DRR in agriculture. 

National DRR strategies/plans influence the mainstreaming of DRR in agriculture when they make mainstreaming DRR into 

development sectors an explicit and strategic priority. The chronology review also shows that post-disaster situations create entry 

points for DRR - including in the planning of sectoral agencies - by influencing the political commitment to set DRR high on the 

national or sectoral development agenda. Similarly, the understanding that without sustained efforts in risk reduction, disasters 

will increasingly become a serious obstacle in the achievement of poverty reduction and sustainable development provides a 

strong incentive for the integration of DRR into national agricultural developments plans. More recently, the global agenda for 

adaptation is making significant in-roads at national levels in the agriculture sector, and this progress can also drive DRR, or in 

some cases, overshadow it. 

The above indirect influence of the HFA has led to a slower mainstreaming process for the sector, considerably less so than if 

mainstreaming DRR had been understood from the onset as a process inclusive of all sectors and pursued in parallel to 

mainstreaming in broader development policies and plans. This underscores the need to address disasters and DRR activities as 

integral aspect of ongoing development processes rather than as one part of a sequenced approach to disaster risk management. 

Therefore, the findings point to the need for a post-2015 framework for DRR that gives greater emphasis to and guidance for 

sectors where DRR is most meaningful and can deliver more concrete results. 
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Building on the above conclusions, the following key recommendations are proposed to accelerate the mainstreaming of DRR in 

agriculture and related key sectors in the Post 2015 Framework for Disaster Risk Reduction: 

1. Set agriculture-specific targets and indicators on risk governance. This can include for example to reduce by half the 

losses suffered in the agriculture sector as a result of natural disasters, and commit countries to measure risk and 

account for losses in the agriculture sector. 

2. Propose clear financial commitments for DRR in key development sectors, since DRR financing is likely to be more 

effective once mainstreamed into critical sectors as well. Clear financial commitments across sectors should be 

proposed, for example as a percentage of the total budget allocation for agriculture. To ensure transparency and 

accountability, DRR funding within the agriculture sector should be clearly identifiable. 

3. Reinforce the systematic incorporation of DRR in post-disaster recovery. It is necessary that the HFA2 better define 

what it means to integrate DRR into post-disaster recovery, including across all sectors. The HFA2 should subsequently 

foster the development of guidance and practical tools for achieving this integration. 

4. Monitor and report progress in critical sectors such as agriculture. This means engaging sector ministries to report 

achievements under each of the five priorities for action (or equivalent priorities that emerge in HFA2). 

5. Be coherent with post-2015 global agendas, addressing the inter-related objectives of DRR and CCA in an integrated 

way, including in critical sectors such as agriculture. At the global level such integration must begin through the 

convergence between the evolving international frameworks of the HFA and the UNFCCC, and the embedding of the 

HFA within the post-2015 development agenda through the introduction of risk-sensitive development goals. At 

country level this means better integrating DRR and CCA in sectoral policies, investment plans, and development 

programmes in order to reduce emerging risks associated to extreme climate events. 
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ABSTRACT: The paper describes the investigative studies conducted for the post tsunami rehabilitation and conservation for 

the port city of Galle in Sri Lanka. The said studies include, field investigations on the impact of inundation, mathematical 

modeling of scenarios, assessment of vulnerability and preparedness and the development of mitigation measures, in particular 

integrating hazard mitigation and breakwater construction for ports. 
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1. INTRODUCTION 

The Sri Lankan coastline was devastated by the Indian Ocean Tsunami of December 2004, which was caused by a massive 

submarine earthquake west of northern Sumatra, measuring 9 on the Richter Scale and a fault length exceeding 1000 km. The 

entire coastline with the exception of parts of the north-western coastline was severely affected.  

Post-disaster planning has been undertaken within the framework of multiple coastal hazards including tsunamis, however remote 

the chances of a very extreme event taking place. Mitigation options considered the full spectrum of coastal hazards, both 

episodic and chronic, important aspects relating to vulnerability and overall risk assessment. 

It was evident that some cities were severely affected by the tsunami in view of their increased exposure arising from the 

coastline geometry. In particular cities located within bays and around headlands were subjected to extensive damage due to the 

concentration of wave energy. This included principal coastal cities of Galle, Matara and Hambanthota. In addition tsunami 

waves caused changes in the bottom bathymetry leading to changes in the near shore wave climate which in the long term will 

affect coastal erosion trends. For purpose of coastal rehabilitation, conservation and mitigation it was decided to conduct detailed 

risk assessment studies following which risk management options were considered. 

2. APPROACHES TO RISK MANAGEMENT AND THEIR APPLICATIONS 

 
There are many approaches that could be adopted when planning for a tsunami and other coastal hazards that accompany high 

waves and high inundation.    

 

These approaches can be broadly classified into three categories and respective measures are listed below. 

 Approaches that mitigate the impact of the hazard  

1. The implementation of artificial measures for protection including tsunami breakwaters, dikes and revetments 

2. The effective use of natural coastal ecosystems including Coral Reefs, Sand Dunes and Coastal Vegetation 

(Mangrove Forests) 

 Approaches that reduces vulnerability 

1. Set Back defense line 

2. Overall town and country planning measures 

3. Hazard Resistant Infrastructure and Guidelines 

 Measures that promote successful evacuation from the hazard 

1. Early Warning Systems 

2. Public Warning Systems 

3. Community Awareness, Preparedness and Response  

4. Evacuation Routes and Structures 

 

The applicability of the above methods were considered in the context of the measures adopted for the Port City of Galle in Sri 

Lanka which was severely affected by the Indian Ocean tsunami of 2004. 
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3. INCREASED EXPOSURE OF THE CITY OF GALLE 

 
On 26th December 2004, the city of Galle Galle received the severe impact of tsunami waves, their magnitude having increased 

due to near-shore transformations. The tsunami waves, which reached the offshore waters of Galle were primarily diffracted 

waves, diffraction taking place around the southern coast of Sri Lanka. In the context of tsunamis the location of Galle represents 

high exposure. It lies besides a wide bay and a natural headland on which is located the historic Galle Fort with very reflective 

vertical non-porous walls on all sides. Furthermore, there exists the Dutch Canal to the west of the headland, conveying water 

through the city centre. The waves in the vicinity of Galle, which were increasing in height due to reduced water depths were 

further subjected to a series of near-shore processes which increased their heights even further. The wide bay in Galle further 

contributed to the increase in wave height by modifying the shoaling process via reduced wave crest width to accommodate the 

bay shape. The combined effect of the bay and the headland led to a high concentration of wave energy leading to large tsunami 

wave heghts. 

 
4. INVESTIGATIONS IMPLEMENTED 

 
Soon after the tsunami disaster a number of investigations were implemented focusing on risk assessment and management. 

These included, 

 

1. Detailed field investigation to identify the height and extent of inundation, qualitative assessment of currents, damage 

profile of infrastructure and factors leading to loss of human life, and impacts on near shore bathymetry. 

2. Analysis of data from field instruments which captured the tsunami in action, and information from satellite images. 

3. Hazard assessment via probabilistic and deterministic tsunami hazard analysis, with the examination of a number of 

scenarios for the latter. 

4. Vulnerability assessment based on critical parameters identified via a process of consultation with stakeholders. 

5. Preparedness assessment via consultation with the community and disaster managers 

6. Preparation of Risk Maps  

7. Identification of Risk Management Measures based on 

-Mitigating the tsunami hazard (reducing the impact of the tsunami wave) 

-Reducing the exposure and vulnerability  

-Enhancing preparedness and evacuation 

8. Hazard mitigation measures with respect to the development of a tsunami breakwater as part of strategic port 

development and coast conservation via revetments and bio-shields 

9. The development of building codes for new construction, enhancing the strength of existing buildings and their field 

applications 

10. Improving public knowledge on Tsunami Early Warning Systems and on Disaster Management Maps for the benefit of 

the community covering evacuation maps and evacuation zones and shelters 

 

5. INTEGRATING MITIGATION WITH  DEVELOPMENT OF PORT OF GALLE 

 
There are many hazard mitigation measures that could be adopted in coastal zone management when planning for  tsunamis and 

other coastal hazards that accompany high waves and high inundation. In 2000, Japanese Port Consultants (JPC)  developed a 

Master Plan for the development of the Port of Galle. In view of environmental concerns it was recognized that the development 

should be restricted to a two berth medium size harbour. In order to maintain healthy exchange of tidal flow for the well being of 

the coral reef system, JPC in consultation with the environmental specialists incorporated an offshore detached breakwater, which 

coincidentally has all the characteristics of an effective Tsunami Breakwater ( Figure 1). It is admitted that tsunamis were not 

part of the agenda of the engineering and environmental designs at that stage. 
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Figure 1: Master Plan for the development of the Port of Galle 

 
The design of the Galle Harbour was revisited to examine the potential impact of tsunamis on the said offshore breakwater and 

the extent to which it would afford protection to the City of Galle. Deterministic tsunami hazard modelling with and without the 

offshore breakwater indicated a reduction in both tsunami wave height and the speed due to the presence of the proposed offshore 

breakwater. In effect the offshore breakwater would provide significant protection. This level of protection could be further 

enhanced by providing front line protection on the coastline via a hybrid approach using both artificial and natural methods. 

 
6. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

 
The paper focuses on the continued importance of conducting Risk Assessment studies with stakeholder consultation for strategic 

planning and the relevance of combining tsunami hazard mitigation with development projects such as harbours. 

 
7. CONCLUSIONS 

 
The paper presents a summary of the investigative studies conducted for risk assessment for the City of Galle and focuses 

attention on the development of risk management measures and their implementation. It was evident that in the case of coastal 

cities of Sri Lanka the tsunami hazard is of low frequency with potentially high impacts. In that context to invest in costly coast 

protection measures seems irrelevant unless integrated with national development projects such as port development and 

therefore attention was focused on harnessing the full potential of bio-shields, community preparedness and resilience. 
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ABSTRACT: Contamination from remnants of conflict is a legacy of many armed conflicts, threatening human security and 

impeding post-conflict reconstruction and development. Buried explosive devices can also negatively affect the environment 

directly, such as through contamination of soil, and indirectly, by denying access to land and other natural resources, which, in 

turn, results in increased pressure on available resources and unsustainable natural resource management practices. 

One of the core objectives of mine action is the safe removal and destruction of the remnants of conflict in order to make land 

safe and accessible, thereby contributing to sustainable development. However, the methods used by mine action organisations 

can, under certain conditions, represent a risk to the environment, potentially leading to degradation of land through soil 

degradation, erosion, deforestation and chemical pollution. Mine action organisations, like all humanitarian actors, therefore need 

to consider the possible negative impacts of their mine clearance operations to ensure they do no harm, do not lead to longer-term 

vulnerability or threaten livelihoods and food security and, by mitigating environmental damage, effectively contribute to disaster 

risk reduction. The combined use of remotely sensed data and Geographic Information Systems (GIS) can be a sound solution to 

assess pre-contamination conditions and to monitor both the environmental impact and the effects of mitigation activities. 

 

Keywords: Humanitarian demining, Land degradation, Prevention tools, Geographic Information Systems 

 

1. INTRODUCTION 

In times of armed conflict, the environment might be targeted deliberately to reach military or political goals. Whereas the most 

direct damage to the environment, such as the release of toxic substances during bombardments or the physical destruction of 

ecosystems, results from hostilities themselves (UNEP 2009), contamination of land from remnants of conflict1 represents a 

further direct impact on the environment and a legacy of conflicts even long after they have ended (Conca et al. 2012, UNEP 

2013).  

In addition to the human toll, contamination from remnants of conflict is considered to be a significant obstacle to development. 

It leads to human displacement, delays the return and resettlement of refugees and internally displaced persons and blocks access 

to vital resources and social services (Shimoyachi-Yuzawa 2012). Similarly, by denying access to land, water sources, other 

natural resources and livelihoods, the presence or suspected presence of remnants of conflict can put increased pressure on the 

resources which remain available, resulting in unsustainable natural resource management practices by communities affected by 

conflict (UNEP 2007, Roberts et al. 1995).  

Mine action2 can do a lot of “good” to address the negative consequences of contamination from remnants of conflict, to restore 

livelihoods and contribute to sustainable development. However, some of the methods used by mine action organisations may 

cause unintended negative impacts on the environment. Clearance of remnants of conflict on soil, for instance, might affect 

vegetation, lead to erosion and degrade the quality and fertility of the soil, thereby putting food security at risk.  

The environment and disasters are inherently inter-linked, with environmental degradation increasing the intensity of natural 

hazards and the risk of transforming hazards into disaster (Amaral et al. 2012, UNISDR 2004). In turn, disasters reverse 

development and destroy livelihoods (Sudmeier-Rieux et al. 2009, Amaral et al. 2012). Mine action organisations, like all 

humanitarian actors, therefore need to consider the possible negative impacts of their operations to ensure that they “do no harm”, 

do not lead to longer-term vulnerability and reduce natural disturbance in a manner that environmental vulnerabilities to disaster 

risks are limited to an acceptable level. By doing so, they support “economic, social and human development while facilitating 

ecosystem conservation, regeneration and resilience” (Report of the United Nations Conference on Sustainable Development). 

This article will briefly discuss the potential negative environmental impact of remnants of conflict and mine clearance 

operations, and examine the measures mine action organisations could employ to ensure their operations do not result in further 

environmental damage. It will particularly focus on preventive and remedial tools and approaches to reduce the potential risk of 

their clearance operations with regards to soil fertility and productivity as well as erosion.  

 
2. ENVIRONMENTAL IMPACT OF REMNANTS OF CONFLICT 

The environmental impact of remnants of conflict can be direct or indirect. Direct environmental impacts can be defined as those 

effects, alterations and disruptions caused to a terrestrial or aquatic ecosystem at the moment and location of an explosive blast. 

                                                 
1 For ease of reading, contamination by mines, cluster munitions and other explosive remnants of war (ERW) will be referred to 

simply as remnants of conflict. 
2 Mine action comprises five complementary groups of activities: Mine Risk Education; Mine Clearance; Victim Assistance; 

Stockpile Destruction and Advocacy.  

332



 

 

 

 

On the other hand, indirect environmental impacts are those which occur in a different time and/or place from the original 

location or explosion of a device (Torres-Nachón 2004). Given that the natural environment constitutes the basis for livelihoods, 

the damage caused by remnants of conflict hampers socio-economic development (Matthew et al. 2002, Bruch et al. 2008). 

 
2.1 Access denial, ecosystem degradation and loss of productivity 

The principle impact of remnants of conflict is to deprive local communities of access to land and natural resources. Migration of 

displaced populations to available safe land or already fragile ecosystems may lead to overharvesting and resource degradation 

(Conca et al. 2012). If valuable pastures become inaccessible, that can potentially lead to overgrazing in accessible areas and 

subsequent habitat degradation. When arable land is blocked, the survival strategy can lead to the exploitation of forests. 

Deforestation generally accelerates as an indirect consequence of contamination and can, in turn, affect marshlands and water 

tables. Land scarcity resulting from contamination has the potential to generate new socio-economic dynamics and set new cycles 

of poverty and environmental degradation in motion. Faced with growing livelihood pressures, local populations are likely to 

resort to unsustainable practices and intensify exploitation of the diminished areas available in order to meet short-term needs 

(UNEP 2007, Roberts at al. 1995). 

Thus, remnants of conflict can set in motion a chain of events leading to environmental harm in the form of soil degradation or 

deforestation, possibly affecting entire species populations by degrading habitats and altering food chains (Torres-Nachón 2004, 

Berhe 2007, Roberts et al. 1995). Disruption to soil structure further exacerbates the erosion problem and leads to increased 

sediment load in the drainage system (Monan 1995). The terrestrial environment can also be seriously affected when remnants of 

conflict explode. Exploding munitions degrade land through topsoil damage or erosion, with sustained impacts on moisture 

availability, soil structure, vulnerability to water flows, erodibility and productivity (Berhe 2007, Misak et al. 2008). Soil 

productivity dramatically decreases if land is contaminated, as witnessed in Vietnam with a reduction of 50% in rice production 

per hectare of affected land (Monan 1995).  

 
2.2 Chemical contamination 

Over time, ammunition and explosive remnants can also release toxic substances from their chemical constituents, and these may 

become environmental hazards. Research has shown that, in some heavily-used military training areas, munitions-related 

chemicals, such as explosives and perchlorate, can enter soil and groundwater (Kuznyetsow 2009). Furthermore, as an example 

of the fate of explosive energetic materials, the uptake of Trinitrotoluene (TNT) through the roots and stems of plants results in 

higher concentrations of this chemical in the leaves, making them dangerous to grazing animals. Ammunition fragments that 

have remained in the environment for prolonged periods are also subject to weathering and corrosion, subsequently releasing 

various heavy metals such as iron, manganese, chromium, zinc and copper. In agricultural regions in particular, toxic substances 

can easily penetrate the soil, arrive in the water table and pass into the human food chain (Kuznyetsow 2009). 

 
3. ENVIRONMENAL IMPACT OF MECHANICAL CLEARANCE 

By its very nature, mine action involves direct interaction with the environment, through physical activities such as clearance and 

destruction of explosives. Thus, clearance of remnants of conflict on land can potentially affect the environment. Clearance of 

areas contaminated by remnants of conflict can be undertaken using three different assets which together constitute the so-called 

mine action “toolbox”: animal detection systems, manual clearance and mechanical systems, with the latter having the potentially 

greatest impact on the environment.  

Whereas machines have considerable potential for increasing efficiency, they can have a greater impact on the soil and the 

ecosystem. A variety of mechanical systems is used (tiller systems, flails or converted plant machinery) to process soil in the 

search for remnants of conflict. When using flails and tillers the soil will pass through those systems, which will inevitably 

disturb and possibly damage soil condition. The organic layer, as well as surface soil, will generally be processed, and the 

physical or chemical properties and the structure of the soil might be modified or damaged. The consequences of such practice 

could take the form of various types of erosion, changes to soil composition, affected rooting potential and water holding 

capacity of soil, and reduced soil fertility (GICHD 2009, Berhe 2007). This is similar to the impact of tillage in agriculture. Soil 

might also often be moved to another location where it will be distributed evenly over a large, flat surface and subsequently 

checked for explosive items.  

Mechanical systems remove or destroy vegetative cover which in turn can lead to increased water runoff and wind erosion. 

Tillage increases wind erosion rates by dehydrating the soil and breaking it up into smaller particles that can be picked up by the 

wind. Deforestation is closely linked to erosion. The removal of trees implies the removal of litter that plays a crucial role in 

infiltration, protecting soil from erosion and raindrop impacts. Litter also provides organic matter that is important to the stability 

of soil structure (Berhe 2007). Deforestation can allow the wind to cut long, open channels as it travels over the ground at higher 

speeds and topsoil may be blown away by the wind and destroyed as a consequence (Whitford 2002). Less fertile soils are 

naturally associated with losses in agricultural production and threaten food security. There is recognition that environmental 

degradation reduces the capacity of ecosystems to meet the need of communities for food and to protect them from hazards 

(Sudmeier-Rieux et al. 2009). On the contrary, healthy ecosystems both reduce vulnerability to hazards by supporting livelihoods 

and acting as a physical buffer against the impact of hazards events (Sudmeier-Rieux et al. 2009).  
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With mechanical clearance, a risk of chemical pollution to soil and water might also arise such as by detonations or destruction of 

explosive items in the ground or by leaking hydraulic fluids and fuel when refuelling demining machines. When hydraulic fluids 

enter the environment through spills and leaks from machines or storage areas, severe environmental damage can result. 

 
4. “BETTER SAFE THAN SORRY” OR MEASURES TO MITIGATE THE ENVIRONMENTAL IMPACT 

OF MECHANICAL CLEARANCE 

 
4.1 Operational considerations 

The environment and disasters are inherently linked and environmental damage such as deforestation or degradation of land may 

reduce the nature’s defence capacity against hazards and, in turn, can even aggravate the impact of disasters. With a view to 

reducing risks, it is vital to build the resilience of the environment taking into account that healthy ecosystems are more resilient 

to hazards (UNISDR 2004, Amaral et al. 2012). Mindful of this fact and in order not to undermine the positive impact mine 

clearance can have, mine action organisations should ensure that their operations do no further harm to the environment and 

avoid increasing the long-term vulnerability of affected communities and that, by mitigating environmental damage, they can 

effectively contribute to disaster risk reduction (DRR) and thereby to sustainable development. Despite eventual lack of scientific 

certainty of the damage of mechanical demining, the precautionary principle shall prevail (Rio Declaration on Environment and 

Development 1992), often linked to the premise “Better safe than sorry” (De Sadeleer 2002).  

At an operational level, measures can be taken to avoid or mitigate the potentially negative impact of mechanical clearance on the 

environment. Complemented by and based on good practice, the mine action sector has developed a normative framework in the 

form of the International Mine Action Standards (IMAS), which include a specific standard on environmental protection. The 

latter does not only address air, water and soil pollution or land use, but also tackles the reduction and disposal of waste (IMAS 

10.70). Although not legally binding, IMAS are generally applied by mine action organisations.  

The first way of mitigating the environmental impact of clearance is to limit the use of machines to a strict minimum. The mine 

action sector has developed the so-called “land release” approach. This consists of an iterative survey process that only resorts to 

full clearance as a last option where there is an evidence-based confirmation of contamination (IMAS 7.11). 

Other mitigation measures could be to use the machine following the topographic contour lines to reduce erosion, re-seed and re-

plant areas with indigenous grasses immediately after clearance and return processed soil layers to affected sites in the correct 

order so that the fertile top soil is once again the top layer. In the same vein, demining should be scheduled so that the site can be 

cultivated as soon as possible after clearance to ensure regrowth of a root system, which will, at least in part, prevent erosion. 

Another recommendation is to avoid demining during periods of the year with strong winds and/or heavy rainfall and to attempt 

to carry out demining tasks in the period of the year most suitable environmentally. In general, a comprehensive environmental 

assessment should be included in the planning for any demining activity (IMAS 10.70, GICHD 2009).  

IMAS also provide guidance on precautions to be taken with regard to possible chemical pollution in order to avoid fuel and 

lubricant spillages, especially when selecting refuelling sites, for example, so as to ensure that diesel spillage cannot contaminate 

water sources. 

 
4.2 Monitoring techniques: combined use of remote sensing and GIS 

An effective impact reduction strategy starts from a baseline definition, which implies the assessment of both pre-contamination 

conditions and ecosystem vulnerability. Remotely sensed data represent a sound solution to evaluate pre-conflict characteristics 

of contaminated areas, reducing the risk of field surveys. Multi-temporal analysis of impact indicators can then help monitor the 

effect of mitigation activities. For example, Unmanned Aerial Vehicles (UAVs) can provide high resolution, high frequency and 

relatively low cost survey data which can then be combined with other data sources (namely population, potential use of land, 

resource and infrastructures, etc.) in a Geographic Information System (GIS) to perform multi-criteria analysis and objectively 

quantify the environmental impact. In order to do so, however, sound information management, including appropriate tools, 

needs to be in place. 

 
5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Only indirectly contributing to DRR, mine action organisations are not necessarily guided by a DRR agenda and the Hyogo 

Framework for Action in their daily endeavour. However, as explained above, mine action, if undertaken respecting the “do no 

harm” approach, can have concrete spill-over effects on the resilience of ecosystems and affected communities. On this basis, the 

work of the mine action sector may have supported the implementation of the Hyogo Framework for Action in various ways, in 

particular with regards to the fourth priority aimed to reduce the underlying risk factors. By implementing measures to mitigate 

the environmental impact of their operations, mine action organisations contribute to food security which is an important factor in 

ensuring the resilience of communities to hazards which weaken agriculture-based livelihoods. By releasing land and making 

livelihoods accessible, they lay the foundations for sustainable ecosystems. Through post-clearance environmental impact 

assessments such as by surveys, GIS, remote sensing or the use of UAVs, mine action actors also support the second priority for 

action, namely the identification and assessment of potential disaster risks stemming from a given intervention. Where 

undertaken, such assessments may have allowed observing, analysing and mapping potential hazards and vulnerabilities. Several 
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new tools such as UAVs have been introduced to the mine action sector recently and their potential for use in mine action has 

still not yet been fully reached.  

The example of mine action may serve as an illustration for the recognition that among actors outside the specialised DRR sector 

further steps in Disaster Risk Management may need to be taken with a view to continuing encouraging the integration of DRR 

into humanitarian and development policies and planning. Given the strong interconnectedness between mine action, sustainable 

development and the environment and the resulting positive impact on disaster prevention and reduction, an environmental and 

DRR lens should ideally be integral part of programming, implementation and assessment of projects. Among mine action 

organisations, awareness of the DRR implications, threats and benefits of their operations should still be strengthened and their 

capacities to do so developed. Further mainstreaming of a DRR perspective into humanitarian and development activities such as 

mine action is ever more required which might be addressed in the Post-2015 Framework for Disaster Risk Reduction. 

 
6. CONCLUSION 

The protection of the environment and disasters prevention are inherently interconnected. Some of the methods used by mine 

action organisations can potentially lead to environmental degradation and, ultimately, threaten livelihoods and food security. 

Consequently, mine action organisations should consider the possible negative impacts of their operations to ensure they do no 

further harm to the environment. In doing so, they can contribute to disaster prevention. The concern about the environmental 

impact is becoming highly relevant within the mine action sector. In fact, mine action actors have developed an important set of 

sector-wide norms and standards to ensure implementation of the “do no harm” principle. However, this normative framework 

may still need to be developed further and a more comprehensive and systematic approach is required. To do this, it is important 

to gather more evidences and develop good practice. Remote sensing and GIS technologies can support this process, enabling a 

wide range of data collection and the integration of different data sources for supporting the decision making. 
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Disaster risk reduction can and is being achieved by adapting management practices so that they 
become harmonious with the realities of both Nature and Society. How understanding of 
geomorphological and hydrological processes can be applied to reduce risk is to be discussed in 
subsequent sessions. Increasing the resilience of communities is achieved by policy feedbacks that 
target cultural lock ins and education but also by feedbacks that transform landscapes into ones on 
which ecosystem based changes are made so that the risk of disaster disappears.  Potential disasters 
can be pre-empted with respect to the slow gradual change and sudden catastrophic shifts to 
alternative states. In a later  desertification is presented as a slow disaster. The ecosystem based 
approaches here could enable many areas to become economically rich with abundant water, instead 
of desert like rocky areas producing flash floods and saline groundwater.  The benefits and functions 
of trees in Italy can be found in Augustino et al (2014)     

The present day landscapes in Europe and China resulted from feedbacks to the many things that 
people have done to the land to create what we see, at one level but at another to geomorphological 
and hydrological processes that change the environment.  As part of the EU China watershed program 
a study was made of the lessons that could be compared from both countries experiences.  These 
were discussed at the International  Forum om Water Resources and Sustainable Development at 
Wuhan university in 2010.     

Ecosystem based disaster risk reduction was always the norm in Europe and China because it was 
found to work like natural selection.  Without it harvests were less and there were natural disasters of  
of famine and poverty.  

Researchers applying the adaptive management paradigm as a way of implementing ,improving and 
developing ecosystem based practices compared this at study sites in China, Morocco  Italy, Greece 
and Spain, on land that was either forested, farmland or grazing land ( Augustino et al 2014.  Kosmas 
et al 2014). 

The main four theses of this paper are that a) Europe and China have similar cultural and 
environmental legacy explaining present risks, b) Transforming and changing the state can be done by 
enhancing how water is used, increasing its availability  by means of trees and terraces that provide 
production, protection functions (See Imeson 2012). C) That ecological and hydrological benefits of 
headwater forests with natural biomes in watershed and floodplain include regenerate the climate (See 
Schultz 2014). D) Agricultural terraces and watershed improvement  can be on the slopes which are 
not of risk flood runoff or erosin  because of how the land is managed and used by farmers,.  
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Not contaminating headwater areas which provide water and springs in the lowland is a benefit of 
having protective forests in watersheds, which is a reason why they are often created..  It is possible to 
manage water more effectively to enhance the production value of the land and making more water 
available at useful moments in time also for power generation and navigation.. 

Basic mistakes are made that cause land degradation because models such as the Universal Soil 
Loss Equation, are used outside of their context (Wischmerier 1966). They  assume that there 
relationships which in fact do not exist so that there is a loss of human, economic and natural capital   

It is possible to transform soci-environmental systems so that regenerative circumstances occur to 
which culture including the economy adapts. In both Europe and China, culture can be transformed by 
creating shared meanings regarding the actions that are necessary, provided that these authentic 
solutions backed up by memory and cultural practices.  Policy can be based on the understanding of 
the processes, which are then used to interpret what is happening instead of attempting to forecast 
and predict risk from data,  In many cases there are two states, one with risk and the other without it,  
The near zero risk state can be reached in small watersheds through the implementation of policies 
that enhance the way in which the land functions  Wilson (2012).             

Land degradation, the depletion of natural resources, the loss of environmental assets and human 
lives.  At the same time to focus not on sustainable management, which is unambitious in the sense 
that it aims to retain the status quo, but to consider enhanced management policy goals that will create 
valuable  natural assets and eliminate many natural disasters because of the transformation in the 
hydrological cycle and generation of natural social and human capital. Figures from Portugal, Crete 
and China illustrate this below (Fig 1 to 4).  

The Land degradation concept expresses the depletion of natural resources, the loss of environmental 
assets and human lives.  The present policy objective of sustainable management, is unambitious in 
the sense that its goal is to usually retain the status quo . More ambitious Enhanced Management 
policy goals can create valuable natural assets and eliminate many natural disasters because of the 
transformation in the hydrological cycle and generation of natural social and human capital (For more 
explanation see Imeson 2012 and 2014) as well as Kosmas (2014), Agostino 2014 ) and Quarenta 
(2015). As an example consider Figure 1 (Fig 6 in Tsanis ( 2011) it can be seen that  

 

      

State and transition 

Integrated approaches that look at the interactions and feedbacks in the landscape involving the 
extreme weather, the inherent capacity of the ecosystem or biome to maintain itself above a critical 
threshold required to prevent floods or landslides, or rainfall from becoming runoff that erodes and 
transports soil can be described in state and transition approaches.   

Linked to this is the idea of seeing that the land is providing functions and ecosystem services. 
Information about this can be found at the ecosystem services partnership (De Groot  2014). The main 
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benefits for people are the way in which the forest or farmland protects people from excess 
evaporative water losses or excess flooding.      

Harmony between  Hydrology and Water and Land  Policy  

The main socal tensions arise when changes take place and people realize that there is a gap 
between policy and practice.  What was expereienced in Europe was that landscapes were becoming 
transformed and moving into a state that was at potential risk for flooding. The soil is able to retain 
much water and there were ecological and hydrological buffers that sheltered homes and 
infrastructure to ones in which there was a change of state into a system that was producing flood 
water. Just a few simple actions are possible. Not valuing water is an example.        

One experience everywhere (SCAPE  2010) is that the change of state from a non-risk to a risk zone 
could be prevented everywhere by not using bulldozers and contractors to build terraces and to 
prevent vandalism. In Europe it is common for rivers to disappear and for the land to be transformed 
into runoff and flood producing areas because of the lack of any requirement concerning the suitability 
of the land for a specific crop.  The current policy means that some countries have too little forest or 
areas to buffer floodplain settlements and towns.  Imeson (2012 explains with an illustration in China, 
that the hydrological functions can be provided by people in the form of managed terraces, instead of 
trees and that this is a beneficial cultural achievement of different Civilizations.  

 The most successful economies in the past were aware that their security and economy depended on 
and at the same time threatened by water so this was a priority of policy. Problems have arisen during 
the last two hundred years because of several transformations in how the land, crops and food 
choices are being promoted with several biased responses. These ranged from the clearance of 
forests beyond a tipping point that was economically and socially viable, allowing soil functions to be 
lost and not replaced, allowing the squandering of natural climate assets so that there was less 
available water (defined as Precipitation- Evaporation, drainage and runoff to sustain ecosystem 
productivity. It will be apparent that the values assigned to things drives and shapes land use .   

This priority of many governments has been to apply the principles of scientific management of the 
water and land. Land can be managed for the long term optimal benefits, Locally, there can be 
institutional development within the government to manage water and to support this with the provision 
administration and laws, as well as by demonstration and training. Agostino et al (2014) demonstrates 
the key role of universities and outreach programmes. In Basilicata.   Scientists in different areas can 
work together to learn from experiences, and this was one of the far seeing goals of the EU China 
Project. The relative prosperity of different countries and also the occurrence of natural disasters is 
correlated to both the amount of forest area.  Biologists say that natural biomes should not become 
less as well but the reason for afforestation is not to save animal species but to perhaps double the 
amount of available water through different mechanisms, This would benefit agriculture and energy 
from dams.  

EU China River Basin Management:  The Challenge 

 

During the last phase of the EU China  River Basin Management Programme, a study was made 
(Imeson et al 2011) of the lessons in Europe and China with respect to managing the different risks of 
flooding.  Flooding is on the rise but not only due to climate change.  The relentless canalization of 
streams and waterways of the last hundred years has combined with the urban exploitation of the 
floodplains and marshlands to raise the runoff. On land there has been a very large decline of ground 
absorption rates while runoff from meltwater and snow finds fewer channels. The result is the 
increasing incidence of flash flooding and catastrophic-sized flooding regionally. The capacity of 
channels to carry water is decreasing at the same time that the runoff coefficient is increasing from a 
few percent to perhaps 30 or 40.              
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Nature is taking its course because the rivers a responding geomorphologically to these changes as 
they adapt to the new conditions. Although nature is changing, will policy follow?   Centuries of dam 
building and urbanization of flood plains means that even without global change, less intensive 
rainfalls now cause flooding in many EU Counties several times a year.   

On the other hand there are great technological advances in being able to monitor weather and real 
time alert warnings and to help manage risk. The best practice from the watershed management 
perspective is to remove the risk completely by increasing the ecological services being provided in 
areas in which trees are allowed to grow and planted and at the same time using more terraced 
agriculture on slopes to create agricultural soils in situations that enable them to store water.      

Responding to Land Degradation :  The Economy and Pro-Active Governance:  Transformation  

 

Governments and people are faced with the dilemma of policy choices with respect to environmental 
degradation and risks. Experiencing the despoliation of a river or landscape and the loss of peole in 
floods and landslides can generate the political will to take action. There are many examples of this in 
Europe, such as in the French Alps, the Ardennes and Spain (for example the Sierra Espona in Spain 
and the Lucademe (Fight Against Desertification).  In China and the USA there have been many 
examples of how degraded areas have been restored, principally naturally by the vegetation itself or 
by afforestation or for water protection.    

Critical Conditions and Transformation:  Environmental Legacy in Europe and China 

Agricultural Land can be abandoned in Europe (Figure 2) as in Southern Europe and China  and 
forests are able to return,  if there is income and organization and marketing terraced land can be 
restored .       

For soil and land conservation to be successful, this has to be an will of the Governments and those 
with power over the land. What is helpful is scientific knowledge, an understanding of the principles 
change and transformation but also education (Agostno  ).  It was found that in Basilicata education 
and training were essential in linking top down government goals with local people and governance.   

China and Europe share much in common regarding the nature of the challenges posed by land 
degradation and natural disasters. This is because Geographically they have areas affected by 
volcanicity being therefore subject to earthquakes, tsunamis  and landslides as well as by extreme 
climate (droughts, rainfall and temperatrure anaomalies).  In particular it was found by the EU China 
comparative analysis (Reference  ) that there were large areas in Sothern Europe for example 
(Valencia and Crete) with comparable rock types that had become subject to desertification, even 
though they were very humid.   

Two other features in common that the areas have experienced environmental degradation during the 
last 8000 years as a consequence of various effects that the exploitation and the use of land by 
people has had on how the ecosystems function today and provide people with what are now 
described as ecosystem services.  The environmental changes which both regions face caused by the 
exploitation of the land  during 8000 years resulted in five types of land degradation type of situation 
from the perspectives of the physical system and its natural capital. The first three of system are the 
subject of Leddra (WP 3, 2 and 1. 

The degradation of forest areas that in proximity to people with respect to their biodiversity (old growth 
character and resemblance to the original biome) and which became sometimes shrub and heathlands 
because for reasons species could not survive.  These areas were the sources of construction 
materials, wood for ships and building as well as all kinds of food  The degradation of areas that are 
used for grazing, which are in area that were formerly forested or where the climate is marginal for tree 
growth and grass lands and meadows are found  Areas that are used for production, providing food 
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and products used for personal, local and global use because of the purpose of trade. The areas of 
degradation caused because the depletion and use of the ground water.. The degradation caused by 
climate change because of the water loss by evaporation and runoff.        

The experiences in China and Europe can be applied to land degradation and desertification which 
was initiated in the past, or the result of human activities today. Expressions past and current human 
impact, taking into account the causes, particularly the causes related to economic drivers that push a 
system beyond a tipping point at which major transformations were needed. What are needed are 
action plans and goals such as the guidelines that enable the guides of transformation in how people 
make use of their land in more economical ways. Beyond the tipping point it is economically and 
socially critical to transform the system into one that for example re-establishes forests on degraded 
slopes to protect people from harm.  

Improving Ecosystem Services in Europe and China  

 Research has learnt how to improve or enhance the functions and ecosystem services provided by 
the land, especially with respect to trees and how they affect the water balance and ecosystem 
productivity (Schulz  2013) . Partners from both regions participated in EU research, evaluating the 
measures being taken, considering the state-of-the-art, traditional and best practices. The paradigms 
of change and (LEDDRA ) adaptive management were evaluated at study sites to see how land 
degradation and desertification were related to major transformations and shifts in policy and the 
economic drivers 

More water for farmers in Crete and similar areas. 

The water balance principle is simple but effective. The reason why formerly forested areas now 
behave like deserts is because 80 per cent of the rainfall evaporates and is lost and at the same time 
there is no evaporative cooling and shading.  Because of past erosion, there is little soil depth in some 
places but in others a lot because of weathering. Planting native trees, is very positive and they can 
best be allowed to develop deep roots and function as rainwater harvesting systems.  Also, a canopy 
is beneficial because of the way this creates wind still conditions and provides shelter for caltivated 
areas.           

Paradoxically there are many findings from research that are counterintuitive and somewhat 
contradictory. Forests or natural  grasslands promoted in watershed areas of first-order catchments 
provide very many hydrological benefits and can be used for water infiltration, evaporation loss  

Very detailed site specific information is available from experimental field sites and small catchment 
studies for promoting changes bottom-up and involving all actors (including finance, law agriculture, 
climate and hydrology). Understanding is derived from the knowledge available both from traditional 
farming and Institutional practices, regarding how to improved terraces and manage crops and 
landscapes in ways that avoid degradation, enhance the lan, and prevent water from draining to rivers 
with sediments and from causing landslides, floods and contamination. 

 

Figure  1    The hydrological balance of the Island of Crete for under normal, humid and dry conditions 
has been quantified and shows that  60 - 70 per cent of the water was lost by evaporation.  There is a 
water shortage caused by irrigating olive trees outside of the areas in which they naturally occur.    
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Figure 1   Scientific visit  by LEDDRA to runoff plots in China where methods of terrace control and 
runoff collection were being developed 

 

Figure 2  Photograph taken during a study tour in a Degraded heathland system where formerly Cedar 
forests were found. 75 per cent of the rainfall is evaporated and the other rainfall causes erosion.   
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Figure 3   Land use transformation in Portugal.  The photograph shows Cistus plants growing on 
former agricultural fields that were eroded because of tillage erosion and overland flowl  

 

Figure 4.   Athens, near the Acropolis, showing how terraces are used to manage the growth of trees 
and created a cool micro climate in a hot City  
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Figure 5   Crete, showing how the agricultural areas in fact provide few benefits for the people 
because of the way the system is locked in to the global economy.   

 

Figure 6    Study tour in China showing how the landscape is being transformed from one that was 
degrading because of animals and deforestation to one that provides high income from tea and Citrus, 
as well as other things.  
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Elderly are considered as one of the most vulnerable groups in the society who suffer significantly from the undesirable 
consequences of a disaster such as an earthquake. An elderly person typically is defined as a person who is more than 65 years of 
age. Health problems, fixed incomes and lack of awareness about disasters are among factors which can contribute to the 
vulnerabilities of this group. Therefore, it is important to be supportive of older family members and become aware of some of 
their special needs and vulnerabilities in disasters as they may experience common reactions such as confusion, isolation, 
withdrawal, fear of losing independence, etc. In the meantime, it is presumed that there are groups of elderly, most probably 
women, who can provide psychological support to their members of family and neighbors in a disaster situation and afterward. 
The elderly, depending on their overall health conditions, along with the help of family and friends can probably plan for 
emergencies and share their disaster experiences as well as providing emotional support to the members of the family and 
neighbors. In this paper, an attempt has been made to study the vulnerabilities as well as possible capabilities of this special 
population in disaster situations. The paper also addresses the social, physical, and psychological vulnerabilities and cultural 
differences of the elderly people, especially those living in earthquake-prone countries such as Iran. It is hoped that the findings 
of this study can help in reducing the vulnerabilities of this group in the future disasters along with making them more aware, 
resilient and capable. 
 
Keywords: Resilience, Disaster Situations, The Elderly, Vulnerability, Earthquakes   
 
 
1. INTRODUCTION 
It is presumed that elderly, often defined as someone 60 or older (WHO, 2007), are among those groups in society which are 
under the threat of various vulnerabilities in disasters. There are two kinds of the elderly. One group belongs to those who can 
keep balanced and strong enough in order to handle the situation mentally, despite the occurrence of a disaster. In fact, not all old 
persons are vulnerable (Fernandez et al, 2002). Due to their experience, this group of elderly, most probably women, can provide 
psychological support to their members of family and neighbors in the aftermath of an earthquake. This group, however, can be 
also classified by age. The elderly between 60 to 75 ages may be able to support the family and friends psychologically after a 
disaster. Those who fit into age 75 or more are classified in the group whom may need assistance. In some countries, the elderly 
might be able to act effectively for a disaster. In Asia, older people play valuable roles as care givers and resource managers, 
while the knowledge they hold – of traditional survival systems, appropriate technologies, and alternative medicines – can be 
central to the development of community coping strategies in and after crises (Wells, 2005).  
 
In developing countries, “Active Elderly” is considered as one of the main factors for sustainable development. Japan, as one of 
the developed countries, benefits from the elderly capacities in spite of the growth in the number of elderly in the country. The 
elderly population in Japan is 27 Million people, which has the highest percentage of the elderly population in the world. In 
Japan, the capacities and experience of these old people are used even after their retirement. The average age of hope is 85 for 
women and 78 for men. The retirement in age 60 seems very early in the eyes of Japanese people. These elderly, along with the 
help of family and friends can plan for emergency situations, share their disaster experiences as well as providing emotional 
support to all members of the family and neighbors (Gholaamhossein pour, 2007).  

 
There are however, still a majority group of the elderly who are vulnerable and not strong enough physically and mentally to deal 
with the undesirable consequences of an earthquake. In fact, vulnerability is related to pre-existing chronic medical conditions 
and issues with mobility that are more common as people advance in age (Fernandz et al, 2002). Their problems with mobility, 
chronic medical conditions, lack or resources, and need for medication increases their vulnerability to disaster events (Tierney et 
al, 2001). These elderly may also hurt during earthquakes and experience the Post Traumatic Stress Disorder (PTSD) afterward. 
They may suffer from continuous psychological disturbances such as sense of helplessness and anxiety about their future. It is 
also very difficult for them to secure a place to live by themselves. Therefore, they need shelters and comfortable places which 
are designed for their use after the disaster. This group may need to have regular visits by mental health specialists in order to 
carry out mental support programs for them.  
 
In this paper, first the elderly needs will be addressed and the education and learning for the elderly will be explained briefly. 
Conclusions and recommendations will be provided at the end based on planning and post-disaster issues for the elderly. 
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2. ELDERLY NEEDS IN DISASTERS 
 
The elderly, as one of the major groups in the society which are under the threat of various vulnerabilities in disasters, have 
special needs (Gibson and Hayunga 2006, Ardalan et al 2010). Their main needs can be classified into physical, psychological, 
and social and cultural ones which will be discussed hereafter. 

 
2.1 Physical Needs  
 
Elderly individuals have different physical needs during and after a disaster, part of which is noted in this section. For example 
they are vulnerable to cold and heat. Many of them are oxygen dependent in emergency situations and they may even need more 
oxygen to breathe due to the shock they experience. Therefore, it is necessary to have spare Oxygen ready and go tanks in order 
to carry them to the allocated shelters with them. Another important necessity for them is their medicine to be at hand in case of 
emergency evacuation. Some of them might also suffer old age problems such as Alzheimer which make them feel disappointed. 
Some of the elderly also need special attention in evacuation process. Due to their severe contractures of the legs, arms and 
spines, it might not be easy to find a safe and proper position in a vehicle for placing them who are unable to bend. Therefore, 
special kind of equipment might be needed for this group of people especially during and in the aftermath of a disaster such as an 
earthquake.  
 
2.2 Psychological Needs 
 
Despite frequent physical frailty and lack of resources, older adults are often more mentally resilient in coping with disasters than 
younger people. However, in cases such as an earthquake, the elderly may be under the threat of various dangers. They may 
experience common reactions during and after disasters, such as confusion, isolation, withdrawal, fear of losing independence, 
and apathy or believing that they are too old to start over again and many other issues. As an example, elderly may be reluctant to 
leave their home for financial and psychological reasons, (Terry 1995, Gladwin and Peacock 1997). Those elderly, who have 
previously experienced disasters, may feel they can survive another in their own home, while others may have difficulties 
evacuating, or perhaps they are more isolated from information about the risks of not evacuating (Gladwin and Peacock, 1997; 
Fernandez et al, 2002). 
 
2.3 Social and Cultural Needs 
 
The cultural and regional needs differ in various countries. Planning for earthquake preparedness has to meet the cultural 
characteristics of target countries. In some cultures, many elders had no friends or family and are so debilitated they could not 
access the on-site services. Therefore, special disaster planning should be arranged for them in advance. In many developing 
countries such as Iran, where there are extended families and the elderly live with their children and grand children, they can 
handle the disastrous and chaotic situations in a more organized way and are able to receive or provide emotional support from 
and to the others. In addition, some elderly may need long-term assistance. In order to maintain this service to them, necessary 
measures should be planned in advance, for example to help older adults to locate and settle into appropriate housing (temporary 
or permanent) or accessing other services to resume normal life, Most often, the shelter residents perceive their social needs as 
important more than the other needs.  
   
 
3. EDUCATION AND LEARNING FOR THE ELDERLY 
 
So far, there have been various ideas regarding the adults learning. What has been in common in all these ideas is that this 
learning should consider adults themselves as well as their social and cultural environment. In fact, culture is the combination of 
knowledge, beliefs, thoughts, values, measures, etc that are in process in a special society (Jarvis, 2000). In addition to what has 
been said, education in general consists of various common factors which have to be considered in both adult and child education 
explained as follows: 

- The first factor that has to be considered is the physical and mental capacities. Generally these capacities are different in 
people and this difference is still under investigation with regard to age, learning speed, capacity in physical activity, and 
people’s knowledge. In adult education, this has been considered as an important point. Therefore, as mentioned in the 
previous section, the physical and mental needs and capacities of the elderly should be considered.   

 
- Motivation is another factor that has to be considered in education. The important thing is that creating motivation for 

preparedness and safety against earthquakes is not inherent in human beings and usually people prefer to ignore the disaster 
occurrences and relate them to factors such as fortune, etc. Therefore, in teaching about earthquakes and developing 
preparedness for encountering the consequences, the first step is to get prepared for this phenomenon.  Creating motivation 
in the elderly and maintaining it in all education stages is necessary and at the same time very challenging.  

 
- The third factor is continuity, that is, after creating motivation, there should not be a blank time. Continuous education 
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regarding earthquake and then indifference and silence until the next probable earthquake creates ongoing and unsustainable 
effects. With regard to this fact, the educational activities for the elderly should be designed in a way that after preliminary 
education, all the taught material can be repeated in a circular course. 

  
- Culture is another important factor in education. Usually in educating for preparedness against earthquakes, the experiences 

of other countries are considered. But what is mostly important is the adaptability of education and its content to the regional 
culture of the learners. In teaching the elderly, this factor is even more important than other issues. What is taught to the 
elderly as the educational materials should be consistent partly with their religious beliefs as well as customs and traditions 
of the society where they live.  

 
- Also in education, the participation of the learners is of great importance. In this kind of education, the learner is not the 

main receiver of the information and continuously contributes to the learning process. In all learning stages, the learner has 
motivation and at the same time his/her interest for learning and transferring what they have learned to others is increased. 
In teaching the elderly, this factor should be considered carefully. An attempt should also be made that all people be chosen 
based on their capacities and be given responsibility to become active in the teaching process.  

 
According to Chirico et al, previous studies have shown that the elderly group is interested in learning about effective strategies 
to eliminate risks associated with improved safety and disaster preparedness and that educational intervention are successful in 
increasing their knowledge. Therefore, initiating programs and activities and creating motivation in old people can be useful to a 
majority of this population in all phases of a disaster such as in planning or in post-disaster recovery stages.  
 
3.1 Disaster Planning for the Elderly 
 

As mentioned earlier, the elderly are extremely vulnerable to natural disasters, and may not be aware of the necessary 
measures for their own protection. One of the important steps for them is to get prepared for a disaster in advance by arranging an 
emergency preparedness kit as well as a disaster checklist. Emergency preparedness kits for the elderly are simple to compile. It 
contains a combination of necessary needs and tools which can be useful in the time of a disaster such as an earthquake. This kit 
should be available to use for all members of the family. The items in this kit can be varied to the special needs of the old people 
and can include food and water for three days, medicine (If the person suffers a special illness, the required medicine should be 
kept in the emergency kit, as well as the instructions for using them), blankets, portable radio, whistle, first aid kit, etc. An 
extended version of the emergency preparedness kit and the detailed checklist for the elderly can be found in (Izadkhah and 
Heshmati, 2010).   
 
3.2 Post-Disaster Reaction and Recovery 
 
Older adults can turn to familiar aging service providers for assistance following a disaster. In many countries, a special agency 
on aging or senior centers, can locate the older adult to verify his or her condition. The teams in these centers can find vulnerable 
elders, determine what they need, and match them with community resources and also set up one-stop disaster recovery centers, 
which can meet a variety of needs. Interruptions in taking certain medications after a disaster can exacerbate underlying chronic 
illnesses for the elderly. For example, older adults with dementia who do not take their medications are likely to experience 
additional confusion and fear. Recovering from a disaster can be as difficult for an older adult as surviving the disaster itself. This 
is especially true if the person has lost a home or possessions. In addition, the older person might be disturbed by lingering 
memories of the disaster. For a short period of time, most disaster victims will share the same emotions: disbelief, anxiety, 
depression, withdrawal, fear of darkness, and trouble sleeping. In case of evacuation, the elderly need more attention from the 
others. Some of them may still be in good physical health and be able to evacuate as soon as possible. Some though may need 
great attention and assistance from other members of the family or neighbors in the area.  

 
 

4. CONCLUSION AND RECOMMENDATIONS 
 
Although the physical vulnerability of the elderly limits their mobility and capacity to react in disasters due to their age 
disabilities, but it has been shown that elderly individuals are no more likely than those of other ages to suffer from posttraumatic 
stress disorder after a disaster. As many older adults have had prior experience in coping with disasters, they may be more 
prepared than younger people and be better able to offer advice and guidance to people around them. Therefore, they can provide 
psychological support. Still, as mentioned, despite the resilience of many elderly individuals, they are also susceptible to 
increased stress and reactivity to stress during and after a disaster. This study has shown that older people have distinctive needs 
that should be considered in case of a disaster. Common reactions caused or aggravated by disasters can include ‘depression, 
irritability, anger, trouble in sleeping or eating, and restlessness’ for the elderly. Identifying these problematic areas and getting 
assistance will help prevent larger problems in the future.  
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The chance of survival during the wait for emergency personnel can be increased through compiling earthquake disaster survival 
kits for the elderly. Emergency supply kits are simple to put together, but should contain items which can ensure comfort in 
emergency situations. Also, as the elderly are very receptive to learning, conducting appropriate courses which suits their 
conditions is very important. In educational programs for this group, all the effective factors in learning which was mentioned 
before, such as incentives, cultural issues, practices, etc should be considered thoroughly. Part of the needs including physical or 
emotional needs are the same for all the elderly, but part of the needs are different with regard to the regional, cultural and social 
diversities in each country or region. The media and tools that are implemented should suit their age. Furthermore, with regard to 
the fact that the elderly have more of leisure time, conducting related programs about earthquakes and performing drills for 
preparedness can provide them with necessary information in order to get prepared for coping with disasters. In the meantime, 
relief agencies should be more active in meeting the elderly specific needs in a disaster. In this regard, using community 
volunteers to provide door-to-door service would be useful to enhance the relief operation more effectively. Many elderly may 
lose their families in an earthquake, so they need special attention by the neighbors and the related aid agencies through a 
neighborhood network system. Therefore, local public and other special groups in the community have a responsibility to ensure 
that services provided to the elderly would enable them to respond to and recover from a disaster such as earthquake as quickly as 
possible.  
 
At the end, it should be noted that the literature on older persons in disasters is incomplete, especially in Iran. Therefore, 
additional studies are needed in the future to further assess the needs of the elderly as well as their families and caregivers in 
confronting and coping with disasters such as earthquakes. 
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ABSTRACT: The Ahar-Varzaghan double earthquakes happened in August 11, 2012 in north-west of Iran. There were two main 
tremors, the first with 6.2 happened only eleven minutes before the second one measuring 6.3 on the Richter scale. More than 
300 people lost their lives and 3000 got injured. In addition, 200 villages experienced severe damage. Evidences and reported 
observations from previous earthquakes in Iran have shown some significant shortcomings with regard to the information 
dissemination during and after earthquakes which has unfortunately been repeated and highlighted in Ahar-Varzaghan 
earthquakes. In this paper, positive and negative points of information dissemination in these twin earthquakes are discussed. The 
observation and interviews showed that the process of information distribution in disasters needs to be revised in order to 
transmit reliable and accurate news including the location and characteristics of an earthquake as well as emergency response 
activities. In addition, it helps for a more efficient and speedy relief operations after the disaster. At the end of the paper, 
recommendations are provided in order to reduce the human casualties in the probable future earthquakes. 
 
Keywords: Information Dissemination, Ahar-Varzaghan Earthquakes, Values, ABC of News (Accuracy, Brevity and Clarity), 
Media, IRIB  
 
 

1. INTRODUCTION 
 
Communicating with people through information dissemination is an important and necessary issue especially in disasters. When 
a large scale disaster strikes, obtaining many types of disaster information, such as that on damage and disaster countermeasures, 
is essential for enabling individuals to take appropriate action to ensure their safety and that of their families. Besides, the 
provisions undertaken for disaster management and public awareness, decision making, and resource optimization for logistics, 
the transfer of accurate, thorough and transparent information about the disastrous situation, the stricken area, the relief process, 
as well as needs of affected people, are among the most crucial issues that have to be considered. In this regard, the media, 
national and local governments, and related non-governmental organizations can play a vital role in keeping people informed 
during and after disasters.  
 
After an earthquake, it is necessary to determine the information about the place, magnitude, density and spread of the earthquake 
and to send it to responsible officials for decision making as well as taking proper measures. In Iran, this information is recorded 
by the seismic networks in Geophysics Institute of Tehran University and the Iranian National Broadband Seismic Network 
(INSN) of the International Institute of Earthquake Engineering and Seismology (IIEES). The recorded information is analyzed 
and reaches the officials through short messages or telephone calls.  
 
In Ahar-Varzaghan earthquakes, the initial news about the earthquake has been sent by the Geophysics Institute around 10 to 15 
minutes after the event and reached the managers and officials in the province. After 26 minutes, the location of earthquakes has 
been identified and 1.5 hours after, the first disaster management meeting has been held in the East Azerbaijian headquarters. It is 
in the next stage when the media usually starts their duty and with on time and correct information, show the importance of their 
role (Zare et al., 2013). In the next sections of this paper, the methodology and findings in regard to these twin earthquakes are 
addressed briefly. 
 
 
2. METHODOLOGY 
 
The information gathered in this paper is through document search and interview with the responsible officials after these 
earthquakes. The findings are based on the results of the internet search and interviews. The results will be discussed in the 
following section. 
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3. FINDINGS 
 
In these earthquakes, confusion, inability to identify the density of the earthquake and the insufficiency of media in presenting the 
news to the public was observed in the first hours after the earthquakes. After announcing the 6.2 and 6.3 Richter scale in 
Varzaghan by the Geophysics Institute of Tehran University, this news was broadcasted immediately. However, the news only 
was announced in the form of a title and did present a short summary of what has happened. This was criticized in the social 
networks and even by a few of the parliament representatives. The critics complained that the reported news mostly referred to 
analyzing other countries problems such as what was happening in Syria. Even a comic show was broadcasted one night after the 
earthquake from one of the TV channels. Despite these criticisms, the TV Broadcasting started to show related news only two 
days after the event (Farda Radio Broadcasting, 2012). 
 
In public information, there is a principle called “Speed of News” which is a main factor and if a source does not broadcast news 
immediately, other sources will win the competition and will be the main reference for that news. On the other hand, quick 
dissemination can be effective if the news be “accurate” or “clear”. That is a source can be successful in disseminating news if 
the broadcasted information include on time as well as accurate messages for public (Nasrollahi, 2011). In this regard, the 
following can be summarized as the Islamic Republic of Iran Broadcasting (IRIB) performance after these earthquakes:  
 

- Firstly, the initial news that was broadcasted was not “transparent” and “accurate” enough and only contained the 
announcement of earthquakes without addressing the magnitude and effects. In other words, the speed in spreading 
substituted the accuracy of the news.  

 
- Secondly, broadcasting regular comic shows from one of the TV channels at the time of earthquakes brought the performance 

of national broadcasting into a serious challenge. This performance humiliated the national pride and created a disaster worse 
than the earthquakes.  

 
- Thirdly, with regard to the fact that accurate news about earthquakes was broadcasted two days after the event, the principle 

of “Speed of information dissemination” became another crucial challenge. 
 
Another important issue is the dissemination of information about the effects of an earthquake. In this stage, media can obtain 
related news about the casualties and damages, safe evacuation, relief operations, etc.. and to disseminate it to the public in the 
affected area or neighboring cities. With regard to the importance that information dissemination about the effects of an 
earthquake has on the process of disaster management, relief operations, helping people and providing necessary items and 
materials to them, the role of media especially IRIB has a great effect on reducing the damage of an earthquake through public 
announcements. With regard to the broadcasted documents, unfortunately, the spread of news about the effects of these double 
earthquakes were not accurate. This fact slowed down the trend of public information dissemination and disaster management. In 
addition, people lost their trust to the broadcasted news. Also, the chaos and confusion ended up in traffic jam along the Ahar-
Varzhagan roads which created problems for relief teams to reach the stricken area. This is when in the Bam Earthquake in 2003, 
the IRIB played a significance role in mobilizing people to help the affected people (Baaztaab Website, 2012).  
 
It is also very important that the reported news comes from reliable sources and have real consistency. Based on interviews, the 
role of provincial (local) broadcasting (East Azerbaijan) was more apparent and acceptable. As was told by a responsible official 
in East Azerbaijian Province, the reported news of this broadcasting reduced the traffic jam with the assistance of the Red 
Crescent Society of the Islamic Republic of Iran (RCS) and Iran’s Islamic Revolutionary Guards (The Sepah Pasdaran) and could 
inform public about the existing situation. The role of “Nasr News” (http://nasrnews.ir) can be mentioned as a remarkable Iranian 
source which produced minute by minute information about these earthquakes immediately after the event. In the first week after 
the event, the reported news included 32 short and 5 detailed reports which were broadcasted through this network. This 
increased to 352 news, reports, interviews and notes in the first month after the earthquakes.  
 
 
4. CONCLUSIONS 
 
Although the role of information dissemination is effective and inevitable in all three stages before, during and after disasters, but 
the role of media and the spread of information is more highlighted during the occurrence of earthquakes. In the Ahar-Varzaghan 
earthquakes, the ineffective role of media and their partially improper action somehow resulted in a new disaster. With regard to 
the issues stated earlier in this paper and the process of information dissemination in these earthquakes, the following can be 
concluded:  
 

1) On time dissemination of information about the occurrence of the earthquake and its characteristics have been taken place 
for the twin Ahar-Varzaghan earthquakes. As a comparative analysis to the similar earthquakes such as Bam and 
Roudbar-Manjil, the performance of seismic networks in the country has increased in the recent years.  
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2) Quick and on time Information dissemination regarding the effects of Ahar-Varzaghan earthquakes have been weak and 
reveals that a quick system for estimating the casualties and damages need to be reinforced. It also shows that media 
specially broadcasting media has not paid much attention to the accuracy of the disseminated news. The broadcasting of 
news is immediate, but its accuracy is under question.   

 
3) With regard to the experience of twin Ahar-Varzaghan earthquakes and comparing the process of information 

dissemination between national and local networks, the latter showed a quicker and more effective performance than the 
national networks. 

  
4) The information about the effects of earthquake was not enough and this issue opened the ground for the performance of 

the unofficial sources as well as the spread of rumors in the area. 
 

As was observed, in these earthquakes, the lack of two main principles of public information dissemination that is “speed” and 
“accuracy” resulted in inappropriate emergency response and confusion of decision makers in managing their plans and 
objectives. It is hoped that in the future probable earthquakes, these two principles be considered in order to reduce the casualties 
and damages. It also helps to prevent the spread of rumors in the affected area. This is when the public can trust to what news 
reports them about the disaster. More detailed study on the role of the media in earthquakes is recommended. Training the 
reporters for producing more accurate, relevant and transparent news after disasters is also suggested.  
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ABSTRACT: While resilience has been recognized as a viable and holistic concept in disaster risk reduction (DRR) and climate 

change adaptation (CCA), applying a resilience lens on community-based projects has long been neglected.  

The Swiss NGO DRR Platform, a network of practitioners in the field of DRR and CCA, has developed a practice-based 

approach to community resilience that is presented in this session and illustrated by case studies.  

Community resilience is understood as a set of capacities enabling a community to absorb and recover from shocks, adapt and 

maintain the wellbeing when under stress and to transform itself to survive (or thrive) under radical change. The approach to 

community resilience takes a system perspective and identifies entry points for resilience through so called building blocks such 

as Values and Attitudes, Knowledge and Learning, Institution and Processes, Access to Assets and Resources, and Infrastructure 

which altogether shape a community. These are embedded in a complex environment and exposed to multiple risks. In order to 

strengthen the capacities needed for resilience, these building blocks and the community’s linkages to the environment need to be 

enabled to which project interventions in risk reduction can contribute. The framework can be applied in the field  and may be 

used for project planning, during implementation and for evaluation. Case studies from different organizations will provide 

insights and illustrate the joint approach of the Swiss NGO DRR Platform.  

Keywords: community resilience, framework, practice-oriented, NGO. 

1. INTRODUCTION 

The concept of resilience has been applied extensively in the field of disaster risk reduction (DRR) and climate change adaptation 

(CCA). Recently, approaches to community resilience have emerged that tackle the field of operation of civil society 

organizations.   

A resilience lens in projects and practical work of NGOs offers a systemic perspective on communities and project interventions. 

The Swiss NGO DRR Platform presents their approach to community resilience that builds upon three core capacities and five 

community building blocks that need to interact. Based on this framework, characteristics of a resilient community can be 

identified, based on the working definition by the Swiss NGO DRR Platform: “A resilient community is a social entity that is 

able to absorb and recover from shocks, to adapt to and manage change and to transform itself in a way that its social cohesion 

is maintained and the basic needs of its members are met without compromising their long-term prospects.” 

 

2. APPROACH TO RESILIENCE 

We understand communities as a system in the sense of a unit with 

own organising principles, structures and processes in distinction 

of their environment, e.g. on the village level. For a community to 

be resilient, a set of capacities is necessary, enabling them to 

withstand, absorb and recover from shocks and adapt and 

transform in response to changing environments. In absence of 

these capacities, communities are less flexible to anticipate and 

respond to a hazard or change their practices in face of climate 

change, conflicts or other risks and suffer thus greater damage and 

take longer to recover or even collapse when unable to keep path 

with ongoing changes. 

So what do we understand by these absorptive, adaptive and 

transformative capacities? 

Absorptive capacity: the ability to cope with and absorb the effects of shocks and stresses. Absorbing a shock and responding to 

it often goes hand in hand with predetermined coping strategies. Absorption restores the status quo (persistence) by moderating 

or buffering the impact of shocks and stresses on their livelihoods. Absorptive capacity thus is often described with the term 

Fig 1: The three “resilience capacities”, adopted from 

Bene et al. 2012 
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“bounce back”. Absorptive capacities can  encompass characteristics such as robustness, a resource and capital base (social, 

financial, physical, natural, human), redundancy and quality of structures, clear organization and responsibilities, social support 

and experience. With regard to disaster- and climate risk contexts, absorptive capacities , absorption can entail keeping food 

stocks, water-proofing documents, storm-proofing houses, relying on community task teams etc.   

Absorptive capacities alone may fail however in the light of long-term changes and increased uncertainty and need to be 

accompanied by adaptive and transformative capacities to sustain functions or even thrive in anticipation and reaction to changes.  

Adaptive capacity refers to various “adjustments that people [or communities] undergo in order to continue functioning without 

major qualitative changes in function or structural identity” (Béné et al. 2012: 22). These rather incremental adjustments are long-

term oriented, can happen at various scales and often happen both in reaction to known and in anticipation of uncertain risks. 

Adaptation happens less often to a specific stressor than to a combination of many, interlinked risks of shifts and shocks. 

Adaptive capacities enable a community to moderate potential damages, to take advantage of opportunities – to bounce forward 

through incremental adjustments. This requires flexibility, the ability and willingness to adopt changing practices and to learn, 

creativity and also a resource and capital base that facilitates the transition phase. In the light of climate change and disaster risks, 

this encompasses adopting new farming techniques, change existing practices e.g. improve efficiency of water use, identify new 

sources for water (e.g. rainwater harvesting), diversify the livelihood base (e.g. supplement farming gradually by non-farming 

activities). Adaptation is a process that happens over time and mostly alongside slow-onset changes that often cannot be 

attributes to a single stressor and which do not require abrupt changes.  

Transformative capacity is most probably the most difficult dimension to tackle since it involves fundamental changes that affect 

core structures, identities and processes within the community. Transformation becomes necessary if predefined coping strategies 

or incremental adjustments may not be sufficient. Transformative capacity describes the ability to create a fundamentally new 

system when ecological, economic or social structures make the current system untenable (Bené et al. 2012). This shift can be 

deliberate, e.g. the fundamental change of community governance structures or imposed by social, economic or environmental 

constraints. Transformative capacities requires a combination of technological innovation, institutional reform, behavioural shifts 

and questioning of values and more often than not a certain pressure for change, a trigger. Particularly with regard to conflict, 

resilience often has a connotation of strong transformative capacities, questioning existing power relations and structures and 

proposing new, possibly conflict-resolving strategies. 

Resilience is also a question of scale: When looking at the three contexts, the transformative behaviour of some (e.g. migration in 

response to a major drought) can strengthen the absorptive and adaptive capacities of the remaining population in the area. In 

reality, many different shocks occur simultaneously and impact on a community differently requiring a different combination of 

absorptive, adaptive and transformative capacities on different scales. In our work, building resilience thus requires to strengthen 

all three capacities together and address them at multiple levels, ranging from individual and household to community and local 

and national government. Certainly, this is not an easy task and should be understood as a longer term process. However, when 

aiming at resilience-building we should keep these factors in mind.  

3. BUILDING BLOCKS & THE ENVIRONMENT 

 

 

 

When we look at community resilience, it provided useful to 

take a look at so called “building blocks” of this entity, which 

are oriented towards the capitals in the Sustainable Livelihood 

Framework, bringing them from the household to the 

community level. 

Further, each community is embedded in a complex 

environment, which we also depict in our framework. 

 

 

 

 

 

Fig 2: Resilience Model of the Swiss NGO DRR Platform 
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Assets and resources (financial and natural capital: access to nutrition, land, water etc.): Which assets and resources are at 

disposal of the community and its members? How is access to them shaped or reorganized?  

Infrastructure (physical capital: critical infrastructure like lifelines for water, electricity, sanitation): Which (critical) 

infrastructure is available and what is its quality? By whom is the infrastructure provided, owned and maintained (e.g. public, 

private sector, population, donors, etc)  

Institutions & Processes (human capital: groups, organizations, governance mechanisms): Which institutions, persons and 

organizations are important in normal times? Who are the most important persons during disaster/crisis? How are different 

processes managed and who takes the decisions in the community?  

Knowledge & Learning (human capital): How is knowledge generated, stored and passed in the community? Who are the key 

carriers of knowledge? Which practices have a long history, which other practices have only been recently introduced?  

Values & Attitudes (social capital): social cohesion, beliefs, identification with the community): Which values and attitudes 

guide the community members? Which of these are strongly rooted in the community? 

Acknowledging that a community does not function in a vacuum, the context in which it is embedded is crucial for community 

resilience. The natural environment can offer resources but also presents threats through hazards. The state presents an important 

environment, with its rule of law, governance structures and the provision of crucial services to the community. A good 

connection to local and even national authorities facilitate access to resources, support and security. If these linkages do not exist 

or the state functions are not provided, this creates serious challenges for building resilience – and requires innovative and 

creative approaches. Markets and the economy shape the capacities of the community in manifold ways. Global economic trends 

such as price fluctuations for staple food or local produce can seriously undermine coping capacities with shifts and shocks. On 

the other hand, reliability on access to local and/or global markets can create new opportunities in the communities enhancing 

absorptive and adaptive capacities. Thus, to conclude, an enabling environment is of core importance when approaching 

community resilience. 

5. CONCLUSIONS 

Resilience is a systemic concept and strengthening resilience in a project calls for a thorough understanding of linkages across 

scales, building blocks and the environment in which community members are embedded. The session therefore shares insights 

of good entry points of building resilience in three different community contexts with the help of a jointly developed framework 

for community resilience.  

While each of the case studies shows individual focal areas, soft resilience characteristics such as diversity, flexibility and social 

cohesion are the common thread across all fields, joined by robustness and redundancy.  

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

While single interventions can foster the conditions for community resilience, local action and sustained mobilization of 

resources and commitment from the communities are crucial for long-term resilience building. The recognition of the importance 

of local action and governance in risk reduction thus needs to be acknowledged in the post-2015 framework for disaster risk 

reduction.  
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ABSTRACT: This article reflects on the opportunities and challenges of the resilience approach in practise. It identifies five main 

lessons based on the experiences and perspective of 13 local organisations and their Advisors Volunteer (AV‟s) in eight countries 

in Africa and Asia that were part of a capacity strengthening program led by ICCO Cooperation. The first lesson is the conceptual 

confusion regarding resilience as a goal (an end in itself) or as an approach (a means to an end). The second lesson is that 

inadequate linkages between the various realities that NGOs face, such as their thematic areas of work and funding architecture, 

often do not facilitate integrative approaches. Thirdly the importance of analysing the motivation behind adopting a resilience 

approach is emphasized. Fourthly it is questioned whose „responsibility‟ it is to enhance resilience and the significance of 

governmental and institutional commitment in this respect. Fifthly the realities from the field show that gaps in organisational 

and communities‟ knowledge, skills, capacities and resources can hinder the implementation of the approach. At the same time 

this signals the need for networking and partnerships with others to be able to reach resilience in reality. It can be concluded that 

a resilience approach can provide an added value, but there is no one size fits all approach.  

Keywords: Resilience, Disaster Risk Reduction (DRR), realities, governance, community. 

1. INTRODUCTION 

Practitioners are increasingly supporting the idea of taking preventive, integrated and holistic approaches towards a diverse range 

of hazards. These include both natural hazards like drought, earthquakes and flooding and man-made hazards like violence, 

ethnic tensions and conflict. These hazards may result in both large scale and small scale disasters. It is increasingly 

acknowledged that small-scale recurrent disasters that do not get the attention of (inter)national media significantly impact the 

resilience of local communities.1 Resilience approaches aim at enhancing the ability of people, communities and societies to deal 

with risks in their environment; by coping with, adapting to and transforming hazards and their root causes.2 Reviewing literature 

it immediately becomes evident that the concept of resilience is far from novel and has been developing over time.3 Non-

Governmental organisations are gradually taking a “resilience approach” on board and are applying it in practice. Although 

working on strengthening resilience seems useful and relatively straightforward in a theoretical sense, numerous challenges are 

encountered when applied in daily practise. The objective of this extended abstract is to present lessons learnt obtained from 

practise and participatory research and thus identifies both opportunities and challenges.  

This article presents the realities of resilience from the perspective of thirteen local organisations and their fifteen Advisors 

Volunteer (AV‟s) in eight countries in the Global South, gained during an ICCO Cooperation led pilot project (2012-2013) co-

funded by the EU. The ICCO project aimed to contribute to improved preparation of communities living in areas prone to 

hazards and to strengthen emergency prevention and mitigation activities, resulting in more resilient communities. It was 

executed with existing local partners of ICCO Cooperation, FCA and DECCB-CHDA in eight different countries in Africa and 

Asia. These included: The Democratic Republic of the Congo, Ethiopia, Uganda, Liberia, Bangladesh, Cambodia, Indonesia, and 

Nepal. Depending on the country and region the organisations are struggling with various natural and man-made hazards. 

Examples are flooding, tsunamis, droughts, environmental degradation, cyclones, glacial lake outburst floods, landslides, fires, 

epidemics, diarrhoea, malaria, HIV and AIDS, ethnic tensions, and conflicts. 

The findings are predominantly based on the outcomes of 3 face-to-face meetings with the advisor volunteers, a survey among 

the 15 AV‟s and their 13 local partner organisations, and the study of documents. This includes reporting information from the 

project for example: mid-term and final evaluation reports, skype meetings, webinars, monitoring visits by staff, focus group 

discussions, workshop sessions with the AV‟s, an online wiki platform, Facebook group discussions, and blogs. The article 

discusses the five key findings on the opportunities and challenges of resilience in daily practise.  

 

2. REALITIES OF RESILIENCE DIFFER 

The findings of the program clearly point out that realities of resilience differ across communities and organisations. Contexts 

differ greatly in terms of the hazards that are faced, communities and its members differ in their risk perceptions towards these 

hazards, the institutional and governance settings differ, the number, type and approaches of present stakeholders differ, etc. In 
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short every reality of resilience demands its own context-specific approach. This paragraph describes the five main lessons 

learned on strengthening resilience from the pilot project led by ICCO Cooperation.   

 

Lesson 1: There are multiple interpretations of the concept of resilience. Stakeholders often have a specific scope or thematic 

focus and interpret and absorb resilience from that perspective. This is not necessarily good or bad. However, it is important to be 

aware of this in order to support and collaborate with the specific organisation.  

Conceptual confusion can arise from the fact that resilience can be regarded as the goal (an end in itself – a quality characteristic) 

or as an approach (a means to an end). Furthermore as a broad approach, resilience risks to get interpreted as being „everything 

and nothing‟. Often in discussing with organisations it becomes clear that they are already implementing several interventions 

and approaches that can be categorised as strengthening resilience. Relevant questions to discuss with organisations when 

working on resilience are: What do we include in terms of practical approaches to have a risk focus? What are we already doing 

and what should we add to the current approach? There is no single answer to these questions. This is context and organisation 

specific. Depending on the organisations scope of work and thematic focus and the levels of risk, organisations should decide on 

the meaning and implications of the resilience approach for their daily work. 

Lesson 2: The resilience approach has the potential to bridge different fields, which currently often still work as silo‟s.  

The segregated policy and funding architecture does not facilitate and often impedes integration between different fields like 

Disaster Risk Reduction (DRR), Climate Change Adaptation (CCA), ecosystem management and restoration (EMR), 

development, emergency response and conflict prevention. Resilience does offer local organisations and other stakeholders 

opportunities for integrated approaches and bridging of gaps and fields. However, organisations can find it challenging to see 

how to address the complexity of the world at once and work with holistic approaches. Since the resilience approach is new, it 

still lacks well researched and documented ways to translate it into practice by offering integrated resilience tools that are easily 

applicable in practice. 

Lesson 3: Reflect on and determine the motivation behind the approach and what added value is expected from the resilience 

approach for communities and organisations. 

The third lesson relates to the need to analyse the motivation behind adopting the resilience approach. In theory the resilience 

approach ensures that programmes and strategies address the main risks in a certain context and are truly based on the 

communities‟ needs and thus lead to sustainability. Numerous organisations have adopted the approach because of a genuine 

belief in the added value of an integrated and holistic strategy. However, this genuine belief in the approach is not always there. 

Reflections from the field also show that the reason for adopting the approach can be made without proper understanding of its 

meaning and implications or even worse because the donor demands it. Understanding the motivation of organisations to adopt 

resilience will facilitate  

 

Lesson 4: Reflect on and determine who is responsible for enhancing resilience, and realise that goals cannot be achieved without 

explicit institutional commitment and systematic efforts of relevant stakeholders, including all government levels. 

The experiences from the pilot project show that many projects and local initiatives are well-intended and valuable but that for 

the resilience approach to be effective a focus on the organisational level is not enough. Without resources or a caring 

government, it is challenging to work together and take mutual responsibility for risks. The resilience approach requires broad 

processes of change, including at policy and (higher) institutional levels. Goals cannot be achieved without explicit institutional 

commitment and systematic efforts of all relevant stakeholders to implement the approach. However, getting various institutional 

actors on board and encouraging them to take responsibility is very challenging, especially in „fragile states‟. 

 

Lesson 5: The resilience approach is also a matter of time and resources. Communities should be the driving force of the 

approach but they also require additional support in terms of (access to) knowledge, skills, capacities and resources.  

Furthermore the tension between integrated approaches and specific organisational expertise/capacities should not be overlooked 

in this respect. Integrated approaches thus require networking and partnership with others. It is important to be aware of the 

tension between integrated approaches and specific organisational expertise/capacities. Organisations should stick to what they 

are good at. However, they should focus on all potential harmful risks and identify other stakeholders in or beyond their network 

to cover identified issues/gaps that lay outside their area of expertise. Integrated approaches require networking and partnership 

with others.  

 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

This paragraph reflects on the added value and implications of the 5 main lessons learned for the post 2015 framework for 

disaster risk reduction.  

Lesson 1: The future framework should make use of the potential of the concept of resilience and promote integrated approaches 

towards disaster risk reduction. At the same time it is important to redress the conceptual confusion around the term resilience. 
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The future framework should promote integrated resilience programs. Resilience should be made more tangible by having 

concrete programs and activities on resilience that make a difference and make clear to people on the ground what resilience is 

about. Ensure that the programs are context-specific and owned by local people through the use of participatory approaches, 

involving stakeholders at different levels from community to national governments. The future framework should support 

learning and documentation on such resilience programs by actively involving civil society in these efforts.  

Lesson 2: The future framework should work on better integration of funding streams and more flexible funding schemes to 

facilitate the use of integrative approaches. Realize that all organizations and institutions, both donors and NGOs, have their own 

perspective, background and historical experience that determine how they will interpret resilience. Flexibility is a key 

characteristic of resilience. Therefore the framework should promote an open attitude towards resilience at all levels, in other 

words promoting that all actors involved are somewhat flexible in their way of working to accommodate allowing for tailor-made 

support and funding towards organizations to achieve truly integrative resilience approaches.  

Lesson 3: With reference to the motivation to adopt a resilience approach and added value of resilience, the future framework 

should prevent that resilience is becoming a new fashion word only. Resilience should have and remain to have true meaning in 

the different local settings. It is therefore important that the future framework promotes that resilience is defined in the local 

setting in a way that identifies its context-specific interpretation, interventions and approaches.  

Lesson 4: The future framework should promote a balanced taking of responsibilities by all actors involved. The future 

framework should have clear accountability and transparency mechanisms across sectors and institutional scales. The actions of 

governments and other actors to reduce disaster risk must be consistent with legal obligations to respect, protect and fulfill 

universal human rights. Existing international legal obligations and associated national legislations should form the non-

negotiable normative basis of a post-2015 DRR framework. Within societies, this will require actions across rights holders and 

duty bearers to address structural inequalities, exclusions and injustices that marginalise certain groups and reinforces differential 

vulnerability – for example ensuring people can participate in political decision-making processes and have access to the 

necessary natural, economic and social resources 

Lesson 5: The future framework should promote people-centered approach. A people-centred approach puts at-risk men and 

women (as the primary bearers of risk) at the forefront of global efforts to strengthen resilience. In this respect it is also important 

that the future framework is relevant to both large and small-scale disasters. Small localised “everyday” disasters account for the 

majority of losses in terms of social, economic and environmental assets. The focus on the future framework should be to start 

from the real experiences, needs, realities, concerns, local wisdom and solutions of affected populations to strengthen resilience 

of communities.  

 

5. CONCLUSIONS 

Evident from literature is that an approach to strengthening resilience makes sense in the humanitarian and development arena. 

The experiences of the AV‟s and the local organisations they worked for, show there is no blueprint or a set formula that allows 

for resilience building to be applied in every context. Moreover, they show a multitude of approaches by local organisations to 

either deal with resilience separately or to bring it into the „mainstream‟ of analysis, design, monitoring and evaluation, efforts 

and activities.  

It can be concluded that a resilience approach can provide an added value but: it requires understanding and taking action on risks 

in a holistic manner; it requires working in an integrated and complementary fashion; it requires a feeling of ownership; it 

requires dealing with uncertainty; it is a long-term process; it is context-specific and requires on-going attention, resources, 

knowledge, skills, capacities, and political support, will and dedication. The added value of striving to increase people‟s, 

communities‟ and societies‟ resilience lies in reducing uncertainty, building confidence, cutting costs, and, most importantly, 

saving and improving lives and livelihoods. When disaster risk is on the rise, it is time to turn words into action and to make 

enhanced resilience into a reality. 
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ABSTRACT: People with disabilities global prevalence is - according to World Health Organization (WHO) World Report on 

Disabilities- 15%, one thousands million people live with any disability and 3% of them have severe functioning problems. 

According to the classification of functioning, disability and health, functioning of a person with disability will be negative 

affected when facing barriers, if this happens in an emergency survival opportunities will decrease and risk of injury will rise. 

Architectonical barriers and cultural ones make people with disabilities the most vulnerable population. The goals are a) to 

reduce emergency risk to people with disabilities, b) to render disabilities and inclusion indicators based on Classification of 

Functioning, Disability and Health ICF, c) to decrease injuries, and e) to reduce new disabilities to happen as a consequence of 

emergencies. To make substantial progress towards a world safe for all, disabilities and inclusion indicators must be used to 

assure every component of emergency management to be inclusive for all. Current paper offers disabilities and inclusion 

indicators (quantitative and qualitative ones) and tools such as the inclusive index calculation matrix, all of them based on the 

ICF for generating inclusive emergency management produced through documental revision, primary and secondary sources 

consultation and expert validation, establishing ICF scientific validity as a source for Disabilities and Inclusion indicators 

production. 

 

Keywords: Indicators, Vulnerable populations, Disabilities, Disasters 

 

1. Introduction 

 

People with disabilities are more vulnerable to disaster because of architectonical, cultural and technological barriers. To reduce 

Disaster risk for People with Disabilities all these barriers must be eliminated / reduced and every procedure belonging to 

Emergency Management and Disaster Risk Reduction (DRR) must be inclusive.  The Hyogo Framework for Action (UNISDR, 

2007:25)  did not address People with Disabilities directly, that is why full inclusion of People with Disabilities as a Target 

Population with Goals and Indicators is a must from ethical and rule of the law perspectives, since the very Universal Declaration 

of Human Rights (UN General Assembly: 1948)  declares all humans beings are equals in rights and dignity, and the 11th article 

from de International Convention of the Human Rights of People with Disabilities (UN General Assembly: 2006) addresses the 

necessity of People with Disabilities protection during disasters  

 

1.1. Classification of Functioning, Disability and Health as an important scientific contribution for practical tools, 

standards and indicators making for a Post 2015 agenda 

The very first concept to be cleared is the concept of disability. Its conceptual framework came from the International 

Classification of Functioning, Disability and Health, known more commonly as ICF; it provides a standard language and 

framework for the description of health and health-related states. ICF is “a multipurpose classification intended for a wide range 

of uses in different sectors” (WHO, 2001). What makes ICF useful is that provides classifications of health and health-related 

domains that describe changes in body function and structure, and what “a person with a health condition can do in a standard 

environment (their level of capacity), as well as what they actually do in their usual environment (their level of performance) and 

societal perspectives by means of two lists: a list of body functions and structure, and a list of domains of activity and 

participation (WHO, 2001). In ICF, the term functioning refers to “all body functions, activities and participation, while disability 

is similarly an umbrella term for impairments, activity limitations and participation restrictions” (WHO, 2001). ICF also lists 

environmental factors that interact with all these components, being that the key factor of ICF as a framework suitable to make 

disabilities indicators to facilitate Inclusive Emergency Management. Because the fact that humankind is diverse in nature, all 

kinds of body structures exist. The ICT is linked to emergencies by the Environmental Factor and the individuals’ performance. 

 

1.2. Contextual factors 

 

In ICF disability and functioning are viewed as outcomes of interactions between health conditions (diseases, disorders and 

injuries) and contextual factors. Among contextual factors are external environmental factors (for example, social attitudes, 

architectural characteristics, legal and social structures, as well as climate, terrain and so forth). Because of these characteristics 

above mentioned, ICF clearly renders conceptual framework to deal with emergencies, disasters and policy making, rendering 

DRR indicators and standards, allowing to incorporate disabilities as a variable. ICF applied to DRR works as follows: 

functioning of a person with disabilities will be negative affected when facing barriers, if this happens in an emergency survival 
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opportunities will decrease and risk of injury will rise. To reduce/ eliminate cultural barriers community must be educated about 

disabilities, inclusion and DRR. To deal with Urban Architectonical barriers, they must be removed and built with universal 

design whenever it is possible (if not, accessibility must bet adapted).   

 

 

1.3. People with Disabilities as an important Target Population 

 

 

Diversity is a constant to humankind; we have different height, weight, color of eyes, and hair among other characteristics. 

Human Body structures and functioning are diverse and would be changed due to environmental conditions (physical, cultural 

conditions among others) as it is explained by ICF. People with Disabilities have needs that can be classified into two categories; 

a) Adapted Common needs: needs that are the same of the rest of population but need to be adapted in a way that allow these 

needs to be met. E.g. all human beings need to have access to water, but if emergency kits contain many different cans with 

different emergency products. So, a person with total or partial blindness needs the cans to be labeled with Braille text to be able 

to meet their need of water (or other substance needed without wasting time or having risk), b) Exclusive needs: it refers to needs 

that belong only to people with disabilities. E.g. a person who is a wheelchair user and his/ her wheelchair is render useless due to 

damage produced by a disaster (earthquake, fire, and flood), would need to have his/ her wheelchair repaired/ replaced as soon as 

possible in order to have movement capacity. 

To meet the above mentioned needs, People with Disabilities need to be recognized as an important Target Population. To 

correctly meet above mentioned needs, goal, standards and indicators based on ICF must be used. Indicators of that kind must be 

part of every measurement, activity, stages of DRR and Emergency Management in order to make all aspects inclusive and to 

have data that help to ensure no one is left behind due to any kind and grade of disability.  Statistical follow up of how people 

with disabilities are affected by disasters are needed to measure factors and variables such as morbidity rate, injuries, new 

disabilities produced by the disaster among others. Having hard data is needed in order to make policies based on evidence. 

Qualitative approach is also needed in order to understand and for the systematization of community experiences, culture and 

ancient wisdom from elderlies and old traditions, integrating disability for a deep cultural change of paradigm towards a safer 

world for everyone.    

 

 

2.1. Goals for Inclusive Emergency Management and DRR 

 

 

Without clear Goals no real and serious improvements for people with disabilities in DRR can be achieved. Goals have to have to 

distinct characteristics; a) to be linked with all the goals to be set in the post 2015 Agenda, and b) To meet the very needs of 

people with disabilities related to DRR. The goals proposed in this paper follow ICF epistemic and ontological approach.  

 

Goals; a) To increase People with Disabilities involvement in DRR policy making, following the core spirit of the Independent 

Living Movement “nothing about us without us”, b) To decrease negative side effects of disasters in people with disabilities, c) 

To eliminate all kind of barriers that affect people with disabilities functioning related with disasters, d) To produce effective 

protocols to face disasters protecting people with disabilities, e) To reduce/ avoid new disabilities to affect population due to poor 

and non-inclusive DRR 

 

 

2.2 Guiding principles and standards production 

 

The Guiding principles proposed follow a methodology to produces standards made from guiding principles. The Guiding 

principles are depicted in a chart below. 

 

Guiding principle  Definition  

Inclusion  "It's the assessment of diversity expressed through equal individual and collective rights, being the 

ability to perform an action or activity without the need of third parties intervention or at least with 

little intervention from others (strengthening independent living). 

Guiding principle Standards  

 All content produced on the DRR shall be designed for sensory diversity, both sight and hearing 

disabilities, counting on at least two specific measures to facilitate the full participation of people 

with sensory disabilities into DRR 

All DRR component must include, form its blueprints, universal design, counting on at least two 

specific measures to facilitate their full usage of safety zones and evacuation ways by people with 

disabilities 

All the above mentioned standards must be adapted for people with intellectual disabilities 

All DRR component must be friendly for people with psychological disabilities   
Chart 1 “Inclusion based standards” 
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Guiding principle  Definition  

Autonomy   "It's the capacity of human beings to enjoy the capacity to fulfill their own volition" 

Guiding principle Standards  

 All DRR proceedings shall be designed counting on at least two specific measures to facilitate 

people with disabilities interaction related with DRR with little or non-dependence on others help   

All DRR planning must include, form its initial design, the participation of people with disabilities  
Chart 2 “Autonomy based standards” 

 

 

 

2.3.  Disabilities measurement tools and Indicators  

 

The very core of Disabilities Indicators consist of Inclusive Emergency Management employs indicators of inclusion of the 

disability variable in each component and activity associated with emergency plans (in all the stages involved in DRR and 

Emergency Relief), it aims to create arrangements established to engage the efforts of the State, voluntary and private agencies 

and the community, Indicators belong to both categories; quantitative and qualitative ones. The measurement tool designed to 

measure how inclusive a procedure, structure, policy and the likes, is called Inclusive Index Calculation Matrix. Indicators herein 

provided are but an example to provide a short guidance. Indicators; a) Total number of DRR policies with participation of 

People with Disabilities in relation to Total number of  DRR policies”, b) “Total number of Inclusive Safety Measurement in 

relation with Total number of Safety Measurement”, c) “Total number of Emergency Response personnel trained in People with 

Disabilities Emergency Attention in relation to Total number of Emergency Response personnel” and d) "Total number of 

infrastructure rebuilt with universal accessibility in relation to total number of infrastructure rebuilt" among others 

 

3.1. Inclusive Index Calculation Matrix (IICM) 

 

This methodology is based on the International Classification of Functioning, Disability and Health. It works on environment 

aspects. It is not designed to evaluate Peoples with disabilities’ skills; it is designed to measure how inclusive a place, procedure, 

methodology or a technology is. It can be used in the whole project cycle to make Inclusive Emergency Management possible 

(KAISER, Carlos et al 2010). 

 

 

3.2. Calculation of inclusion index 

 

The calculation variables of inclusion index re: 

•Autonomy: the ability to perform an action or activity without the need third parties intervention (strengthens independent 

living). 

•Dignity: design procedures, technology usage, spaces designed to be used protecting the respect due to every person, avoiding 

situations that might be uncomfortable threatening individual dignity. 

• Security: the presence of protective factors (physical and / or social) that prevent or decrease the risk of accidents and / or loss 

of functionality. 

• Reasonable time of usage: time of usage of a given facility, furniture, technology or a procedure should be optimally the same 

time required by any user. Inclusion Index is calculated in a five point scale that ranges from 0 to 4. Scale 0= no restriction, 1= 

little restriction, 2 = restrictions that makes people with disabilities need moderate help, 3= restrictions that makes people with 

disabilities need heavy help, 4= heavy restrictions that make participation almost/ if not impossible 

 

3.3. Abbreviations and Acronyms 

DRR: Disaster Risk Reduction 

HFC: Hyogo Framework for Action 

ICF: Classification of Functioning, Disability and Health 

IICM: Inclusion Index Calculation Matrix 

UNISDR: United Nation International Strategy for Disaster Reduction  

WHO: World Health Organization 
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4. Added value for the post 2015 framework for disaster risk reduction 

The main added value for the post 2015 framework for disaster risk reduction of current paper are: a) the usage of the ICF as a 

scientific working framework that enable decision makers to have tools based on science, b) another contribution is to link two 

important movements created by two UN agencies with a framework suitable for both of them being Resilient Cities from 

UNISDR and Safe Communities from WHO, making coordinated efforts towards full inclusion of persons with disabilities in 

DRR easier to be carried out c) the presence and development of standards and indicators as a contribution to ensure high quality 

DRR, making impact of DRR policies easier to be carried out 

  

5. Conclusion  

According to the classification of functioning, disability and health, functioning of a person with disability will be negative 

affected when facing barriers, if this happens in an emergency survival opportunities will decrease and risk of injury will rise. 

Architectonical barriers and cultural ones make people with disabilities the most vulnerable population. Joint and coordinated 

action of different level organizations related to DRR with inclusion of Disability variable is needed to ensure a safer world for 

everyone. Scientific framework provided by ICF will be useful to achieve an inclusive Post 2015 framework for disaster risk 

reduction 
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ABSTRACT: Weather related factors play a major role in triggering of landslides in Norway, in particular for debris- and 
mudflows. Due to climate change, both the intensity and frequency of landslides are expected to increase in the coming years. 
Meanwhile, demographic changes and urbanisation are contributing to increased exposure in many landslide-prone areas. This 
paper presents the Norwegian initiatives made for adapting to the coming situation. In addition to making an overview of existing 
and forecasted landslide risk situation in Norway, the paper presents past, present and planned research on this topic, and 
describes the Norwegian regulations dealing with landslide risk.  
 
In Norway the effect of climate change with regards to landslide risk is studied in a number of research projects, both taking 
place at an international level (e.g. SafeLand, MATRIX), and at a national level (GeoExtreme, InfraRisk, NIFS). In the EC-
funded research project SafeLand, the landslide risk was found to be increasing in the coming years, both due an increased hazard 
level, and due to an increased exposure in landslide prone areas (Nadim and Kalsnes, 2014). The SafeLand studies suggested that 
the increase in landslide risk will be highest in urban areas in central Norway and along the south-western coastline, mainly due 
to expected further centralisation. 
 
The results of research projects provide a good platform for making sound and efficient procedures for handling the landslide risk 
situation, especially since Norwegian authorities responsible at a national level are closely involved in a number of the research 
projects. Typical Norwegian strategies for handling the expected increase in landslide risk include better engineering methods for 
slope stabilisation and new ways of organisation for more effective implementation of new mitigation measures, adaptation 
strategies and preparedness initiatives. 

Keywords: Landslide, risk, management, policy, research. 

1. INTRODUCTION 
Landslide studies made in the EC funded research project SafeLand showed that the landslide hazard in Norway is significant, 
especially along the western and northern coastlines (Jaedicke et al., 2013). The landslides in Norway do very rarely end up in 
disasters, mainly because of low exposure in the most landslide prone areas, but also because of increasing ability to forecast and 
mitigate for landslide events mainly. This is not the least a result of intense research activity during the last years, and new 
regulation and policy initiatives made by the Norwegian authorities. 

The landslide risk situation in Norway is changing due to effects of climate change, increased susceptibility of surface soil to 
instability, anthropogenic activities, growing urbanization, and changes in land use. There is therefore a need for developing 
effective strategies for landslide risk management, following the recognition of the need for natural disaster risk reduction 
approved in the "Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and Communities to Disasters". 
This document, approved by 164 UN countries during the World Conference on Disaster Reduction in Kobe in January 2005, 
clarifies international working modes, responsibilities and priority actions for the 10 year period 2005-2015. 

 

2. LANDSSLIDE RISK IN A CHANGING CLIMATE IN NORWAY 
Main weather-related landslide triggering factors in Norway are rainfall, erosion, snowmelt and weathering; all factors that may 
change due to climate change. The ways weather affect the slope behaviour are further related to a number of factors such as 
slope angle, thickness of the deposit, stratigraphy, mechanical and hydraulic properties of the soil, initial conditions, boundary 
conditions, etc. The same event can therefore produce totally different consequences for different combinations of these factors. 
For example, some landslides are activated by short-duration, intense rainfalls, while others are induced by long lasting 
precipitation. The landslide can correspondingly involve the entire deposit or only a superficial part of it.  
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In Norway, the coupling between meteorological factors and landslides was investigated in the GeoExtreme project. A database 
of more than 20,000 recorded historical events were coupled with a meteorological database to assess the predictability of 
landslides and avalanches caused by meteorological conditions (Jaedicke et al., 2008). The statistical analyses of the historical 
events showed strong regional differences in the country. While precipitation is the most important trigger for snow avalanches in 
the coastal western part of the country, wind plays an important role in northern Norway. Debris flows can be explained both by 
short-term intensive precipitation events and rain accumulating over a longer period up to 15 days. Most likely, this can be 
explained with two different geomechanical release processes; surface erosion during short and intense storm events, and slow 
build up of pore pressure over long longer time periods with lower rainfall intensity. In addition, snowmelt in spring is an 
important triggering factor for debris flows in Norway. Consequently, there may be a geographical variation of the most intense 
landslide periods; spring in the south-eastern part of Norway (rain and snow-melt), fall in western part of Norway (intense storm 
related rainfall).  

3. RESEARCH ACTIVITIES 
There has been an intense research activity, both nationally and internationally, related to landslide hazard and risk in a changing 
climate during the last decade. A key promoter of landslide risk research was the establishment of International Centre for 
Geohazards (ICG) in Norway in 2003. ICG was one of the first 13 Centres of Excellence established and funded by the Research 
Council of Norway (NRC). ICG was hosted by the Norwegian Geotechnical Institute (NGI), with partners from the University of 
Oslo (UiO), the Norwegian University of Science and Technology (NTNU), the Geological Survey of Norway (NGU) and 
NORSAR. The goal of ICG was to be an international arena for conducting scientifical and technological research on 
identification, assessment and mitigation of geohazards. The ICG research focused on landslides, offshore geohazards, 
earthquakes and tsunamis. In the funding period 2003-2013 ICG fulfilled its main goals, one of which was being represented in a 
large number of international research project. One of the main outcomes of ICG was a better cooperation between key 
Norwegian organisations in this field, causing good scientific interaction and synergy effects.  
 
In 2008 the Research Council in Norway established a 5-year programme, NORKLIMA, where the primary objective was to 
generate vital new knowledge about the climate system, about climate trends in the past, present and future, and about the direct 
and indirect impacts of climate change on the natural environment and society, as a basis for adaptive responses by society. The 
effects of climate changes on the physical environment was key part in this study, resulting in a varied type of projects also 
involving landslide studies. A new program, KLIMAFORSK, was initiated in 2013, with the aim of generating essential future-
oriented knowledge about the climate to the benefit of society, of national and international significance.  
 
Table 1 summarises some of the key Norwegian, or international with significant Norwegian content, research projects related to 
landslide risk assessment and management in the last decade.  
Table 1: Key landslide research projects with Norwegian participation 

Project Duration Coordinator Funding 
 

Research topic 

Climate and 
Transport 

2007-2013 The Norwegian 
Public Roads 
Administration 
(NPRA) 

C&T 
partners 

Effect of climate change on 
the road network. 

GeoExtreme 2005-2008 NGU/ICG/NGI Norwegian 
Research 
Council 
(NRC) 

Relationships between 
climate scenarios and 
landslides in Norway, 
assessment of social-
economic consequences of 
future landslide. 

InfraRisk 2010-2013 ICG/NGI NRC Impact of extreme weather 
events on Norwegian 
infrastructure. 

SafeLand 2009-2012 ICG/NGI EC FP7 
 

Landslide risk assessment 
and management in Europe 
a changing climate and 
demographic perspective. 

Matrix 2010-2013 GFZ (Germany) EC FP7 Multihazard risk 
assessment. 

Natural hazards 
– infrastructure 
for floods and 
slides (NIFS) 

2012-2015 NPRA NIFS 
partners 

Reduce risk on 
infrastructures from floods 
and landslides. 
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4. REGULATION AND POLICY ISSUES 
In Norway the municipalities are responsible for local civil protection. This includes an overall risk and vulnerability analysis as 
basis for an emergency management plan. According to the Planning and Building Act, the municipalities are responsible for 
making sure natural hazards, including landslides, are considered and taken properly account of in land use planning and in 
building applications. This includes risk and vulnerability analyses related to new developments. For existing constructions and 
infrastructure, there is no clear legal duty on the municipalities to protect against landslides. Still the necessary legal instruments 
to implement protection measures are in place in the Natural hazards Act. The municipalities also have responsibilities as 
infrastructure owners. 
 
As there are many small municipalities in Norway and in many of them, the capacity for planning and implementation of the 
above Acts is limited. It is therefore essential to provide planners and decision-makers with tools and examples of best practices, 
which can simplify the integration of disaster risk reduction into local planning. The Norwegian Directorate for Civil Protection 
(DSB) has, on behalf of the Ministry of Justice and Public Security, an overall coordinating role for disaster risk reduction in 
Norway. DSB provides regulations, guidance and competence building for planners at the municipal level. It carries out audits of 
all ministries and agencies, as well as the county governors, on disaster management. Norway’s 18 county governors play an 
important role in linking the national knowledge, strategies and priorities with local planning processes carried out by the 
municipalities.  
 
The Ministry of Petroleum and Energy is responsible for landslide risk management at the national level, with the Norwegian 
Water Resources and Energy Directorate (NVE) as the operational authority. NVE’s work in preventing damage from floods and 
landslides is structured according to the following tasks: 

- Hazard and risk mapping  
- Assistance and control of land use planning in the municipalities 
- Planning and construction of structural protection measures 
- Monitoring and early warning for floods, debris flows, snow avalanche 
- Assistance to the police and municipalities in emergency situations 
- Research & Development, Communications 

 
Governmental infrastructure owners such as the Norwegian Public Roads Administration and the Norwegian Railroad Authority 
have the responsibility for safety against landslides on their infrastructure as all other infrastructure owners. This includes all 
aspects of risk management, i.e. mapping hazards, decisions on location, technical solutions and protection as well as emergency 
management. These authorities are interacting directly in research projects in landslide risk topics, both as initiators themselves 
and as funding and participating organisations. The research results are therefore easily accessible for main Norwegian 
stakeholders. 

 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
The Norwegian strategy for reducing the landslide risk in Norway includes research and developing activities, as well as 
organisation of cross-institutional work between government and municipal stakeholders, private consultants and ordinary 
citizens. State intervention in form of policy and regulation activities has also shown to be necessary in a situation with increased 
landslide risk due to changing climate and demographical changes. The Norwegian way of cooperation between various 
stakeholders in research as well as in practical mitigation work, and in emergency operations coordinated by various Norwegian 
authorities, is a key factor in the way of handling landslide risk in Norway. This work, however, needs to be even further 
strengthened, especially for reducing the landslide risk in small communities where the local authorities have limited access to 
know-how and capacity in these topics. 
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ABSTRACT: The main problems of urban management in terms of great earthquakes is the heterogeneous distribution of 
damage in various parts of the city, telephone call cut-offs and consequently lack of integration in rescue groups. However, most 
of the major cities in the world are without modern equipment for real-time assessment of the damage caused by the earthquake 
and disaster management. In such circumstances, a system with low cost and quick return and an acceptable error rate in 
management decision is of particular importance.  
The metropolitan city of Mashhad with high seismic potential, 23 km long and unfavourable urban conditions, such as irregular 
old texture, and lack of strength in buildings, is encountered with a very complex situation at the time of great earthquakes in 
different locations of the city. Earthquake Disaster Management with Minimum Information (EDMMI), System aimed at 
producing real-time information for urban management and providing a quick and rational reaction time for search and rescue 
teams, was installed in the municipality of Mashhad (FAVA) in January 2014. The required information will be automatically 
updated and received by Iranian Seismological Center. In case of the earthquakes, the system, having the lowest cost and 
receiving the least possible information (magnitudes and locations of earthquakes), loads the information required by urban 
management on Spatial Data Infrastructure (SDI) as map layers of Mashhad Municipality. These layers are produced into maps 
of damage to old texture, structural engineering, lifelines, energy transmission network, centers involved in rescue, urban railway, 
etc. Principles of information processing in this system depend on three main factors including the magnitude and location of 
earthquakes, the properties of the rocks and sediment the earthquake waves travel through, and the technical characteristics of the 
buildings (strength, age, type, and geotechnical conditions of soil, etc.). EDMMI System processes the effects of earthquakes in 
different parts of Mashhad using simulation of the seismic waves, and experimental numerical modeling of structural behaviours. 
Therefore Peak Ground Acceleration (PGA) is used as the most important parameter to assess the damages occurred.  

Keywords: Earthquake Disaster Management, EDMMI System, Mashhad city,  

1. INTRODUCTION 
Experiencing natural events in metropolitan cities of Iran which in most cases occurs due to the lack of real time information 
indicates the inadequacy of urban management facing natural disasters. In such situations, disorder in the rescue and relief 
operations has increased the death toll and financial loss. However, in some advanced countries quake early warning systems are 
used based on the time difference between receiving S and p waves (Gasparini, et al., 2007). But the most important challenge for 
utilizing early warning systems is the cost of the initial implementation of the system, high maintenance expenses, and very little 
time between warning and receiving earthquake destructive waves. Many metropolitan cities in the world and Iran including 
Mashhad are adjacent to active faults. Most of these cities lack modern equipment to react quickly in the earthquakes. Therefore, 
the system of rapid response, due to very little time difference between receiving S and P waves in these cities are inefficient and 
impractical. The ICT center of the municipality of Mashhad (FAVA) as the biggest databank in the city of Mashhad has made 
possible the potential for organizing the urban management in terms of natural disasters. Launching EDMMI system in the city of 
Mashhad was among the successful experiences in the production of the required information for urban management with the 
crisis management approach. This system, producing the required information foe the organizations involved in crisis 
management, has caused the improvement of earthquake crisis management and the integration of the rescue efforts. In this 
system, the classified information in the form of a specialized information package is sent to the organizations involved in the 
rescue operations including the Red Crescent, fire department, etc.  

The system, simulating the hypothetical earthquakes, identifies the weaknesses and rapid reaction capabilities of organizations 
involved in the relief efforts as well as increasing the groups’ preparedness for the rescue and relief operations. 

2. THE SEISMIC STATUS OF THE CITY OF MASHHAD 
The city of Mashhad, like many cities in Iran, is located in an area with the high potential of the producing earthquake in terms of 
seismic activity. Historical evidence indicates the occurrence of 15 strong earthquakes with a magnitude of 5.5 to 7.4 in Richter 
scale within 100 km of the city of Mashhad (Ambraseys and Melville, 1982). In addition, the urban poor condition of building 
structures, the irregular old texture, lack of the strength of the buildings and the city’s vast area will probably cause very bad and 
complicated circumstances at the time of the powerful earthquakes.  

 

365



 

2 
 

 

3. THE RELIANCE OF RESCUE AND RELIEF OPERATIONS ON TELECOMMUNICATIONS 
In the present circumstances, most of the rescue and relief centers are dependent on the telecommunications system for receiving 
information of the damaged areas. Telecommunications in urban areas is through Microwave rigs. These equipments are 
extremely sensitive and telephone conversations will be disconnected in case of a slight change in their settings. The experience 
of the recent earthquakes shows that the telecommunication network with more than 0.3 g. will be disconnected in the country. 
Moreover, in smaller earthquakes, due to the high traffic at the damaged areas, phone connections are cut (Absalan and Kangi, 
2014). In such circumstances, relief and rescue operations will face a serious problem due to the lack of real time information. In 
the early hours of the earthquake, disorder in the aid groups can be seen. In many cases, lack of real time focus of the aid 
agencies on affected areas is caused by the quake. 

4. EARTHQUAKE DISASTER MANAGEMENT SYSTEM WITH MINIMUM INFORMATION (EDMMI)  

4.1 General Specifications 
The EDMMI system has been designed by TRNE Company and installed in ICT center of municipality of the city of Mashhad 
(FAVA) to produce real time information for the golden time after the earthquake. This system has the capability of fast 
positioning of the center of the quake, calculating the peak ground acceleration (PGA) in different parts of the city of Mashhad 
and evaluating possible losses in different parts of the city (figure 1). In this system, information from the processed data related 
to the earthquake is turned into damage maps. The system receives the required information through Iranian Seismological 
Center. The information includes specifications about time, place, magnitude and depth of the earthquakes. The information is 
automatically received and processed every 30 seconds. Maps produced by processed information will be put online on the 
website of the organization of the city of Mashhad (FAVA) and sent to organizations involved in the rescue operations through 
other communication systems including Email, MMS, SMS, etc. The most important characteristic of this system is the 
integration of rescue operations and its ability to work with the least information about the characteristics of the earthquake.  

 
Figure 1 - the map of peak ground acceleration (PGA) based on the simulation of hypothetical seismic event with the magnitude 
of 5.5 adjacent to the city of Mashhad. 

4.2 The model of the behavior of seismic waves 
 In EDMMI system, the simulation of seismic waves motion in the Earth's crust is performed by Iran Strong Motion Network. 
This network was established in 1973 and more than 9,000 accelerogram have been recorded so far with present 1144 strong 
motion network devices across the country (www.bhrc.ac.ir). EDMMI system, with the help of this invaluable information 
package, simulates the seismic waves through the neural network and artificial intelligence. This process proceeds to the stage of 
the decline of observed and computed acceleration difference up to 0.02g. Moreover, due to the identified sources of seismic line, 
the effect of damping ratio resulting from seismic waves is imposed on the direction of the faults in the calibration process. 

One of the other effective parameters in the behavior of the earthquake waves is the characteristics of the geotechnical soil under 
the building foundations. Changes in the specifications of earthquake waves, when passing through different soils, have enabled 
some scholars to put local soil conditions in the first place when assessing the vulnerability of structures against the earthquake. 
Different conditions alluvium thickness, physical and mechanical properties of the soil and underground water levels have major 
impact on the resonance of the acceleration of the earthquake on the ground surface. In addition, earthquakes with different 
magnitudes cause various seismic site effects in one place (Rubinstein, 2011). EDMMI system, with the help of 800 geotechnical 
speculations in different parts of the city of Mashhad, calculates the effects of alluvial on the seismic waves and uses them in the 
final processing. In addition, using experimental modeling, it can calculate and use the correction index of the seismic effect of a 
location in earthquakes with different magnitudes in data processing (Absalan and Kangi, 2014). 
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4.3 Assessing the damage caused by the quake 
The complex nature of earthquakes and the occurrence of earthquakes in various locations have generated different conditions in 
terms of the extent of damage to the various components of the urban texture. Generally, the damage can be imposed on three 
categories of buildings, vital connecting routes (bridges, subways, and energy transmission lines) and industrial buildings. For 
example, the experience of the recent earthquakes point outs that the threshold of electricity network in the country is very low. 
In most cases, electricity network components are inflicted by serious damage with the accelerations of more than 0.2 g. This 
damage is often in the form of breaking the concrete beams, dropping transformers down, disconnecting transformers from the 
power line, and causing damage to devices of energy damping ratio (Hakimi, 2004). 

Generally, identifying the relationship between the earthquake parameters and recognizing the potential damage to the structures 
are of special importance. In EDMMI system, the peak ground acceleration (PGA) is an important indicator of assessing the 
damage caused by the quake to low buildings with about 7 stories (Wu et al., 2002). In EDMMI system, the assessment of 
damage from the quake to buildings in the old urban texture, the semi-skeleton buildings and other non-structural components is 
based on an empirical model. But assessing the damage from the quake to different engineering structures is done with the help 
of the fragility curves (Shinozuka et al., 2000). In this way, the existing structures throughout the city are classified into various 
categories according to the kind of materials, engineering design, the number of stories, etc., and some exemplar maps are 
modelled for each category according to their seismic behaviour to the earthquake. The resulting maps are also produced in the 
form of maps of equal damage to old texture, engineering structures, industrial structures, subway network, and energy 
transmission network (figure 2). 
Undoubtedly, this evaluation has been of a significant error. But it seems very beneficial as an early and initial report of the 
volume of potential damage caused by the quake. These maps improve the management of the rescue operation through 
presenting a logical perspective of the volume of the potential damage caused by the quake. Undoubtedly, urban management, 
when receiving such field information, can correct the initial assessment of the damage.  

 
Figure 2 - the map of the potential damage to the old texture of the city of Mashhad based on the simulation of a hypothetical 
earthquake with a magnitude of 5.5  

5. CONCLUSIONS 
EDMMI system receives the earthquake information from the Iranian Seismic Network and assesses the peak ground acceleration 
(PGA) in different parts of the city of Mashhad based on the modeling of the earthquake motion and geotechnical characteristics 
of the soil. In this system, different structures in the city of Mashhad are divided into several main categories. Then the 
destructive effects of the PGA on them are identified based on the experimental modeling and evaluation of the fragility curves of 
the structures of the destructive effects. The results, a few minutes after earthquake, are produced in the form of a PGA plot with 
different layers of information, and a map of equal damage to the various parts of the city. The system evaluates early physical, 
human and economic damage caused by the earthquake and sends the information package to different parts of the urban 
management, thus leading to the integrity of the urban management in case of an earthquake. Moreover, the system maximizes 
the use of the facilities, equipments and people in the crisis caused by the quake through channeling the dispatch of aid groups.  
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ABSTRACT: Disaster exercises are a highly effective method of testing emergency preparedness, evaluating and updating 

emergency plans, and training emergency responders. Exercise design typically builds on emergency operations planning and 

exercise design teams typically use the limited information on hazard identification and vulnerability analysis found on 

emergency operations plans to develop the exercise objectives and scenario. However, exercise design can be improved using 

detailed hazard analyses to build the scenario timeline. 

This paper focuses on how scientists and engineers can support exercise planners by developing numerical simulation models of 

the hazard involved in a disaster exercise scenario. A comprehensive hazard analysis, backed by appropriate numerical 

simulations, can streamline the development of the exercise master events by providing detailed information of the location and 

boundaries of the areas affected by the simulated hazard. Vulnerability and risk analysis can additionally provide information 

about the expected losses. We discuss the added value of using a scientifically-backed scenario to support the disaster exercise 

design process. 

We present three disaster exercise cases to illustrate this point. The first two cases are two European Union Simulation Exercises, 

where detailed hazard analyses were developed to assist exercise designers. Hazard analyses included numerical simulations of 

the hazards involved in the exercise scenarios and the results were presented on appropriate GIS-based maps. The third case is a 

local-level table top exercise, where the scenario was described in a hazard identification study. We present the differences in the 

outcomes of these exercises and relate them to the scenario selection and development approaches that were used. We conclude 

that detailed scenario descriptions, based on scientifically-backed approaches are a quite helpful resource for exercise designers 

as well as decision-makers, as they can credibility to the exercise endeavor and foster participation. In addition, these tools can 

further be used to improve future disaster preparedness. 

Keywords: disaster preparedness, disaster exercises, hazard analysis, tsunami numerical modelling, fire growth modelling. 

1. INTRODUCTION 

Disaster exercises are a highly effective method of testing emergency preparedness, evaluating and updating emergency plans, 

and training emergency responders. While a number of approaches have been used to evaluate pre-incident emergency 

preparedness (Mileti, 1999; Karagiannis et al., 2013), well planned and conducted exercises remain the most effective means of 

the overall evaluation of emergency preparedness, because they put emergency response systems to the test under realistic 

conditions and against set objectives (Perry & Lindell, 2003). A number of handbooks provide information and guidance on 

exercise design and conduct (DHS, 2007; FEMA, 2003; EMA, 2004). Perry (2004), Erickson et al. (2004), Alexander (2005), and 

Carlstrom & Berlin (2008) highlight critical exercise outcomes. 

Here we focus on the design and conduct of disaster exercises from the point of view of the exercise planning team and exercise 

controllers. While the specific value of disaster exercises on the emergency management system remains a vexing research 

question (Carrel, 2006; Decker & Holtermann, 2009; Edwards et al., 2011), the interest on the methodology of designing and 

conducting an exercise has been limited (Johnson et al., 2009). 

Exercise design typically builds on emergency operations planning. Emergency operations plans (EOPs) typically include a 

hazard and vulnerability identification section, and exercise design teams usually rely on this information as the starting point for 

the development of the objectives and scenario. However, exercise design can be improved using detailed hazard analyses to 

build the scenario timeline. A comprehensive hazard analysis, backed by appropriate numerical simulations, can streamline the 

development of the exercise master events by providing detailed information of the location and boundaries of the affected areas. 

Our presentation is structured in four parts. First, we present three cases to outline how detailed hazard analyses have helped to 

improve exercise design, conduct and evaluation, and then we point out lessons learned with regard to exercise design, conduct 

and evaluation. Next, we address the implications of this practice for the implementation of the Hyogo Framework for Action, 

and then we summarize our findings. 
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2. HAZARD ANALYSIS IN DISASTER EXERCISES: 3 CASE STUDIES 

2.1 EU POSEIDON 2011: Earthquake followed by Tsunami in Mediterranean Sea 

EU POSEIDON 2011 was a European Union disaster exercise that was planned and implemented to enhance civil protection 

preparedness in responding to a devastating earthquake and ensuing tsunami, through the cooperation of civil protection agencies 

at local, regional, national and European levels. The exercise scenario included an earthquake on the Hellenic Arc, which would 

not only cause substantial structural damage to the island, but would also trigger a large tsunami that would hit most coastal areas 

of Crete. It was similar to the 365 AD (Mw~8.6) earthquake and subsequent tsunami, which occurred in very close proximity to 

the modern-day cities of Chania and Heraklion (Shaw et al., 2008) and would likely overwhelm the capacities of Greece. 

A detailed description of the earthquake and tsunami was developed to provide key information to emergency responders, 

including tsunami arrival times and maximum wave heights in Heraklion and Chania (fig.1), tsunami inundation maps and 

earthquake ground shaking maps (Kalligeris et al., 2010). Tsunami arrival times and inundation maps were produced using the 

extensively validated and benchmarked MOST (Method Of Splitting Tsunami, Titov and Synolakis, 1998) model for tsunami 

numerical modeling. Earthquake ground shaking maps were produced using an empirical attenuation relation suitable for the 

study region (Ambraseys et al., 2005). In both cases, the available historical evidence did not provide sufficient input for the 

simulation, and reasonable assumptions based on best available knowledge about the local geology had to be made. However, the 

purpose of the simulation was not to establish the details of the historical event, rather to illustrate a plausible scenario that can be 

used in a civil protection exercise (Kalligeris et al., 2010). 

 

Fig. 1: Maximum tsunami wave height map (Kalligeris et al., 2010) 

2.2 EU PROMETHEUS 2014: Forest Fire Emergency Response in the Wildland-Urban Interface 

EU PROMETHEUS 2014 was a European Union disaster exercise designed to test the activation of the Community Mechanism 

for Civil Protection in an extreme wildfire scenario, followed by a technological accident (presented on the EU PROMETHEUS 

2014 project website). Wildland fires are one the major natural hazards in Greece. In this case, the scenario baseline is a mega-

wildfire that occurs near populated areas in urban-wildland interface and has already (due to extreme fire weather conditions) 

affected an industrial area resulting in an explosion and subsequent structure collapses. 

During exercise play, real-time wildfire growth predictions were used to assist key exercise players in decision-making, by 

providing them estimates of fire growth under a range of conditions. In this case, the model had the added effect of validating the 

coarse fire growth scenario developed by the exercise design team, although this was not a requirement. Fire growth estimations 

were produced using FARSITE (Fire Area Simulator – Finney, 2004), a two-dimensional deterministic wildfire growth model 

software which incorporates a wide range of existing fire behavior models. During EU PROMETHEUS 2014, model outputs 

included fire perimeter projections at different times presented on a GIS base map (fig. 2 below), fire intensity and crown fire 

potential effects. In addition, the software can demonstrate the effect of firefighting efforts, such as water drops from firefighting 

airplanes, as well as direct and indirect fire attack using firelines built by hand crews. 

2.3 A major earthquake exercise in an island in the Aegean Sea 

The third example is a major earthquake table top exercise, which conducted on an undisclosed island in the Aegean Sea. The 

main objective of this exercise was to evaluate the ultimate version of the local earthquake EOP. Therefore, the scenario was 
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based on one of the strongest earthquakes that had shaken the island. The earthquake occurred in the 1950s and its effects were 

described in the hazard identification section of the EOP. However, no detailed hazard analyses or shake maps were available, 

and exercise planners had to estimate the earthquake potential effects based on their knowledge of generic earthquake damage 

and vulnerabilities in the area. 

 

Fig. 2: Example of a FARSITE-generated fire growth projection map produced the exercise 

3. LESSONS LEARNED 

The above cases illustrate the added value of using hazard analyses, including numerical models, to support the design and 

conduct and evaluation of disaster exercises. Where exercise designers had access to numerical simulations, they were able to 

present the scenario to players more effectively, which improved the players’ exercise experience and fostered participation. 

Furthermore, simulations helped either to determine essential hazard characteristics, such as location and boundaries of affected 

areas, or to validate coarse scenario assumptions made by the exercise design team. In both cases, the result was an improvement 

on the credibility of the exercise endeavor. In addition, hazard analyses and numerical models can help improve the exercise 

evaluation process by providing exercise planners with a more detailed scenario description to establish the linkage between the 

effects of the hazard upon the community with capacity goals. Moreover, such hazard analyses can support future risk 

assessments and therefore directly improve disaster risk reduction. 

However, the outputs of numerical simulations had to be developed with the end-users in mind. In disaster exercises, the end-

users are exercise planning team members and exercise players, all with limited knowledge of numerical modelling of hazards at 

best. Therefore, numerical simulation outputs need to include as little technical parameters as possible, yet incorporate essential 

assumptions and convey useful information. In addition, a number of questions were raised regarding the modelling process, the 

sensitivity of the results and implications for the determination of disaster response priorities. In these cases, the scientists who 

originally produced the numerical simulations made themselves available to address the questions of both players and exercise 

planners during the design phase and those of players during exercise play. 

On the other hand, where no detailed hazard analysis was available, the exercise design process was more difficult to implement. 

Although the third case exercise was successful in validating the local earthquake EOP, exercise planners found it more difficult 

by comparison to develop the scenario timeline and events, to communicate the scenario to players during exercise play, and to 

maintain a challenging activity level. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

This work directly supports Priorities 2, 3 and 5 of the Hyogo Framework for Action. We have demonstrated how the use of 

scientific knowledge (Priority for Action 3) can be used to foster hazard analysis and risk assessments (Priority for Action 2) with 

a view to strengthening disaster preparedness (Priority for Action 5) through the improvement of exercise design and conduct. 

While disaster risk assessments have traditionally been used to guide long-term disaster prevention, our work implies that risk 

assessments could be also used to improve disaster preparedness with a view to increasing local resilience. 
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5. CONCLUSIONS 

We have presented the use of hazard analysis, including numerical modelling, in the design, conduct and evaluation of disaster 

exercises. We have demonstrated that a detailed disaster exercise scenario description can improve disaster exercises by 

providing a conceptual framework for the development of the exercise timeline and master events, by eventually validating 

assumptions made during the early exercise planning phases, and by helping exercise controllers communicate the scenario to the 

players during exercise play. The net result is an improvement of the players’ exercise experience and increased credibility of the 

exercise project. However, the format of numerical modelling outputs needs to be tailored to convey essential information to 

decision-makers and emergency managers. 
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ABSTRACT: The number of population exposed to natural hazards is increasing. Therefore, there is an urgent need to identify 

such population groups in order to implement measures and decrease their vulnerability. Aim of this research is to analyze if land 

use modelling can be used for future hazard-sensitive population’s mapping. The basis of our concept is the disaggregation of 

future population projections to the local scale. The proxy for disaggregation we defined modelled future land use data. The 

result of this research is a future population’s mapping framework, which supports population’s vulnerability assessment to 

future disasters and impacts of climate change.    

Keywords: future land use, population mapping, local climate zones, hazard-sensitive population.    

1. INTRODUCTION 

Frequency and severity of natural hazards are among the reasons of high disaster related population loss. Another, but not less 

important cause is an increase of an exposed population – for instance, by urbanization of hazard-prone areas. Often these areas 

are overbuilt by cheap housing and populated by hazard-sensitive people. Therefore, in order to reduce impacts of future hazards, 

it is a crucial to know, where these sensitive population groups will live in the future.  

Often the information of population count is aggregated and based on social projections at the coarse scale, which is not enough 

to map a population for risk and emergency applications at the local scale. Therefore, we suggest using future land use modelling 

in order to deliver ancillary land data for the disaggregation of future population projections. The aim of this research is to 

discuss and analyze if land use modelling can be used for future hazard-sensitive population’s mapping.  

In this research we describe hazard-sensitive population, discuss the term “land use” and its limitations, introduce local climate 

zones, as well as their advantages against land use and relations with the population. Afterwards we give a summary of the main 

disaggregation methods, their advantages, disadvantages and data requirements. As an outcome, we identified future land use 

modeling as a potential solution of future hazard-sensitive population’s mapping and created a future land use based population’s 

mapping framework.  

2. HAZARD-SENSITIVE POPULATION 

First, a hazard-sensitive population needs to be defined more precisely. All people are sensitive to hazards in one degree or 

another. What human properties represent a degree of sensitivity to certain hazards? According to the United Nations 

Development Programme (UNDP, 2010), women and children are 14 times more likely to die than men during a disaster. In 

France in the summer of 2003, 82% of all heat-wave caused fatalities were people over 75 years old (Poumadère et al., 2005). 

Many studies showed (Econ et al., 2000; Cutter et al., 2001, 2003; Blaikie, 2004; Tan, 2008) that a population’s sensitivity to 

hazards depends on medical, behavioral and environmental factors, such as age, gender, race, ethnicity, employment and income, 

education, housing conditions, disease, use of medications, special needs and others. However, sensitivity differs for specific 

hazards: e.g., physically disabled people can withstand heat, but are severely restricted during the evacuation when the flood 

occurs.  

The quantity of factors does not represent the quality, especially when dealing with future modelling for decades and longer. It is 

important to consider availability of future data. For example, it is hardly possible to model the percentage of sick people at a 

local scale in 30 years due to high uncertainty and complexity to model diseases at the individual level. Therefore, after we 

analyzed available future social population data, we considered age, and gender as a key future population’s hazard-sensitive 

indicators. 
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3. LAND USE AND POPULATION 

One of the objectives of this research is to relate population’s properties to land use. Land use is “the total arrangements, 

activities, and inputs that people undertake in a certain land cover type” (FAO, 1999). This definition acknowledges that land use 

relates people to the land through their activities and the way they use it. Common land use types are residential, commercial, 

industrial, agriculture land etc. Since the subject of our research is population, a strong focus should be pointed on the residential 

land use type. However, one residential class is not enough to represent all properties of the population. Therefore, the land use, 

as the only entity, is not enough to describe the hazard-sensitive population living within the area. Instead, we decided to use 

local climate zones (LCZ), which focus on the thermal properties of local scale landscapes and consider housing type, surface 

cover, structure material and human activity (Stewart et al., 2012): in other words, land cover, land use and morphology. Hence, 

LCZ seem a good comparison between requirements of urban climatology (morphology), fabric and land use. The disaggregation 

of the residential land use type enables us easier to identify the relations between a population and their settlements. 

Unfortunately, the LCZ scheme, developed by Stewart and Oke (2012), does not fully represent European building structures, 

therefore, we enhanced it with the urban morphology, typical for West/North European cities (Fig.1). 

 

Fig.1: Fragment of enhanced LCZ scheme (Kaveckis et al., 2014, after Erhorn-Kluttig et al., 2011 and Stewart et al., 2012) 

Numerous studies (Simmons, 1987; Wolman, 1993; Entwisle et al., 1998; Fox, 2003; Axinn et al., 2007) emphasized a strong 

relation between the social composition of a population and the environment. Our enhanced LCZ scheme contains the following 

11 local climate zones, which can be used for housing: compact high-rise, compact mid-rise, dense compact mid-rise, compact 

low-rise, open high-rise, terraced open mid-rise, perimeter open mid-rise, dense open low-rise, open low-rise, lightweight low-

rise and sparsely built. We established a hypothesis that population’s properties vary between these LCZ and districts within the 

case study area. A possible way to check this hypothesis is to perform a quantitative LCZ and population count comparison 

analysis for each district of case study area. Such an analysis enables us to observe and define the future hazard-sensitive 

population relations with certain LCZ. Our desired outcome is to identify and rank population’s sensitivity factors by LCZ. It will 

help to disaggregate a hazard-sensitive population. 

4. DISAGGREGATION METHODS 

The typical representation of population is census data. One of the common methods for mapping population is a spatial 

disaggregation of census data. Spatial disaggregation (downscaling) is a method, which transfers coarse information into a more  

detailed scale (McCarthy, 2001). Spatial disaggregation is based on the assumption, that data of an entire case study area can be 

scattered within the area by means of local parameters (Steinnocher et al., 2010). The spatial units with known data are called 

source zones and the finer scale spatial units are called target zones (Li et al., 2007). Often, the ancillary information, such as 

land data, is used to indicate the variation between data distribution. The main disaggregation techniques are: simple area 

weighting (simple, assumes homogeneity along all the zones, far from the real distribution of population); binary dasymetric 

mapping (masks out non populated areas, based on concentrated population with fixed density, unable to represent more complex 

land uses with different densities) (Langford et al., 2001) and classified dasymetric mapping (takes advantage of binary 

dasymetric mapping and regression model, able to represent a range of residential densities within an area, based on a locally 

fitted regression approach) (Mennis, 2003; Langford, 2006). In order to supply last two methods with required population 

densities, the following two common regression approaches are used: regression model (estimates density for each land use class 

over the entire study area, exploits ancillary data to improve the accuracy of other disaggregation methods) (Eicher et al., 2001) 

or the more advanced, the locally fitted regression model (estimates density not only for each, but also between the same land use 

classes  by using ratio for different areas, simple, desired and appropriate, based on relaxed homogeneity assumptions) (Yuan et 

al., 1997).   

According to the disaggregation quality studies, done by Langford (2006) and Li et al. (2007), the classified dasymetric method 

largely outperforms other techniques. However, this method requires definition of relative densities for each land class. Densities 
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can be defined by the sampling approach (Mennis 2003) or by the regression model (Langford, 2006). The sampling approach 

requires small source zones areas, while for larger source zones, the regression model can be used (Li et al., 2007). 

5. LCZ AND FUTURE POPULATION MODELLING 

As discussed earlier, land data, or LCZ, can be used as ancillary information to improve the accuracy of disaggregated 

information and define densities, when coupled with historical population data. The future LCZ can be used as a proxy to 

disaggregate future population projections. To model the future LCZ, we are using the cellular automata (CA) based 

Metronamica spatial decision support system. Metronamica models dynamic land changes and considers economical and 

environmental constraints, external factors and land planning policies. The most important factor in Metronamica is the 

neighbourhood potential of the surrounding location. This factor is important not only in land use, but also in social displacement 

of population – people are intended to live closer to the individuals having the similar social and economic status. 

The Metronamica model is calibrated using historical land data. During this procedure it is essential to identify the land changing 

trend, the causes and consequences, also the relations between various land changes. Afterwards, the same relations in the form 

of various scenarios are used to model future land maps of the case study area. 

As a result of this research, we developed a future population mapping framework with strong focus on land modeling. The 

framework is presented as a flowchart (Fig. 2). Inputs in this framework play an important role – historical land and population 

data is used to derive population densities, needed for the disaggregation. Meanwhile, future land development scenarios and 

population projections are used directly in the disaggregation process and future land modelling. Metronamica can be replaced by 

any other modelling tool, to deliver future land data at the local scale.  

 

Fig.2: A flowchart of future population mapping framework 

6. OUTLOOK AND CONCLUSION 

This research is a part of a project, dealing with future population’s vulnerability to heat waves and flash floods assessment in the 

Hamburg Metropolitan area, Germany. At this time we possess historical population data and are calibrating the Metronamica 

model using historical land data of the years 1960, 1990 and 2000. The preliminary assessment revealed different trends of urban 

development during these time periods. After the procedure of calibration, these trends and future land development scenarios 

will be integrated in order to deliver future land data. However, we still need to work on historical population data and deliver the 

densities for analysed time periods. It is important to develop densities for future scenarios and afterwards employ into 

disaggregation of hazard-sensitive population. During all the processes, the factors of migration, life time span, population trends 

and urban development (redevelopment in urban core/waterfront/urban sprawl etc.) should be considered, assessed and applied, if 

needed. 

Notwithstanding the existing issues, our developed framework with analyzed disaggregation methods, input data and future land 

modelling tool is a great contribution to future population’s vulnerability assessment to disasters and climate change impacts. 

Coupled with hazard-sensitive indicators it is a great way to map future hazard-sensitive population.  

7. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Our research highly supports the following priorities in the Hyogo Framework for Action:  

Identify, assess and monitor disaster risks – our selected indicators of hazard-sensitive population at local scales supports 

decision-makers to assess impacts of future disasters. Moreover, future the hazard-sensitive population mapping framework 

improves scientific methods and capacities for risk assessment. 
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Use of knowledge and innovation to build a culture of safety at all levels – our presented framework strengthens scientific 

capacity to develop and apply new methodologies, studies and models to assess vulnerability.  

Reduce the underlying risk factors – our approach encourages the use of guidelines for reduction of disaster risk in the context of 

land use policy and planning. 

Despite our efforts to develop new methods and frameworks of a future risk/vulnerability assessment, much of work should be 

done and many issues should be taken into account to reduce uncertainty and deal with future data availability. 
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ABSTRACT: Increased urbanization and climate change have intensified the need for more effective tools to support 
hurricane/typhoon risk assessment and mitigation that can leverage the latest developments both in the characterization of the 
hazard and in the evaluation of its impacts on built environments. This paper provokes the question of whether open-source 
virtual environments can indeed provide the appropriate venue to do so and presents one opportunity: a virtual environment 
called CyberEye, along with its two workflows for Rapid Risk Assessment and Data Intake and Discovery, that has already been 
used for hurricane/typhoon risk assessment and reconnaissance and is readily extensible to other hazard types. 

Keywords: hurricane, typhoon, coastal hazard, risk assessment, cyberinfrastructure. 

1. INTRODUCTION 
Recent losses provide sobering evidence of the continued need for more effective hurricane/typhoon risk assessment and 
mitigation that can leverage the latest developments both in the characterization of the hazard and in the estimation of its impacts 
on built environments. Virtual environments can provide an effective means to do so, particularly when open-source development 
principles are employed to enable the community to integrate existing data, models and simulation tools into a collaborative 
environment. This paper discusses the efforts of the authors towards this goal, adopting a modular approach for a platform called 
CyberEye: A Cyber-Collaboratory for National Risk Modelling and Assessment to Mitigate the Impacts of Hurricanes in a 
Changing Climate (cybereye.nd.edu), whose capabilities can be easily expanded in time. To date, CyberEye’s development has 
focused on supporting two distinct work flows central to hurricane risk assessment and mitigation: high-fidelity Rapid Risk 
Assessment (RRA) and robust Data Intake and Discovery (DID) to better enable the use of data to inform and validate models 
used in hurricane risk assessment (Kijewski-Correa et al., 2014). These two workflows, introduced briefly in this extended 
abstract, are wrapped in a customizable dashboard that supports collaboration among authorized users through a rich geospatial 
environment all within an internet browser, as shown in Figure 1. Such a transition to web-services not only removes the barrier 
that the user’s computational resources may present, but also enables the seamless dissemination of risk information to key 
stakeholders with varying degrees of granularity, even down to actionable information on the vulnerability of individual 
structures to drive mitigative actions. CyberEye’s RRA and DID workflows are introduced in the following sections.  

2. RAPID RISK ASSESSMENT WORKFLOW 
Rapid Risk Assessment has a variety of applications both in developing general emergency management and response plans, and 
more importantly in dynamically updating specific plans in the event of a landfilling hurricane/typhoon. CyberEye’s RRA was 
developed specifically for use by emergency response managers in Hawaii and was later adopted by the Pacific Disaster Center 
as a tool to guide recommendations in such situations. Its power lies in the fact that it overcomes the limitations of current 
approaches to accurately evaluating the inundation caused by a scenario. Normally such assessments are executed using various 
physics-based models, which require a high level of user sophistication and computational expense (approx. 1500 CPU hours per 
scenario run). As such, these cannot be easily executed in real-time by non-experts to support decision making, particularly 
through web interfaces, nor are these feasible to evaluate a wide range of scenarios required for a full probabilistic assessment. 
Thus the only support that has been provided to date for decision makers are websites that visualize archived simulations or 
historical events pulled from an existing database or that display the current situation by aggregating real-time data feeds with 
limited to no predictive/forecasting capabilities. As such, the Rapid Risk Assessment in CyberEye is the only web-based tool that 
supports, high-fidelity, real-time probabilistic assessments for arbitrary, user-specified scenarios, including the effects of both 
waves and surge, to support both emergency management planning and response activities. 
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Fig. 1: Schematic representation of CyberEye framework enabling collaboration between an individual user, user groups, and a 
wider community through the dashboard environment. 

While conventional approaches to hurricane risk assessment are based on analysis of data from historical storms and from 
simulation of design events or by adopting low-fidelity numerical models to predict hurricane/typhoon responses, RRA relies on 
surrogate modeling for efficient prediction of maximum wave and surge heights for any arbitrary scenario, thus providing a 
single tool for both historical and non-historical event analysis. The foundation of RRA is the simplified description of each 
hurricane/typhoon in the backside database of existing high-fidelity ADCIRC+ SWAN simulations through a small number of 
model parameters, corresponding to its characteristics at landfall (Taflanidis et al., 2013), such as (i) reference location; (ii) track 
heading; (iii) central pressure; (iv) forward speed; and (v) radius of maximum winds. A surrogate model is then built from this 
data, using a Kriging metamodel (Jia and Taflanidis, 2013). Using this approach, the RRA can be used to efficiently predict the 
response for any new scenario whose parameters lie within the range of its backside database. This capability readily facilitates 
highly efficient risk quantification/assessment achieved by characterizing the uncertainty in the hurricane/typhoon parameters 
through appropriate probability distributions (Taflanidis et al., 2013), representing the variability in the regional hazard (for long-
term risk assessment over a specific region, to guide policies for protective planning) or the estimation errors for the properties of 
specific events (during landfalling hurricanes/typhoons and a few days prior to landfall, when evacuation and emergency 
planning is required). This risk is ultimately estimated using Monte Carlo simulation relying on the developed surrogate model 
for efficient implementation. Validation of the underlying high fidelity model has already been undertaken for Hurricanes 
Katrina, Ike and Gustav, and for the application in Hawaii, using data from Hurricane Iniki (Kennedy et al., 2012), while the 
surrogate modelling approach’s accuracy was shown to be very high through additional cross-validation studies (Jia and 
Taflanidis, 2013). 

Figure 2 provides a screen shot of the RRA interface, displaying in this case the results for a Category III hurricane impacting 
Honolulu, Hawaii that were obtained after only a few minutes of computational time. Moreover, the extensibility of this 
framework has particular significance for the modularization of risk assessment within CyberEye to encourage users to contribute 
and expand the available databases in the RRA going forward. The only requirement is that the parameterization of the database 
needs to be established by a fixed set of parameters (no greater than 10). By generalizing this surrogate modelling approach, users 
can then select their desired parameter space and upload their own databases of high fidelity surge and wave responses for a 
given geographic region and have surrogate models automatically created and made available for use within the CyberEye 
visualization environment. This submission process initiates an automated, offline registration process consisting of: (1) 
appropriate database correction to address existence of dry nodes for some events, (2) dimensional reduction (exploiting 
correlation of the data) to reduce memory requirements in the computational environment, and (3) tuning of the Kriging model. 
The computational requirements of the registration process depend upon the database size, as well as whether correction is 
required. While this off-line registration may take hours, once completed, the data set would appear in the RRA menu of 
supported basins and facilities rapid risk assessment for arbitrary scenarios in minutes.  
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Fig. 2: RRA Dashboard displaying results of projected wave and surge heights for hurricane impacting Honolulu, Hawaii (left) 
and DID query of damage reports in Ortley Beach, New Jersey from Superstorm Sandy (right). 

3. DATA INTAKE AND DISCOVERY WORKFLOW 
Post-disaster field reconnaissance represents one of the most valuable data sources to enhance resilience; however, these 
activities are often poorly coordinated with multiple parties executing independent surveys using different data gathering 
instruments and no centralized repository for that data nor tools to aid in its curation and discovery. Investigators generally 
supervise their own data curation, at best publishing their databases on personal websites with varying standards and 
completeness, though most reconnaissance databases remain offline. While there are isolated examples of websites that provide a 
clearinghouse where compiled data can be accessed, the sites are generally static, do not directly support individual user 
contributions, and possess limited to no ability to query the data. Thus CyberEye’s DID provides a rare open repository for 
hurricane/typhoon reconnaissance, with a wide variety of supported fields and dynamic visualization and querying capabilities. 

The creation of such a flexible environment to accommodate the diverse data types generated in hurricane/typhoon field 
reconnaissance and hincasting creates a particular challenge in maintaining the ability to robustly query the stored data and in 
readily integrating with other major repositories. This was compounded by the fact that the authors chose not to impose, a priori, 
a rigid standard, i.e., supporting a limited number of data fields. Instead, to incentivize information sharing within the 
community, a large database of attributes from established field reconnaissance instruments were assembled. This allows users to 
select subsets of these attributes to map to the fields in their personal database when they supply their data to the Data 
Warehouse, instead of forcing them to completely reformat their databases to match some rigid standard. 

Available data fields are organized into eleven major categories, e.g., Demographics, Basic Structural Information, Structural 
Details (I-III), Site Inventory, Hazard Characterization, and Damage (I-IV). The database was designed to allow users to attach 
models, data (field observations and measurements) or URLs to their reports, and backside file naming conventions allow users 
to attach notes and images to any of the individual categories in the database. This then ensures that all data is catalogued and 
attached to the correct database entry and even sub-category within that entry. This flexible approach to reconnaissance data 
curation also enables users to create and save their own customized damage reporting forms with fields selected from the 
available major categories or to use pre-defined forms generated by other members of the community. 

The DID workflow is primarily enabled by the CyberEye Data Warehouse, a PostGIS spatial database that houses both these 
user-supplied entries as well as outputs of other modules, e.g., RRA runs. By creating one centralized data repository, users have 
the ability to execute robust searches over the entirety of the Data Warehouse, including any attached metadata and descriptions 
of the event/scenario as well as the data items themselves (individual measurements or observations). The platform enables 
searches to be executed using a joint combination of Standard Filters (logical operators) or Spatial Filters (bounding boxes), as 
shown in Figure 2. More importantly, the platform has the flexibility to interface with customizable applications on mobile 
platforms. This readily supports field reconnaissance teams in dynamically creating customized reconnaissance forms on their 
iPads or Tablets, acquiring all image and location data directly through their devices, and then having all this data and the 
generated reports curated and stored on the device and batch uploaded to the CyberEye data warehouse when connectivity is 
available. Thus these Apps and the end to end services provided by the DID workflow within the CyberEye website enable 
efficient, reliable digital reconnaissance that is already home to valuable data from Hurricane Ike, Superstorm Sandy and 
Typhoon Haiyan. 
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
Hyogo Priority 2 (Identify, assess and monitor disaster risks and enhance early warning) can be dramatically advanced through 
the use of efficient web platforms such at that presented in this study. By virtualizing the capacity for decision making through 
simplified and efficient web-tools, CyberEye has already facilitated the transformation of knowledge into action for decision 
makers in high risk areas. Moreover, making high fidelity assessments accessible freely and executable in near real time enables 
individual as well as collective actions to reduce risk and build resilience. In essence, this becomes of an example of Hyogo 
Priority 3 (use knowledge, innovation and education to build a culture of safety and resilience at all levels). Even with the access 
to knowledge advanced by the CyberEye approach, there remains much work to continue the decentralization of responsibilities 
for disaster risk reduction, as well as encourage the systematic involvement of communities in the development of strategic plans 
to accomplish this reduction. There is no doubt that centralizing data and other assets and making them an open resource will 
help to accelerate the achievement of the Hyogo priorities; however, this also requires a long-term commitment to steward these 
resources (maintain, enhance and further populate them). This is unfortunately beyond what individual investigators or their 
institution could bear and instead is an important question for the wider risk reduction community to ponder. 

5. CONCLUSIONS 
As coastal areas grow in population density, the mitigation of losses due to coastal hazards becomes an increasingly urgent and 
challenging problem, as recent disasters so powerfully demonstrate. While research groups around the world are focused on 
enhancing our capabilities for reliable hurricane/typhoon risk assessment and mitigation, this collective knowledge is often not 
effectively integrated by established frameworks for risk assessment that have evolved as standalone, proprietary single-user 
applications. The transition to web-based platforms overcomes these limitations and enables the seamless dissemination of risk 
information to key stakeholders with varying degrees of granularity, even down to actionable information on the vulnerability of 
individual structures to drive mitigative actions. This paper presented one platform to do so: CyberEye (cybereye.nd.edu), a web-
based collaboration space providing users with a customizable dashboard where they can annotate, mark up and share geospatial 
information with other authorized users. Two distinct workflows were demonstrated for this environment: Rapid Risk 
Assessment (RRA) and Data Intake & Discovery (DID), each espousing a development philosophy that supports its extensions 
and evolution with time. In addition to the new capability to directly execute digital reconnaissance with Apps, the RRA is 
currently adding a rapid wind hazard assessment. Other extensions currently in development include the ability to assess the risk 
to individual assets due to combined wind, wave and surge loading using only publically available image data, as well as 
automated damage estimation modules from satellite/aerial imagery. By creating an open-source environment that can synergize 
existing datasets, models, simulation tools and risk assessment frameworks, there is great potential to not only support research 
and education in the field of hurricane/typhoon risk assessment and mitigation, but also better inform decision making by 
stakeholders in coastal regions, even in near-real time as these storms approach. Moreover, this framework is readily extensible 
to other types of hazards for which rapid risk assessment and data curation and visualization is needed, thus creating a vehicle to 
achieving the Hyogo priorities to assess risk and use innovation in how that knowledge is delivered to build a culture of safety 
and resilience at all levels. 
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ABSTRACT  

Forest fires are more common in the Hindu Kush-Himalayan region during windy summer season from February to May. In 

Nepal, uncontrolled forest fire is increasing every year. The wildfires in mountain ecosystems are a major driver for destruction 

of pristine biodiversity, forests, ecosystem properties, and deterioration of social and economic conditions in some land-use 

systems and natural vegetation types. “Atmospheric Brown Clouds” (ABC) are consequences of socioeconomic changes, an 

expression of escalating air pollution and a major driver of regional climate change. To address this issue in Nepal, a study 

proposed to explore the problems and options in the country. A number of case studies were conducted for a trend analysis 

through participatory approach and fire occurrences index. In 2009, 46 people died due to forest fire including 14 militaries and 

many Community Forest User Groups (CFUGs) member and firefighting crew were injured. More than 60 per cent fires occur in 

the April and about 80 per cent fires in the March and April. In 2014, a fire broke out in a jungle, in a remote community, killed 

five persons and left 9 people injured. There was also a deceased five-year-old child. The forest fire has been an issue to address 

through proper preparedness and managing during fire alarm situation every year. More than 30% forest of Nepal is being 

managed by Communities. An Initiation to manage forest fire through communities at lower level has been appreciated 

positively. Occurrences of forest fire inside community managed forests have been reduced dramatically through community 

mobilization and equipment support in Terai foothills. The fourteen Volunteer Fire Management Groups (VFMG) have been 

supporting to suppress and aware the forest fire reduction and management including their communities. A promising result has 
been visualized through about more than 70 percent forest fire risk reduction by this approach.  

INTRODUCTION  

Wildfires in high altitude ecosystems of Hindu Kush-Himalayas (HKH) region in recent years have become a major driver for 

destruction of pristine biodiversity, including the habitats of many rare species. They are also affecting cultural heritage sites and 

land-use systems that provide the basis for livelihoods to a population of around 150 million people living in the mountain 

region. Most importantly, the secondary consequences of wildfires include the destruction of soil protecting vegetation cover, 

affecting water regimes for a population of 1.4 billion (UNEP 2007). These fires are often border crossing in nature and initiated 
political discourse in trans-boundary smoke haze pollution (Sharma and Goldammer, 2010). 

In Nepal, the total area covered by forest is about 40 per cent and more than 24,000 communities -based forest user groups are 

also managing about 1.8 million hectares (about 30 per cent) of the forest areas, with resulting protection of the environment and 

biodiversity. In addition, the community-managed forest areas, through sustainable management approaches, serve as supplies of 

basic forest products such as fire wood, timber and medicines (Boerner, 1982 and Boerner et al, 2009). Since several 

opportunities have been started generating international resources to support Nepal's forest sector by provisions like Carbon 

Trading, Reduction in Climate Change and Payment for Environmental Services, these measures are not sufficient for reducing 

threats in the forestry sector management such as forest fires. Forest fires have become a major challenge for the forest 
management authority since several years (DoF, 2014).  

Forest fires are more common in the Hindu Kush-Himalayan region during windy summer season from February to May. In 

Nepal, uncontrolled forest fire is increasing every year. The wildfires in mountain ecosystems are a major driver for destruction 

of pristine biodiversity, forests, ecosystem properties, and deterioration of social and economic conditions in some land-use 

systems and natural vegetation types. “Atmospheric Brown Clouds” (ABC) are consequences of socioeconomic changes, an 

expression of escalating air pollution and a major driver of regional climate change (Sharma and Goldammer, 2010). In 2009, 46 

people died due to forest fire including 14 militaries and many Community Forest User Groups (CFUGs) member and 

firefighting crew were injured. More than 60 per cent fires occur in the April and about 80 per cent fires in the March and April. 

In 2014, a fire broke out in a jungle, in a remote community, killed five persons and left 9 people injured. There was also a 

deceased five-year-old child (Sharma, 2014 pers.comm).  

The forest users groups have emerged as a strong institution at the grass root level to drive collective action for common cause. 

However, we are not without problems. Forest fire has been prolonging problematic areas for forest management. The denser the 

forests, the higher are the fire risks. As a developing country, Nepal does not have the resources to afford to maintain a fleet of 

equipment and trained fire fighters to go out to the mountains and attend the fire hazards.  Moreover, the dry period of February 
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to May is also the hottest months in Nepal. The rivers flow at their minimum. Springs and wells dry out. When fire breakout, it 
only stops after all the fuel in the forest have even burnt and that only happens when the fire reaches the mountain tops. 

The forest fire has been an issue to address through proper preparedness and managing during fire alarm situation every year. 

More than 30% forest of Nepal is being managed by Communities. An Initiation to manage forest fire through communities at 

lower level has been appreciated positively. Occurrences of forest fire inside community managed forests have been reduced 
dramatically through community mobilization and equipment support in Terai foothills.  

FIRE AND ITS MANAGEMENT PROBLEM  

Fire is considered the main cause of forest destruction in Nepal. Forest fire management is an indispensable part of our natural 

resources management efforts despite there is no systematic approach to address the problem. The Department of Forests (DoF) 

is responsible for implementing forestry sector policies and monitoring their impact in the government managed and most 

community based forest managed areas. Although, the DoF has sufficient human resources for forest management support, most 

available work forces have lacking managerial and supportive knowledge capacities in fire management in the field. Therefore, 

the basic level of forest management bodies, the community based forest groups, are lacking their knowledge and equipment for 

fire control and management for their forest patches. For the capacity for monitoring, evaluating and implementing the effects 
and  

Fire is used as a management tool to administer a wide range of ecosystem worldwide. Forest fires occur in almost all types of 

ecosystem. Some of these ecosystems are extremely sensitive to fire, but without subsequent ignition that leads to extensive 

wildfires, they can recover (Kraus and Goldammer, 2007). Throughout the last century, great efforts and vast resources have been 

applied to understanding and managing fire in forest. However in tropics recently, demographic and land use changes have made 

fire a matter of serious concern (Coachrane, 2003; Goldammer, 1990). Many studies have addressed the influence of such 

disturbances on soil properties. The role of forest fire on forest soil is very complex and less studied in comparison to its 

aboveground effect (DeBano et al., 1998). Fire can influence a variety of soil physical and chemical properties of soil including 

the loss or reduction of structure and soil organic matter, reduced porosity, and increased pH (DeBano, 1990; Certini, 2005). 
Change in soil properties after fire produces varying responses in the water, vegetation dynamics, and fauna of ecosystems.  

The wide range of effects is due to the inherent pre-burn variability in these resources, fire behavior characteristics, season of 

burning, and pre-fire and post-fire environmental conditions such as timing, amount, and duration of rainfall (Clark, 2001). These 

changes can also result in various indirect impacts including increased hydrophobicity (water repellency), which results in 

decreased infiltration and increased runoff that often results in increased erosion (DeBano, 2000). The effects of fire on soils 

directly depend on fire intensity and the duration of combustion. Depending on the fire severity, these changes in soil properties 

may be beneficial or deleterious to entire ecosystem (Delano et al, 1998). The objective of this thesis is to summarize the overall 

possible impact of forest fire on physical, chemical and biological properties of soil from available literature and to find the gap 
in the studies carried out on forest fire and soil in different ecosystems. 

 Forest fires have many implications for biological diversity. At the global scale, they are a significant source of emitted carbon, 

contributing to global warming which could lead to biodiversity changes. At the regional and local level, they lead to change in 

biomass stocks, alter the hydrological cycle with subsequent effects, and impact plant and animal species' functioning. Smoke 

from fires can significantly reduce photosynthetic activity (Davies and Unam, 1999, FAO, 2002) and can be detrimental to health 

of humans and animals. In forests where fire is not a natural disturbance, it can have devastating impacts on forest vertebrates and 

invertebrates - not only killing them directly, but also leading to longer-term indirect effects such as stress and loss of habitat, 

territories, shelter and food. The loss of key organisms in forest ecosystems, such as invertebrates, pollinators and decomposers, 

can significantly slow the recovery rate of the forest (Boer, 1989). Fire ecology is concerned with the processes linking the 

natural incidence of fire in an ecosystem and the ecological effects of this fire. Many ecosystems, particularly, prairie, savanna, 

chaparral and forests have evolved with fire as a natural and necessary contributor to habitat vitality and renewal. Many plant 
species in naturally fire-affected environments require fire to germinate, to establish, or to reproduce, or all three. 

STUDY METHODS  

This study has assessed the information from secondary sources including primary source too.  A glimpse of the forest fire 

situation of Nepal has been collected through several case studies from a few districts of Terai region of Nepal. Regarding 

primary sources a few local informants were interviewed informally and self-researcher have observed several fields during fire 

season in several Terai districts along the national high way areas.  In general, the study is more representing the Terai Arc Land 

Programme districts from the central Nepal to the far western region; however, the study has focused to present the results from 

Kanchanpur district. The primary sources of the about two months monitoring report of Fire Monitoring Unit of the Kanchanpur 

DFO was a rich information to conclude the paper including a few cases for impact and forest fire management. For impact 

assessment a study was carried out and inventoried in the forests and also analyzed different parameter such as regeneration 

status, leaf litter availability, PH value test and so on. A descriptive and qualitative analysis has been followed for the result 
presentation including conclusions. However, it limits the generalization throughout the country.  
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FOREST FIRE CAUSES, IMPACT AND MANAGEMENT  

Major causes of the forest fire in Nepal are anthropogenic which includes Forest fire is considered as a major cause of forest 

destruction in Nepal. About 90% of forested area in the plain is burned out one to three times every year (Sharma, 1996) the 

majority of fires are surface fires. About 400,000 ha forest area burned annually (Bajracharya, 2006 cited in Sharma and 

Goldammer, 2010). During the dry season (March to May) most tree species in Terai totally shed their leaves. The great amount 

of dry leaves and small twigs which accumulate on the forest floor accompanied by grass and under-growth species which turn in 
dry during the time serve as fuel for the outbreak of forest fires.  

Forest fire is considered as a problem in forest management systems. In mixed forest of Sal in Terai (flat area in southernmost 

east to west belt of Nepal), the fire season starts from mid-March and the fires burn the forests 1-3 times till the end of May. This 

rampant destruction of forest cover in the past was due to logging concessions, Encroachment and development of infrastructure 

such as roads, hydropower plant sand mining. Nevertheless, the practices of shifting cultivation and intentional forest fires are 

still common in Nepal. Where, forest is estimated to cover about 40 percent of the land area. Forest fire has increasingly become 

a frequent and problematic phenomenon in Nepal. Fires have a major impact on National Parks in particular where protection of 

the flora and fauna and their habitats is the primary aim. Since plant variety and abundance, flowering, fruiting, and leafing 

phonologies of trees and soil nutrients status are essential features for ecological niches of wild animals, studies on impacts of 
forest fire on these factors are essential to properly manage the bio-diversity in such areas. 

 

Case one: Sukhani Community Forest, fire impact and management  

 
Sukhani Community Forest is situated in the ward 3 of Danabari Village Development Committee (VDC) in Ilam and the ward 6 

of Khudunabari VDC, Jhapa district.  It was started managing by the forest users in 2001.  There are 437 households in the user 

Groups. The forest area is 638.5 ha and it is divided into three management blocks. The block 3 (Thaltahle Dhap block) is 

regarded extremely sensitive to the fire, the block 2 (Amlachhap Block) is moderately sensitive and Block No. 1 Thamdanda 

Block) is perceived least affected to fire. In their operational plan, the poaching is considered the main cause of forest fire.  A 

study was carried out about their approach of forest fire management and the forest fire impact to the forests. Firstly, regeneration 

was found better in fire affected zone than unaffected area. So fire can be one of the options as management tool for regeneration 

promotion. The fire affected zone was found better than unaffected area for Sal regeneration. Secondly, non-preferred species (by  

Local people) were grown more at affected site than at undisturbed area. Thirdly, leaf litter quantity was also found higher in fire 

unaffected area than fire affected area.  Finally, the  PH values, average OC%, Average N% were found slightly higher in the fire 

affected area but not significantly different (t-test, p=0.05). The potassium and phosphorus values were found slightly lower in 

fire affected area but not significant (t-test, p=0.05). 

 

Figure 1: Regeneration status of a forest (Sukhani Community Forest) 

 

Initiation and results in community based forest fire management 

Case two: The Terai Arc Land (TAL) Programme area covers 14 districts from Rautahat to Kanchanpur in Nepal and also the 

Chitawan Annapurna Landscape area covers 19 districts. Moreover, the TAL is home to flagship species like the Asiatic wild 

elephants, rhinos, and tigers. In Nepal, TAL encompasses 23,129 sq km of 14 districts including 75 percent of the remaining 

forests of lowland Nepal including Churia hills and four protected areas. This landscape has the second largest population of 
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rhinos and one of the highest densities of tiger populations in the world. A World Wide Fund (WWF) recognized Global 200 eco-

region; TAL covers three Ramsar wetland sites and two World Heritage Sites. TAL was prioritized by HMG/N as a priority 

program in the 10th Plan (2002-2007) (Forestry Nepal, 2014). Because of these reasons, the forest fire management has been a 

crucial intervention area in such region.  For this, an initiation the training to community volunteers was carried out in both TAL 

and CHAL areas. The Table 1 shows the trained volunteers in eight clusters for fire management. All 215 volunteers are more or 

less active to control and manage the forest fire. The volunteers received the know how to extinguish the forest fire and 

preventive measures and also got a few quantities of equipment such as jump shoot, swatter, water tank, torch, gloves, rake and 

other accessories.   

Table 1: Trained Fire Management Volunteer Groups in 2012 

S. 

N.  

Volunteer Group  District  Programme 

area  

Male 

No. 

Female 

No. 

Total  

1   Rangapur Collaborative Forest Rautahat TAL  15 12 27 

2  Halkhoriya Collaborative Forest Bara TAL 7 13 20 

3 Baghauda User Committee,  Chitawan National Park  Chitawan TAL and CHAL 21 11 32 

4 Barandabhar Protected Forest  Chitawan ,, 12 15 27 

5 Sundevi Users Committee, Suklaphata Reserve  Kanchanpur  TAL 22 9 31 

6  Rani Ban  and  Pathari CF  Kaski  CHAL 21 6 27 

7  Baijanath and Barandibhar CF  Kanchanpur  TAL 19 8 27 

8 Jum Danda Jhhapre CF Tanahu  CHAL 8 16 24 

 Total   125 90 215 

TAL: Terai Arc Landscape Programme : CHAL: Chitawan Annapurna Landscape Programme  

Case three: The volunteers are now actively engaged to control and communicate the fire incidents around their vicinity. 

Specifically, Baijnath cluster of Kanchanpur district did a good job during fire season in 2014. The chair of the group Mr. 

Ramindra Chhetri always made communication live during the whole season and whoever informed them they supplied the 

equipment and also volunteers to control the fire and from their efforts 32 community forest users group managed and took 

ownership to manage the forest fire in their community forests. However, they could not fully control their neighbour forest land 

of Churia (government managed forests). According to them, they could control about 75 per cent of the incidents with their 

capacity within two to three hours. But during night season, they could not go to the forests. In Ganesh and Bachhela CF, they 

mobilized more than 200 volunteers for fire control during peak season in April and May 2014 whether they just spotted the fire 
on their forest and nearby the national forests.  

Case four: in Nawalparasi district, in the community forests, about five per cent forest land have only been affected by the 

forest fire. The community members have constructed fire line inside the forests and also mobilized women members to patrol 

the forests during peak season (DFO Nawalparasi, 2014).  

Box 1: Forest fire management by community forest  

A Janajagaran CF having 246.75 ha forest area caught fire 

during mid-night on May 10th, 2014. They also spotted the 

forest fire point at that time, however, they could not go 

inside the forest against the forest fire due to windstorm and 

only they could reach in the next morning and made control 

at around 8 am in the morning. About 50 ha forest areas were 

burnt and damaged the saplings and regeneration growth of 

Shorea robusta forest. The group has only two water sprays 

and two watchers for forest fire vigilance. As a preventive 

measure, they used to burn out the dry leaf over the side drain 

of the forest road and also make fire line inside their forests. 

On this scenario, they have also been saving the forest land 

from the fire except the last season fire of 50 ha. Their 

initiation controlling the fire is self motivational for 

conservation and management of community forests.  
Plate 1: Fire on the forests ( Photo : P.Koirala, 2014) 
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Case four: in Kanchanpur district, from mid-April to mid-June an assessment was done through Fire Monitoring Unit 

established at District Forest Office in 2014. There was a promising result the office received that only 12 percent forest areas 

have been burnt one to thrice times in the several community forests. On contrary, the fire monitoring unit had collected more 

than 50 times fire incident occurred in the non accessed or open access forest zone which is also regarded as government 

managed forests. At the same time about almost all 6500 ha forest land (considered government managed forest land) had been 

burnt at least once during the fire season. The adjoining community forest users also tried to manage the forest fire to the 

government managed forests too. About 2000 ha forest lands were made under their observation from the 26 community forest 

user groups. For this we could say about 50 to 200 workdays were used to control and manage the forest fire on their forest land 

including government managed forest land in Kanchanpur during fire peak season. The two tables below show best results in the 
district.  

Table 2: Occurrence of forest fire and their damages in community forests from mid April to mid May, 2014  

S.N. Community Forests Name Total Forest area 

ha 

Frequency of Fire Incident  Damaged Area ha 

1 Amar Suda 6, 7,8 305.17 3 7 

2 Janjyoti Pipladi 3 166.95 1 0.5 

3 Baijnath Shankarpur 4 60.15 3 15 

4 Ganesh Suda 7 412.39 1 12 

5 Gwalabari Krishnapur 2 198.82 1 10 

6 Hariyali Krishnapur 3, 4, 5, 6 195 1 20 

7 Bashant Jhalari 9 498.93 1 30 

8 Ekata Krishnapur 8, 9  117.28 1 10 

9  Mahakali Krishnapur 6, 9 197.57 

10 Sita Nagar Shreepur 1 53.12 1 2 

  Total  2205.38 13 106.5 

 

The success in fire management was achieved through community forest user mobilization from respective executive committee 

and motivational factors generated from the local forest users. Also, the DFO set a fire monitoring unit inside the office complex 

and assigned to communicate the forest user groups and subordinate staffs to take action immediately with potential response 

team and equipments wherever available. The district had only supplied four equipment sets for fire management (back pack 

tank, helmet, rake, shovel, jump shoot, glove, boots, first aid kit, swatter and so on). Among there only swatter and water tanks 

were commonly used to extinguish the flame on the forests, because most of the forest fire were ground or surface in nature in the 

gentle slope and plain areas. On the hills, there was no more crown fire except coniferous forest land. The major methods using 

by the local people are temporary and permanent fire line construction inside or ridge, control burning on the along trail and 

ditches, beating by bushes and also using by provided modern equipments such as Swatter, Back Pack Water Tank and other 

equipments. Institutionally, the users have made a network among them and inform quickly after spotting the fire on the forests to 

users and neighbouring members including forestry staffs and nearby Police posts. The team is called volunteer fire fighting 
team.  

Table 2: Occurrence of forest fire and their damages in community forests from mid May to mid June, 2014  

S.N. Community Forests Name Total Forest area 

ha  
Frequency of Fire 

Incident  

Damaged Area ha 

1 Baitada Daijee 4 484.6 2 4 

2 Janjagaran Parashan 1 -9  246.75 2 58 

3 Gwashi Krishnapur 3 496.78 1 1 

4 Dilashani Dekathbhuli 3&4 125.36 1 15 

5 Janjagaran Dekathbuli  200  2  20 

6 Mahakali Krishnapur 6,9 197.57 1 300 

7 Ekata Krishnapur 8&9  117.28 

8 Shinghpur Krishnapur 5,6&7  198.29 

9 Pragatishil Krishnapur 8&9 119.03 1 3 

10 Amar Suda 6,7&8 305.17 1 0.5 

11 Siddhanath Bhimdutta Brahmdev 497.98 1 0.5 

13 Amar Suda 6,7 &8 305.17 3 22 

15 Shanti Bhimdutta 10 183.75 1 0 

16 Shahid Smarti Bhimdutta  3 291.95 1 0 

17 Bachella Daijee 3 308.31 2 0 

  Total  4077.99 19 637 

CONCLUSION AND RECOMMENDATIONS  

The forest fire problem is very serious in these years because of climate change impact in the Hindukush regions. The fores fire 

threat to humans is still very high in Nepal because the mountain regions have very less access to the technical and support 
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system of government and other agencies in forest fire management. The government initiation has also no so much effectively 

implementing throughout the country with limited resource and technical support. Therefore, more than 18000 communities 

having about 30 per cent forest land are managing the forests and if their management is networked and mobilized with a little 

technical and logistic input in forest fire could make a success move in the forest fire management. Most ground and surface fire 

can be controlled or fire management can be handled through community forest user group members' mobilization. The 

experience shows that there is only ultimate solution for forest fire management in the country is through community based forest 

fire management. For this the report recommends supporting proper equipments and skills for using fire as a management tool 

and climate change risk reduction.  Similarly, the study also recommends to mainstream into implementing instruments of 

Nepalese Forest Fire Management Strategy, 2010. The experience of the Kanchanpur and Nawalparasi could be a base model for 
the further implementation of fire control system development through community based forest fire management.  
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ABSTRACT: The development of disaster risk management (DRM) policies has gained attention in 

recent years but the processes leading to changes in DRM policies is still rather under-researched topic. 

One country where DRM has gained momentum over the last few years is Mozambique where recurrent 

natural disasters negatively impacts on the country’s development efforts. Drawing on policy process 

literature this paper scrutinises the DRM policy changes in Mozambique and the role of disasters in this 

process. The data for this qualitative case study was collected in early 2013 in Maputo, Mozambique 

mainly by interviewing a number of actors actively participating in DRM policy process. The results 

reveal that while disasters can play a role policy process, they alone do not explain any policy changes. 

While international agreements and cooperation where seen as the main drivers for change, disasters 

have made incremental changes possible by serving as “wake-up calls”, through lessons learned and by 

keeping the issue high in agenda. The short return period of natural disasters directs focus and resources 

on disaster response and recovery, thereby overshadowing DRM, although its importance is well 

acknowledged in the country.  The findings suggest that the Post 2015 Framework for Disaster Risk 

Reduction could be a useful tool for Mozambique, in particular if it provides platforms for information 

exchange between the countries. 
 

 

Keywords: Disaster risk reduction, Mozambique, Driver, Policy Change, Natural disaster. 

1. INTRODUCTION 

As the focus in disaster management has in recent years shifted from response to more proactive approach, disaster risk 

management (DRM) has gained more attention. However, DRM policies and the processes leading to policy changes are still 

rather under-researched topics. One interesting question concerns the drivers of change – what is driving DRM policy 

change and what is the role of occurred disasters in the policy process? While the policy process literature has for long 

recognised the role of shocks in policy change, the number of studies exploring the role of natural disasters in DRM policy 

process is low with varying results and interpretations (see for example Birkmann et al. 2010; Manyena 2013; Scolobig et al. 

2014).  

This paper concentrates on an area previously little studied: how do disasters influence DRM policy process in a subsystem 

facing recurrent natural disasters? This is an interesting question in many developing countries in particular, where climate 

change is expected to bring about more frequent hazards (IPCC 2012). Using Mozambique as a case this qualitative study 

seeks to find out how the actors have perceived the policy changes and the role of disasters in the policy process. 

Mozambique is one of the least developed countries in the world and recurrent natural disasters negatively impacts on the 

country’s development efforts (UNDP 2013). Because of these negative impacts of disasters and predictions that climate 

change will make the country even more prone to climate induced disasters, Mozambique has done a lot of work to better 

prepare and respond to disasters but also to reduce the risks during its 39 years of independency (IPCC 2012; William 2011).  

2. DRM POLICIES AND DRIVERS FOR CHANGE 

As suggested by many approaches in policy process literature, including Kingdon’s Multiple Streams approach (Kingdon 

2011), Birkland’s work on Focusing Events (Birkland 2006) and Sabatier and Jenkins-Smith’s Advocacy Coalition 

Framework (Sabatier 1988; Sabatier & Jenkins-Smith 1993; Sabatier & Jenkins-Smith 1999; Sabatier & Weible 2007), a 

shock, such as a disastrous event, can lead to or at least partly explain policy change. This approach puts disasters in the 

centre of focus when looking at policy changes in DRM policy subsystem, too, highlighting the dualistic nature of natural 

disasters: while causing loss of lives and livelihoods, they can also be constructive as in creating opportunities to address 

different aspects of DRM. Kingdon (2011) has postulated that separate streams of problems, policies and politics come 

together at a critical moments. He labelled these moments as “Policy Windows”, openings for a policy change to occur. 

Kingdon’s model has been utilised in some previous papers discussing changes after natural disasters. Birkmann et al (2010) 

looked at the changes occurred both in Indonesia and Sri Lanka after the 2004 Boxing Day tsunami in South East Asia and 

concluded that the bigger the disaster the greater the chances are for a (policy) change to occur, whereas Manyena (2013) 

looked at the 2008 cholera epidemics Zimbabwe and concluded that if the “window of opportunity” was opened by the 

disaster, it was not utilised due to shortcomings at policy and administrative level. The work of Scolobig et al (2014) draws 

on Sabatier’s work in addressing the need of coalitions to come up with plans and to utilise the possible “window” a natural 

disaster may open. However both Birkland and May take different approach claiming that natural disasters do not really 
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work as “window of opportunity” in disaster management domain, since they see disaster management and DRM policies as 

“policies without public” (May 1991; Birkland 2006). With “policies without public”, May refers to policy areas with 

limited interest groups, mainly technical and scientific communities (May 1991). This, they argue, limit the advocacy 

coalitions to one hence slowing down political discussion and policy process (Sabatier & Jenkins-Smith 1993). 

As the aim of this study is to find out whether the actors involved in DRM in Mozambique saw the occurred disasters as 

drivers for policy changes, Kingdon’s concept of “Policy Window” has been utilised as a working concept in this paper 

(Kingdon 2011). Similarly the notion on “software and hardware” aspects of organisations, as described by Boin & ´t Hart 

(2010) are utilised. Here, the software aspects refer to institutional culture, training, leadership and network building, 

whereas hardware factors are understood as the formal structures and legal frameworks (Boin & 't Hart 2010).  

3. METHODOLOGY 

Data for this qualitative field study was collected in Maputo, Mozambique in early 2013. The main research technique was 

semi-structured interviews with 40 informants being involved in disaster risk management domain in Mozambique. The 

interviewees were drawn from ministries and other governmental bodies, NGOs, inter-governmental organisations, bilateral 

organisations and academia. Most of the interviews were recorded, transcribed at later stage and then coded and analysed 

utilising a qualitative data analysis software NVivo 10. In addition, a number of governmental documents and various policy 

studies, mainly by inter-governmental organisations and academia, were analysed both in order to triangulate the information 

given by the interviewees but also to contextualise the narratives. The study was delimited to cover only the post-civil war 

era (1992 onwards). Data on occurred natural disasters and their impacts were drawn from EM-DAT Mozambique country 

profile.  

4. DRM IN MOZAMBIQUE  

Mozambique faces recurrent natural disasters and is used to dealing with them. According to EM-DAT Mozambique country 

profile Mozambique has faced almost 50 natural disasters within the past 20 years (excluding epidemics). A more proactive 

approach to disaster management and the beginning of DRM started slowly appear in the 90s, although it took some time 

before it translated into implementation. This change in the rhetoric can be understood as a product of two simultaneous 

processes: 1) the end of the civil war in 1992 which allowed more resources to be used for development rather than heavy 

disaster response structures and 2) the international decade of disaster reduction which lifted DRM in the international 

agenda (Wiles et al. 2005). The country got its first disaster management bill in 1999 when also the new agency, National 

Disaster Management Institute (INGC) was created. Since 2005 DRM has been included as cross-cutting issue in the 

Government 5-year-plan and a year after the country got its Disaster Risk Reduction Master Plan. DRM has also been 

included as cross-cutting issue in the country’s poverty reduction strategies since 2001: PARPA (2001-2005), PARPA II 

(2006-2010) and PARP (2011-2015) respectively, and it is added as one of the main pillars in Mozambique’s national 

strategy for climate change mitigation and adaptation (2013). In early 2014 the parliament of Mozambique accepted a new 

disaster management law. 

5. ANALYSIS  

Majority of the interviewees were of opinion that the past disasters had played a role in policy process. However, often the 

disasters were not seen as the immediate or the main reason for changes. While international agreements such as the Hyogo 

Framework for Action as well as learning best practices from other countries were connected more directly to policy 

changes, disasters were seen to impact through various processes at the background: 

1) Learning from Disasters. Both institutional and individual learning were mentioned as important outcomes of 

disasters. Although “lessons learning” is a slow process and, in the case of DRM policy subsystem in 

Mozambique, is further hindered with high staff mobility, lack of resources and human capital to analyse the event 

and activities and to take integrate them in the new plans, it was still deemed important. As one of the respondents 

put it “…the experience that you have tells you how bad is the situation and how far you have to go, or how 

ambitious you have to be…” (interviewee 18). 

2) Keeping DRM high in the agenda. Many of the respondents stated that the natural disasters in Mozambique affect 

not just the disaster management sector and the directly affected areas but the whole country and all sectors of the 

society. Being a poor country struggling to fulfil its development goals, any drops in growth rates or destroyed 

infrastructure are taken seriously in Mozambique. Hence the importance of DRM is well understood. This was 

highlighted by many of the interviewees although many of them felt that DRM was overshadowed by response and 

recovery activities and that they did not have as much resources to implement DRM activities as they would have 

wanted to. Yet it was deemed important that the importance of DRM was not questioned. As one of the 

respondents pointed out: “At least one thing is clear. Nobody doubts. You never hear anyone to doubt about the 

necessity, about the importance and priority that DRR needs to take” (interviewee 12).  

3) Helping to push ready-made plans was something the respondents were hoping the most recent floods would do. 

In January-February 2013 Mozambique experienced the worst flood since 2000. The Council of Ministers had 

passed the new and long waited disaster management law in December 2012 and sent it to the parliament for 
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discussions and final approval. A the time the interviews were carried out, one to three months after the peak of the 

flood incident in 2013, many of the respondents thought that having a recent and severe flood event would help the 

new disaster management law to be passed at the parliament. This did indeed occur in early 2014 when the 

parliament accepted the law after a short discussion (AIM 2014). 

The interviewees did also see disasters as something that had been working as “wake-up calls”. This was in particular the 

case when there had been disasters in bigger scale (for example the floods in 2000), in an area not previously prone to certain 

type of hazards or when facing new types of hazards (as the earthquake in 2006).   

6. CONCLUSION AND ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK 

REDUCTION 

The findings suggest that the numerous natural disasters in Mozambique have not directly led to policy changes. Over the 

past 20 years there has been over 50 natural disasters but only a handful of policy changes of varying degree. All the 

“hardware” changes observed, including policy changes and changes in institutional structures, have occurred slowly and 

can be understood to be incremental rather than knee-jerk reactions to any particular disasters. However, in the case of 

disaster risk management subsystem in Mozambique, it is not because of limited or lack of public, as suggested by May and 

Birkland. Unlike in the U.S. context, natural disasters in Mozambique occur in every part of the country and because the 

impacts can be seen throughout the society, the disasters do indeed gain a lot of attention in media, private sector, civil 

society, government as well as in the donor community. Because of climate change concerns, with disasters expected to 

increase both in frequency and magnitude, and the efforts to tie DRM to development activities the public and actors 

participating is ever growing. Instead there are a number of other contextual factors explaining the low impact of disasters in 

policy change: First, the frequency and short return period of the hazardous events, which not only make the DRM 

subsystem exhausted, also keeps the attention in preparedness, response and recovery leaving little time and energy for the 

actors to work with risk reduction and related policy questions. The desire to recover quickly from disasters and the 

impediment it causes for DRM is not something typical to Mozambique alone but widely observed (Birkland 2006). Second, 

the short return period of disasters make then less of a shock: they are expected, at least to some extent, which lessens their 

“shock value”. Thirdly, as suggested by Manyena (2013) in the case of Zimbabwe, the limited capacity of organisations 

working with DRM slows down the process which makes it difficult to utilise the “window of opportunity” opened by 

disasters. 

However, although the “hardware” changes in policies and institutions are limited, it is easier to spot “software” changes 

occurring in the DRM subsystem. The interviewees were also able to connect these changes to occurred disasters to much 

greater extent. These “software” changes include, for example, (1) lessons learned have been taken on board when planning 

training programmes, and (2) networks and information sharing among actors have been improved by participating more 

actors in various activities and networks and by creating both physical and virtual places for sharing information. 

The findings of this paper suggest that international cooperation and agreements such as the Hyogo Framework for Action 

have been perceived positively in the DRM policy subsystem in Mozambique and that this framework was seen influential in 

the policy process in the country. As the interviewees valued the shared information and best practices learned from other 

countries, I believe it would be beneficial if the Post 2015 Framework for Disaster Risk Reduction could, while guiding the 

work by setting joint goals, also provide platforms for mutual information sharing that would cater the spreading of best 

practices between the countries and regions.  
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ABSTRACT: The growing numbers and impacts of hazardous events which result in urban disasters can be reduced through 
adequate prevention measures. These measures can be classified as structural (e.g. dams or floodwalls) and non-structural 
(e.g. land use controls or insurance), temporary (warning signs) and permanent (structures). Among them, the spatial layout 
of communities, land use, zoning and associated regulatory measures play a vital role in DRR processes. As tools and 
techniques of urban planning, it is intuitively appropriate to include them into DRR practices. However, it appears that while 
there is a significant demand for collaboration and integration between DRR and urban planning, and a number of existing 
successful cases, the processes of collaboration itself are not well documented and understood. Additionally, there is a lack 
of learning of successful practices and their outcomes, but also the process which lead to them. Clear understandings of how 
processes are undertaken, criteria for success, what alternatives might exist, and why they did or did not work, potentially 
allows adaptation of successful practices across different countries. This paper aims to contribute to this gap, through 
comparative analysis of processes of planning for floods in the UK and wildfires in Victoria, Australia. Although the two 
cases deal with different hazards, procedural and conceptual parallels can be drawn. The main outcome of this paper is 
presentation of an example of planning and DRR being integrated via comparative analysis. Data collection was undertaken 
through secondary data review in the form of literature and archival review and interviews with key people. Comparative 
analysis of the practices of UK flood management, and Victorian wildfire planning, demonstrates not only examples of 
successful collaboration between the disciplines of DRR and urban planning, but also demonstrates how different practices 
can learn from each other. 

Keywords: urban planning and DRR, comparative analysis, collaboration process, UK floods, Victorian wildfires. 

1. INTRODUCTION 
The increasing frequency of hazards events alongside rapid urbanization is resulting in increased numbers of natural 
disasters affecting vulnerable communities. Disaster management aims to decrease vulnerability and increase resilience of 
communities through various structural and non-structural measurements, among which urban planning tools play a vital 
role. Although not always detailed in specific ways, urban planning has important tools that can modify risks.  Improper use, 
or failure to act, with these tools can significantly increase risks associated with disasters. There is an emerging body of 
literature describing the role of urban planning at mitigation, prevention, preparedness, response and recovery stages (e.g. 
March and Henry, 2007, Alexander, 1999, Wamsler, 2014). However, even while integration between urban planning and 
DRR does occur and is intuitively accepted, there is a gap in practice and literature regarding their integration. This kind of 
collaboration and integration is a crucial element of both processes as mechanisms for the delivery and management of safe 
and livable communities. To develop an empirical and theoretical base for these collaborative approaches this paper 
investigates relevant policies in existing practices.  The term policy is used to describe a specific set of rules or procedures 
used to reach specific outcomes (developed from Nagel, 1999). 

To undertake this research, a comparative analysis of existing practices is used to determine the possibility for knowledge 
exchange between countries and disaster types. The majority of severe disaster events result in ‘lesson learnt’ or similar 
reports, which are important.  However, similar events do continue to occur and affect communities internationally.  This 
poses a significant question as to whether any lessons learnt are actually able to be applied elsewhere, and whether relevant 
findings are able to be integrated with other related practices that are interrelated with DRR. The potential knowledge 
exchange across DRR can reduce not only costs of the development of policies and/or programs, but also significantly 
reduce time for relevant program and/or policy to be developed. This paper presents an overview of collaborative approaches 
to urban planning and DRR which appeared after the UK 2007 Floods, and the Victorian, Australia, 2009 wildfire season.  It 
compares the two cases as a base for future application for comparative studies. It is noted that wildfires in Australia are 
called bushfires and therefore are used interchangeably in this paper.    

2. METHOD  
To identify processes relating to the integration of urban planning and DRR, comparative analysis of two descriptive case 
studies was employed (Yin, 2003). Data were initially collected through an extended literature review.  This was followed by 
specifically targeted interviews with professionals in the field. As this paper derives from larger research project, there were 
criteria applicable to selection of the cases chosen. For the purposes of this paper the main selection criteria were significant 
changes in urban planning and DRR practices after recovery processes from the significant disaster events and similarity of 
overall DRR and urban planning approaches in both cases.  
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2.1 Limitations of study  
This research has two main limitations. Firstly, this study presents cases of developed and rich countries, which may limit 
application of the collaborative approach reported in less developed and fiscally disadvantaged countries, outlining a need in 
for frameworks being developed in other settings. Secondly, the study is limited to a descriptive analysis (rather than direct 
appraisal of the success or otherwise of the programs).   

3. UK CASE 
The UK case analyzed here is based on policy changes post the 2007 floods season, during which 13 deaths occurred, 
approximately 48,000 households and 7,300 businesses were damaged, and billions of Pounds losses occurred. These events 
were the result of sudden onset and unprecedented amounts of rainfall in unexpected locations resulting not only in severe 
damage to number of communities around the country (Environment Agency, 2007), but to significant changes in land use 
and DRR practices in the post-disaster recovery phase (Department for Environment Food and Rural Affairs, December 
2009, Pitt, 2008).  

As a part of the recovery stage, the UK government required the Environment Agency to develop a review of disaster events 
to identify causes and to develop future recommendation. The subsequent review was carried out in December 2007, 
suggesting a range of the changes in DRR actions for various agencies, among which urban planning played a key role 
(Environment Agency, 2007). In parallel, an independent review was conducted by Sir Michael Pitt, then Chair of the 
strategic health authority for the South West region of the UK (Pitt, 2008). Both reports provided recommendations which 
were ultimately adapted, some with changes, by the UK Government (Department for Environment Food and Rural Affairs, 
2012). The approach taken to selection and development of the group of professionals from various relevant fields, including 
urban planning, working on these reports with the shared goal of reducing risks associated with disasters, demonstrates the 
possibility of collaborative approaches to integration of the urban planning and DRR as it involves a range of relevant 
professionals. However, it also appears that it requires a significant disaster event to occur claiming either lives of people or 
resulting in significant damage, to bring this about.  

Another aspect to collaboration demonstrated in this case is the introduction of limited involvement of residents and citizens. 
Involvement was categorized as limited by the investigator. Not only those who were already affected were able to be 
involved, but also those who many others could participate in ‘flood surgeries’, which were held for four months. During 
these, community members had an opportunity for the first time in UK history to participate in the recovery process through 
providing their opinions, views and concerns regarding changes in the policies (UK Flood professional, 2013). Moreover, it 
appears that citizens ‘top five’ reasons for severe flooding were in line with technical research based findings of Sir Michael 
Pitt’s team (Pitt, 2008).    

3.1 Policy changes of post 2007 floods season   
Policy changes which occurred after the floods included: successful updating of the Planning Policy Statement 25 (PPS25) 
Practice Guide restraining development in floodplains; banning of impermeable surfaces on front gardens for households and 
businesses; introduction a Flood and Water Management Bill banning people’s right to connect surface water drainage of 
new developments to sewerage systems; a series of changes to building codes and regulations, targeted to increase resilience 
of the buildings and developments to the food risks; changes of ownership and responsibility of the maintenance of drainage 
systems; establishment of the program through the Catchment Flood Management Plans and Shoreline Management Plans 
establishing flood storage areas (Department for Environment Food and Rural Affairs, December 2009); development of the 
Flood and Water Management Act, which outlines regulations, norms and standards in regards to all sources of flooding, 
facilitates flood management and clarifies responsibilities (UK Parliament, 2010). Changes which have been brought up after 
the recovery process have been maintained until time of writing (Department for Environment Food and Rural Affairs, 
2012), and clearly demonstrate a collaborative process being employed between DRR professionals and urban planners. As 
such, restraining further development in floodplains and related improvements were developed using data collected from 
floodplain engineers, urban planners and concerned citizens. The collaborative approach used by professionals in various 
disciplines relating to DRR included urban planning, community involvement and presence of independent reviewers.  This 
demonstrates that the case of the 2007 Floods in the UK can be used as an example for similar practices. Actions which were 
taken here have the potential to be translated to guidance and frameworks which can be applied to other settings, subject to 
additional research.  

4. VICTORIA, AUSTRALIA CASE 
The Victorian case examines recovery processes after the significant disaster events of the 2009 wildfire season. Victoria is 
highly susceptible to wildfire. Located in the south east of the country, considerable amounts of settlements are in direct 
proximity to highly fire-prone native vegetation, making it one of the most flammable areas in the world (Bradstock et al., 
2012). A clear need to integrate urban planning with DRR practices to reducing risks exists.  However, similar to other 
examples, it appears a devastating disaster event is required for appropriate changes to be implemented.  The latest disaster 
event was wildfires on 7th of February, 2009, also known as Black Saturday, resulting in the death of 173 people, destroying 
or damaging about 5000 houses and business, environmental losses of wildlife and significant economic losses for the 
country. As a result, a Victorian Bushfire Royal Commission (VBRC) was established to investigate causes of severe 
damage and provide recommendations for improvement in all aspects to decrease risks associated with wildfire disasters 
(Victorian Bushfires Royal Commission, 2010). In a similar way to the UK case, this represents an example of the 
collaborative approach of urban planning and DRR being triggered. Professionals involved in analysis of data and 
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development of new policies were urban planners, fire engineers, environmental scientists, and response agencies, and senior 
bureaucrats.  

4.1 Policy changes of post 2009 wildfire season   
As a result of the 2009 wildfire season in Victoria, a range of policy has been changed. A significant urban planning change 
was development and introduction of the Bushfire Management Overlay (BMO), Bushfire Attack Level (BAL) and relevant 
clauses in statutory planning, acting as key decision making mechanism of urban planning. The BMO was developed to 
replace of the Wildfire Management Overlay, which was in place prior 2009, and which was not as detailed as the BMO.   
The State Planning Policy Framework post 2009 now states that human life is a priority, rather than allowing trade-offs with 
other interests, such as development pressures.  Further changes include requirements for development to respond to climatic 
conditions, topography and vegetation to identify possible risks associated with wildfire (Victoria Planning Schemes, 2011), 
Via Clause 44.06, the BMO applies to land which can potentially be affected by wildfires (Department of Planning and 
Community Developement, 2013). Under the BMO provisions, Clause 52.47 ‘Bushfire Protection: planning requirements’ 
was developed to ensure implementation of the State and Local Planning Policy Framework, to ensure that new development 
reduces risks to life, property and infrastructure. It sets detailed design guidelines, including the possibility that some sites 
are too risky to develop and will receive a Refusal (Victoria Planning Schemes, 2013). Integrated but separate building 
legislation and processes ensure that construction of dwellings is capable of withstanding fire via specifying materials, siting, 
proximity to vegetation and slopes (Victorian Building Authority, 2011).  

All of these policy changes were developed through cooperation between the State Government, state and local officials, 
Minister for Planning, Department of Planning, Transport and Local Infrastructure,  local planners, landscape professionals, 
environmental scientists,  representatives of the academia, fire engineers, Country Fire Authority, Metropolitan Fire Brigade, 
law enforcement provided through the Victorian Civil and Administrative Tribunal (VCAT). As a result of such close 
collaboration successful implementation of the policies was possible with relatively limited public participation, particularly 
at local government level, in this case.  However, one emerging disadvantage of the changes is an ongoing reaction from the 
general public against threats to rights to build on personal property. This appeared after the BMO was introduced, 
particularly as it prevented the development of many areas of land previously earmarked for settlements, resulting in loss of 
its fiscal value.  

5. IDENTIFYING ONE TYPE OF POST – DISASTER COLLABORATION  

5.1 Disaster as a catalyst for collaboration  
Comparison of the cases demonstrates that in both instances devastating events led to significant changes in urban planning 
practices and allowed realistic collaboration with the DRR, compared with the pre-disaster state. Although not unique to the 
cases examined (e.g. Hurricane Katrina resulted in significant changes (American Society of Civil Engineers Hurricane 
Katrina External Review Panel, 2007)), the nature of changes in both cases demonstrate success in uniting traditionally 
separate institutions of the DRR and urban planning to improve community resilience, as opposed to more traditional 
response focuses.  

5.2 Role of force of law   
Both cases demonstrate policies varying in scale (single dwelling or large development) and restrictions (regulated 
construction or bans), as key mechanisms in DRR practices. As urban planning mechanisms, these policies are regulatory 
modes (term adapted from Hopkins, 2001), requiring implementation through statutory processes. In the UK case, 
implementation occurred via Parliament hearings. In the Victorian case through the planning processes and Tribunal 
hearings. A somewhat authoritarian approach to regulatory planning suggests it may be appropriate in cases such as this one 
as a way of achieving integration.   

5.3 Role of technical advice  
Another point of comparison is the role of technical advice in the post-disaster collaboration of urban planning and DRR. 
Both cases demonstrate high involvement levels of professionals (e.g. flood and fire engineers) in processes of evaluating 
causes and finding solutions for creating DRR communities. Implementation of technical advice highlights a need for 
ongoing collaboration and knowledge exchange between urban planning and DRR professionals, particularly when measures 
may not be popular. Technical advice can also be applied to more specific examples. For example, the practice of banning 
development in UK floodplains demonstrated has potential to be modified into less strict regulation through implementation 
of the overlays, similar to the BMO overlay in Victoria. Applications of overlay controls allows more detailed analysis of 
individual sites and constructions to determine flood risks at a site level, ensuring that the level of the DRR of an existing 
development in the area is relatively high. Such practice can further be applied to other disaster types and in other countries.     

5.4 Building role of participation    
The collaborative and integrative approach used in these cases has similarities.  In both cases, established teams of relevant 
professionals and authorities investigated causes and provided recommendations for changes (Victorian Bushfires Royal 
Commission, 2010, Environment Agency, 2007). The UK case additionally employed an independent reviewer and his team 
(Pitt, 2007), resulting in a rigorous and perhaps fuller and more reliable research, as the community was more directly 
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involved. Whether or not the outcome of this involvement is greater community understanding and local risk reduction 
remains uncertain, but the success of the case is evident. The Victorian case demonstrated a successful collaborative 
approach between professionals from relevant fields, resulting in thorough research of underlying issues and development of 
new more rigorous decision making mechanisms to reduce wildfire risks. However, it did not include the community in any 
meaningful way at any stage of policy development, which may be a key reason for ongoing campaigns against the new 
regulations by some community members. This suggests that integration of urban planning and DRR practices and 
institutions needs to include affected community participation.  

6. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
This paper addresses a need for better understanding of ways to integrate DRR with urban planning, in keeping with the 
‘integration of disaster risk reduction into sustainable development policies and planning’ a main goal of the Hyogo 
Framework for Action.  The paper stresses the significance of understanding processes underlying integration. With care, the 
concepts here can be translated to successful mutual learning needs in other areas of DRR.  

7. CONCLUSIONS 
Case studies of the post 2007 UK Floods and post 2007 Victorian bushfire planning demonstrate collaborative approaches to 
urban planning and DRR, but show that it often requires a significant disaster to occur. Analysis of the cases demonstrates 
similar patterns during recovery across two different disaster types in different urban cases, suggesting potential for a 
framework that could be transferable. The collaborative approach appears to allow technical inputs alongside inter-agency 
collaboration between professionals and officials. This can be operationalized through new processes, but in the cases 
studied, was implemented through quite regulatory and legal means. Close cooperation between parties involved is required 
for policies to be effective and successful, and ensures inclusion of views and opinions of all stakeholders. Elements of these 
successful practices integrating urban planning and DRR could be translated to other contexts with care.  
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ABSTRACT: This research paper presents a methodological approach to learning across different Disaster Risk Reduction 
cases. The general lack of literature on the integration of practices between urban planning and disaster risk reduction, 
particularly with a focus on stakeholders’ involvement, suggests that it is appropriate to develop knowledge in this area. 
Further, an inductive research method is appropriate in this instance, allowing theory to draw insights from practice. The 
research project employs a heuristic approach, requiring development of a hypothesis or propositions, which are further 
tested upon analysis of the observations of practice of three cases on the international level. Upon completion of data 
collection and its analysis, a series of findings were developed, outlining the circumstances of successful examples of 
integration of urban planning and DRR. These findings reveal that integration has been the result of changes to policies in 
each case, creating an overall, broader understanding of the potential for collaboration between DRR and urban planning. 
While these findings are important and significant for better understandings of DRR practices, they remain mainly 
descriptive, describing outcomes, rather than explaining the processes themselves. A thorough understanding of the 
collaboration process itself can potentially be used to adapt successful practices in other countries and other hazards. Thus, 
to further “ground” theory an in-depth analysis of the policy process of a single case study is reported. The case study chosen 
is Victorian Bushfire planning, with particular focus upon the processes of policy change in the periods after the 2009 
Bushfire season, around the events also known as “Black Saturday”. The research method chosen for this stage of the 
research is policy analysis, as it allows development alternatives for the policies and determines which of them will achieve 
a given set of goals in light of the relationship between policies and achievement of goals. 

Keywords: methodology, policy analysis, international examples, urban planning and DRR, heuristic approach 

1. INTRODUCTION 
Growing numbers of disasters globally inevitably lead to the question of whether appropriate Disaster Risk Reduction 
(DRR) techniques are being used. As DRR seeks to employs tools and mechanisms from a range of disciplines (e.g. Foster, 
1980, Alexander, 2002, March and Henry, 2007), one potential question is whether integration between DRR and other 
disciplines is sufficient to reduce communities’ vulnerability. Positive practice examples, on the other hand, suggest that 
there are ways of integrating DRR with other disciplines.  However, the processes of doing this are not well-documented. 
Despite fundamental theoretical work on challenges of integrated activity in complex societal settings (e.g. Habermas, 1984, 
Kornhauser, 1959) and the problems of distributive justice and risks associated with decision making (Beck, 1992, Walzer, 
1983), methods are still lacking for investigating the governance of integrated DRR processes. This research paper aims to 
address this gap in by illustrating a research method developed to recognize patterns of integration of urban planning and 
DRR practices via analysis of existing examples.   

2. METHODOLOGICAL FRAMEWORK  
An inductive research method was chosen due to the lack of extant literature in this area. Inductive research allows insights 
to be drawn from practice as a first step to the development of theory. The process of building theory out of the data is 
sometimes referred as a grounded theory approach, requiring the initial development of a hypothesis or propositions, which 
are then subsequently tested upon against observations of practice (Glaser and Strauss, 1967, Dey, 1999). While the broader 
methodological base of grounded theory is used as a heuristic approach here, the second component testing against practice 
is not directly undertaken.  Rather, this paper reports the first step, the inductive development of a hypothesis or 
propositions.  

In this study, to provide a wider context for theory building that can be applicable to the diverse situations, rather than just 
specific scenarios (Dey, 1999), data were collected from international practice examples, employing the principles of multi 
case-study methods (Yin, 2003) within an heuristic approach. It should be noted, that despite references to the case study 
method, traditional execution techniques (e.g. Yin, 2003, Neuman, 2011) of this method are not employed here. Instead, 
broad desktop research was initially performed to identify general patterns in specified examples. This approach allowed 
further definition of the research to be taken. Upon establishment of similar patterns in analyzed cases, a research question 
was refined to address initial findings. The research method was further developed and refined to accommodate established 
research question, and further analysis of a single case study is conducted. The application of the theoretical framework 
established in initial findings and its consecutive application to a single case-study allowed testing of the initial theory 
developed and its refinement as appropriate. Figure 1 demonstrates the overall method developed.  

3. APPLICATION OF METHOD  

395



 

2 
 

 

Analysis of relevant literature demonstrates that, although the inherent nature of DRR suggests collaborative approaches are 
appropriate as a basis (Quarantelli and Kreps, 1972), the reality of practice includes little information on the conduct of such 
an approach, often demonstrating it as being akin to ‘military exercises’, particularly in traditional settings. Urban planning, 
on the other hand, has a significant history of involving various stakeholders in the process of planning through various 
mechanisms and tools (Friedmann, 1987).  This suggests it is appropriate to adapt collaborative planning approaches and 
traditions to integrate DRR and urban planning.  Additionally, the lack of absolute powers, and uneven power distribution in 
governance structures suggests that care is needed to gain acceptance of implementation mechanisms.  A series of steps were 
established.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Research methodology framework  

3.1 Step 1 – Research question 
The primary research question:  What provisions exist for the successful practices of the integrated urban planning and 
DRR? 

The following research propositions were used to explore components of the primary question:  
• The integration of urban planning and DRR can be observed internationally  
• Different disaster management stages employ particular urban planning modes of action 
• Urban planning has the potential to bring insights, processes, and legitimacy of stakeholders involvement to the 

integration of urban planning and DRR  
• Appropriately integrated urban planning and DRR can reduce risks associated with disasters in the community.  

3.2 Step 2 – Initial cases selection criteria  
International disaster cases were selected using the following minimum criteria: classified as a disaster; well documented 
and data accessible; a variety of the disaster types be examined; similar approach to disaster management and urban planning 
occur across the analyzed countries; similar development level exist in the countries; different stages of the disaster cycle be 
included; and, similar political attitudes regarding stakeholders exist. Accordingly, the following cases were chosen: Swiss 
Avalanche Prevention and Preparedness Program;  Hurricane Katrina, 2005, with a focus on response stage in New Orleans, 
LA, USA; the UK 2007 Floods, with a focus on the recovery stage.  

3.3 Step 3 – Refining findings  
One of the clearest and immediate findings across the three cases is that devastating and dramatic disaster events appeared to 
facilitate actions to change policies and distributions of the responsibilities. Disasters can trigger changes previously 
“suspended” or awaiting more radical solutions (Quarantelli, 1998). The UK floods of 2007 demonstrate the first widespread 
case of public involvement in the decision making process at this stage in the UK, despite previous attempts (UK Flood 
professional, 2013). It was also observed that radical changes in urban planning regulations can occur in these 
circumstances. In the US Hurricance Pam case, there was an intention (not actually acted upon) to modify DRR practices, 
ordered by FEMA (Beriwal and Moore, 2006). However, the timing of the Katrina disaster did not allow this exercise to be 
completed and implemented. The Swiss case demonstrates that the ‘Winter of Terror’ events of 1956 triggered a wave of 
legal proceedings that shaped new laws regarding construction in avalanche hazardous areas (Frutiger, 1980). Additionally, 
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this case demonstrates that appropriate integration of DRR and urban planning can significantly reduce risks for prolonged 
periods of time after an event.  

Overall, the findings of initial stage show that urban planning can be successfully integrated with DRR in many cases. The 
UK case demonstrates that, although urban planning and DRR are typically under different jurisdictions and belong to 
different agencies, they still can be integrated. The US case demonstrates that urban planning and DRR can exist under the 
same “entity”, such as city council, but in different departments. The Swiss case, on the other hand, demonstrates how DRR 
can in some instances “dictate” land use planning outcomes as a result of hazard mapping. Despite differences, all three 
cases demonstrate connections between planning and DRR practices, however, there is a lack of understandings how these 
practices are connected.  

In each of the three cases, regulatory modes of planning were employed as the central mechanism for integration between 
urban planning DRR. The high levels of impact that urban planning practices can have on risks and outcomes, such as the 
case of Hurricane Katrina, suggest strong connections between urban planning into disaster management.  While occurring 
in different circumstances, the UK floods case demonstrates that two separate institutions, traditionally separated in decision 
and actions, can work together productively after dramatic disaster events. In the Swiss case, the disaster management 
perspective dominated via hazard mapping in the Swiss case, suggesting that in some instances it may be appropriate to 
include urban planning in the latter stages of processes, after sufficient technical knowledge is developed. The three cases 
demonstrate disaster risk reduction being integrated with urban planning, in different forms. The uniting characteristic of 
these cases appears to be in the use of regulatory phases or mode of planning (adapted from Hopkins, 2001). There did 
appear to be strong cultural and political influences on decision making processes in all three analyzed cases, but this 
requires additional research.  

3.4 Step 4 – Employing policy analysis  
The inductive findings from the international cases demonstrate that initial, descriptively based conclusions can be drawn 
about wider changes to DRR and urban planning policies. However, while the broad policy changes are clear, the way that 
policies were modified and how particular decisions were made, the consideration of alternatives (if any), and why specific 
policy was implemented, remains unclear. Accordingly, a policy analysis research approach was then used to define, 
understand and critique disaster risks as a policy problem, to understand the generation and selection of options and policies, 
programs and projects (Guess and Farnham, 2011, Nagel, 1999).  Policy analysis research can document public problem 
definition (such as disaster risks), and analysis of the ways used to solve these (Majchrzak and Markus, 2014, Weimer and 
Vining, 2004, Dunn, 2007).  This aligns with the core aim of this research – understanding and describing collaborative 
approaches to the integrated practices of urban planning and DRR. Moreover, the process of policy research can allow 
understandings of the ways that stakeholders were presented with evidence or information and any possible solutions to 
existing problems (Majchrzak and Markus, 2014).  This can allow description and critique of the generation and staging of 
the series of steps taken to change policies and actions. Accordingly, even while the policy analysis will be specific to a 
particular setting, the use of established policy analysis methods and basis in that extensive literature provides a base for 
some generalization and further research.  

3.5 Step 5 – Case study   
To commence the policy analysis research, a case study of the post 2009 Victorian wildfire planning was conducted. This 
particular case was chosen since significant changes to policy and practice occurred after the devastating events of the 2009 
Victorian wildfire season, resulting in deaths of 173 people, loses of about 5000 houses and business and significant 
environmental losses (Victorian Bushfires Royal Commission, 2010).  The previous findings of this project were applied and 
further developed relating to the more specific case of the post 2009 Victorian wildfire planning, as an ongoing part of the 
inductive “fine tuning” of the method. Figure 2 demonstrates process of the policy analysis undertaken in the case study.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Policy analysis process developed by investigator to be applied to the chosen case study  
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
The framework presented here provides ways to examine and improve the integration of practices of urban planning and 
DRR developed using a transferable methodological approach, addresses one of the strategic goals of the Hyogo Framework 
for Action, ‘The development and strengthening of institutions, mechanism and capacities to build resilience to 
hazards’(United Nations, 2005). The framework allows understandings of typical processes of successful integration, to 
address another strategic goal of the Framework for Action ‘The systematic incorporation of risk reduction approach into the 
implementation of emergency preparedness, response and recovery programmers’ (United Nations, 2005) through the urban 
planning tools and measures. To achieve the latter, regulation of decision making processes in the collaborative approach of 
the DRR and other disciplines can be addressed in the post 2015 Framework for Action.   

5. CONCLUSIONS 
The methodological approach presented in this paper develops a broad framework to understand the successful integration of 
urban planning and DRR. A current lack of extant literature on this topic suggests a need to meaningfully develop theory 
based on practical examples to add creditability to the method developed. Clear understanding of the similar patterns in the 
collaborative processes identified through the initial findings and their further investigation on the in-depth case study of a 
single policy change allows understanding of the logic of the decision making processes and relationships between two 
disciplines. The use of a clear and relatively simple methodological framework allows replication of the research and careful 
generalization of the research findings.  In turn, this will provide clearer application of findings. Clear understanding of 
integration processes through such framework can allow development of principles for successful integration in the given 
settings. Moreover, this methodology can be applied to other disciplines in which the process of integration with DRR is not 
yet clear.  
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ABSTRACT: This paper investigates the impacts of government interventions, which are designed to reduce uninsured losses. 

These interventions are integrated into the modeling of a catastrophe insurance market with explicit representation of the key 

stakeholders (homeowners, primary insurers and reinsurers). The government intervenes in the interactions between insurers and 

homeowners through premium price supports, acquisition decisions, and minimum catastrophe reserve requirements. We 

evaluate the effect of the government interventions on stakeholder groups and the overall ability of the system to reduce losses. 

Keywords: hurricane risk, insurance, risk model, game theory, risk mitigation and insurance policy 

1. INTRODUCTION 

The market for natural disaster insurance in the U.S. faces many challenges.   Private insurers face significant insolvency risks 

with the result that some have simply withdrawn from the market or even failed in the past few years (Mills et al. 2001; 

Kunreuther and Michel-Kerjan 2009; Charpentier and Maux 2010).  A primary stressor in the private insurance market is the lack 

of capital to finance losses that are non-smooth in nature (Jaffee and Russell 1997). The tax disadvantage of equity financing 

together with the non-tax costs of capital have limited the scope of the catastrophe insurance and reinsurance market (Harrington 

and Niehaus 2003), which partially motivates the proposal from the National Association of Insurance Commissioners (NAIC) to 

facilitate pre-event tax-deferred catastrophe reserves (adopted by Australia, Barbados, Canada, Finland, Germany, Italy, Japan, 

Switzerland and the United Kingdom).  

 

This paper investigates the impacts of government interventions, which are designed to reduce uninsured losses by facilitating the 

private insurance market with minimal regulatory intervention. On the demand side, the effects of price support and acquisition 

programs are explored. On the supply side, the impacts of pre-event catastrophe reserves are considered. These interventions are 

integrated into the modeling of a voluntary catastrophe insurance market with explicit representation of the key stakeholders 

(homeowners, primary insurers, reinsurers, and government) given in Gao et al. (2013).  This integrated framework of nested 

models is based on a state of the art loss model to govern utility maximizing homeowner insurance decisions and profit 

maximizing private insurer costs in concert with a single tier of reinsurance.  

 

This research supports the goal in the Hyogo Framework for Action that calls for “development and strengthening of institutions, 

mechanisms and capacities to build resilience to hazards.”  The next section summarizes the modeling framework. The third 

section develops a case study based on residential buildings in North Carolina. This is followed by results and conclusions. 

 

 
Fig. 1: Structure of the interacting models in the integrated framework. 
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2. MODELING FRAMEWORK 

This paper utilizes a set of models that capture the interaction between homeowners, insurers, reinsurer, and a policy maker.  All 

have access to the information generated by a loss model that produces a frequency distribution for storm-related losses for each 

individual property.  A schematic of the integrated framework is shown in Figure 1. The policy maker can intervene by 

subsidizing the price of insurance, acquiring homes in high loss areas or changing the catastrophe reserve requirement imposed 

on the primary insurer.  The relationship between the government policy maker and the other stakeholders is a Stackelberg 

framework where the policy maker can choose the equilibrium that is best according to his/her objective function.  Finally we 

examine the influence of the number of firms in the primary insurance market by modeling their interaction as a Cournot game. 

 

Loss Model. A state-of-the-art regional catastrophe loss estimation model is used to estimate homeowner losses due to a range of 

events that represent the regional hurricane hazard (Peng et al. 2013). These events are used to estimate the hazard each property 

faces.  The loss model is a simulation that combines hazard, inventory, and damage modules to compute a probability distribution 

of losses for buildings defined by location and type and each possible hurricane in the study area. The inputs required are similar 

to those that can be obtained from any regional loss estimation model, such as, HAZUS-MH 2.1 (FEMA 2012) or the Florida 

Public Hurricane Loss Model (2005). We assume that this information is available to all stakeholders.   

 

Primary Insurance Market Model. Demand for insurance is derived from a homeowner decision model and defined on an annual 

basis and for a single homeowner in location i, building category m, resistance level c, and risk region v. For a homeowner of 

type i, m, c, v, the model determines whether or not to buy insurance at the specified price pv.   The individual purchase decisions 

based on expected utility maximization are aggregated for each risk region v to compute the demand Qv (i.e., total expected 

coverage in region v) at that price level. The calculation is iterated to obtain price-quantity pairs, (pv,Qv).  On the supply side, 

each primary insurer is assumed to maximize their expected net profit through a stochastic optimization model, to conclude how 

much risk to transfer to the reinsurer (we assume one layer of catastrophe risk excess of loss reinsurance for simplicity) at any 

price and demand level (Gao et al. 2013). These elements specify cost and demand functions that are used to solve for Cournot-

Nash equilibrium in the private insurance market.  The Cournot-Nash game theoretic model, captures the level of competition in 

the primary insurance market.  Total sales at the equilibrium price are divided evenly geographically and with respect the 

vulnerability of the building inventory, which will result in the same net profit for each insurer. 

  

Government Intervention Model. The government is assumed to have a fixed 30 year budget for premium support and 

acquisition.  We use the following procedure to estimate (1) which homeowners get premium supports and the magnitude of 

those supports; and (2) which properties are to be acquired and removed from the building inventory.  For a given premium pH 

per dollar of insured loss in the high risk region (H), all homes for which the resultant premium would exceed 5% of the value of 

the home on an annual basis (which is assumed to approximate the homeowner’s budget for insurance), are identified. Those 

homes are then ranked in decreasing order by their benefit to cost ratios. The benefit is assumed to be the expected average 

annual homeowner losses avoided if the policy is purchased. The cost is assumed to be the annual support required to create a 

premium payment for the homeowner that is 5% of the value of the home annually.  If the premium support over 30 years 

exceeds the value of the home, the home is acquired. To investigate the impacts of a minimum catastrophe reserve requirement, 

we considered the scenario that insurers retain a proportion of their annual surplus as pre-event catastrophe reserve, with the 

remainder of their annual surplus absorbed elsewhere (e.g., taxes, etc.). The corresponding insurer model with such catastrophe 

reserves is fully described in Gao et al. (2013).  

3. CASE STUDY 

The integrated model was applied to a full-scale, realistic case study for hurricane risk (flood and wind combined) for single-

family residential buildings in Eastern North Carolina.  We divide North Carolina into a high risk region H (defined as within 3 

miles of the coast) and low risk region L (beyond 3 miles). We consider homes in the high risk region as candidates for price 

support and acquisition.   

 

Our case study region includes 732 locations (to account for uniform wind speed and flood depth) and 1536 possible types of 

wood-frame buildings (differing by building configuration m and resistance level c). The total inventory reaches 931,902 in two 

risk regions, and we used the component-based loss simulation model to estimate both wind and flood damages for each type of 

building at each location. The loss calculation process includes 2000 scenarios of (probabilistic event-based, with a set of 97 

events) 30 year (with 20 time steps per year) hazard simulation, and a joint probability distribution estimation of annual loss for 

each type of building under each possible hurricane event. The calculation becomes more demanding when we embed the loss 

model into individual homeowner and insurer models. Especially, when deriving insurer’s optimal cost function, we need to 

repeat the loss estimation (for 1600 pairs of price combinations) with a varying portfolio of insured buildings (as determined by 

the homeowner model) and conduct a stochastic optimization for managing risk for the book of business. Each stochastic 

optimization process followed a two-stage response-surface and trust-region method, which includes iteratively design-

experiment-evaluate procedure. For convergence, each optimization requires at least 250 evaluations, and takes on average 27 

seconds to solve. Due to the calculation requirement, we implemented all the calculations in parallel on a Unix machine with 12 

cores.  Total computing time required was approximately 12 hours. 
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4. RESULTS 

Relationship between government funds available and insurance demand. Figure 2 gives the increased insurance demand 

QH=DH(pH) in the high risk region H at price level pH  ranging from $1.35 to $5.37 per dollar expected loss, due to government 

premium supports and buyout.  The range in total support expenditures in $US is 300 million to 3 billion.  The insurance demand 

rate (penetration) is defined as the expected insurance demand divided by total expected loss from non-acquired buildings. It is 

important to realize that premium supports increase the expected insured loss, while acquisition reduces the total (expected) loss 

(i.e., the denominator). Both of these contribute to increases in the demand rate.   

 

Fig. 2. Government interventions’ combined impacts on insurance demand rate for varying levels of government funds available. 

 

Catastrophe reserve policy impacts on insurance penetration and insurer’s profitability.  To investigate the impacts of 

catastrophe reserves, we considered the scenario that insurers retain 75% of their annual surplus as pre-event catastrophe reserve, 

and 25% of their annual surplus is considered to be absorbed elsewhere (e.g., taxes, etc.). For ease of discussion, we denote the 

case of funding government programs with up to $300 million and insurers with a capped surplus as “$300M support, capped”; 

“$300M support, retain” denotes $300 million in government funding and insurers that retain a pre-event reserve; “$1B support, 

capped” denotes up to $1 billion in government funding and insurers have a capped surplus; “$1B support, retain” denotes $1 

billion budget and insurers that retain a pre-event reserve; “No support, capped” denotes unsubsidized demand and insurers have 

a capped surplus; “No support, retain” denotes unsubsidized demand and insurers that retain a pre-event reserve.  In Figure  3a, 

the penetration rate curve of the “no support, retain” case lies above that of the “$300M support, capped” case (especially under 

oligopolies with more than 2 insurers), yet below that of the “$1B support, capped” case, which indicates the potential potency of 

the catastrophe reserve policy when compared to subsidized demand. Furthermore, the curve of “$300M support, retain” partially 

lies above that of “$1B support, capped”, which again implies that significant benefits are possible with a catastrophe reserve 

policy.   

 
Fig. 3. (a) Insurance penetration and (b) Expected insured loss vs. number of insurers, for the six cases 
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Finally, we compared the market equilibrium price and net profit of the insurers between the six cases. Though the insurance 

penetrations vary between them as indicated in Figure 3a, the differences between the equilibrium prices across all six cases are 

modest (< $1 per dollar coverage). Therefore the insurers have similar levels of net profit under the six cases (Fig. 4).  In terms of 

profitability, the benefits from government interventions do not appear to flow to the supply side. 

 

 

Fig. 4.  Government and competition impacts on net profit for six cases 

5. CONCLUSIONS 

In conclusion, our results suggests that acquisition, price supports and policies to encourage insurers to create catastrophe 

reserves do lead to improvements in market performance and a substantial reduction in uninsured losses.  For example, under 

these policies the penetration rate for insurance rises from about 15% to anywhere from 20% to close to 50% under monopoly 

conditions and from about 30% to about 60% when there are 10 primary insurers in the market. Also, based on our results, the 

implementation of a catastrophe reserve policy enhances market competition and has a greater impact in reducing uninsured loss 

than many dollars’ worth of subsidization or acquisition by government.  Further, our results also indicate the benefits of these 

programs are not passed onto the insurers in the form of higher net profits but rather remain with the homeowners and the 

government as reductions in uninsured losses. Finally, this study highlights the importance of competition in this market. With a 

single primary insurer, prices remain relatively high suppressing homeowner demand for insurance and greatly reducing the 

impacts of government programs. Hence governmental actions are likely to have a “multiplier” effect. That is, actions will 

stimulate competition and that competition will make it easier to address the weaknesses.  There are many avenues for future 

research.  Our analysis is based on a simplified framework of the natural catastrophe insurance market, which does not consider 

imperfect information, heterogeneity between insurers, competition dynamics as well as more complicated insurance regulations. 

In reality, all of these issues are likely to have effects on the performance of the catastrophe insurance market as well as the 

government interventions examined in this study.  
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Technological disasters are the events occurring as a result of the human mistakes and 

stop or disrupt the daily life of society as of their consequences. Technological disasters are 

the events which require a serious study and preparedness as they have consequences like 

having a serious impact on the human and environmental health, the effects of which can 

neither be obliterated nor even removed from the nature.   

Technological disasters are described as disasters or emergency situations like 

transportation and carrying, industrial, mining, nuclear and radiological accidents, threats to 

critical infrastructure, cyber threats, massive fires and environmental threats that result in loss 

of life, disorders, social, economic and environmental deteriorations that occur as a result of 

human activities and triggering of natural disasters. 

Technological disasters experienced in both Turkey and other regions demonstrate us 

the point where vulnerability and the hazards have reached recently. At this point, if no 

measures are taken, it is possible to see in the future more losses of lives, destroyed physical 

infrastructures and decrease in the amount of environmental resources. These losses will 

cause damage to accomplishments gained after years of studies and the physical resources 

invested to development activities.   

While the technological disaster risk management and mitigation studies had been 

carried out under the own bodies of different authorities in Turkey, the coordination and 

control of these studies have been realized in integrity after the establishment of AFAD 

(Disaster and Emergency Management Presidency). To this end, this presidency has enabled 

gathering the studies carried out since concerning the types of technological disasters, 

ensuring coordination between the authorities, preventing different units to carry out same 

studies and finding the subjects which aren’t studied hazard despite of the importance they 

have.   

The most important point for handling technological disasters is preparedness. At this 

point, determining the potential hazards and risk evaluation are the first step of risk mitigation 

activities. Therefore, it is necessary to develop a methodology with the purpose of 

determining the hazards and risks in terms of technological disasters and create disaster 

hazard and risk maps integrated with GIS system. Different methodologies are used for each 

of the technological disasters. The projects which are about identifying the methodology of 

industrial accidents, transportation accidents, maritime pollution accidents and climate change 

are describe in this study.  
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The increase observed in human-induced greenhouse gas accumulation since the 

industrial revolution is going on. Given, particularly, the magnitude of accumulation in the 

atmosphere, speed of the increase, their life time varying from 50 to 200 years and 

characteristic to absorb most of the infra-red radiation. Turkey is affected by climate change 

as much as the other countries. Considering the impacts of climate change on Turkey, the 

following issues are observed: There is a decline in the precipitation trends in Aegean and 

Mediterranean coasts while a precipitation increase is observed in coastal regions of the Black 

Sea. Rises in the sea level are observed. Rises in water temperature resulting from climate 

changes affect the ecological processes and geographical distribution of the aquatic species; 

and this leads to extinction of the species and a reduction in bio-diversity. Arid lands in the 

South-eastern Anatolia and inner regions of Turkey seem very close to desertification. In 

Turkey there are many studies about climate change as the other countries and one of them is 

this project. With the methods employed in this project, the following shall be ensured: the 

determination of expected changes in precipitation and temperatures caused by climate 

change in water resources in the selected pilot region, revealing of how changing precipitation 

and temperatures affect the natural flows of catchments, and the determination of the extent 

the region will be affected by changing flow conditions.   

In another project which is carried out regarding technological disasters, transportation 

accidents and maritime pollution accidents are studied. Firstly, with the purpose of 

determining methodology for such disaster types, current situation will be identified. For the 

identification of current situation, primarily scanning the literature, the characteristics of pilot 

region and analysis of database and system of AFAD GIS with purpose of preparing to 

integrate the data which will form GIS maps with AFAD systems will be executed. With the 

results of these studies, needs will be identified by carrying out gap analysis. After this phase, 

data gathering process will be carried out. After gathering the data from various institutes, 

riskful ways and routes used for transportation of hazardous materials will be specified. Risk 

analysis algorhythms and methodologies for each transportation type (roads, railways, 

seaways) will be developed. 

One of the studies conducted in Turkey under harmonization with European Union is 

industrial accidents. Regulation about preventing and reducing the effects of major industrial 

accidents by Ministry of Environmental Urbanization and Ministry of Social Security was 

published in December, 2013. According to this regulation, AFAD has various tasks. The 

most important task is preparation of External Emergency Plans and providing public 

awareness. Because the External Emergency Plans will be prepared considering all the risks 

in the city, risk determination methodologies are being developed.  Facilities are responsible 

with Security Reports and Internal Emergency Plans which they will prepare. In this field for 

industrial accident risk assessment firstly facilities have to determine their individual risk. 

There are various risk assessment methods for determining the risk. These procedures are 

used for risk assessment: the primarily event is set and the disaster expansion scenario is 

examined creating event tree diagram. Each event occurrence probability is set in reference to 

past cases. Each disaster impact is estimated using software to calculate the impact range or 

using an equation that can be applied to. Each event occurrence probability and each event 
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impact are organized in the risk matrix, and the comprehensive risk evaluation is conducted. 

External risk assessment procedures are applied after determining the facility risk. 

Responsibility for industrial accidents of AFAD is determining of the domino effects so all of 

the risk maps which belong to the each of the facilities are used for risk map of the city.   

The other project is to develop AFADSIM agent-based simulation model for 

investigation of worst case technological disaster scenarios based on organizational and 

community resilience and loss estimation. Worst case scenarios of multidisaster cases will be 

developed based on previous experience and potential highest social and economic costs for 

these scenarios will be estimated. With the implementation of the AFADSIM project, a model 

based on resilience assessment approach and using ABM will be developed for the first time 

to estimate the highest social and economic losses and hence will be unique contribution to 

disaster management literature. 

AFADSIM agent based simulation model will be developed based on field work on 

two socioeconomically different regions of Turkey, one that has experienced a disaster and 

one that has not experienced a disaster yet. As losses will depend both on community as well 

as organizational resilience, community resilience, taking into account four properties and 

four aspects of resilience, will be assessed for these two areas that are in close proximity to a 

large-scale industrial facility and organizational resilience of the facility and nearby facilities 

that can be domino affected from the largest facility will be assessed..Based on field work; 

algorithms for agents’ behavior, and their interaction with other agents and the environment 

will be developed. For model validation, RatKit test framework which is developed by the 

researcher in the project team specializing in agent-based modeling and his colleagues. 

Comparative assessment of two regions with different characteristics is important for 

sophisticated model development. Disaster resilience of a region that has not experienced a 

disaster and socioeconomically at a disadvantage will be lower than a region that has the vice 

versa conditions. 

There is also a project which is called Identification, Risk Assessment and 

Prioritization on National Critical Infrastructure, Assets and Facility. The aim of this project, 

regarding to environmental, physical and cyber threats, we will determine the inventory of our 

National Critical Infrastructure, risk assessment and prepare a guideline for how to save this 

assets, facility and national critical infrastructure. On the process of harmonization with 

European Union, this Project covers at least 11 sectors as EU has already determined in 2008 

by related directive. Energy, Banking and Finance, Health, Water Management, 

Transportation, Communication, Food and Agriculture, Culture and Tourism, Critical 

Production/ Trading Facilities, Critical Public Service and Information Technologies are the 

sectors to be examined.  

Consequently, all of these efforts are the cause of a potential disaster and emergency 

planning in order to reduce the risks and vulnerabilities of whether minimization is to ensure 

that. 

Keywords: technological disasters, risk, methodology 
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ABSTRACT: There are considered problems of reducing risks, increasing the safety and reliability and the use of databases 

(DB) in emergency situations (ES). Technological sequence is proposed to solve this problem. To analyze the data it is calculated 

the peculiarity presentation of quantitative and qualitative parameters in emergency situations. It is shown the possibility of 

logical and functional ER modeling CASE technology with a regard to minimize the risk of life in the emergency area. Given 

technical solution of the problem 

Keywords: Emergency, DataBase, BackUp, Archive, Restore, Full/Differential/TRN-Log backup,Bush Fire, flood, 

hurricane/storm, P2P/P2V, crisis, Server, Central Data Keeper, damage, risk 

1. INTRODUCTION 

To date, information systems (national, regional, departmental and other situational centers) under threat of 

emergencies (ES) play an important role in ensuring the safety of life of the population. However, ES generate and 

risks of loss of information - data that define the reliability and survivability of databases under ES. Increasing risk 

of reducing the safety & reliability and usage of the database associated with the occurrence of ES in terms of 

hardware and software failures. Reduce the risks of reliability databases (DB) are determined by sources of failure 

(figure1) 

 

Fig. 1: Sources of increasing or decreasing the risk of databases' reliability 

It is necessary to ensure the survivability of ES situation center and in particular database under the conditions. It is 

should be understood property database to perform its functionality with minimal risk and maximum reliability 

under ES under survivability of the database. 

The purpose of this work is to present the results of the development of information technology, which aims to reduce the risk of 

failure DB, increase reliability and survivability databases situational centers under ES.  

Technical solution of the problem: 

1. The Terms of Reference for the development of the database. 

2 . Analysis of data quality for situational center. 

3 . Choosing architecture hardware-software complex situation center  

4 . Developing a model of database management: (DBMS). 

5 . Risk assessment and reliability of the database in emergency situations. 

6. Return to Step 3 if valid values assessed criteria are exceeded. 

7. Minimize the price / risk or cost / reliability. 
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8. Return to Step 3 if valid values assessed criteria are exceeded. 

9. Final selection of architecture in accordance with the requirements of the Technical Task (TS). 

 

2. ANALYSIS OF DATA QUALITY FOR SITUATIONAL CENTER 

For the design of the situational center must perform system analysis, which first determines the design decisions for the 

database. In designing a database has the main role acquire the data themselves, their storage and processing. However, the 

contents to be applied to the quality of the database need to be clarified. Indicators, Allocated to quality, should be inside 

practical interest for users and be arranged in accordance with the priorities of practical application.  

For evaluating the quality of information that should be used in the situational center may apply a common approach to the 

allocation of adequate nomenclature standardized in ISO 9126 baseline characteristics and sub-characteristics. 

Each releasable quality index must be suitable for reliable expert evaluation or measurement, as well as for comparison with the 

required value. 

Measure of the quality of functional fitness database may be coverage goals situational center, purpose and functions available to 

users in the form.  

Correctness information accuracy is the extent to which data the objects in the database have the relationship (real objects in the 

area of ES), at a time determined by the change of the objects themselves, incorrect recording of their condition or incorrect 

calculation of their characteristics. This may also include some space-time characteristics of stored and processed data (figure 3). 

 

 

Fig.3 Space-time characteristics of DB 

 

Information security is implemented by means of a DB security in conjunction with supporting data protection  Objectives and 

function of protection are closely linked with functional suitability of each database. In a distributed database security indicators 

are closely related to the characteristics of integrity and reflect the degree of identity of the same data in the memory of remote 

components situational center. 

3. CHOICE OF ARCHITECTURE HARDWARE-SOFTWARE COMPLEX SITUATION CENTER 

DB for situational center pass through different stages of their life cycle, from the design of the system, site survey, 

including the stages of design, operation, and more - the system upgrade. Hardware failures are recorded in each 

case in archive logs (sometimes supported by two copies of the log, located on different physical disks) that receives 

a record of all changes to the main part of the database. Conducted a statistical analysis and system reliability 

indices and the corresponding database breach risks in terms of survivability DB of ES. The simplest procedure is to 

ensure the reliability of recovery database - rollback a transaction performed by the user, for which all records from 

the same transaction associated inverse list from end to beginning (analogue to Undo).  

Universal principle of reliability is redundancy. In general, the use of four basic types of backup: 

o Hardware redundancy, for example, duplication.  
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o Information redundancy, for example - methods of detection and error correction  

o Temporal redundancy, for example, alternative methods of logic.  

o Software redundancy, the use of functionally equivalent independent programs. 

For the basic approach to improving the reliability of the database you can use backup in which should be placed on 

separate backup devices. Otherwise failover device containing database backups are unavailable. Furthermore, 

placement data and backup copies on separate devices improves performance IO as backups for recording and 

manufacturing process of the database (figure 7) 

 

 
 

Fig.4 BackUp server and database scheme 

 

The database server workflow principle is presented on the picture below (figure 5) 

 

Fig.5 System Work-Flow Principle from Server side 
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4. RISK ASSESSMENT AND RELIABILITY OF THE DATABASE 

Possible sources of risk increasing and reliability of the database in case of failure and possible ways to neutralize them are 

presented below in the table 1.  

N Possible sources of increased risk and reliability of 
the database in case of failure 

Ways to neutralize bounce 

1.  Error recovery database to which the transaction is Assign each database error status and the requested action 

2.  Temporal occurrence of risks: data loss during 

recovery database (DB may be able to despite the 

damage of transaction); Some tables may be 

occupancy even at a time when much of the 
information is corrupted) 

enter special dates for removal TRN LOG backups during the 
time between the request for recovery and full recovery 

3.  More than one database error in one and the same 
time. 

A clear ranking of the responses to the status of the database 

and the clear logic of the decision-making of the action with 

respect to one or another database, depending on the 

particular state of the most faithful last. 

Table 1. Evaluation criteria for the selection of admissible values of technical solutions 

 

5. CONCLUSIONS 

This paper proposes a technological sequence of database development for situational centers in conditions of a disaster. 

Implementation of High Availability database means disk arrays using the above technologies enables the customer to get the 

necessary reliability and to achieve this goal. 

Provides rapid movement for SQL database instances on the server, fast automatic recovery database on a server or group of 

servers , data recovery can be done in the following ways: Physical-to-Physical and Physical-to-Virtual. 
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ABSTRACT: Tsunamis are infrequent but highly destructive natural phenomena, in which limited time is available to make 
appropriate response decisions regarding key matters such as evacuation and sheltering. This presentation argues that this specific 
type of ‘rapid resilience’ to tsunamis can be enhanced by changes in urban morphology, related to street networks and assembly 
areas. The Chilean cities of Iquique and Talcahuano are examined using a mixed methods approach as the basis for proposed 
urban design modifications, aimed at improving tsunami evacuation and sheltering in public spaces. The proposal is 
quantitatively assessed by an agent-based computer model, which shows significant reductions in total times for evacuation. The 
modifications can also deliver qualitative impacts, providing new liveable public spaces for the city while contributing to 
maintaining an on-going tsunami prevention culture. 

 

Keywords: Tsunami, evacuation, urban morphology, agent-based model 

 

1. INTRODUCTION 

Urban planning’s potential as an effective tool for human settlement disaster management is increasingly recognised. 
Nevertheless, planning’s role remains focused mainly upon framing and supporting mitigation, such as long-term reduction of 
vulnerability through land use guidelines. The relationship of urban planning with other disaster management activities, such as 
recovery, preparedness, and especially response, has not been rigorously examined. This is a critical issue because the 
consequences and overall impacts of urban disasters can be strongly influenced by populations’ responses during the initial 
phases of emergencies. This is particularly serious in the case of rapid onset disasters such as near-field tsunamis, in which 
people have only minutes or hours to make appropriate decisions about critical activities such as evacuation and sheltering. 
Further, these actions often need to be undertaken autonomously by members of the public, due to the break-down or 
inadequacies of emergency systems following strong earthquakes. In this context of crisis, a city’s morphology, and especially its 
public spaces (examined by urban design, a specific dimension of urban planning) can positively influence the community’s 
abilities to rapidly and effectively respond to the disturbance, promoting urban resilience (Allan et al., 2013).  

While a strong body of research focuses on existing tsunami vulnerability, evacuation, post-disaster recovery, and long-term risk 
mitigation (see for instance Preuss, 1988, Eisner, 2005, Shuto, 2005, Paton et al., 2008, Mas et al., 2013, Murata et al., 2010), 
little research has been conducted on the relationship between urban morphology and the response phase of a tsunami (i.e. the 
initial minutes to hours after the related earthquake). It is argued here that, due to its critical importance and specificity, it is 
necessary to thoroughly examine this issue and: (1) explore paths to improvement (including feasible urban design 
modifications); and (2) develop quantitative appraisal tools for these. This approach suggests that urban morphology can enhance 
a specific type of ‘rapid resilience’ in tsunami prone communities, via capacities to rapidly react and cope with a developing 
threat, supported by the key activities of evacuation and sheltering. 

This paper examines two Chilean tsunami-prone communities, Iquique and Talcahuano, recently affected by near-field tsunamis 
(in 2014 and 2010, respectively). The paper has five parts. First, background regarding key principles such as resilience, 
tsunamis, and urban morphology is provided. Second, the cities of Iquique and Talcahuano are introduced as a research context. 
Third, the method is presented. Fourth, the outcomes of the proposal are introduced. Finally, the implications for tsunami risk 
reduction, urban planning policies, and the Hyogo Framework for Action 2005-2015 are discussed. 

2. DISASTER RESILIENCE AND CITIES 

In disaster management, a community’s resilience has been referred to as the ability to cope with disasters, by surviving them 
(absorbing stress through resistance or adaptation), minimizing their impacts (maintaining basic functions and structures during 
the emergency), and recovering with minor social disruptions (‘bouncing back’) (Twigg, 2007, Cutter et al., 2008). 
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The predominant location of actual and potential disasters has shifted to urban areas (Brown, 2012), due to multiple convergent 
factors (Satterthwaite, 1987, quoted by Pelling, 2003): population growth, poverty, fast expansion of informal settlements, 
overcrowding of tenement districts, failure to ensure lifelines, and lack of governance. In this context of rapid urbanisation, 
improving city resilience is a critical task, where urban planning can play a central role, via its ability to spatially integrate multi-
dimensional aspects affecting disaster risk reduction; nevertheless, it has been difficult to translate this into practice (March and 
León, 2013). Particularly, there is limited research on the links between resilience and the design of urban form, as Allan et al. 
(2013) argue. Planning-based efforts to increase resilience commonly take place in the mid or long term before and after a 
disaster, i.e. during the mitigation, preparedness, and recovery disaster management phases. Insufficient research has been 
conducted to understand the importance of urban morphology during response phases, i.e. its role in achieving ‘rapid resilience’ 
to disasters. 

This lack of knowledge is exemplified by the case of tsunami risk reduction, where efforts are concentrated upon three areas 
(Eisner, 2005, Shuto, 2005): (1) large civil-engineered countermeasures (e.g. breakwaters, seawalls, tsunami gates); (2) urban 
land use and morphology (e.g. identification of inundation areas, relocation of dwellings and other activities, improved building 
codes, etc.); and (3) emergency readiness (forecast and warning systems, evacuation preparedness, evacuation simulation, etc.). 
The first type has been used extensively in Japan, involving considerable technical and economic resources. The latter two types 
(2 and 3 above) currently appear somewhat disconnected. Land use and morphology change requires long-term strategies, not 
typically addressing population-focussed tsunami-response activities. In turn, emergency readiness activities do not typically 
engage with ways to modify urban morphology. Rather, the urban realm is usually approached as a relatively fixed context. 

For hazards such as tsunami, where timely responses mark the difference between life and death, disconnections in risk reduction 
approaches are an important focus for improved rapid resilience via key changes to urban morphology. Particular emphasis can 
be placed upon urban structure, morphology, and public space design as the primary places where people gather, evacuate and 
shelter during a disaster, including impacts upon other risks such as panic and stampedes (He and Xu, 2012).  

3. IQUIQUE AND TALCAHUANO 

Iquique (20º32’S, 70º11’W) and Talcahuano (36º43’S, 73º7’W) are two Chilean coastal mid-size cities (expected populations in 
the year 2012 of 284,539 and 172,000, respectively). While the former is a prosperous commercial-tourism hub located in the 
deserted northern part of the country, the latter is an industrial port placed in the rainy southern area. Both cities occupy tsunami-
vulnerable coastal plains, and have been affected by destructive tsunamis in 1604, 1715, 1868, 1877, and 2014 (in the case of 
Iquique) and in 1570, 1657, 1730, 1751, 1835, and 2010 (in the case of Talcahuano). 

 

Fig. 1: Satellite images of Iquique and Talcahuano, overlapped with expected tsunami flood area (in red). Source: Google Earth. 

The tsunami flood maps developed by the Chilean Navy (SHOA, 2012) show that, as the outcome of historical development 
processes, Iquique and Talcahuano large portions of their urban areas in a vulnerable condition: 49.7% (around 770 hectares), 
and 66% (approximately 1,300 hectares), respectively. 

4. METHOD 

To examine the possibilities for improved rapid resilience in an urban form sense, a double-case study method was employed 
after the selection of Iquique and Talcahuano (Yin, 2009). The method included five phases: (1) Diagnosis of the cities’ current 
tsunami evacuation vulnerability; (2) Literature review to obtain a set of urban design recommendations enhancing tsunami 
evacuation; (3) Fieldwork study; (4) Development of a ground-based proposal embodying recommendations; and (5) Assessment 
and synthetising of the proposal. The first included a GIS-based analysis to identify critical evacuation areas (including factors 
such as location, terrain characteristics, population distribution, existence of critical facilities, etc.). The second phase aimed to 
identify the most feasible urban modifications for these areas (for instance changes in the urban network configuration, 
identification of priority evacuation routes, and improvements in the public space’s evacuation-related characteristics). The third 
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stage was a one-month fieldwork study conducted in Iquique and Talcahuano between April and May 2013, aimed at critically 
examining and enhancing the information collected in phases 1 and 2 (the fieldwork included in-depth interviews with 
emergency management stakeholders and neighbours associations, and an on-site survey of urban conditions). Phase 4, in turn, 
consisted of the development of a proposal including a set of urban design recommendations for Iquique and Talcahuano, seeking 
to improve the outcomes of large pedestrian evacuations in the case of a tsunami. Phase 5, finally, included the application of a 
computer agent-based model to appropriately assess the likely evacuation-related impacts of the proposed changes in urban 
morphology. This information, in turn, supported the development of cross-case conclusions and identification of the most 
significant design recommendations. 

5. OUTCOMES 

5.1 Urban design recommendations 

The proposed urban design recommendations comprise two main fields of intervention: (1) creation or enhancement of safe 
assembly areas; and (2) changes in the urban network.  

5.1.1 Safe assembly areas 

Safe assembly areas for tsunami evacuation can be horizontal (open public spaces with adequate location, accessibility, size, and 
terrain qualities) or vertical (existing buildings or new structures with appropriate height, capacity, and seismic-resistant 
qualities) (UNESCO, 2008, Scheer et al., 2012). 

5.1.2 Urban network 

Two types of modifications are suggested: topological and qualitative. The former imply changes to network configurations (e.g. 
creation of new streets or pedestrian passages, or extension of existing ones). The latter, in turn, relate to the enhancement of 
identified priority evacuation routes to improve their safety and wayfinding-related characteristics (e.g. improved pavements with 
adequate materials and colour continuity, emergency street lighting, access for disabled people, change to pedestrian usage, 
inclusion of tsunami-resistant furniture, reduction of parking space, new tsunami signage, remotion of specific evacuation-
hindering features, etc.). These routes, in turn, can act as ‘active memorials’ to help to maintain an on-going tsunami prevention 
culture. 

These modifications were developed under a ground-based approach, selecting the most appropriate locations and interventions 
for each case of study. In the case of Iquique, 19 priority evacuation routes were identified for qualitative improvements, two of 
which include topological extensions across existing parcels; two new vertical evacuation points were also suggested, and a new 
CBD assembly area was proposed via the pedestrianization of four existing streets. In the case of Talcahuano, the proposal 
included 14 priority evacuation routes with five topological extensions and two new vertical evacuation points. 

5.2 The evacuation model 

Agent-based models allow bottom-up, time-based computer modelling where large numbers (maximum hundreds of thousands) 
of low-level units (agents) are provided with a set of local rules (e.g. interacting between themselves and their environment). The 
result is an emergent complex system (Chen and Zhan, 2008, Klüpfel, 2003). For evacuation modelling, this procedure allows 
calculation of the time required to evacuate all agents from an endangered area (Lämmel et al., 2010). The model was developed 
in Agent Analyst (http://resources.arcgis.com/en/help/agent-analyst/), an open-source software package integrating the Repast® 
agent-based modelling platform with the ArcGIS® environment (Johnston, 2013). The model allowed the diagnosis of the 
existing urban tsunami emergency scenario and its comparison against the proposed situation with modifications, during daytime 
and night-time scenarios. See Table 1. 

Table 1: Synthesis of the model’s outcomes for examined case studies. Source: the authors. 

Case Study Scenario 
Vulnerable 
population 

Total evacuation time 
(non-modified)  

Total evacuation time 
(modified) 

Iquique Daytime 103,881 42 minutes 33 minutes 

 Night-time 83,331 42 minutes 33 minutes 

Talcahuano Daytime 69,513 48 minutes 37 minutes 

 Night-time 72,675 39 minutes 37 minutes 
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6. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The first strategic goal of the Hyogo Framework for Action 2005-2015 is “The integration of disaster risk reduction into 
sustainable development policies and planning”. Especially in developing countries, risk reduction is not systematically 
integrated into urban planning policies, due to more urgent competing needs. This research aims, firstly, to provide quantitative 
leverage to planners and city officials when arguing for required urban changes. Secondly, the suggested modifications could 
enhance a community’s response to an emergency, but they are mainly focused on sustainably improving the urban 
environment’s quality during non-emergency periods.  

7. CONCLUSIONS 

This presentation argued that a community’s rapid resilience to tsunamis (e.g. evacuation and sheltering) can be enhanced by 
appropriate changes in urban morphology. This issue was examined in two Chilean case studies, the cities of Iquique and 
Talcahuano. A series of urban design recommendations were proposed to qualitatively and quantitatively enhance evacuations. 
These were analysed with a computer agent-based model, which showed noticeable reductions in the total required evacuation 
times. To be implemented, the modifications would require testing against multiple real-world constraints and competing needs 
such as funding, traffic implications, engineering requirements, and developing political and social support. 
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ABSTRACT 

Due to its geographical location, poor economic situation and geological features that are characterized by mostly mountainous 

terrain, Lesotho is vulnerable to hazardous events associated with climate, such as drought, floods, heavy snow, and severe frost. 

This research explored factors underlying spatial vulnerability of places to natural hazards in south-western Lesotho. Prior 

vulnerability assessments in Lesotho have investigated vulnerability in terms of identifying populations that are most food 

insecure and vulnerable to hunger. By broadening the scope of vulnerability to include biophysical and socioeconomic 

characteristics, the study emphasizes the concept of place vulnerability as a foundation for understanding Lesotho’s vulnerability 

to natural hazards. Spatial orientation of vulnerability within a geographical area provides an easy way for planners and decision 

makers to identify areas that may require additional resources in order to prepare for disasters. To date, no quantitatively based 

vulnerability assessment has been undertaken in Lesotho. This study is one of the first to assess place vulnerability to natural 

hazards in Lesotho and emphasises the role of geography of a place. Using two districts in Lesotho, as study region, the study 

examined which district and community council has greater level of vulnerability to natural hazards and why. Place vulnerability 

is thus, investigated through examining vulnerability distribution and by identifying the underlying causes of vulnerability in the 

study area. The study used a modification of the “Hazards of Place Model of Vulnerability” to assess place vulnerability to 

natural hazards; using this model a combination of social and physical variables was examined to assess place vulnerability. 

Social vulnerability was developed from indicators of demographic, social and economic variables of households and 

communities. While physical vulnerability was developed from the history of hazard occurrence, biophysical and environmental 

characteristics.  

Keywords: Vulnerability assessment, natural hazards, Lesotho, place vulnerability. 

1. INTRODUCTION 

According to the International Council for Science (ICSU, 2008), globalisation, population growth, widespread poverty 

(particularly in hazardous areas), and a changing climate will increase place vulnerability associated with natural hazards in the 

future. In many parts of the world, especially hazard-prone areas, poverty and population growth indicate that more people and 

communities are at risk from natural hazards. Place vulnerability assessments to natural hazards help to address some of the aims 

outlined by the International Strategy for Disaster Reduction in Africa which calls for improving the assessment and 

identification of natural hazards and populations at risk (ISDR, 2004; IPCC, 2012). Thus, understanding place vulnerability to 

natural hazards is an imperative issue recently, as natural hazards, over time, have been increasing in frequency and intensity as a 

consequence of climate change. The potential for loss, both in material possessions and loss of life is worsened by ever increasing 

human development, especially in susceptible locations such as flood plains. Place vulnerability to natural hazards is based on 

both the social and environmental processes (Cutter et al., 2001). Both physical and social vulnerability manifest differently on 

the landscape, thus requiring a need for a place-based approach towards understanding their relationship. A major gap in 

vulnerability and hazards literature exists in the area of place vulnerability assessments that take into account the geography of a 

place (social and biophysical characteristics) and its influence on overall place vulnerability. Better understanding of these 

aspects will lead to more appropriate and efficient strategies for disaster resilience and adaptation in the long run. The study 

adopted a triangulation of quantitative and qualitative methods which combined data from different sources. Social vulnerability 

index was developed from census data, household interviews and key informants. Physical vulnerability was developed from the 

history of hazard occurrence, climate data, focus group discussions and Geographical Information Systems (GIS) data. 

2. PHYSICAL VULNERABILITY 

A range of natural hazards are very common in Lesotho, and these include floods, drought, severe frost, strong winds and heavy 

snowfall, and these have affected many people and many sectors of the society. According to the disaster management officials; 
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floods, severe frost, heavy snowfall, strong winds and drought are the most damaging as they affect food security, damage 

property and infrastructure and affect the economy directly, and this study thus focused on these phenomena. This therefore, 

provided the premise for the investigation into understanding the causes, frequency, distribution and physical impacts of these 

hazards on the communities at risk. Arguably, the country is already experiencing the growing impact of severe weather 

conditions, as measured by the increasing frequency of natural disasters such as droughts, floods, strong winds, heavy snowfall 

and severe frost. Return period statistics show that there are some variations in the frequency of prevailing natural hazards in 

Lesotho over the past century or more from 1825-2012.  

Spatial variations in place vulnerability to natural hazards were identified. Overlaying the spatial information of the study region 

and the natural hazards affecting both districts resulted in a GIS layer of overall physical vulnerability. This illustrates areas 

where more than one hazard overlaps. Each area was assigned a score indicating the level of vulnerability, and then the physical 

geography of each area was overlaid and these were summed to create the overall physical vulnerability map of the study area. 

The resultant map showed areas of various vulnerability levels considering several hazard types (Figure 1). This final outcome 

illustrates where the most physically vulnerable communities are located and these have the highest calculated vulnerability 

values (red colour on the map).  The areas with a vulnerability index score between 0.8 to 1 have the greatest physical 

vulnerability, while the areas with the scores closer to 0 have lowest physical vulnerability. The lowland areas and river valleys 

have high physical vulnerability scores to natural hazards, apart from drought, these areas are affected by a range of natural 

hazards (flooding, severe frost and strong winds) directly associated with topography or high population densities. The map also 

identifies localities where hazards occur frequently and where the physical characteristics of the environment makes an area 

vulnerable to the impacts of. All these areas are situated on relatively lower elevations and along the rivers, making them most 

prone to flooding, strong winds and severe frost, but less susceptible to drought. The physical geography of the study area also 

played a major role in observed variations in place vulnerability to natural hazards. Differences in elevation, proximity to rivers 

and slope aspect of each locality all contributed to these variations. High physical vulnerability levels can also be seen in some 

highland areas (Mkhono, Nkau and Seroto) and along the river valleys in Mohale's Hoek. In both districts, a similar pattern of 

physical vulnerability exists with the regions of highest vulnerability being where severe frost, flooding, strong winds and 

drought intersect along the Senqu, Mekaling and Makhaleng Rivers. Hazard mitigations in these areas must therefore be a 

priority to disaster management officials and disaster response organisations. The low lying landscape of the valley communities 

and proximity to rivers, combined with the presence of a range of natural hazards (flooding, drought and severe frost), make the 

river valleys areas physically more vulnerable than other parts of the study area. The spatial analysis of vulnerability to natural 

hazards at the local and district levels, provided an explanation as to why some areas were more vulnerable to different natural 

hazards than others. The areas in the study region with a potential to experience severe frost are spatially similar to those regions 

prone to flooding, the primary reason for this is elevation. Low lying areas of the study region are more vulnerable to frost than 

other parts. Conversely, the highlands and cattle posts are less vulnerable due to their high elevation, distance from rivers and are 

sparsely populated with lower levels of agricultural activity, though highly vulnerable to snow hazards. Even though the 

highlands exhibit low vulnerability levels, the mountainous areas are prone to heavy snowfall, drought and severe frost. These 

hazards pose serious threat to livelihoods, human lives and livestock and often cause considerable economic losses to farmers in 

both lowland and highland communities. 

3. SOCIAL VULNERABILITY 

The extent to which populations and communities are vulnerable to natural hazards is not only determined by a population's 

proximity to the source of risk, but also by its social vulnerability status (Hill & Cutter, 2001; Yoon, 2012). Social vulnerability 

describes the characteristics of the population that influence their capacity to prepare for, respond to, and recover from disasters 

(Hill & Cutter, 2001). The social vulnerability characteristics for this study have to be considered in the context of international 

vulnerability studies. Using district and community council data from the 2006 Lesotho Census and district profile data, 37 

indicators of social vulnerability were extracted. The overall social vulnerability index map and hazard casualty map (Figure 2) 

illustrates that relative social vulnerability is highest in Qomoqomong, followed by Senqu River valley and rural highlands, most 

of which are located in the Quthing district. From the eleven individual vulnerability variables, Likhohlong, Qomoqomong and 

Phamong scored high to very high (blue), with road access and electricity connectivity being the variable in which these 

community councils have average or below average social vulnerability scores. The two urban centres of Liphakoe and 

Motlejoeng are wealthier; more developed in terms of infrastructure, and have a small percentage of their population dependent 

on agriculture. The foothills and peri-urban areas have average social vulnerability scores, or below average in the majority of 

eleven individual variables, with a medium score for variables such as: female headed households, total population, population 

density, and dependency on agriculture. This study found that access to economic resources is extremely important in 

determining the vulnerability of people, and their poverty is likely to make them even more vulnerable to future hazards due to an 

inadequate ability to recover. Thus, Lesotho society is highly vulnerable to natural hazards, and when they occur, the impacts 

cause a deeper entry into poverty for families or entire villages. Additionally, population densities and built environments, 

infrastructure development, economic status, gender and age demographics, all play a major role in defining social vulnerability 

in both districts. 
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Fig. 1: Physical vulnerability map     Fig. 2: Social vulnerability map 

4. OVERALL PLACE VULNERABILITY 

The overall place vulnerability index and maps identify community councils where natural hazards frequently occur, and where 

the physical environment and socioeconomic characteristics of the population make the communities most vulnerable to the 

impacts of natural hazards.  The study results revealed that relative physical vulnerability is high in the lowlands and river valleys 

of south-western Lesotho. Social vulnerability varies across the study region, with no real pattern emerging, although some rural 

community councils are identified as being most vulnerable. In Mohale's Hoek, high levels of place vulnerability occur along the 

Senqu River valley, especially where drought, strong winds and flooding intersect severe frost zones (Figure 3). Aside from 

heightened levels of place vulnerability in the lowlands and along the river valleys, mapping vulnerability values reveals the 

influence social vulnerability and physical vulnerability has on the overall place vulnerability. For instance, Qabane and 

Likhutloaneng in the north-eastern portion of the study region have lower physical vulnerability levels. This area comprises some 

of the highest place vulnerability scores in the entire study region due to the influence of physical vulnerability and hazard 

occurrence. The most vulnerable community councils are those that have high concentrations of vulnerable population groups in 

physically exposed areas that are prone to flooding, strong winds, drought and severe frost. Incorporating both social and 

physical vulnerability reveals a slightly similar spatial pattern of exposure to natural hazards in the study region. Overall, the 

geography of vulnerability changes considerably when different elements are mapped, although there are some similarities. 

Several research expectations were confirmed, although there were a few exceptions that were not met. Generally, communities 

in Lesotho are extremely vulnerable to natural hazards which have a direct impact on their main livelihood (agriculture), and 

when natural hazards occur, the effects result in increased vulnerability levels. Additionally, topography, dependency on 

agriculture, urbanisation, population density, economic status and household demographics play a significant role in defining 

overall place vulnerability in the study area. Amongst these factors, physical geography (topography and climate) is the core 

component as it drives much of all factors discussed in this thesis. Identification of vulnerable community councils is essential for 

developing targeted and proactive disaster planning and emergency management practices. Economically deprived population 

groups in disadvantaged locations require special assistance before and after the occurrence of a natural hazard. Hence, 

identification of highly vulnerable community councils is crucial to disaster management and planning.  

  

Fig. 3: Overall place vulnerability  
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5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The place vulnerability assessment to natural hazards presented in this study forms part of the aims outlined by the global and 

regional bodies such as the International Strategy for Disaster Reduction in Africa, which among others, (ISDR, 2010) called for 

improving the assessment and identification of natural hazards. Furthermore, this research is in agreement with the Southern 

African Vulnerability (SAVI) framework, which seeks to examine local vulnerabilities to shocks (O’Brien et al., 2010). By using 

local knowledge gathered from household interviews, focus groups and key informants interviews, this research is therefore 

compliant with the framework of the IPCC (2012), which calls for the integration of local knowledge with scientific and technical 

knowledge to improve disaster risk reduction.  

5. CONCLUSION 

The study results revealed that communities are affected differently by a range of natural hazards, based on their past experiences 

with natural hazard events and social and physical characteristics. Generally, physical vulnerability was high in the lowlands and 

river valleys, but lower in the high mountains. Social vulnerability varied across the study area, yet without a strong spatial 

pattern. Aside from heightened levels of place vulnerability in the lowlands and along the river valleys, mapping vulnerability 

values revealed the influence social and physical vulnerability has on the overall place vulnerability. For this research place 

vulnerability was mostly physically constructed (through the influence of the biophysical characteristics of a place, particularly 

topography and relief). Furthermore, this study discovered that place vulnerability in Lesotho is a dynamic process, continually 

changing with changing biophysical and social processes that are shaped by local and external factors. Vulnerability in the study 

area is dynamic both seasonally and temporally and is influenced by environmental and global changes. There is a distinct 

seasonality to risk and exposure posed by natural hazards (e.g. snow fall and frost hazards in winter and floods in summer). There 

is a need to incorporate resilience when examining place vulnerability to natural hazards. Future research has to focus more on 

resilience and this has to be incorporated in natural hazard research.  
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Cultural challenges for disaster governance at local level: Lessons from Typhoon 
Morakot in Taiwan 
 
 

Abstract    
 
In 2009 Typhoon Morakot caused severe damage to the southern part of Taiwan with 
record breaking rainfall of 2,748 millimeters in 72 hours. Flooding caused the death 
of 699 persons, and the relocation of 19,191 persons, 72% of whom were indigenous 
people. Significant cultural barriers have been highlighted in the post-disaster 
reconstruction process. Within the framework of social vulnerability, this research is 
designed to deepen our understanding of how ethnic minorities, who already suffer 
from inequality in the distribution of economic and political power, are vulnerable to 
hazards. 
 
The social vulnerability approach emphasizes the need for an equitable distribution of 
resources to different communities and how vulnerable groups struggle for resources 
that are allocated politically. We should notice that inequality is an inherent part of the 
social structure, because resource access may involve information, knowledge, social 
networks and legal rights as well as land or socio-economic position. People with 
social characteristics such as a disadvantaged or marginalized gender, age, health 
status, ethnicity, and socio-economic status are particularly disproportionately 
vulnerable in disasters.  
 
According to the social vulnerability approach the discussion of community recovery 
needs to be expanded to include the political and economic structure, as well as 
environmental issues on the one hand. On the other hand, the vulnerable should not be 
viewed as passive recipients of disaster relief. Capacity building is advocated to stress 
on empowerment and collective actions of the vulnerable in the reconstruction 
process. The United Nations within the Hyogo Framework for Action considered that 
the use of relevant traditional and indigenous knowledge and cultural heritage could 
be useful strategies for disaster reduction and community recovery. After the tsunami 
of 2004 indigenous knowledge has provided new approaches to disaster risk reduction. 
Various specific indigenous practices and strategies embedded in local knowledge can 
prove valuable against natural disasters. An incorporation of indigenous knowledge 
into existing practices and policies can empower members of affected communities to 
take the leading role in disaster risk reduction activities.  
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In line with the above discussion, the key activities for the reconstruction of affected 
indigenous communities are an awareness of social vulnerability and utilization of the 
potential of local knowledge. This highlights the reframing of reconstruction 
processes through integration of top-down disaster aid system and bottom-up 
community actions. Both bottom-up and top-down actions are essential to sustainable 
community development after disasters, but the primary issue is the large gap existing 
between top- down and bottom up actions. Obviously, the context-specific nature of 
local knowledge and community-based actions are often not paid close attention in 
praxis. Moreover, the cultural insensitivity of recovery policies may result in conflicts 
with or within indigenous communities, triggering a second disaster. 
 
  In the case of Typhoon Morakot in Taiwan significant cultural barriers were 
highlighted in the post-disaster reconstruction processes. The government generally 
relied on two phases for community recovery after Typhoon Morakot. The first phase 
was to set up the permanent housing projects commissioned by the government, and 
sponsored and built by religious and charity organizations, such as the Buddhist 
Tzu-Chi Foundation, the Red Cross, and World Vision Taiwan. The central 
government contracted out various NGOs to establish three-year social service centers, 
Service Centers for Reconstruction of Life. Service Centers for Reconstruction of Life 
played a role in the disaster zones by connecting the services of the national 
government, local authorities and NGOs. These centers referred people requiring 
services such as counseling, employment assistance, education assistance, medical 
service and social services to the relevant agencies. After three years because of 
difficulties of community recovery these centers were extended for one more year. 
After that initial period, the second phase began with local governments undertaking 
the task of empowerment and enhanced development of permanent housing 
communities through collaboration with local NGOs.   
 
   The issue in the first phase of reconstruction process is that local NGOs and the 
affected village organizations, such as indigenous village council and Churches, both 
of which play very important roles in indigenous communities, were not involved in 
the collaboration and in the decision making processes. This resulted in missing local 
information about disaster governance and caused cultural conflicts during the 
reconstruction process. In the second phase, the local governments learned from the 
cultural conflicts and tried to connect with affected communities through local NGOs. 
The local governments have attempted to diminish the gap between aid system and 
affected communities, but its effect does not yet seem significant. The large gap 
between top- down and bottom up actions highlighted the question of how to really 
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empower the affected communities and rethink the framework of cooperation between 
local governments, local NPOs and communities. The purpose of this paper is to 
analyze the gap for administrative praxis and the reactions of indigenous community, 
and attempt to identify cases in which local leaders have contributed to the recovery 
of affected indigenous communities using local knowledge and traditional strategies.  
 

The research data was collected through document review and interviews to 
investigate the impact of cultural conflicts and community governance in the 
reconstruction process. Documentary sources include academic articles, oral history 
reports, government reports, and newspaper articles. Secondary sources include also 
reports of local leaders in conferences, which reveal fruitful efforts to solve the 
problems in affected indigenous communities. Interviews were conducted by persons 
from reconstruction service providers and local leaders in southern Taiwan, where 
people were heavily affected by landslides and floods. The interviews focused on the 
cultural issues which arose during the course of providing post-disaster reconstruction 
services, how they were dealt with, and the conflicts in the post disaster 
reconstruction process. 

 
The results of this paper reveal the need to bridge the gap between the 

implementation of disaster governance and divers indigenous communities. However, 
the cultural controversy can be seen as an opportunity to open political dialogue on 
social inequalities and may bring about a process of political learning for mitigating 
disaster loss and reducing vulnerability. In the paper, the tension between disaster 
governance at local level and cultural conflicts is examined by addressing four related 
issues. Firstly, there is a brief presentation of the impact of social services for 
reconstruction on indigenous communities affected by Typhoon Morakot. Secondly, 
the analysis focuses on how community governance was challenged by cultural 
conflicts. Thirdly, there is an analysis of how local government adjusted the social 
service systems 4 years after the disaster and an discussion of the lessons to be 
learned from cases where community involvement proved fruitful. Finally, the paper 
discusses the possibility of linking top down and bottom up action and feedback on 
the issue of social vulnerability.  
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ABSTRACT: The two relatively new fields—resiliency and preparedness—increasingly show the need to improve the resiliency 
and preparedness of both seaports and airports. One major problem is the unwillingness of seaports and airports—ports in 
general—to invest in the redundancy, robustness, and flexibility/agility measures that lead to resiliency. Ports experience 
economic pressures from competition among ports and from the power of tenants and users towards minimizing capital and 
operating costs. This often makes it unattractive for ports to invest in the extra planning, training, drilling, exercising, and 
equipment to enhance resiliency. In addition, port managers are often preoccupied with normal operations and hesitant to 
consider “worst case” scenarios with a high impact but low probability. Such a situation creates a lack of motivation on the part 
of ports to invest in resiliency and a lack of motivation of their tenants and users to support these kinds of investment. This paper 
proposes a novel way to motivate port owners and operators and encourage their tenants and users to support resiliency efforts. 
The basic concept is to create a port resiliency certification program with clear, explicit standards, procedures, and documentation 
that the insurance and reinsurance industry can recognize as an effective strategy for risk reduction and loss reduction, a strategy 
that is worthy of reward through lowered premiums or preferred treatment on reimbursements for losses. This paper proposes a 
step-by-step process to create an airport resiliency certification program. 

Keywords: seaport, airport, resiliency, preparedness, certification. 

1. INTRODUCTION 
There are approximately 9,000 airports in the world with commercial airline service, out of which 510 commercial airports are 
located in the U.S. alone. Also considering military airfields and small general aviation airports, there are roughly 42,000 airports 
of all types in the world. These airports may be affected directly or indirectly by disasters that strike nearby, often becoming 
critically important if they are the only immediate access to an affected area. In either case, an airport’s ability to recover and 
contribute to disaster relief and recovery activities is highly consequential. This can be seen at Louis Armstrong New Orleans 
International Airport subsequent to Hurricane Katrina in 2005 and at Toussaint Louverture International Airport in Port-au-
Prince, Haiti, after the 2010 earthquake. There have been numerous other examples such as Colombo, Sri Lanka; Maputo, 
Mozambique; and Cebu City, Philippines. They demonstrate that the prompt recovery of an airport is essential for supporting 
humanitarian response efforts and the economic recovery of the disaster area. The recovery time of an airport will depend on its 
resiliency and preparedness. Higher resiliency can reduce risks and potential losses. 

2. STATE OF THE ART IN AIRPORT RESILIENCY 

2.1 Definition of Airport Resiliency 

Resiliency definitions vary, depending on the context in which they appear. Adopting the definition used by Comes and Van de 
Walle (2014), who focus on disaster resilience for critical infrastructure protection, we define resilience as the ability of an 
airport to cope with or adapt to stress (Comes & Van de Walle, 2014). 

Airport resiliency yields far-ranging benefits. A resilient port is able to survive stress and continue to function at a satisfactory 
level or be restored quickly to an acceptable level of service (Smith, Möhring & Link, 2013; Smith & Babun, 2014). Approaches 
to improving resiliency fall into five basic categories: policy, organizational (or relationships), procedural, structural, and 
defensive (Smith, Waggoner, Rabjohn & Bachar, 2008). Smith and Babun sorted these categories into two groups: “hard” 
resiliency (structural measures) and “soft” resiliency (policy, organizational/relationships, procedural, and defensive measures). 

2.2 Existing Airport Resiliency Programs 

Several individual airports—for example, Dallas-Fort Worth International Airport—have active resiliency programs, but at 
present there are only two systematic programs in the world to promote airport resiliency. These are Getting Airports Ready for 
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Disasters (GARD) and the Port Resiliency Program (PReP) (Hellingrath, Babun, Smith & Link, in press). GARD was developed 
by Deutsche Post DHL and has been extended to about seven airports in the world in conjunction with the UN Development 
Programme (UNDP). PReP was developed by AmericasRelief Team, a nongovernmental organization, and has been applied to 
one airport. Although GARD and PReP differ in some specifics, they both focus on soft resiliency measures, particularly 
planning, preparedness, interagency relationships, and communications. 

2.3 Barriers to Airport Resiliency 

The barriers to improving airport resiliency fall into four general groups: lack of perceived need, expected cost, lack of 
motivation, and lack of guidance. 

Many airports do not see any need to improve their resiliency. Most often, their conclusions go back to faulty, incomplete, or 
even absent risk and hazard analyses. Even if an airport recognizes a risk, it may dismiss it on the basis of a very low perceived 
probability of occurrence even though the consequences of a rare event can be catastrophic. 

Cost can indeed be a major factor that turns organizations away from resiliency initiatives. The “hard” resiliency measures in 
particular, that is, structural hardening and systems or equipment redundancy can be very expensive. Consider for example the 
costs of retro-fitting an existing airport with seawalls or even raising the elevation of runways to prevent flooding. On the other 
hand, “soft” resiliency measures such as those pursued by GARD and PReP require mostly staff time and are relatively 
inexpensive. 

Overcoming the first two barriers begins with the identification of high operational impact areas and possible hazard 
consequences, i.e. the opportunity cost of not being resilient, in order to raise awareness for the need for resiliency measures, 
eventually aligning perception to reality as a basis for informed decision-making. 

Lack of motivation is probably the most significant barrier to improving airport resiliency. Airport managers are under severe 
pressure from airlines and other stakeholders to reduce rates and charges. Resiliency measures such as redundancy, robustness, 
and flexibility/agility, are usually reviewed as unnecessary expenses. Lessons learned at New Orleans, Port-au-Prince, and other 
airports after disasters do not seem to motivate other airports. Airport managers do not see any competitive advantage in being 
more resilient than other airports. National aviation agencies, funding sources, and insurers do not see any advantage in funding 
preparedness measures beyond the regulatory requirements for dealing with crashes. In this context, senior leadership needs to be 
motivated, making the commitment to support resiliency with the necessary attention and resources. In the long run, motivation is 
only maintained in the organization if the awareness for resiliency is firmly and consistently rooted in the culture of the 
organization, so that staff fluctuation and organizational changes would not undermine the effectiveness of resiliency measures. 

The fourth barrier to improving airport resiliency is the lack of guidance in the form of definitions and standards. What measures 
are appropriate, and how should they be embedded to achieve an adequate level of resiliency at an airport? Which standards 
should be global and which should be risk-specific or geo-specific? How should such standards be developed and what 
organization should administer them? Which rewards can be reaped by airports that meet resiliency standards? These are 
questions that the Airport Certification Program seeks to answer. 

3. THE AIRPORT RESILIENCY CERTIFICATION PROGRAM 
In order to develop and implement global standards for airport resiliency, an Airport Resiliency Certification Program (ACP) is 
proposed. Modelled on such successful certification programs as the Green Building Council’s LEED program, the main 
elements of ACP are: an information technology (IT) support program and software, standards, a certification process, registries 
of certified airports and qualified providers, evaluations and audits, certification, and periodic re-certification. ACP would also 
need to have an aggressive outreach and education program. 

Although all of these elements are critical, the most important element is the creation of standards and the weighting or scaling 
system to convert levels of compliance into quantifiable levels of resiliency. We propose a public roundtable open to 
international agencies, trade associations, airlines, government representatives, GARD, PReP, and other interested parties to 
generate the general categories of standards, identify existing sources of standards or partial standards, and organize a working 
group for each category of standard. The process should be open, transparent, and public. 

After the development phase, ACP would publicize the airport resiliency standards and the requirements for certification. An 
interested airport would take the actions to meet the standards and submit an application packet. ACP’s evaluators would 
evaluate the packet, and ACP auditors would perform an on-site audit. The airport would make any corrective actions to meet the 
resiliency level that the airport desires. The final step will be certification, perhaps on a platinum, gold, silver, and bronze basis 
such as LEED uses to distinguish between levels of meeting standards. Re-certification would be required every three years. 

4. DEALING WITH THE MOTIVATION PROBLEM 
The same motivational problems as apply to ACP apply to airport resiliency measures in general. A few airports may seek ACP 
certification out of a strong commitment to preparedness, a strong history of cooperation with their local regions for disaster 
response, or pride. However, most airports will see no benefit, especially no financial benefit from certification. Airlines will fly 
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to airports even if they produce passengers or freight without regard to the status of their resiliency and preparedness. The severe 
downward pressure on airport costs will obviate expenditures on something that is not a regulatory requirement. 

One approach that the authors have considered is to seek recognition from the insurance and reinsurance industry that airport 
resiliency is a risk reduction or loss control measure worth rewarding with lower insurance rates or more favourable treatment in 
pay-outs. Investigation with one very large reinsurance company revealed that there is essentially zero room in the current 
aviation insurance rate structure for incentives and that airport users see their risk spread over their entire networks and not 
localized or localizable to individual airports. 

A second approach is to make airport resiliency certification a regulatory requirement. However, recent history with such things 
as Safety Management Systems (SMS) have shown extreme resistance from nearly all parts of the aviation industry to any new 
type of regulations. 

The third and final approach will be education concerning the value of resiliency and preparedness. We hope that the lessons 
learned from the 2013 typhoon relief and recovery effort in the Philippines will engender a greater willingness to invest in airport 
resiliency and airport resiliency certification. 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
Priority Action 1: Ensure that disaster risk reduction is a national and a local priority with a strong institutional basis for 
implementation.  
Implementation of ACP will allow regions, countries, and airports to assess resiliency and preparedness against global, industry-
wide standards, thereby providing a strong institutional basis for implementation. 

Priority Action 2: Identify, assess and monitor disaster risks and enhance early warning.  
ACP is predicated on a strong, honest, clear-eyed identification and assessment of risks and hazards facing each airport. A major 
component of ACP is the nurturing of interagency relationships including emergency management and public work and the 
building of communications pathways including early warning systems. 

Priority Action 3: Use knowledge, innovation and education to build a culture of safety and resilience at all levels.  
The target audience of ACP is airports and their users, but the hinterland of each airport will benefit from the airport’s improved 
resiliency. The measures inherent in resiliency will also enhance safety. 

Priority Action 4: Reduce the underlying risk factors.  
The requirement for periodic re-certification and continuous review of standards in ACP will allow the program to track changing 
risk factors including those associated with climate change. 

Priority Action 5: Strengthen disaster preparedness for effective response at all levels.   
Airport resiliency, especially if promoted by ACP, will strengthen the disaster preparedness of airports and of all parts of society 
that depend on them for emergency and disaster response and support in the recovery phase after a disaster. One element of ACP 
will be measures to ensure the professional management of an airport under the unusual operating conditions during disaster 
response as well as procedures for reconciling competing uses as disaster recovery and economic recovery and reconstruction 
overlap.  

The major gaps identified in this work are ways to recognize resilient airports, motivate airports to invest in resiliency, and a 
system to measure progress towards more resilient airports. In addition to filling these gaps, there is a need to investigate ways to 
reconcile the conflicts in using airports (and seaports) for disaster relief and economic and societal recovery after disasters. The 
Post 2015 Framework for Disaster Risk Reduction needs to include a focus on the resiliency of airports and the essential roles of 
airports in disaster response. 

6. CONCLUSIONS 
In the face of rising disaster damages and an increased movement towards preparedness and risk management, port resiliency can 
be considered an important movement with far-reaching benefits for regions, countries and airports. The success of existing 
airport resiliency initiatives—be they local initiatives at specific airports or international, systematic initiatives such as GARD or 
PReP—is inhibited by a number of barriers, namely lack of perceived need, expected cost, lack of motivation, and lack of 
guidance. The Airport Resiliency Certification Program proposed in this paper aims to develop and implement global standards 
for airport resiliency, guiding airports on their journey to higher levels of resiliency. An obstacle that needs to be surmounted for 
ACP to be successful remains with the lack of motivation of airports. Several approaches have been taken to tackle this issue. 
First, seeking recognition from the insurance and reinsurance industry has not been successful due to the current insurance rate 
structure in the aviation industry and the perceived distribution of risk across aviation networks. Second, making airport 
resiliency certification a regulatory requirement implies dealing with extreme resistance from an already heavily regulated 
industry. Third, education concerning the value of resiliency and preparedness may be a remaining opportunity, despite requiring 
concerted efforts and long-term commitment to be effective. When successful, however, various benefits can be expected that 
contribute directly to post 2015 disaster risk reduction. 
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ABSTRACT: Oil and its derivatives are crucial components of economic growth and prosperity globally. To meet the global 
demand for this commodity, millions of barrels of oil are extracted and refined for trade among nations annually. The economic 
and social gains from producing, trading, and consuming oil are readily estimated and observed; however, during each of the 
phases of oil production and trade, beginning with exploration and extraction, damages and losses are frequently incurred from 
operational accidents such as oil spills. These accidents commonly lead to negative human health, environmental and socio-
economic impacts not necessarily visible to or quantified by the end consumer-nation. The failure of the nations consuming the 
most oil to internalize consequences beyond national borders has led to a concentration of these accidents in less developed 
nations with fewer regulations and lower technological capacities. Specifically, Organization for Economic Cooperation and 
Development (OECD) nations consume the majority of the oil produced annually yet most of the accidents occur in non-OECD 
nations. This fact motivates our estimation of the more complete cost to consuming and trading oil; we calculate an import-
adjusted fatality rate for the countries in the OECD from 1978 to 2008. The import-adjusted fatality rate is composed of the 
number of fatalities per kilotonne (KT) of oil produced domestically and the number of fatalities per KT of oil imported from 
each non-OECD nation. That is, based on the amount an OECD nation imported, we assigned a share to that country of the total 
fatalities incurred during the production and transport of that oil. We find that the import-adjusted fatality rates of OECD nations 
increase and that the increase is largely due to non-OECD nations. Making these adjustments and recalculations is important to 
developing awareness and a greater sense of shared, international responsibility for best practices in the field of energy. 

Keywords: accident, energy, oil, sustainability 

1. INTRODUCTION 

Accidents occur during all stages of normal energy producing operations. In the case of oil, accidents can occur in processes such 
as exploration, transportation, refining and end use. These incidents can be due to human error or mechanical failure, for 
example, or in some cases, intentional attacks. Depending on the location and severity of the accident, the consequences may be 
measured and internalized in various ways. How losses caused by an accident such as a refinery fire or oil spill are remediated 
depends on the affected parties, the scope of the damage, and the legal and regulatory requirements of the location where the 
incident occurs. Some countries impose strict regulations to ensure greater response to and prevention of accidents; however, 
many other countries lack both the regulations and the capacity to generate or enforce regulations that would appropriately 
incentivize firms and actors to take further precautions against accidents or to fund recovery following an accident.  

 

Countries with low regulation and enforcement capacities often have other domestic challenges that take priority. One sobering 
perspective on potential trends suggests developing nations use a triage policy: treat the first order problem – poverty, for 
example – followed by the less urgent problem, perhaps environmental degradation or safety. The differences in relative 
priorities from nation to nation opens the opportunity for potential gains from trade (Johnson, Pecquet, & Taylor, 2007). 
Examples of this dichotomy are differences in labor costs or regulatory restrictions that industries might exploit. Often, nations 
belonging to the Organization for Economic Cooperation and Development (OECD) and those not belonging (non-OECD) 
epitomize these differences between developed and developing nations.  

 

As international trade has continued to liberalize, more attention has been paid to how these differences unequally affect nations 
economically and socially. For example, following the collapse of the Bangladeshi clothing factory in 2013, the focus in the U.S. 
and Europe was on reducing trading partnerships with Bangladesh and ensuring that safety standards were upheld for factory 
workers. Despite perhaps best efforts, clothing imports to the U.S. from Bangladesh increased in 2014. It has become clear that 
tracing supply chains and ensuring safety standards are implemented, especially in countries without formal regulatory and legal 
infrastructure, is very difficult if not impossible (Chalabi, 2014). Also, what has become clear is that without an incident to draw 
awareness to issues in the supply chain, consumers and retailers may be unaware of the impact of their own consumption.  
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In the context of safe oil production, the differences between developed and developing nations have been attributed to 
differences in environmental regulation, a lower level of technology, low institutional capacity and institutional corruption. 
Determining which of these drivers might cause the difference in fatality rates related to oil production is outside of the scope of 
this analysis. Instead, this paper is motivated by a sustainability perspective intending to shed light on the differences in accident 
rates and the magnitude of those differences over a twenty year time period. To bring awareness to the less visible costs of 
producing and consuming energy from oil, this research quantifies an oil production, import-adjusted fatality rate. This work 
builds on previous work by Hirschberg et al. (Hirschberg, Spiekerman, & Dones, 1998) and Burgherr et al. and further refines the 
level of analysis to individual nations between 1978-2008 as a part of a larger effort to compare energy technologies.  

2. DATA AND METHODOLOGY  

2.1 Data 

In order to disaggregate the findings of Hirschberg et al. and Burgherr et al. to generate import-adjusted fatality rates nation by 
nation, we use the same unique dataset developed by the Paul Scherrer Insitut (PSI) in Villigen, Switzerland: The Energy Related 
Severe Accident Database (ENSAD) and the crude oil production and trade datasets from the International Energy Agency (IEA). 
The ENSAD database contains all the severe accidents having occurred from 1960 to 2010. To standardize the term “severe,” PSI 
created its own definition based on the best practices and existing agreement in the field; this definition is also used in this paper.1 

To be considered a severe accident in the ENSAD database, the incident must meet at least 1 of 7 criteria. In this paper, the 
criteria that at least 5 fatalities must result from the accident is used (full list of criteria found in Burgherr & Hirschberg, 2008).  
 
Since 1978, there have been 433 severe accidents associated with the oil energy chain worldwide, resulting in over 21,245 
fatalities. Of the total number of accidents, 132 occurred in OECD nations while 301 occurred in non-OECD nations. The 
number of fatalities was also greater in non-OECD nations where 18,640 of the fatalities occurred while 2605 fatalities were 
attributable to OECD accidents.  
 

Table 1: Summary Statistics of Severe Accidents Resulting from Oil Production 

 OECD Nations 
Accidents 1978-2008 

Non-OECD Nations’ 
Accidents 1978-2008 

OECD Nations’ 
Fatalities 1978-2008 

Non-OECD Nations’ 
Fatalities 

1978-2008 
Median per Year 3.0 9.0 37.0 293.0 
Average per Year 4.3 9.7 84.0 601.3 

Standard Deviation 3.4 5.3 100.4 905.4 
 
On average, OECD nations had less than half the number of accidents that non-OECD nations had and those accidents resulted in 
on average 84 deaths, while the accidents in the non-OECD nations resulted in on average 601.3 deaths (see Table 1). There is a 
lot of variation from year to year, evident from the large standard deviations. This variation is due to few events and large 
variation in fatalities among events; a major accident with a large number of deaths has a large influence on these estimates. 
Nevertheless, non-OECD nations consistently have more accidents that are more severe than OECD nations. Historical trends 
also indicate that the number of severe accidents in OECD nations is declining while the number of severe accidents in non-
OECD nations is increasing. These trends do not take production into account, as we do later in our analysis; however, it is of 
note that the cause of OECD accident rates declining is not having the same effect on non-OECD nations.  
 
In order to calculate import and export trade flows for crude oil (and other oil derivative products), we used the International 
Energy Agency (IEA) “Oil Information Statistics” database, which is composed of multiple datasets, such as “OECD Imports”, 
“OECD Exports,” and “World Oil Statistics.” Combining information from these datasets, we calculated the share of exports 
from other nations being imported by the individual OECD countries. Ultimately, a twenty-year trade and accident window was 
chosen based on data constraints. Over the twenty-year period on which this analysis focuses, production in OECD nations has 
remained fairly consistent, while there has been a large increase in the production of oil occurring in non-OECD countries. 

2.2 Methodology 

Using these data, we calculated an import-adjusted fatality rate for each of the 34 OECD nations. First, the amounts of crude oil 
that each OECD nation produces domestically, imports from other OECD countries, and imports from non-OECD countries were 
calculated using the IEA data. For every OECD nation, the net amount of crude oil it imported from each individual country was 
calculated as a percentage of the exporting nation’s total exports. That is, we calculated the share of each country’s exports that 

                                                
1 A full methodology can be found in Hirschberg et al. 1998 
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were consumed in each of the 34 OECD nations. The decision was made to use net imports rather than gross imports to avoid the 
issue of “double counting.”2  

Next, using the severe accident data collected from the ENSAD database between the years of 1978 and 20083, we calculate the 
annual fatalities for every nation and/or country group (determined in IEA database) engaged in trade relationships with the 
OECD countries. Only those accidents meeting the criteria of 5 fatalities or more were included in the analysis. Furthermore, in 
order to capture the trade-related accidents for the import adjustment – again to avoid double counting – the data from ENSAD 
for the exporting portion was limited to accidents not occurring in use functions; that is, only those accidents occurring in 
functions leading up to and including export were considered. Conversely, for the national fatality rate related to domestic oil 
production, all accidents were included.  

It was not possible to accurately establish annual fatality rates by exporting nation, as severe accidents are not commonplace, and 
therefore a representative fatality rate was calculated at the country-group level. Using a country-group level fatality rate provides 
a good approximation of the state of safety regulation and technology for nations with similar trade policies. However, there were 
some outlier nations, which would potentially disproportionately influence these group-level fatality rates: in the non-OECD 
China, India and Nigeria had much higher fatality rates than other nations in the group. In the OECD, the United States, Italy and 
Japan also had higher fatality rates than other OECD nations. Ultimately, the annual country group fatality rates are used rather 
than calculating any particular nations separately in this paper, as the effect of any outlier nation varies substantially year to year.  

3. RESULTS 

We find the import adjusted fatality rate increases for OECD nations above the national production accident levels for those 
nations importing oil. Nations such as Chile, Czech Republic, Estonia, Iceland, Ireland, Israel, Luxembourg, and Solvenia did not 
import substantial enough amounts of crude oil – if any at all – to influence domestic fatality rates. As expected these nations 
with energy supplied by other sources (e.g. Iceland’s electricity is generated by hydroelectric and geothermal sources 
(Orkustofnun, 2014)) do not have increased import-adjusted fatality rates. Thus, we do not focus on these nations. For those 
nations importing crude oil, fatality rates due to non-OECD imports account for the largest portion of the adjusted fatality rate. 
These results indicate that the majority of severe accidents and their associated impacts arise in non-OECD nations that may not 
have the best available infrastructure, regulation, or practices for oil production. These results are presented for the 26 OECD 
nations with fatality rates associated with oil production. An example of these results is shown for the United States:  
 

 
Figure 1: Percent breakdown by source of fatality rate due to oil consumption. 

 
The U.S. does not export oil in appreciable amounts; typically, the oil imported to the U.S. is also consumed in the U.S. Imports 
from the non-OECD nations make up the majority of the U.S. adjusted fatality rate (see Figure 1). Interestingly, the U.S. has 
historically had a significant fatality rate associated with domestic production. Also of note is the trend that domestic accidents 
decline with respect to domestic production over the twenty-year period, but are in essence replaced by incidents – also corrected 

                                                
2 From one sustainability point of view, the importing nation should only be responsible for the accidents associated with the imports they 

receive and consume. However, an alternative sustainability perspective might suggest that this should be gross imports to capture the full 
costs of moving oil and oil derivatives around the world. The distinction between gross and net is not a critical one for many of the OECD 
nations, such as the United States where the products that are imported are also consumed domestically. 

3 This analysis can be updated with 2012 data for accidents and trade once ENSAD has been completely updated. However, in order to ensure 
ENSAD data is complete and correct, year to year updates are not done. A time lag is necessary to capture the full consequences of an 
accident.  
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for import volume – from non-OECD nations. Fatality rates are declining overtime due to OECD imports and domestic 
production. The fatality rate associated with non-OECD oil fluctuates without clear sign of declining trend.   
 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

In order to effectively address risk reduction on a global scale, sustainable practices must be a shared responsibility. One barrier 
to sustainable practices is an asymmetry of information along the supply chain; that is, when accidents do not directly affect us or 
make the international news, it is easy to be unaware. Our work points out the disparity between OECD nations’ and non-OECD 
nations’ safety outcomes as measured by fatalities in severe accidents related to oil production and processing. In order to 
improve global safety practices, it is important, whether through informal channels or formal trade agreements, that these trends 
are identified and addressed. Equally important, these accidents often occur and affect vulnerable populations, many of who do 
not have avenues for recourse.  

5. CONCLUSIONS 

Though the consequences of some economic activities are taken into account through sustainability analyses, this paper is one of 
the first such to address sustainability related to accidents caused by energy production. There are many points during the energy 
chain during which there is a risk of an accident, from exploration to end use. When accidents do occur, the consequences reach 
beyond the firm or nation. However, with even one degree of separation, those ultimately consuming the product may not 
comprehend the frequency, cause and impact of these accidents on human lives and the environment. By adjusting the fatality 
rates associated with oil consumption in the OECD countries for imports from other nations, we find that fatality rates increase 
for OECD nations and that the largest contribution to the aggregate fatality rate is from imports from non-OECD nations that 
more frequently have severe accidents.  That is, non-OECD nations incur more accidents – and more severe accidents – when 
producing and exporting oil. Furthermore, we find that the number of severe accidents does not decline over the twenty-year 
period nor does the aggregate non-OECD fatality rate. Despite severe accidents occurring, OECD nations continue to import – in 
ever-greater proportions – crude oil from nations that have not apparently improved production standards. Though not acutely 
impacted by these accidents, OECD nations consuming imported oil should be aware of the costs associated with particular 
trading partnerships. 
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ABSTRACT:  Vietnam is vulnerable to multiple hazards, particularly in the central region. Flood damage 
statistics show that this part of the country is impacted by both unfavourable terrain, and human interference 
leading to environmental damage. Such damage is often a result of poorly planned and managed forestry and 
hydropower plants. This paper examines the key vulnerabilities present in Vietnam while investigating the key 
problems in the development of hydropower in Vietnam; environmental impacts, design and construction of dams 
and the operation of dams.  

Keywords: flood mitigation, forest loss, hydropower, environmental impact assessment. 

1. INTRODUCTION 

Human suffering has multiplied in recent years due to increased frequency and intensity of natural hazards, which are expected to 
rise in the coming years due to climate change. According to the World Bank, Vietnam is among the top 12 countries at risk of 
the five threats (drought, flood, storm, coastal 1m, and agriculture). It ranks tenth in flood risk, fourth in storm risk and second in 
coastal 1m risk (IRIN, 2009). In addition, according to the Global Climate Risk Index (GCRI), Vietnam was the most climate 
change affected country in the world for 2013, from the sixth during 1991-2011(Harmeling and Eckstein, 2013). This risk to life 
and property cannot be eliminated completely; however, this research argues that it can indeed be reduced through better planned 
forestry and hydropower plants and better cooperation between the central government, local authorities, the private sector and 
communities. 
Over 70% of the population of Vietnam lives in flood prone areas and is at risk of water disasters (Shaw, 2006). The focus of this 
research is on central Vietnam, justified by the frequent occurrence of severe floods in the region, mainly owing to its topography 
(Razafindrabe et al., 2014) and the lack of reliable technologies for disaster prevention and early warning (Hansson et al., 2008). 
On the other hand, the higher intensity of floods was primarily induced by human interference in the hydrological system (Tran et 
al., 2010). Side-effects of the installation of hydraulic structures such as dams should be considered more critically as they can 
devastate river ecosystems and undermine the rights and livelihoods of affected communities (Hansson et al., 2008). As part of 
disaster preparedness, we must recognize that natural hazards are an integral component our environment, and that human 
development must respect natural cycles and systems (Tran and Shaw, 2007). 
Vietnam has more than 3,450 rivers and streams, including 10 main river basins (MORNE, 2012). The government plans to 
harness the hydropower potential of each one of these rivers. The maximum amount of energy that can be extracted from these 
rivers is 26,000MW. There have been 815 hydropower projects approved with a total installed capacity of 24,324.3MW (MOIT, 
2013a). In these 815 approved projects, there are 268 hydropower plants in operation with capacity of 14,240.5MW and over 205 
projects under construction with capacity of 6,198.8MW. Although the number of hydropower reservoirs is small in comparison 
to over 7000 reservoirs across the country, the reservoir volume is 56 billion m3, accounting for 86% of total reservoir volume of 
65 billion m3 nationally (MOIT, 2013b).  
In Vietnam, many residents live along waterways and their lives are heavily dependent on rivers for both agriculture and fishing. 
The rapid implementation of numerous hydropower plants in a short space of time would seriously affect the very existence of 
communities, currently densely populating riverine regions. There are 9 large hydropower plants with installed capacity larger 
than 60MW and 33 small and medium hydropower plants with a capacity less than 60MW on the Vu Gia – Thu Bon river system 
in Quang Nam province alone (Lam et al., 2013). Many households have already been disrupted and often relocated due to 
hydropower plants. In addition, plants have forced downstream communities to adapt to their operating procedures, defined by an 
unnatural cycle of flooding which defeats flood mitigation mechanisms built up over generations. 
In Public-Private Partnership (PPP), a Build-Own-Operate (BOO) model is applied for hydropower plants and reservoirs in 
Vietnam according to Decision 30/2006/QD-BCN of the Ministry of Industry. However, the involvement of private actors in 
shaping the overall implementation of hydropower projects still leads to ad-hoc decision making (Suhardiman et al., 2011), while 
reservoir operation management of local authorities remains weak.  

2. FLOOD DAMAGE STATISTICS IN VIETNAM 
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The scale of the problem is clearly illustrated by flood damage statistics emerging from Vietnam. We are aware that the larger the 
disaster and the smaller the economy, the more significant the impact (Hansson et al., 2008). The available disaster data from the 
Central Committee for Flood and Storm Control and the General Statistic Office suggest that flood disasters have had a severe 
impact on the people of Vietnam over the years, with little sign of reduction over time, in line with disaster mitigation strategies. 
The loss of human lives remains unacceptably high, with an annual average of deaths and missing people of 588 (see Fig. 1). 
 

 
 
Fig. 1: A comparison of the statistics of deaths and missing 
people to those injured in flooding from 1989 to 2013 

 
Fig. 2: A comparison of the statistics of houses collapsed and 
washed away to houses flooded and damaged from 1989 to 
2013 

 
The overall trend of houses collapsed and washed away has indeed reduced over the past 20 years, however, the number of 
houses flooded and damaged has remained relatively stable over the same period. Facing increased exposure to risk, both in 
living environment and agriculture production due to flood risk, but dependant on rivers for livelihoods, poor households often 
remain trapped in a perpetual disaster cycle (see Fig. 2). Recent figures show that central Vietnam is considered to be the area 
most affected by natural disasters. In 2013 alone, the region accounted for 90% of collapsed houses under flood conditions, while 
rice relief to the region amounted to 70% of the country’s total. Undeniably, sustainable flood loss reduction strategies are 
essential in the battle against poverty (Hansson et al., 2008). 

3. KEY PROBLEMS IN HYDROPOWER DEVELOPMENT IN VIETNAM 

Regardless of the numerous national policies, legal frameworks and national programs on forest, water resources, and 
environment related to hydropower and livelihoods that have been issued and implemented, flooding causes immense damage to 
human lives and property in Vietnam. In addition to more frequent extreme weather events due in part to accelerating climate 
change, a boom in hydropower development has contributed to increased flood risk through a) associated environmental impacts, 
b) design and construction of dam facilities and c) operation of dam facilities.  

3.1 Environmental impacts 

From 2006 to October 2013, 205 hydropower projects in 27 provinces and cities were implemented that utilised 19805.3 hectares 
of forest to build hydropower plants in which 3189.2 hectares were allocated to special-use forest, 4717 hectares to protective 
forest and 11899.1 hectares to production forest (Cao, 2013). The Central Highland region (Kon Tum, Gia Lai, Dak Lak, Dak 
Nong, and Lam Dong provinces) annexed the highest forest area for hydropower with 7952.2 hectares (Vietnam Administration 
Forestry, 2013). On average, 2.35 ha of special-use forest are lost for 1MW of power. For example, the Buon Tua Srah 
hydropower project needs 1000 ha of evergreen forest to produce its 86MW installed capacity (PanNature, 2013).  
Only 3 out of 27 provinces have carried out reforestation under the guidance of Circular 24/2013/TT-BNNPTNT by the Ministry 
of Agriculture and Rural Development (MOARD) on the regulation of reforestation when converting forests to other purposes 
(Cao, 2013). Besides the loss of forest due to the development of hydropower, Vietnam has suffered severe deforestation due to 
two other major reasons: (1) illegal loggers can easily penetrate the forest core due to more suitable terrain being available after 
hydropower construction, and (2) ethnic minorities communities are often removed to resettlement sites and clear additional land 
for cultivation (Nguyen, 2013). When deforestation occurs, vulnerability to flooding invariably increases.  
In the past, the government has not released official figures or research to report total numbers of households that are relocated in 
order to make space for hydropower projects in Vietnam. Undoubtedly the numbers are high, given that 91,100 people were 
displaced by the Son La hydropower project alone, the largest hydropower project in Vietnam. The majority of these people were 
not provided with arable land or with sufficient production support required to restore their livelihoods (Bui et al., 2013). These 
conditions are increasingly common in resettlement sites. In addition, the poverty rate for those resettled is particularly high; 
Song Tranh 2 plant (60.3%), A Vuong plant (80.5%) and Dak Mi plant (93.3%) (Dinh, 2013). 
There is a lack of cooperation and control in hydropower from state management agencies. The majority of small and medium 
hydropower projects do not comply with integrated water resources management, while investors consistently aim to maximize 
profits. Unfortunately, public concerns are regularly neglected. At present, there is no unified management agency for all dams in 
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Vietnam. Various government agencies are responsible under law for reservoir dam management. MOC maintain construction 
quality across the board, MOARD specifically manage irrigation works, MOIT oversee hydropower projects with capacity 
greater than or equal 30MW, and provincial authorities manage hydropower projects with capacity less than 30MW and irrigation 
dams with height lower than 5m. 

3.2 Design and construction of dam facilities 

Water resources in river basins should be a community asset. However, in Vietnam these resources are being used for the benefit 
of investors. There are 5 river diversion hydropower projects in central Vietnam and many “run-of-river” hydropower projects, 
aiming to exploit the terrain elevation difference between two locations to increase power generation, seriously impacting both 
residents and the ecology. 
The National Technical Regulation on Hydraulic Structures No.04-05:2012 of the Ministry of Agriculture and Rural 
Development stipulates that the ecological flow that must be passed through the dam is 90% of minimum flow in the dry season. 
This dam design regulation requires that adequate bottom outlet work needs to be included in the dam’s design. However, most 
hydropower plants in the Central Region do not have bottom outlet works in the dam body to discharge water in the case of the 
reservoir level being below the death level (Nguyen, 2013). The bottom outlet work not only has the role in discharging the 
ecological flow but also contributes to dam safety in flood and sand discharge. The existence of bottom outlet work depends on 
the design and on the investor’s decision. 
The river diversion in Dak Mi 4 project has led the Vu Gia river to run out of water during the dry season and created a major 
conflict regarding water use between the investor and Da Nang residents. Dak Mi 4 is supposed to discharge 25m3/s through the 
spillway for Vu Gia river according to the guidance of the Prime Minister in Report No.75/BC-CP. However, Dak Mi 4 presently 
discharges only 5m3/s due to electricity generation optimization. In addition, the area was affected by a disastrous flood in 
November 2013, one in a series of catastrophic floods in Vietnam, which incurred huge losses of lives and property (see Table 1).  
 
Table 1. Flood damages of storm No. 15 in Central Vietnam in mid-November 2013. (Source: http://www.ccfsc.gov.vn) 

 Year/Unit Number 

No. of deaths and missing person 40 

No. of injured person 20 

No. of houses collapsed and washed away house 225 

No. of houses flooded and damaged house 242,973 

Areas of rice fields flooded ha 1,078 

Areas of short-term crops flooded ha 1,827 

3.3 Operation of dam facilities 

The topography of central Vietnam is very steep toward the sea, with few large plains, or forests to contain water. As a 
consequence, rapid flooding is a common occurrence. Meanwhile, the construction of large reservoirs, which have the ability to 
effectively reduce flooding for downstream communities in this region, is very difficult due to terrain limitations. Therefore, the 
potential for hydropower projects to significantly address flood control tasks in the region is limited. Specifically in the Ba river 
basin, the flood discharge frequency is 28,483m3/s, roughly equivalent to the flood discharge of Da river at Hoa Binh dam (large 
government operated dam). However, the flood prevention capacity in the Da river is 7 billion m3, compared to 165.9 million m3 
at Ba Ha reservoir (Government of Vietnam, 2010). This demonstrates that while reservoir operation procedures in central 
Vietnam can ensure dam safety, it is not necessarily a preferred safety procedure for downstream residents. 
In most reservoir operation procedures, the regulation is that 2 hours prior notice be given before discharge occurs. The rainfall 
observation network is very sparse in the Central region. For example, there is only one station (Ban Don) in the Srepok river 
basin. In addition, rain gauges are measured only every 12 hours (at 7pm and 7am). In Decision No. 929/QĐ-TTg dated on 
22/6/2010, the Prime Minister determined that the standard of hydro-meteorological observation stations must be comparable to 
developed countries and that over 90% of the stations must be automatic. However, meteorological forecasting has not been 
given due attention and, without a close collaboration between forecasters and hydropower operators, it will be difficult to move 
towards greater efficiency in downstream flood control. 
During the central Vietnam floods of 2013, all hydropower reservoir operators claimed that they complied correctly with 
operation procedure. However, the residents who suffered the severe consequences of flooding did not absolve the operators of 
responsibility. Residents have limited to access to information relating to reservoir operating and flood discharge procedures. In 
addition, local authorities lack specific provisions to empower communities to seek compensation from owners, both the legal 
right and a mechanism to appeal.  
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4. CONCLUSIONS AND RECOMMENDATIONS 

When considering the hydropower development process, it can be seen that weakness in management and planning invariably 
lead to an increase in flood risk in central Vietnam in particular. Hydropower plays an important role in maintaining national 
energy security in Vietnam; however, there are many shortcomings that must be addressed in the move towards sustainable 
hydropower development. The following actions are recommended as potential flood mitigation methods. 
1. Forest management should be given immediate attention. Simultaneously, environmental issues should be managed more 
effectively. The Environment Impact Assessment should be reviewed thoroughly and revised. The Strategic Environment 
Assessment in the all river basins should be studied for sustainable development in water resources in order to ensure the equality 
on water usage and meet the interests of all stakeholders. 
2. Following hydropower development, it is important to build the capacity of the rainfall observation network in order to 
enhance forecast accuracy and increase the interval notice before flood discharge. In this scenario, dam owners can make correct 
and rapid decisions concerning discharge and residents can make better preparations for adequate countermeasures. 
3. Considering dense hydropower cascades on river systems, each reservoir must comply strictly with the reservoir operation 
procedure for the whole system. All reservoir dams at level three must have monitoring equipment installed that provides the 
observation data of water levels and discharges in reservoirs. This data must be accessed on a system that ensures that operation 
procedures are followed effectively.  
4. It is necessary to establish a dam safety committee and build reservoirs and dams data/information management network in 
Vietnam with reference to http://damsafety.org and http://geo.usace.army.mil of the United States. This internationally significant 
research will ultimately be a great public service to the people of Vietnam. 
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Abstract 

Bangladesh is one of the most disaster prone countries in the world (Peduzzi et al., 2010; 

UNISDR & WB, 2009, p. 54). Effective disaster risk management has always been a major 

concern for the Bangladesh government, policy makers, administrators, and members of local 

communities who are directly affected by severe disasters. As a result of this, a growing 

concern has developed amongst academics, policymakers and practitioners regarding how to 

deal with disasters appropriately.  

To address this need for effective disaster risk management, the Bangladesh government 

decided to promulgate a regulatory framework, outlined in detail below. This framework is 

the outcome of recommendations of the World Conference on Disaster Reduction 2005, the 

Hyogo Framework for Action (HFA, 2005-2015) and the South Asian Association for 

Regional Cooperation (SAARC) for Disaster Management. It provides a coherent and co-

ordinated approach to disaster risk reduction by delineating the tasks and responsibilities of 

citizens, public representatives, government ministries and agencies. However, the 

framework does not promote a holistic concept of disaster risk management; rather it only 

mentions disaster management issues. Moreover, it does not specify who will coordinate 

which phase of the disaster risk management process and how the ultimate goal of disaster 

risk reduction will be achieved. Therefore, the basic governance procedures for carrying out 

an effective disaster risk management process remain vague for practitioners who follow 

these documents.  

To examine this issue, this paper systematically reviews and analyses the academic, 

government and non-government literature to find existing gaps in the regulatory framework 

of disaster risk management and, then proposes the concept of “an inclusive approach to 

disaster risk management” in Bangladesh.   
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This study distinguishes the differences and relationships between the terminologies such as 

disaster risk management, disaster risk reduction and disaster management. Disaster 

management refers to the actions taken by an organization in response to or as a consequence 

of hazards that are adversely affecting people or resources (Kelly & Booth, 2004, p. 47). 

Organizations carry out preparedness, relief and recovery activities to normalize the situation 

after disaster. Conversely , the concept of disaster risk reduction refers to the “practice of 

reducing disaster risks through systematic efforts to analyse and manage the causal factors of 

disasters” (UNISDR, 2009). The causal factors of disasters largely relate to exposure to 

hazards, which increase the vulnerability of people and property. Disaster risk reduction 

offers wiser management of land and the environment through activities of prevention, 

mitigation or adaptation.  Hence, it is clear that the ultimate reduction of disaster risk can 

only be achieved by both “disaster risk reduction” and “disaster management”. Therefore this 

study define and promote the idea of disaster risk management as a complete realm of 

disaster related activities, that intent to reduce disaster risks through a systemic process of 

strategic management.  

The regulatory framework for disaster management in Bangladesh includes, a) the National 

Plan for Disaster Management 2010–2015, b) the National Disaster Management Act-2012, c) 

the Standing Orders on Disaster (SOD) and it foreshadows the Disaster management policy 

which is not yet formulated. This framework is the basis of all legislative, administrative and 

management related activities in reducing disaster risks in Bangladesh.  A critical analysis of 

this framework shows that, instead of outlining an overall disaster risk management approach, 

it partially focuses on both a disaster management approach and a disaster risk reduction 

approach. However, the main inadequacy of the regulatory framework is in relation to the 

Standing Orders on Disaster which, only specify the administrative arrangements, operational 

modalities and responsibilities for particular government sectors. Recognition of the scope for 

the contribution of other sectors, especially the academic, non-government and corporate 

sectors, is very limited here. The roles and responsibilities outlined in the SOD are based on a 

“top-down” approach, where the local-level government is controlled by national-level 

bureaucrats. Such an approach towards disaster management is difficult to implement due to 

political unrest and the unstable “command and control” mode of the bureaucracy.  Added to 

this, there are no set parameters or indicators that explain how disaster risks will be reduced 

in a sustainable manner into the future, especially in the context of climate change. 
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Bangladesh being a signatory to the Hyogo Framework for Action, the framework should 

have incorporated the future climate risk issues in her disaster management mechanisms. 

However, this is not the case in reality. Future climate risks or climate change issues in 

Bangladesh are institutionally dealt with by the Climate Change Cell under the Ministry of 

Environment; whereas disaster management issues are the concern of the Ministry of Food 

and Disaster (Mallick, et al., 2005). Moreover, climate change issues are associated with 

different sets of policy documents from disaster issues. Thus the strategy of incorporating 

future climate risks in the existing disaster management mechanisms is both administratively 

and institutionally missing.  

Recently, to promote and implement the regulatory framework for disaster risk management, 

in 2004 Bangladesh undertook the Comprehensive Disaster Management Programme (CDMP) 

with the aim of making the country more climate-resilient and less vulnerable to natural 

disasters. This initiative is considered to be a paradigm shift from disaster management to 

disaster risk reduction. By far, the CDMP is one of the largest and most ambitious disaster 

management projects in Bangladesh, supported by United Nations Development Programme 

(UNDP) and other donor agencies. The CDMP is comprised of two phases; phase I lasted 

from 2004 to 2009. The second phase of  the CDMP, from 2009,  is still continuing.     

The study has identified that the sustainability of these outcomes is questionable, because of 

the recognised challenges, such as the frequent change of government officials, the difficulty 

in engaging them in the disaster risk management activities, poor coordination, political 

unrest and the severity of disasters, all of which remain constant. However, the CDMP has 

initiated awareness and good practices that create scope for other institutions and actors 

outside the government, such as, economic actors, experts and members of civil society in the 

sector.   

Based on this context, this study adopts the conceptual framework of inclusive risk 

governance. The concept of inclusive disaster risk management recognizes the macro level 

perspectives that are appropriate for governance issues in the case of Bangladesh. The idea is 

based on Otin Renn’s inclusive risk governance framework (Renn, 2004; Renn & Schweizer, 

2009; van Asselt & Renn, 2011). Inclusive risk governance provides a theoretical foundation 

for explaining the relationship between the four central actors of the nation-state, which are: 

governments, economic actors, experts and groups constituted according to the principles of 

civil society. Researchers using this approach claim that in the inclusive risk governance 
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process all stakeholders have something to contribute. According to them, the process of risk 

governance includes mutual communication, the exchange of ideas, assessments and 

evaluations all aiming to improve the final decisions of risk management rather than 

impeding the decision-making process or compromising the quality of scientific input and the 

legitimacy of legal requirements (Renn, 2004; Renn & Schweizer, 2009; van Asselt & Renn, 

2011).  

Based on the literature review, it is evident that the inclusive disaster management framework 

provides opportunities for policy makers and practitioners to associate legitimate concerns 

and dimensions in priority-setting or decision-making. Standards of scientific judgement and 

sustainability of the disaster risk management activities can be ensured by applying the 

inclusive management approach. In such cases the decision-making depends exclusively on 

the assumption of analysts or experts, however the option for personal or collective action is 

open for all, and the outcome of the action or preferences are clearly known to everybody.  

Inclusive disaster management framework provides a strong base for designing commonly 

shared disaster risk management policies. Therefore, this study advocates the adoption of the 

inclusive management approach in the current disaster management regulatory framework of 

Bangladesh.  
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ABSTRACT: We use a Markov Chain Monte Carlo (MCMC) Bayesian method to improve on the generalised extreme value 

(GEV) distribution approach to estimating extreme flood heights in the lower Limpopo River basin of Mozambique.  The return 

periods of extreme flood heights based on the Bayesian approach show an improvement over the frequentist approach based on 

the maximum likelihood estimation (MLE) method. However, both approaches indicate that the 13-metre extreme flood height 

that occurred at Chokwe in the year 2000 due to cyclone Eline and Gloria had a return period in excess of 200 years, which 

implies that this event has a very small likelihood of being equalled or exceeded at least once in 200 years. 

Keywords: Markov Chain Monte Carlo, Bayesian, generalised extreme value, extreme floods, Limpopo River basin. 

1. INTRODUCTION 

In this paper we address extreme floods in the lower Limpopo River basin of Mozambique. The Limpopo River basin in 

Mozambique experienced a series of disastrous floods over the past two decades; the most catastrophic and expensive of these 

floods were the year 2000 floods which killed more than 700 people, drowned more than 20, 000 cattle and caused economic 

damages estimated at USD$500 million (Mabaso and Manyena, 2013; Maposa et al., 2013; Mondlane et al., 2013). In just over a 

decade after the disastrous floods of the year 2000, extreme floods revisited the Limpopo River basin in 2013 in the Chokwe 

district completely flooding the town of Chokwe and forcing two women to give birth on rooftops (Jackson, 2013; Maposa et al., 

2013; Musiya, 2013).  The motivation for studying these extreme floods in the Limpopo River basin is to reduce the associated 

risk and mitigate the deleterious impacts of these floods on humans and properties. Several authors have provided results that 

portend that the frequency, magnitude and intensity of extreme weather events are on the rise (Mabaso and Manyena, 2013; 

Mondlane et al., 2013; Spaliviero et al., 2014; Munich Re (2013); World Meteorological Organisation [WMO], 2013).   

 

The purpose of this paper is to perform a comparative analysis of Markov Chain Monte Carlo (MCMC) Bayesian parameter 

estimates of the GEV distribution with parameters estimated by the maximum likelihood estimation (MLE) method. Most 

recently Vidal (2014) emphasise the novelty of the model based Bayesian inference approach when he used Bayesian analysis of 

the Gumbel distribution to analyse extreme rainfall data in Chile. Vidal (2014) leaves the use of GEV in Bayesian analysis to 

further research. This provides some evidence that the application of this method is still relatively new in hydrology and this 

supports its application in least developed countries such as Mozambique. The advantages of using Bayesian models are 

explained in Gaioni et al. (2010), and for further reading on Bayesian inference models we refer the reader to Beirlant et al. 

(2004) and Reiss and Thomas (2007). 

2. MATERIALS AND METHODS 

In this section we present the data, the block maxima and the theoretical models applied later in this paper. 

2.1 The Data 

The data used in this study were obtained from the Mozambique National Directorate of Water, which is the authority responsible 

for water management in Mozambique under the Ministry of Public Works. The data are hydrometric and measured in metres. 

Annual daily maximum flood heights recorded at Chokwe hydrometric station over the period 1951-2010 were used for this 

study. The block maxima approach was achieved by taking sequential steps to select the highest peak flood height in each 

hydrological block or year (Dombry, 2013; Ferreira and de Haan, 2013). 

2.2 The GEV Distribution Model 

The GEV cumulative distribution function, ,G  is given as: 
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where ,  and    are the location, scale and shape parameters, respectively, and are estimated in this paper by MLE and 

MCMC Bayesian method (Dombry, 2013; Ferreira and de Haan, 2013). In equation (1), we have the Fréchet class of distributions 

if 0,  the Weibull class of distributions if 0,  and the Gumbel class of distributions if 0  .  

2.3 Bayesian Flood Frequency Model 

The Bayesian estimation of a parameter vector   is given as (Kwon et al., 2008): 
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where   is vector of the parameters of the distribution to be fitted (in this case GEV), ( | )P x is the posterior distribution, x  

is the vector of observations,  is the space parameter, ( )P  is the prior distribution, and ( | )P x  is the likelihood function.  

3. RESULTS AND DISCUSSION 

In this section we present, interpret and discuss the results of our analysis. All the results in this section were obtained using R 

statistical programming package and R Studio. Excel software was used to produce the time series plot of annual daily maximum 

flood heights at Chokwe hydrometric station.  

3.1 Time Series Plot of Raw Data 

The results in Figure 1 show that the highest peak flood height of magnitude 13 m occurred in the year 2000. In general, 

however, the time series plot of annual daily maximum flood heights does not indicate an upward trend of floods. In fact, the 

flood heights at Chokwe hydrometric station are considerably random as indicated by the 
2R value in Figure 1. 
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Fig. 1:  Time series plot of annual daily maximum flood heights at Chokwe hydrometric station, 1951-2010 

3.2 GEV Distribution Model Results 

The GEV distribution was fitted using the R package ISMEV. Table 1 presents the MLE estimates of the GEV parameters, the 

associated standard errors and the associated 95% confidence interval for each parameter. The confidence interval for the 

population mean, , indicates that we can be 95% certain that the true population mean of annual daily maximum flood heights 

at Chokwe lies between 3.76 m and 4.77 m high.  
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Table 1: MLE estimates of the GEV parameters and their associated standard errors 

Parameter Estimate  Standard Error (SE) 95% *CI  

  4.26452 0.25374 (3.7570, 4.7723) 

  1.78893 0.17725 (1.4343, 2.1436) 

  -0.08351 0.07273 (-0.2290, 0.0620) 

*CI means Confidence Interval 

 

 

Table 2: Bayesian posterior estimates of the GEV parameters and their associated naïve standard errors 

Posterior Parameter Estimate  Naive SE 95% *CI  

 
  4.27235 0.00602 (3.7636, 4.7872) 

  1.90141 0.00484 (1.5565, 2.4002) 

  -0.06824 0.00184 (-0.2027, 0.1046) 

*CI means Credible Interval 

3.3 Bayesian Model Results 

The MLE estimates of the GEV parameters ,  and    were used to run the Markov Chain Monte Carlo (MCMC) 

simulations. Credible intervals are the Bayesian analogue of confidence intervals. However, credible intervals give more 

assurance than confidence intervals and this is one of the main advantages of Bayesian methods compared to frequentist methods 

(Gaioni et al., 2010). For instance, a 95% credible interval for  from Table 2 can be interpreted as that the true population 

mean of the annual daily maximum flood heights lies between 3.76 m and 4.78 m with probability 0.95. It can also be noted that 

all the upper limits of the 95% credible intervals are greater than the corresponding upper limits for 95% confidence intervals. 

Modelling the upper tail is very important in flood frequency analysis as it results in reducing the impact of a flood event through 

reliable forecasting and disaster preparedness. The return level of the posterior distribution in Fig.2 reveals that the 13 m annual 

daily maximum flood height event of the year 2000 caused by cyclone Eline and cyclone Gloria has a return period in excess of 

200 years. Both the 95% credible and the 95% confidence intervals for  given in Tables 1 and 2 change sign from negative to 

positive revealing the existence of all the three families of distributions encompassed in the GEV distribution.  

 
Fig. 2: Return level plot of posterior distribution with 95% Bayesian credible intervals (dashed lines) at Chokwe hydrometric 

station 
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Accurate forecasts of the return periods of extreme floods can be used to reduce uncertainties associated with these natural 

hazards, thereby reducing the underlying risk factors and enabling people to prepare for and respond to these rare events. 

Mozambique is one of the developing (or least developed) flood-prone countries in Southern Africa and therefore warrants 

particular attention because of its vulnerability and risk levels which far exceed its capacity to respond to and recover from flood 

disasters (World Conference on Disaster Reduction, 2005). Knowledge of the distribution of maximum flood heights helps in 

substantial reduction of flood disaster-related losses in lives, social, economic and environmental assets of Mozambique. The 

work in this paper also contributes in the sharing of research findings and lessons learned which are some of the aspects needed 

to enhance international and regional cooperation and assistance in disaster risk reduction. Disaster Risk Management in the Post 

2015 Framework for Disaster Risk Reduction should continue to focus on knowledge sharing, international and regional 

cooperation and assistance in disaster risk reduction.  

5. CONCLUSIONS 

In this paper we have considered the block maxima approach of extreme value theory. The frequentist approach considered 

fitting the parameters of the generalised extreme value distribution using the maximum likelihood estimation method. The choice 

of the GEV distribution over other alternative distributions for the lower Limpopo River at Chokwe hydrometric station was 

inspired by previous studies done by the authors at the same station and other stations in the lower Limpopo River basin.  

 

In an attempt to improve on results achieved using the frequentist approach, a model based Markov Chain Monte Carlo Bayesian 

approach was applied to the data. The maximum likelihood estimates of the parameters of the GEV distribution were used to 

develop the MCMC simulations in order to develop Bayesian posterior distribution estimates of the parameters. Our findings 

suggest that the Bayesian approach improves on the results achieved through the maximum likelihood frequentist approach when 

using the GEV distribution as the likelihood function.   
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ABSTRACT: The quantification of the uncertainty surrounding natural hazards and their associated risks is one of the biggest 
challenges the increasing and intertwined modern societies are faced with. To the already complex task of assessing a single 
hazard is the added cascaded effect of correlated hazards, vulnerability and economic impacts of natural disasters. We propose 
the creation of an innovative, easy-to-use platform devoted to facilitate to scientists, engineers, professionals and governmental 
civil protection staff the solution of an important socio-economic challenge, as it is assessing multi-hazard and managing the 
associated risks. We propose the development of a new methodology based on the application of probabilistic methods in order to 
improve territorial planning, the design of emergency programmes, and risk management. The idea is to cover a wide range of 
hazard and socio-economic scenarios, so that the use of the resulting methods and tools could have applicability as wide as 
possible. The methodology we propose aims to facilitate risk assessment and management to the final end user covering a wide 
variety of aspects ranging from territorial planning (i.e. elaboration of risk maps) to the analysis of mitigation measures using 
agent-based models. To illustrate these methods and tools we use volcanism as an example of true multihazard and multi-risk. 
 
Keywords: Multi-risk, Multi-hazard assessment, Hazard, Vulnerability, Probabilistic Multi-hazard assessment.   

1. INTRODUCTION 

Volcanic crises, and natural hazards in general, are complex and challenging to manage because of the inability to view directly 
the underlying processes that operate before and during the disaster, because of the time-dependent behaviour of natural hazards. 
As a result, decisions taken during emergencies are based on evaluations that contain significant uncertainty and so test the ability 
of communities to protect themselves and their infrastructure, as well as their ability to recover from a catastrophic event. 

We propose a new, purpose-built methodology as a general and flexible, probabilistic model for crisis management. It shows how 
evaluations can be improved during an emergency by applying probabilistic methods to a structured decision framework. It 
assesses the expected gains and losses from mitigating actions by integrating event scenarios, and their probabilities of 
occurrence, with data on vulnerable populations and their economic and physical infrastructure, as well as the cost of a false 
alarm and of a failed forecast. 

Disaster management planning has tended to be specific to particular threats, and to treat these in isolation. However, as a 
number of recent natural disasters have made clear, the initial event can often result in subsequent linked emergencies. Currently 
risk mapping has opted to highlight the main initial danger to communities, and has relied on scientific expertise on the specific 
threat. Volcanoes offer, probably, the best example of multi-risk, due to the multiple nature of their direct hazards (lavas flows, 
lahars, fallout, pyroclastic flows, …) and also to the diversity of associated hazards (e.g.: earthquakes, tsunamis, landslides, 
storms, ….) that may act before, during and after a volcanic eruption. In addition to the cascading occurrence of these potential 
hazards, their impact may originate cascading effects that may significantly increase the already high complexity of disaster 
management.  

Taking volcanoes as an example we construct a set of integrated simple GIS based e-tools designed for both long term and short 
term hazard analysis, as well as risk management, and which include susceptibility analysis, temporal and spatial hazard analysis, 
vulnerability analysis and decision making models. These tools can be easily implemented to be applied to most natural hazards.  

2. METHODOLOGY AND RESULTS 

The effective management of a volcanic crisis, and a natural hazard crisis in general, is a cyclic process that includes a pre-unrest 
and a post-event stages, crucial to determine the level of preparedness and resilience during a crisis, in addition to the unrest and 
volcanic event episodes (Fig. 1a). A different degree of preparedness and reaction is required in each stage of this cycle, in order 
to be as much effective as possible when facing against a volcanic threat. Decisions are then made on which of the mitigation 
actions is most appropriate. At each stage, formal decision analysis is applied to physical, social and economic data in order to 
decide on the preferred mitigating action. Six phases in each stage conform the cyclic process in the decision making 
problem(Fig. 1b). 
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2.1 Possible Hazardous Scenarios and corresponding spatio-temporal probabilities of occurrence 

The first step is to outline all the hazardous scenarios possible to occur and then quantify their corresponding uncertainty by 
means of estimating the probability of occurrence. The most common tool used in volcanology for this matter is an event tree 
structure where each node represents a step and contains a set of possible branches (outcomes for that particular category). The 
nodes are alternative steps from a general prior event, state, or condition through increasingly specific subsequent events to final 
outcomes. The objective is to outline all relevant possible outcomes of volcanic unrest, at progressively higher degrees of detail, 
and assess the probability of each hazard scenario occurring within a specified future time interval. HASSET (Sobradelo et al, 
2013) (Fig. 2), in conjunction with QVAST (Bartolini et al, 2013) and Felpeto et al (2007) (Fig. 3) are probabilistic tools 
presented as free plugins for QGIS that implement the above mentioned structure and use various mathematical methods to 
estimate the likelihood of a particular scenario happening.  

                                       
Fig 1. (a) Stages in a volcanic crisis management, crucial to determine the level of preparedness and resilience during a volcanic 
crisis. (b) Six phases in each stage of the decision making problem 

             
Fig. 2: HASSET event tree structure (a) formed by eight nodes and corresponding mutually exclusive and exhaustive branches to 
account for all possible scenarios likely to occur in a volcanic system. By the condition of independence of the nodes, the 
probability of a particular eruptive scenario, as a combination of branches across nodes, is the product of the individual 
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probabilities of occurrence of each branch in that scenario (b). These probabilities are calculated using a Bayesian inference 
approach (c). 

 

Fig. 3. Example of a susceptibility map as computed by QVAST. Lanzarote susceptibility maps calculated assigning the same 
weights to all geological input data (a) and variable weights, i.e., 0.05 for dykes, 0.15 for the oldest vent alignments, 0.3 for the 
most recent vent alignments and 0.5 for the emission centres (b). 

 

2.2. Vulnerability analysis 

Once hazard assessment has been done, we proceed to the vulnerability analysis by conducting a exposure analysis, vulnerability 
assessment and estimation of expected damages (Sciani et al., 2014) . Multi-hazard eruptive scenarios are defined depending on 
each case and simulated using various tools (e.g.: VORIS tool, Felpeto et al 2007). The exposure analysis identifies the elements 
exposed to the hazard at stake and focuses on the relevant assets for the study area. Damage assessment is performed associating 
a qualitative damage rating to each combination of hazard and vulnerability. This operation consists in a GIS-based overlap, 
performed for each hazardous phenomenon considered and for each element. Given the eruptive scenarios and the characteristics 
of the exposed elements, the tool produces expected vulnerability and damage maps (Fig. 4) that can be displayed at different 
levels of detail, depending on the user preferences.  
 

 
 
Fig. 4. Top: Expected impacts from hazardous phenomena simulated for scenario 1 (Sub-plinian): a) lava flow, b), ash fallout, 
and c) pyroclastic density current. Total impacts (d) are obtained by combining the three maps. Bottom: Expected impacts from 
hazardous phenomena modelled for scenario 2 (violent Strombolian at N-W basaltic rift): e) lava flow, and f) ash fallout. Total 
impacts (g) are obtained by combining the two maps. 
 
2.3. Probabilistic Decision Making 

Once the Scenarios are defined and the corresponding hazard assessed in time and space, and after looking at the vulnerability of 
the area, we determine the cost of implementing mitigation actions versus the loss if a hazard strikes and no safety measures had 
been taken. 
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Fig 5. Decision Model Structure (Sobradelo et al., 2014). General form of the decision problem as a hierarchical event tree 
structure, made of four stages (nodes), Pre-unrest, Unrest, Volcanic event and Post-event and six phases (branches) per stage, 
Scenarios, Hazard, Vulnerability, Cost, Loss and Mitigation. 

3. CONCLUSIONS 

Hazard assessment and risk management require effective and simple tools that should rapidly allow to define hazard scenarios 
and estimate expected impacts, taking into account the potential multihazard nature of some events and the cascading effects they 
may generate on complex anthropic systems and the environment. Simple, friendly, and fast way tools should be designed to 
provide a rapid response to natural hazards threats in the form of results easy understandable for all stakeholders involved in 
territorial planning and risk management, by identifying the critical areas that are likely to suffer physical damages and provoke 
systemic impacts. The methodology presented here for volcanoes, that can be easily implemented to be the applied to other 
natural hazards or combination of them, aims at improving preparedness and risk management plans. The proposed tools can be 
useful instruments, especially if they are integrated with more specific emergency systems, such as monitoring and alert.  

4. REFERENCES 

 
Bartolini, S; Capello, A; Martí, J; Del Negro, C (2013) QVAST: a new Quantum GIS plugin for estimating volcanic 

susceptibility. 
 
Felpeto, A; Martí, J; Ortiz, R (2007) Automatic GIS-based system for volcanic hazard assessment. Journal of Volcanology and  

Geothermal Research, 166, 106–116. 
 
Scaini, C; Felpeto, A; Martí, J, Carniel, R  (2014) A GIS-based methodology for the estimation of potential volcanic damage and 

its application to Tenerife Island, Spain. Journal of Volcanology and  Geothermal Research, 278–279, 40–58. 
 
Sobradelo, R; Martí, J; Kilburn, C.R.J; López, C (2014) Probabilistic approach to decision making under uncertainty during 

volcanic crises. Natural Hazards (submitted). 
 
Sobradelo, R; Bartolini, S; Martí, J (2013). HASSET: a probability event tree tool to evaluate future volcanic scenarios using 

Bayesian inference. Bulletin of Volcanology, 76 (1), 1-15, doi:10.1007/s00445-013-0770-x 
 
 

445



1 
 

Co-Production of Triple Health Knowledge Concept of the 
-Maasai in Kirya Ward,  Mwanga District, Tanzania. 
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1.0 Introduction  

 
In a situation in which privileged western scientific knowledge, models and assumptions were ominously predicting global 
catastrophes it was easy to foist solutions and answers which were risky, destructive to the food diversity and livelihoods 
of numerous communities, particularly the pastoralist and the poor in Tanzania.  Deadly attacks between pastoralist and 
agriculturalist, state institutions and its citizens became frequent..  Indeed in the pretext of addressing “climate change” 
(CC) solutions to projected food and energy shortages and a drastic shrinkages of the economy, were a means to carry 
out exploitative practices and plunder resources.  There were little efforts to take stock of the situation on the ground.  
 
Midway in the course of our fieldwork, we were invited by the Mwanga District authorities to participate as part of the 
District Team, in a meeting to coordinate and share information between the Kilimanjaro Regional Administration and 
NGOs on matters pertaining to environment and development. We decided to appraise, situation from the ground and not 
to assume problems or even pretend that we have solutions.  Our main approach was to listen, observe, analyze the 
linkages between resources  and wellbeing, through community participation find their constrains, priorities and 
opportunities.  Our presentation was intended to counter sweeping generalization that  were counterproductive and 
unhelpful. the perils of ignoring local conditions and the possibilities of using knowledge to avoid unrest and disasters 
(Mascarenhas/ Smucker 2012)  
 
As a participant in research by a consortium of American and Tanzanian Universities on Local Knowledge Climate 
Change Adaptation Project, supported by the National Science Foundation of the USA (Grant No.0921952: LKCCAP 
Ohio University) and subsequently by REPOA in Tanzania, have helped in getting a better understanding of how 

communities face livelihood challenges. All this against the background that CC has now become a refrain permeating 
discourse across a wide spectrum of fields from global investors, to institutions dealing in relief, disasters, refugees, health 
and above all in economics and development.. Yet, for some time now, despite the cautions expressed even by Nobel 
laureates, scholars, humanitarian organizations is that CC is being used as a surrogate to cover up various shortcomings 
of governance, ethics, conflict of interest, policy anomalies etc. The basic fact is that one cannot separate the 
environmental factors from the socio economic realities. 
 
2.0 The Problem In Tanzania 
 
At independence,  in 1961, the main enemies of development in Tanzania were identified as “ignorance, poverty and 
disease”.  Severe floods in the Rufiji, immediately after independence followed by drought in Dodoma and floods again in 
the Rufiji were a reminder that the national (just as the departing colonial administration) would have to make strenuous 
efforts to avoid and mitigate against disasters.  During the first three decades, there was emphasis was on the spirit of self 
reliance, a focus on meeting basic educational, nutritional and health needs.  Following a major flood in Rufiji  an d a 
.drought in Central Tanzania, a massive resettlement of the scattered population was undertaken in the early 1970’s  and 
villagization became an avenue for an overall socialistic framework to marshal and channel change. On the retirement of 
Mwalimu Julius Nyerere, the culpability for the depressed state of the economy was attributed to socialism and its 
egalitarian stance within the one party position of the republic.   
 
The socio political reforms of the last two decades are counterpoised to remove all vestiges of the past.  Ironically, some 
of the changes, including villagization had much merit and were within the gamut proposed by the IBRD.  Aid and financial 
assistance came with conditions such as multiple parties and a market economy in which the state disengaged from the 
economy. However, neither democracy nor justice can be taken for granted.  For instance, if conflict of interest, delayed 
justice and corruption are tolerated and become the norm, there will be instability violence and disasters– irrespective of 
climate change.  
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Despite the economic reforms prescribed by the International Financial Institutions, during the 2nd Phase Government 
(1995-2005) and the qualification of Tanzania for concessionary support for Highly Indebted Poor  Countries (HIPC), the 
three enemies are still entrenched.  At the inception of HIPC, Tanzania was at the bottom of the heap of the poorest 
countries and while 7% growth for nearly a decade is impressive, it turns out that the benefits have accrued mainly to a 
few elites and above all a number of foreign investors who have been generous concessions.  Their lucrative gains 
attracted an assortment of new financiers. The resulting very skewed distribution of earnings and income replicates the 
situation in several African countries which are tragically experiencing various humanitarian disasters.  Tanzania with its 
past tranquility and abundant resource simply cannot afford that the majority of its citizens are driven to desperate poverty 
because of irresponsible and secretive concessions.  Once mere anecdotal episodes, of corruption, unfair business 
practices and infringement of human rights are now conspicuously unearthed in think tanks of the developed countries 
and covering specific regions and countries (GFI See Baker, Clough, Dev, et. al.2014)   
 
For some time the external prescriptive approaches are heavily tilted towards corporate and Eurocentric solutions.  Their 
hallmark is the extravagant need of capital, pressure for globalized economic reforms etc.  These reforms and armed 
conflicts have resulted in the widespread marginalization of entire populations in Africa.  Few researchers pay attention to 
how the culture , aspirations, subtle incorporation of continuity and change have allowed people to use of knowledge and 
enabled them to participate in the economy and impressively reduce poverty levels.  
 
 The underlying fundamentals of this presentation is to understand and appreciate; how away from the globalized and 
centralized national solutions, a decentralized participatory system can bring far reaching benefits and change .A variant 
of the “triple health” concept which has evolved in Kirya and used by the Maasai is an added alternative path to 
sustainable development.  However, it is not a panacea but an important opportunity for the judicious co-production of 
knowledge, applicable and possibly existing across a spectrum of other communities in Tanzania. 
 
2.1 Adjustment and Adaptation Must Go Beyond CC Abstractions  
 
Over the last three decades ‘climate change” has been packaged  as a problem that has its origins only through 
anthropogenic factors that principally increase CO2 . In a one size fits all approach, the various consensus documents 
produced notably by UNFCC, are a generic assessment of polluters and projections and a panache for forecasting 
Malthusian economic trends, incorporating very strong elements of past concepts of  “environmental determinism” 
(Peterson  Broad 2009 ) about future climate related situations. Carelessly used they can lead to the abuse of knowledge.  
Doctrinal implementation of solutions  foisted on poor countries leads to draconian action even against victims. 
Conveniently victims of disasters are perceived as wicked perpetrators of increased CO2 emissions, temperature rise etc.  
Women collecting firewood are perceived to be destroying forests and their hungry livestock are condemned for laying 
bare the parched earth etc. There is a body of literature that disasters, poverty and the price extracted for mal-
development callously, makes the victims into culprits (Wisner, Gaillard, Kelman 2012),( Marino, 2014) 
 
At global and national level the Millennium Development Goals (MDGs) have become a cornerstone of development 
policy since 2000, there is need to be critical (Iyanatul & Kucera 2013).  This becomes all the more significant a new 
synthesis report seemingly celebrates achievements of the MDG (URT/ESRF 2014). 
 
2.2         Background Situation And Framework  
 
Mwanga District, in the shadow of Mount Kilimanjaro (of recent volcanic origin), has a small component of ancient 
mountain system known as the North Pare Mountains(NPM).  The NPM are cooler and wetter and because they are 
geomorphologically different, are endemically rich in various life forms.  Despite the very high population densities of over 
a 1,000 psk2 and very little of agriculture land,  elders of the various communities have remarkably preserved more than 
200 sacred forests over and above the formally designated forest reserves of the national government.  Since availability 
of arable land is major constraint not only was it judiciously used by evolving various facets of indigenous knowledge. This 
has enabled people to sustainably use resources.  Included in this adjustment process has been the seasonal migration of 
some households to have land for cultivating grains. 
 
In complete contrast are the extensive semi arid plains almost surrounding the mountains and where in some areas there 
are very few people.  The northeast plains adjoin the Mkomazi National Park; its counterpart in the southwest is very 
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much larger.  The western boundary of the plains in places has a sliver of riparian vegetation defined by Pangani/Ruvu 
River which first flows southwards in the incline of the Pangani Valley. Between the NPM and the valley are the extensive 
savanna woodland which was once the home of numerous plains animals including very large herds of elephants. The 
plains animals have been eliminated, professional hunters and subsequently by the expansion of agriculture.  Provided 
that the rains are adequate the likelihood of obtaining a harvest of grain crop attracts seasonal agriculturalist. However, 
essentially, the plains were under the domination of the Maasai pastoralists.   
 
The survival of the Maasai type of livelihood for generations should be considered in two interrelated facets. The first of 
this is what Grivetti has called traditional ecological knowledge (TEK) (Grivetti 1980).  The obverse side is the resilience 
and the variability of the ecology of the savannas (Behnke/Scoones/Kerven1993). Beyond these two there is the third 
dimension. To appreciate this there is need how the Maasai have used their knowledge and culture and survived despite 
the periodic harsh environmental conditions 
 
2.0 Culture of  the Maasai Pastoralist And Triple Health 

 
The patriarchal orientated Maasai are conventionally regarded as a conservative community with their main focus on their 
cattle and other livestock and perceived to ruin the environment.  This stereotyped depiction is further reinforced by their 
iconic and distinct profile of their language customs, dress, adornments and value system.  They have been in the Kirya 
area, ostensibly involved in their core livelihood for over 175 years.   
 
Like their neighbouring and distant pastoral counterparts and their agriculturist in the highlands they have a critical social 
history of the environment; especially the local climate.  In contrast to bureaucrats who seem to have memory lapses 
about recent droughts and who readily accept canned average statistics communities use their social memories.  Social 
memory has three vital aspects: accept climate variation , do not believe that they have the power to change climate but 
find social solutions be it trading, migrating, using skills etc.  
 
While superficially, pastoralist may give an impression that modernization has by passed them, their management of their 
livestock and environmental constrains tells a different story.  In a sense it  gives a clue about the evolution and  dynamics 
of the three component of triple health approach and which accounts for the resilience of the Maasai despite all obstacles 
and natural disasters  
 

1) The Health of the Environment. 
 
Despite long episodes of drought-like conditions, both seasonal and extended, during the four years of research the 
pastoralists seemed not to be fazed by “climate change”.  “Droughts” were accepted as a reality, not generalized but given 
specific names.  Their remembered and told histories gives every generation at least two droughts of major intensity.  Also 
taken into consideration are that all drought and rain have both a spatial and a temporal component.  This means that 
location, elevation, types of soil and vegetation are all components of the environment.  Management of their livestock 
requires knowledge of the different components of the environment.  
 

2) The Health of the Livestock/ 
 

Livestock, consists of more than cattle; it includes, sheep, goats and donkeys.  The foremost element in the health of the 
animal starts with their basic requirement – pasture and water for their animals. Again the food depends on whether the 
animal is a grazer (cattle ) or a browser and furthermore  depends on the age of and the type of animals.  Since the 
environment is conceived in a broad perspective outlined above, the herders incorporate climatic variations (including 
drought) and exploit temporal and spatial variations.  Movement is across landscapes up to the mid slopes of NPM or 
even to the other hills and this would even entail trekking for several hundred kilometers across district and regional 
boundaries (Figure 1).  
 
Herders were careful to avoid densely peopled areas,  However, land once regarded as marginal by the agriculturalist and 
considered available to the pastoralist is currently a risky proposition;, such dry lands can now be part of an opaque 
concession agreed upon; between officials of the Ministry of Minerals and Energy and investors in Europe or America. 
Such constraints make it difficult to adjust because  of the great uncertainty about the rights o people to resources.   
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Figure 1   There Will Be Mountain Pasture 

 

 
 

 

 
 

The herder is on home territory but the assumed 
security repealed by a stroke of a pen 

 There is some pasture, thanks to the dew, mist but it is 
risky because of officials, miners and powerful people  

 
 
The health of the animals not depends on the basics but also require treatment when they are sick.  There is a whole 
repertoire of treatments and impressive natural botanic medicines that are used.  Modern drugs, if they are available are 
costly and not easily available. 
 
3) Human Health  
Food and nutrition of the Maasai is linked to their culture, but in some ways is coupled directly to their livestock and 
indirectly to their environment.  In the past even in periods of hostility there was trade with the agriculturalists for grain. 
Common tropical diseases, like malaria is even more pervasive than in the upper NPM.  Gender related conditions 
requiring care and treatment are the responsibility of all adults but there are women and men who are dedicated as 
healers providing services within the community and also beyond even to urban dwellers where modern facilities are 
located.  Away from home traditional medicines are sold mainly by women.  Within the village most of the health treatment 
is a community responsibility unless it is a major problem and specialist services are required. 
 
In the research undertaken in Kirya, there is already a list of 64 trees and shrubs used in the pharmacology of various 
human and animal diseases or which are of value as seasonal food for  
(See Figure 1 below  Extract) 
 
3.1 The implications of Triple Health of Kirya Ward 
 
3.1.1 Underpinned by a Different Value System For Resources 
 
One of the major implication of the triple health approach in Kirya is that overall there is collective responsibility for 
management and use of resources and underlying it all is a different value system.  For instance, unlike the agriculturalist 
it is not so much the land but the vegetation that is valued.  Land is considered mainly in the context of its specific use ie 
meadows or riparian vegetation suitable for calves or dry season grazing, or presence salt licks etc.  Even then these are 
common property.  Note that in the highlands where land is scarce, households are demarcated and pass on 
genealogically. It is a moot question whether individual land ownership leads to better care. 
 
3.1.2 The Integrated Approach of Resource Use 
 
Not only are resources and their uses considered a shared responsibility but the whole approach is integrated. Here what 
is impressive is the level of detail of the value of different land and landscapes and above all their, botanic knowledge. 
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(See Box 1).  Given their appreciation of the value of plants it is a bit absurd to accuse them of “destroying” vegetation. 
Maasai women and children collect broken and fallen branches as firewood. They do not carry axes to chop trees. 
 

Box 1  Triple Health & Use of Ethno botanic Knowledge For Climate Change Adaptation 
 
FN MAASAI PLANT 

NAME  
Main & Subsidiary 

Uses 
Adaptation/Observations  

Local & Scientific Knowledge/  
Opportunities for 

Cogeneration 
Implication for  research 

 
 
02 

Esitet ( Ph 2705. 
+)  

The tree is valuable 
because its fruit are 
liked by human being; 
the wood makes good 
sticks to be used only 
by elders. Found with 
FN25   

The  soils around acacia plants are relatively 
fertile soils because they have nitrogen fixing 
capacities.  Some of the acacia are remarkably 
versatile and the range of tolerance goes all the 
way to the high altitude. Adaptation to different 
environmental conditions is through their  leaves, 
root system, morphology etc  

The acacias more than other 
plants are very diverse and 
are good indicators of 
environmental conditions & 
reflect long term 
anthropogenic factors such 
the use of fire, habitat for 
other life forms   

 
D 
25 

Elwaai ( Ph 2705. 
+Dp54)) 
Acacia 
drepanolobium 

Several medicinal uses:2) also to increase 
blood supply of women who have 
delivered.3)  Roots for relief from nausea, 
4) leaves for colds and sore throats. 4) 
Elder only allowed to use it as a stick 5) 
Commercial value of gum? 

Variable from small shrub to 
tree like proportion, large alt 
range 600 /2500 m, hardpan 
or grey soils or black cotton 
soils, aromatic gums to attract 
insects to pollinate plants . 

Fires can give shape to the 
acacia, protection includes 
thick barks, extrude gums  
and sap. 
  

 
04 

Embalwa ( Dp74) 1  Bark releases  considerable amount of 
water. Therefore insects seek refuge; 2) 
Goats eat the seeds.  

Used as an emergency water 
supply if  sign of dehydration 

Trees are host to a variety of 
creatures  

 
09 

Olasiti  Mkababu  
( ) 

Fruit for fattening cattle but not for goats, 2) long 
thorns  makes good fence …. 3) Fodder during  
dry periods for sheep & goats   

  

13  Obukoi  Ph2704) Bark and roots used for treating  colds 2) added 
to milk or water 

 Grows alone avoids hills and 
forests  

16  Endungui ( 1) Moisture from bark used to ward off thirst 
2) Fruit used at times by humans  

In Elwaai what ways does water 
from differ from Olasiti Mkababu   

 

17  Nanu Deyo  ( Leaves are good medicine for treating problems 
of eyes 2) Sheep feed  on pods  

 Avoids wet areas grows in 
very dry areas. Rats like its 
fruits  

21  Engoswai  
Dp70) 

Goats like to browse on pods & leaves  2) bark is used to treat 
cuts is like iodine & heals,3) branches convenient to cut for 
fuel and other household needs;  

  Can be a 
shrub or a 
large tree 

 

Extract  From Field Notes  

 
 
Others have also noted that monitoring and evaluation of the problems and opportunities is not a priority of civil servants 
in Mwanga. Ikeno notes the negative impact of SAPs which triggered the dry-season irrigation farming in the outskirts of 
Mwanga town this coping strategies was abandoned because of more profitable alternative livelihoods including the 
construction boom in Mwanga Town (Ikeno  2011) Therefore as a precaution, the botanic information and data collected 
in this project will be  deposited to the National Institute of Medical Research, The Botany Department of the College of 
Natural and Applied Sciences and the Traditional Medical Unit of MUCH Muhimbili University College of Health Sciences 
and Sokoine University of Agriculture and other academic institutions 
 
3.1.3 Climate Smart Adaptation; That Accepts that Variability Is a Reality 
 
The pastoralist have no illusion that there is a fixed average climate pattern.  Their entire ethos is how to mitigate and 
address these climatic variations.  In the past the most cost effective way was to move their cattle and some livestock.  
They realize that it is now no longer possible to bank on their past approach.  
 
3.1.4 Livestock Are At Present Less of a Socio Cultural Asset and More A Market Opportunity  
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Several generations ago when communities were supposedly self provisioning there was still a trade in grain, iron, beads 
for livestock products, between the agriculturalist and pastoralist.  The biggest change that has evolved slowly at first and 
has accelerated in the last decade is that barter trade described by Kimambo and all has almost disappeared and has 
been substituted by a monetized one.  All transactions formerly carried out through barter are now done in cash.  Beyond 
that school fees, health and even water has to be purchased.  New items have appeared in the market such as the 
ubiquitous mobile phone.   
 
The herders concern for the survival of animals is no longer based on cultural affection nor are they considered only as a 
socio cultural asset to be used as bride price or enhance prestige.  .Periodic monitoring of the livestock market in Mgagao,   
clearly indicate that livestock are more of a marketable asset which can be disposed rather than otherwise be allowed to 
parish during drought.  Monitoring of the livestock market,  in Mgagao, revealed the complementary role between the 
agriculture of the NPM and the semiarid plains. ,The sheer magnitude of the trade and the extensive network gives reason 
to be optimistic, Not only were there regular local buyers as well as from the Kenya Coast but the six subsidiary markets 
in Mwanga  District and the 40 odd butcheries in Moshi, the Regional capital of Kilimanjaro are indicative of the dynamism 
at a sub-national level. In this context planning and intervention now take a completely different dimension.  
 
3.1.5 No Longer Exclusive Pastoralist 
 
Several pastoralists in Emungalai Village are no longer exclusively pastoralist. While some of the morans have 
abandoned pastoralism and have migrated to the urban areas what is particularly striking is that there are some 
established families who have not only taken up irrigation agriculture  but they have integrated and invested in their new 
enterprise. (Figure 2) Meanwhile, planners and bureaucrats still have the notion of the stereotyped pastoralists.  
 

 
Figure  2  Continuity And Change Among The Maasai Pastoralists 

 
 

 

 

The Maasai pastoralists who have a strong cultural  
tradition…live in a semi arid environment …... 

 
 

…….but some have directly begun to practice intensive 
irrigated agriculture 

 
 
To conclude this section, over large parts of Tanzania, it is not CC, but critical socioeconomic shifts that are creating 
opportunities but indifference and conflict of interest are causing major constraints to development.  Mwanga is a 
showcase of how communities not hampered by bureaucrats, conflict of interest and the voracious appetite of large 
foreign and local capital to extort natural resources can develop. In addition, without respecting the basic rights of the 
traditional residents of the area there cannot be peace and development.  One measure of the status of development in 
Tanzania is to examine it in the context of MDG. 
 
4.0 MDG Treat or Trick 
The overall interest of tackling poverty, one of the main goals of the MDG and the compliance of Tanzania to mainstream  
environmental considerations into development planning has been presented as a model recipient country lauded by 
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multilateral and bilateral partners.( IIED 2007) . According to the IMF, “twenty years of successes have made Tanzania 
one of the leading reformers in Africa. The string of “successes” includes REDD, REDD+ CDM.  The illusion of 
unprecedented growth is statistically recorded and made tangible by the high-rise buildings in Dar es Salaam, the filled 
parking lots of the 5 star hotels and assembly halls in Dar es Salaam and Dodoma.  The future threat of predicted CC by a 
temperature increase of 2-4°C and aggregate fall of maize yields, nationally by about a third and as much as “84 % in 
central regions”, guarantees that the way ahead is to change climate, rush to sign on the dotted line.   Grandiose plans, 
be it in  the form of replicating Dubai, Beverly Hills or the Malaysian model of Big Result Now (BRN) are impressive and 
benumbing.  Prominent role have been assigned to the international NGO’s to exalt the increasing role of the state to 
seize land traditionally used by the local people ostensibly to protect threatened ecosystem, reserves, hunting blocks. The 
processes at work to control the environment and resources are complex and intricate (Death 2013).  However for the 
right investment and fee flexibility is assured. 
 
The biggest setback is the reality of the impact of MDG on the ground- even in Dar es Salaam. The recent estimate by the 
World Bank that about 10% of the population is below the poverty line will probably be a wakeup call that it is not only 
politicians who embellish. Unfortunately, the massive inflow of migrants has not been matched i n any way by job creation. 
The blocked drainage and raw sewerage has made parts of Dar es Salaam, both in the rich quarters as well as in the 
growing number of slums.  
 
4.1 Three Tiered Consultative Process to Improve a Sustainable MDG 
 
A second synthesis report has been produced to start the process of the second generation of MDG in Tanzania. Quite 
rightly it shows the linkages between the National Plans and Vision of the country and categorically states that the  “ 
United Republic of Tanzania has much to celebrate on the achievement of some MDGs but at the same time it recognizes 
the challenges ahead in achieving some of the key MDGs particularly reducing poverty and hunger, and maternal 
mortality’’  Quite rightly, it highlights that there have been three levels of consultation with the people down to the district 
level. 
 
The most compelling part of the report is section is 3.0 entitled  The Future We Want:-Priority Areas and Strategic Actions. 
The five areas spelled out BRN are in the forefront.  The document will require a considerable amount of rethinking. For 
instance it states   “The discovery of natural gas and uranium reserve is a cause of excitement but it has to be handled 
responsibly” or the section on Agriculture and food security and climate change states the usual – “irrigation”, ”fertilizer 
and seeds”. Conspicuously missing is what are the lessons learnt from the ground. There is no assessment of how 
significant was the contribution of the large scale foreign investors in agriculture and food production.  There is an 
underlying problem of brain washing through globalized knowledge. 
 
4.2 Peddling Red Herrings 
Information about the status of food availability is slanted towards the globalized statistics generated by various 
international agencies mainly on the basis that of the general circulation models (GCM). These are used to prepare  
 

“Four projections are drawn from available general circulation models (GCM) to reflect a range of possible temperature and 
precipitation changes by mid-century. These climate projections are then used in calibrated crop models to predict crop yield 
changes, which are in turn imposed on a highly-disaggregated, recursive dynamic economy-wide model of Tanzania. This 
model captures indirect effects and permits (some) autonomous adaptation  (page 3:” 

. 

 After additional elaborate calculations the conclusion is that: 

 
“Relative to a no climate change baseline and considering domestic agricultural production as the principal channel of impact, 
food security in Tanzania appears likely to deteriorate as a consequence of climate change. This relative decline comes about 
through reductions in agricultural production, principally food production, due to increases in temperature and changes in 
rainfall patterns.(Conclusion page 19)” 

 
Apparent the model was used to prepare a number of scenarios to predict yields of rice and maize for the various 
districts.  While the Commissioner from the Ministry of Agriculture muttered that this was “rubbish” his colleague from a 
Nordic University stated “Garbage in, garbage out”.  The local NGO supported by international environmental bodies, 
were enthused and saw this as a great opportunity to apply this body of knowledge, “to be translated into local 
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language – since the report was in English.” A few months later it was evident why the Commissioner was muttering, 
there was record breaking production of paddy from the lake zone, there was no room in the warehouses to store 
maize in Rukwa.   
 
The great diversity of food is hardly mentioned and the contradiction that small scale farmers have record tons of maize 
and paddy from the previous season awaiting to be purchased and stored, need to be addressed.  Critical is how we use 
information and knowledge. The Hunger and Nutrition Commitment Index (HANCI) ranks Tanzania as the seventh in the 
world regarding governments on their political commitment to tackling hunger and under nutrition.  
 
4.3 There is Hope For MDGs That Are Anchored On The Ground 
  
Our study in Mwanga definitely shows that irrespective of what the Government, and local government did or did not do, 
there was a very healthy variety of foods available. Figure 3 illustrates products from a number of farms close to Mwanga  
Town.  On a regular day there are less than a 100 stalls but the Thursday Market could swell this figure even tenfold.  
There is a major diversity of fruits, vegetables, lentils, grains, and traditional and modern root crops such as yams, 
cassava and round potatoes  
 
There is a range of animal products, coming both from the highlands and the plains.  The milk and a range of milk 
products, home processed and sold at a fraction of the price paid in the urban supermarkets (imported of course from 
Dubai or Germany!).    
 
Even in the modern setting of Mwanga town, the value of the traditional specialized foods still remains. There are varieties 
of bananas which are dried and help lactating mothers to increase their milk supply, baobab pods to be put in a mixer to 
produce, vitamin rich juices.  All this information is only available if you take the trouble to ask listen and learn.  A visit to 
the public hospital and the mission hospital, both not far from the market, revealed that they an active state sponsored 
immunization and well baby clinic as part of the maternal child care programme.  Between the marketplace and the health 
facility there was a good mix of meeting the two specific goals, of the MDG. 
 
.  The officials from the Departments  of Agriculture, Veterinary and Natural Resources would have learned a lot about 
how local people feed themselves and how natural resources are used.  It could be that past dichotomy, of separating 
“cash crops” and food crops still prevails and there was no incentive in working backward  
 
 

Figure 3 – The Market Place Is a Good Place to Appreciate The Choice of Foods  

 
 

Cassava 
                                                       Pumpkins in 3 sizes  

Sweet Potatoes                                                                                                                      
                                                                         Green Maize at   
                           affordable prices 

Passion Fruit 
                                                                                                                         Top quality tender 
                                        Coconut ( madafu) 

Pawpaw for human                                                             
             consumption   Juicy Limes obviously  

                                         no drought 
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5.0 Why Co-Generation of Knowledge  
 
Knowledge generation and use can be stimulated accidently or evolve through goals or focus to address certain 
problems. From the evidence in the field there are several reasons why co-generation of knowledge and its application 
are important. 

 
5.1.1  Traditional Knowledge Without Radical Changes Has Limitations 
The use of tradition knowledge has probably peaked in Kirya Ward.  For instance, the intracensal (2002-2012)  
human population numbers have increased by 147%. Without major changes; the continued use of the range for 
the grazing of additional animals is not sustainable even if the prolonged drought spells end; unless the food for 
livestock is changed.  The productivity of meat and milk products is possible but requires a transformation of the 
whole livestock enterprise. 
 
5.1.2 Cultural Infusion & Change 
The ethnicity of the population is changing from being predominantly Maasai by the addition new migrants from 
other tribes.  Migration has been propelled by the opening of new areas for agriculture through irrigation.  Some 
of the Maasai themselves have also invested in irrigation agriculture but the crops grown by both are different 
(Green peppers, onions, ginger, yams, water melons etc) from the past. Basically there is a shared responsibility 
of those living in Kirya 
 
5.1.3 Change From Range To Stall Feeding 
In the consultation process the pastoralist were getting interested to stall feeding their cattle.  The prospects are 
good given the presence of riverine and inland wetlands.  The regime of keeping stall fed cattle requires modern 
scientific knowledge.  But the basic concept of triple health still applies.  The modification includes use of new 
and improved nutrition, sustainable use of wetlands and the judicious use of modern drugs. If some of the  
Maasai are now already growing crops for sale, they are probably prepared to use modern  knowledge to grow 
crops for feeding livestock. 

 
5.2 Why is Co-Production of Knowledge So Important ? 
 
Co-Production has distinct advantages apart from those elaborated above. For the sake of brevity the following features 
emerge  
: 

a) Links that are mutually supported are established between users of traditional & modern scientific knowledge.( 
Note convenience of modern technologies cell phones, light, charging system) 

b) Makes better use of available resources including natural resources 
c) Creates demand for new local skills and at affordable prices 
d) Co-Production increases participation, is more broad based, socially increases inclusiveness and beneficiaries 

include women. This is in complete contrast, for instance to the extractive industries, using scientific knowledge 
for predatory, investments such as have occurred in gold mining.  

e) Gives an opportunity for innovations  of all kinds in the homes, in schools, in the farms and in the surrounding 
areas  

f) Participant involvement means that citizens accept to support in planning and protection of the environment and 
sustained use of resources.  In the top down approach the bureaucrats have a heyday diverting funds and 
resources or simply do not lose anything by their indifference  

g) Infrastructure needs care and local attention.  Irrigated fields should be leveled and provision of used water a 
necessity.  People living in a local area can give a better estimate of the discharge rates for culverts, rather than 
the averaged rates used by contractors. 

h) Alternative energy is a buzz word.  But there has been little effort by the State to offer alternatives or incentives. 
There is a new Rural Energy Authority, but it may be prudent to use the experience already present in Mwanga 
through the Tanzania Green Schools Network. 
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To close the loop and appreciate the possibility that the concept o  triple health offers  there is need to closer scrutinize 
and to note the potential value of the ethno botanic knowledge. (See Box 2) 
 
 

Box 2 
Components of Triple Health In Kirya  & 

 Its Implication to Co–Production of Hybrid Knowledge For Development  
  

 

 1) As pastoralist the livelihood of the people depend on the health of their 
cattle, goats, sheep, donkeys 

 2) The health of the environment cannot be taken for granted but has to be 
managed through selective use 

 3)  Equally important is the inclusive food, nutritional, health and cultural 
needs of the people. 

 

 
The Flexibility & Enabling Situation Also Has Is Inbuilt Stability 

 

 
The Community is not adverse to the need for change or to see the benefits of 
modern scientific knowledge and technology if there is a level of continuity and  has 
advantages 

 Livelihoods have generationally evolved in meeting all the core needs 
through management and use of local resources. 

 Despite variations and extreme climate events for generations, use of local 
knowledge  and skills have enabled communities to survive, conserve 
biodiversity and sustain their changing livelihood  

 The community will have to deal with impediments of poor governance, 
imposed solutions that promote elitist interests, cultural stereotyping of 
communities, autocratic decision making  etc. 

 The use of both local and modern knowledge leads to empowerment and 
dynamic situations  in which co-production of knowledge, permits sustainable 
resource use.  

 Capacity building leads to rational interventions which mitigate disasters in 
health and improves well-being. Results are positive measured against food 
security and health. 

 

 
 
6 Conclusion:  
 
Mwanga District, compared to the other five districts of Kilimanjaro Region,  was relatively  poor and  constrained(very 
high population densities, semi aridity, few cash crops)  the present  changes are impressive. In the context of a relatively 
early and deliberate intervention and planning, have resulted in improved education, infrastructure, roads, electricity and 
the foundations were laid for dynamic changes during the first phase Government. Kirya Ward was deliberately chosen 
because there is a negative picture about the pastoralist. The following four aspects stand out:  
 
First, there is erroneous assumption, that pastoralist like their compatriots the agriculturalist and fishers, are traditional, 
self provisioning, ignorant of the environment and destructive of the natural resources.  To counter this argument there is 
evidence going back to the first National Agricultural Sample Survey that in Mwanga District, that the mentioned core 
livelihood are not dominant but constitute less than 40% of the households and the implications of all this is transformative  
(Mascarenhas 2010).   
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Secondly, contrary to the conventional perspectives  and depiction that semiarid environments are generally physically 
stressed, meager in natural resources and that the implied belief that herders are a burden is not true. The use of local 
knowledge and experience among the Maasai has made a significant break into the three persistent enemies –ignorance, 
hunger, disease .  The improvement in income levels are not virtual but real and match those of the urban Mwanga (Elisa 
Muzzini Wietze Lindeboom*(2008), Field Notes (2012/2014).  But there is poverty among some herders. 
 
Thirdly, Kirya ward demonstrates remarkably that the outbreaks of conflicts are not necessarily inevitable even with or 
without climate change.  At all cost there is need to promote dialogue, fairness, equity and justice.  Climate and 
environmental issues as has been pointed out in Tanzania require good governance (Paavola ).  Communities have 
coped up with extreme climate events in the past.  Sudden and arbitrary changes to appease “investors” will lead to 
violence and hostility. There is need for institutions, starting with schools to appreciate the opportunities for sustainable 
and creative development.  The foundation stone for the primary school in the village was laid by the then Prime Minister 
Msuya. Steadily over the years the Maasai pastoralists and to others have contributed to build other classrooms and have 
dedicated teachers to ensure quality. The public Ward Secondary School, at Kirya, has with a progressive headmaster 
started a Tanzania Green School Network and the results are impressive. There is indeed great room for schools to 
formally get involved with the two way exchange of information. 
 

 
Figure  4  Nature is a unique laboratory …schools should enrich the pupils mind by using this natural gift 

 

 

 

 

The biodiversity in Mwanga is so unique that it is a global 
hotspot …Time to think in terms of community botanic gardens 
under the control of the people.. 

 
 

Rote learning should give way to stimulating curiosity, 
observing, asking questions of the environment around their 
school, homes and the ward and the Region 

 
 
Fourthly, planning and intervention do matter but the outcome can be precarious if the interest of a few is allowed to 
6overrun the basic rights of the majority.  The rural communities in Mwanga have used a rich repertoire of  local 
knowledge   to  survive. The local knowledge of  the semi arid area and held in custody by the Maasai , conceptualized as 
Triple Health has a great potential. 
 
 Modern scientific knowledge can and have been manipulate and have led to disastrous humanitarian crisis in other parts 
of Africa.  Co-production of knowledge is critical and an aware and “educated community  can participate fully in the 
intended Sustainable Millennium  Development Goal. 
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ABSTRACT: Information sharing is essential for an effective emergency management of interdependent critical infrastructure. 
However, existing Emergency Information Sharing Protocols (ISPs) are not adequate to support the specific needs of Critical 
Infrastructure Operators (CIOs) because of two main reasons: first, they do not cover the whole set of key information and 
second, aspects such as syntax, terminology, and semantics are standardized according to first responders' practices but not 
aligned with CI operators’ ones. In the light of these gaps, this paper discusses information sharing needs and proposes a 
framework for an ontology based ISP to support operational information exchange between CIOs and first responders during the 
emergency management phases. The proposed ISP overcomes the major limitations of the existing ISPs because it better covers 
the information needs of CIOs and it proposes a standardized syntax, terminology, and semantics, making a step towards a fully 
integrated Emergency ISP to be adopted by all the actors involved. The ISP has been developed based on a conceptualization 
work which combined the opinion of experts with selected elements of the existing ISPs. The complete ISP has been applied in a 
case study, consisting in the operational information exchange connected to the implementation of a collaborative emergency 
plan under a heavy snowfall event impacting on a large regional area in northern Italy. The main ontology includes three main 
parts: the first part is called “ontology of contents and information” and is dedicated to the content of the messages exchanged by 
CI operators’; the second part is called “ontology of functionalities” and is dedicated to the functional features of a platform for 
the exchange of the messages, the third part is called “ontology of messages” and represents the kinds of messages exchanged by 
CIOs and first responders. 

Keywords: Emergency Information Sharing Protocols, Critical Infrastructures. 

1. PROBLEM SETTING 

The protection and resilience of Critical Infrastructure systems (CI) is gaining paramount importance due to an increasing 
demand of continuity of service and risk mitigation in modern societies. However, ensuring the protection of CI is a complex 
task, which requires the solution of several inter-related challenges. Lewis (2006) listed seven general categories of challenges to 
be solved for the protection of CI: vastness, command, information sharing, knowledge, interdependencies, inadequate tools, and 
asymmetric conflict. In a more recent study, Petrenj et al. (2012) reviewed general issues and barriers to information sharing and 
collaboration during a critical infrastructure crisis response. Results indicate that issues and barriers recognised are both technical 
and organizational. Among these challenges, this paper focuses on the Information Sharing (IS) problem, related to the lack of a 
clear command structure which prevents efficient IS among Critical Infrastructure Operators (CIOs). Indeed, thanks to 
liberalisation processes that took place in the ‘90s, in several developed countries CI are  nowadays operated by thousands of 
companies, and the simple collection and correlation of information represents a major challenge (Lewis, 2006). 

IS among CIOs is necessary both in operational and in emergency conditions. During emergencies, however, IS presents further 
complexity because of the unstable operational conditions and also due to the possible emergence of unknown interdependencies, 
resulting in unpredicted cascading effects.  

According to FEMA (2007) emergency management must be comprehensive, progressive, risk-driven, integrated, collaborative, 
coordinated, flexible, and professional. An Emergency Information Sharing Protocol (EISP) can provide an important 
contribution to the achievement of the listed emergency management principles. Indeed, an EISP can be defined as a standard 
expressing systems and elements, their relationships, and processes by which the necessary information during emergencies can 
be effectively captured, communicated, and shared among population, communities, stakeholders, business organizations 
(including public and private sectors), or among any of the mentioned with each other, in a timely and actionable manner.  

Several EISP have been proposed by researchers with the attempt to cover as many emergency management principles as 
possible. However, existing protocols are not sufficiently comprehensive because of three main reasons. First, most of them 
either do not cover the whole set of information and their relationships or they are too general. For example, the Common 
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Alerting Protocol only focuses on alerting messages, without taking into account resources or capabilities. On the other hand, 
military-based “command and control” information frameworks such as Multilateral Interoperability Program cover a wide range 
of information, but they are too general, and the information provided is not helpful for the use during emergencies in the 
operational level. Second, existing protocols are not fully standardized with respect to syntax, terminology, and semantics to 
cover the practices of stakeholders different from first responders. Third, current EISP are designed on the basis of the needs of 
first responders and Civil protection, but the needs of CIOs have been neglected. 

2. RESEARCH OBJECTIVES AND RESEARCH METHODOLOGY 

In the light of these gaps, this paper aims at proposing a new EISP to be used for operational information exchange among CIOs 
and between CIOs and first responders during the emergency management phase. The proposed protocol integrates the most 
suited parts of the most relevant and widely used EISP by making a cross-reference and by mapping them onto the specifications 
for a new and more comprehensive EISP, where the specific needs of CIOs are taken into consideration.  

The development of the new ISP encompassed four main steps. In the first step, a high-level ontology clarifying the fundamental 
concepts needed in emergencies has been developed. The high-level ontology has been defined thanks to Focus Group meetings. 
The Focus Group included 25 informed participants, with the necessary in-depth and wide knowledge on critical infrastructures: 
15 Operations or Risk managers of Energy, Transportation and Telecommunication CIOs; 3 Professionals from first responders; 
3 Professionals from Civil Protection Agencies; 2 Academicians; 2 Consultants. The purpose of the discussions was threefold: 1) 
defining all the concepts needed in emergencies; and  provide a preliminary definition of the same; 2) identifying the 
relationships among the concepts; 3)cross check the identified concepts with the list of information currently exchanged among 
the actors under different accident or disaster scenarios. In the second step, a systematic literature search has been performed and 
the existing ISPs have been reviewed, with a particular focus on their performance with respect to the fundamental concepts of 
the high-level ontology. In the third step, a low-level ontology has been developed which integrates the most suited elements of 
the existing ISPs for the corresponding scopes of the high-level ontology. In the fourth step, the complete ISP has been applied in 
a case study, consisting in a heavy snowfall scenario impacting on a large regional area in northern Italy. 

3. DEVELOPMENT OF THE HIGH-LEVEL ONTOLOGY 

The high-level ontology clarifies the fundamental concepts needed for information exchange among by CIOs and first responders 
during emergency management phases. The proposed ontology includes three main parts. The first part is called “ontology of 
contents and information” and is dedicated to the content of the messages exchanged by CIOs and first responders.; the second 
part is called “ontology of functionalities” and is dedicated to the functional features of a platform for the exchange of the 
messages, the third part is called “ontology of messages” and represents the kinds of messages exchanged. The overall structure 
of the ontology is reported in Figure 1. 

4. A CRITICAL REVIEW OF THE EXISTING ISPS IN THE LIGHT OF INFORMATION SHARING 
NEEDS AMONG CIOs 

The high-level ontology clarifies the fundamental concepts needed for information exchange among by CIOs and first responders 
Several standards or protocols have been suggested by practitioners and researchers. Some are based on theoretical approaches, 
while others are mainly based on rationalisation and generalisation of practice. In Table 1 the standards reviewed in the present 
study are listed. 

Acronym Name Reference 
NIEM National Information 

Exchange Model 
https://www.niem.gov/ 
http://release.niem.gov/niem/3.0/ 
http://release.niem.gov/niem/domains/infrastructureProtection/3.0/infrastructureProtection.x
sd 

EDXL Emergency Data 
Exchange Language 

https://www.oasis-open.org/standards 
EDXL-CAP: http://docs.oasis-open.org/emergency/cap/v1.2/CAP-v1.2-os.html 
EDXL-DE: http://docs.oasis-open.org/emergency/edxl-de/v2.0/edxl-de-v2.0.html 
EDXL-RM: http://docs.oasis-open.org/emergency/edxl-rm/v1.0/EDXL-RM-SPEC-
V1.0.html 
EDXL-HAVE: http://docs.oasis-open.org/emergency/edxl-have/v1.0/errata/edxl-have-v1.0-
os-errata-os.html 

CWML  Cyclone Warning 
Markup Language 

http://www.nicta.com.au/ 
http://www.nicta.com.au/__data/assets/pdf_file/0005/8645/CWML-10.pdf 

TWML Tsunami Warning 
Markup Language 

http://www.nicta.com.au/ 
http://www.nicta.com.au/__data/assets/pdf_file/0007/7567/TsunamiWarningML-V10.pdf 

PFIF People Finder 
Interchange Format 

http://zesty.ca/ 
http://zesty.ca/pfif/1.4/ 

W3C EIIF W3C Emergency http://www.w3.org 
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Information 
Interoperability 
Frameworks 

http://www.w3.org/2005/Incubator/eiif/XGR-Framework-20090806/ 
 

RM-OA Reference Model for the 
ORCHESTRA 
Architecture 

http://www.eu-orchestra.org/ 
http://www.eu-orchestra.org/TUs/RMOA/en/html/Unit2_learningObject1.html 

MIP The Multilateral 
Interoperability Program 

https://mipsite.lsec.dnd.ca/ 
https://mipsite.lsec.dnd.ca/Public%20Document%20Library/MIM-Information_Sheet.pdf 

TSO Tactical Situation Object https://www.oasis-open.org/committees/ 
https://www.oasis-open.org/committees/download.php/42411/CWA_15931-1.pdf 
 

 

 
Fig. 1: Overall structure of the ontology supporting the MATRICs system 

5. THE LOW-LEVEL ONTOLOGY: CROSS REFERENCE WITH EXISTING PROTOCOLS 

A low-level ontology, which uses the most suited elements of the existing ISPs for the corresponding scopes of the high-level 
ontology, was also developed. This more detailed level was obtained by mapping existing protocols onto the key features of the 
new IPS, and by selecting the most suited part of existing protocols to cover each single feature. Specific ontology elements were 
created to answer the projects’ objectives when not available in other protocols. Table 2 shows the applicability of different 
protocols as well as the suggested standard to be used for each component of the conceptual model.  

460



 

4 
 

 

 
                         Standard or 
Protocol 
 
Element of the  
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Ontology Of Messages 
Message Attributes   X  X         X 

Message Form Fields  X  X         X 
Message Type  X  X          

Ontology Of Functionalities 
Configuration             X 

Rules              X 

Tools  X           X 
Ontology Of Contents And Information 

Actors           X   X 
Context           X   X 

Event              X 
Event Management          X X   X 
Table 2: Cross reference of the elements in the proposed conceptual model with existing protocols 

6. TEST CASE APPLICATION 

The developed ontology was applied to a case study, to describe how the conceptual model allows an enhanced information 
sharing among CIOs and between CIOs and first responders during an emergency. For the described scenario, consisting in a 
heavy snowfall scenario impacting on a large regional area in northern Italy, the test consisted in analysing the sequence of 
events, the information needed for the proper management of the emergency, and the matching between the needed information 
and the information provided by the ontology. The test demonstrated how the proposed ISP does overcome the limitations of the 
existing ISPs because it covers the whole set of needed information and it proposed standardized syntax, terminology, and 
semantics by selecting the most appropriate portions of existing IPSs to cover specific information contents. In the meanwhile, 
the proposed model assures overall consistency and coherence thanks to a high level ontological framework. 
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INTRODUCTION 

In the 1980s Ulrich Beck and Anthony Giddens paved the way for the growing popularity of a new idea: the “Risk Society”. 
Their concerns were focused on the insecurity brought by modernity and ever swifter changes in social balances due to fast 
technology improvements, pervasive dependence on communication etc.; but quickly – in the following years – there came the 
intuition that the risk society we were bound to face could have an environmental dimension. 

There it is, it stands before our eyes: climate change, as a global and accelerating trend, is modifying the whole set of biophysical 
references on which human society is built, much beyond the undeniable fact that it will cause an increase in frequency and 
intensity of extreme weather events. These are only the tip of the iceberg, the most immediate aspect of a comprehensive shift of 
paradigm. At a deeper level, the main effect of climate change is, and increasingly will be, to modify the availability, location, 
and conditions of access to a wide variety of commodities, goods and services. This, in turn, puts in motion vast cycles of 
consequences that impact society, introducing a pervasive fluidity and unpredictability, leading to a true “risk society”. 
 
In this perspective, the reflections that follow are intended to contribute to the conception of a standard analysis approach - or to 
the definition of a “standard tool” - that is now acutely needed in order to harness the complexity of the cumulative cycles of 
repercussions of global warming. This, in turn, becomes necessary for preparedness, in order to build a picture of coming 
changes and implied risks, in the line set by Priority Action 2 of the Hyogo Framework: identify, assess and monitor disaster 
risks and enhance early warning. But not only: such a tool could show the potential to rationalize public policies in fundamental 
aspects that still seem to be neglected in decision making. 
 

1.1 A sad fact: we chose to wait. 
Already in its groundbreaking Report of 2006, The Economics of Climate Change, Sir Nicholas Stern pointed out that a moderate 
and bearable investment in mitigation now would prevent a much heavier investment in adaptation to climate change in the 
future. This conclusion – with few criticisms – is now widely accepted. Nonetheless, it is a fact: greenhouse gases emissions, on a 
global scale, are on the rise. Therefore, irrationally, we opted for a bigger effort in the future to escape a lesser one now. It is only 
human. 

The accent, thus, is on adaptation: a strategy which is obviously overlapping on - almost synonymous with - risk management. 
Add to this the fact that changes induced by global warming – as we will see - will impact most knots of societal balance, and we 
can conclude that “management” and “risk management” are bound to become themselves more and more overlapping 
perspectives: we truly will have to manage a “risk society”. But, what do we have to adapt to? Or - in other words, but it means 
exactly the same - what kind of risks do we have to prepare for? 

 

1.2. Mankind and the ecosystem: the unbreakable cycle. 

More and more extreme weather events await us: almost everyone agrees. But, to what extent do they represent a risk? What 
chains of consequences do they set in motion? And what about non-extreme but progressive, wide impact, changes in climate 
patterns? And what if, as some models suggest, the whole climate system is heading to a general abrupt shift – a global and 
permanent extreme weather event - in case we reach some tipping points? And, should we consider the fact that the impact of 
climate change on human society could come through other natural modifications caused by climate change, like ocean 
acidification and depletion, increase of areas of incidence of diseases, or prehistoric viruses frozen in permafrost waking up? 
Finally and most importantly, what will be the behaviors that the shifting climate paradigm will induce in human society? 
Strenghten its determination to mitigate and adapt, or foster conflicts and divisions that will paralyze mankind and leave it 
incapable of reacting in a united, effective, and coherent way? 

Climate evolution – localized or general, abrupt or progressive – puts in motion cycles of consequences that oblige us to rethink 
the amplitude of two concepts: disaster and risk. Diminishing agricultural yields, for instance, cause migrations, pressure on 

462



 

 
 

 

urban areas, tensions for land and water, possibly violence, affect the capability of families to educate their children or to invest 
in the growth of their economic activity, and so on. The ever faster melting of the Arctic modifies maritime routes, opens a race 
for natural resources, destroys the life and culture of native Inuit populations, etc. Examples could be multiplied indefinitely, and 
even what we labeled “Arab Springs” have been in part caused by climate change. 

Do these dimensions – that go well beyond immediate damages to infrastructures or assets – imply risks? Are these dynamics a 
disaster? In our instinctive and classical way, these phenomena belong to other areas of planning and management. But, indeed, 
the risks management community cannot ignore them.  And, summing them up, they are the key systemic risk mankind is facing, 
because a disorderly transition to a new climate paradigm brings about all the ingredients of mankind division and conflict: if the 
financial crisis of 1929 was enough to divide nations and ultimately bring them to World War II, what about a rapid melting of 
the Himalaya glaciers? A scenario in which the huge areas regularly irrigated by rivers born in the Asian chain swiftly become 
lands in which extreme droughts follow disastrous floods – glaciers act as reservoirs of water that regulate constant output - 
means that hundreds of millions of people will be deprived of their livelihoods: if the same socio-economic dynamics that led to 
the last world war are triggered, in a region where four States – China, India, Pakistan and Russia – have nuclear bombs, we have 
the ingredients of World War III. An unbalance in nature, caused by mankind, this way could trigger an unbalance in human 
society that will re-impact nature and paralyze rational human response, initiating a potentially global, growing, catastrophic 
cycle. We have to understand this complexity and prepare for it. Above all, while we still have time, maybe in this light we 
understand what “adaptation” will really mean: possibly coping with a world of States’ failure, violence, famine, diseases, 
disorder, lack of services, and much more; and maybe finally we decide to seriously invest on mitigation, to escape from a 
horizon where risk management becomes number one priority for every individual and organization. 

 

2.1. Attempts to harness complexity. 

With some historical exceptions – that at times brought to the collapse of entire civilizations – mankind was able to build a 
growingly complex society taking for granted a stable and unchanging ecosystem. Since we kick-started  a trend of growing 
modifications, this reflects on all aspects of human life, inducing changes that cumulate, interact, and have to be monitored and 
managed. Awareness of such complexity dates back to the 1980s and emerged clearly in the logics of the first Global 
Environment Outlook, released by UNDP in 1997. Since then, various attempts to build a prism of interpretation and integrative 
management have been launched, many of them focused on risks. Here are just two examples: 

From: UN Secretary-General's report on “Climate Change and its 
Possible Security Implications”, September 2009 (A/64/350), page 6. 

 

From: Scheffran J., Brzoska M., Kominek J., Link 
P.M., Schilling J. (2012), Climate Change and 
Violent Conflict, Science, Volume 336 n. 6083, 
869 – 871.  

 
    

 
 

Many more analysis of this kind exist and, notably, the latest editions of the Global Risk Report do place climate change within a 
framework of influences among various worldwide risks. Each contribution is extremely valuable where it highlights different 
nexus and perspectives and explores segments of this complexity. Nonetheless, the time is ripe to attempt to extract from them a 
standard predictive tool, simple enough to be practical but comprehensive enough to portray the complexity. 
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2.2 Gaia’s matrix. 

Repercussions and interferences among various dynamics and different sectors can be described in terms of a matrix, reflecting 
two aspects of globality: geographical worldwide interconnectedness and global systemic interconnectedness. Indeed, tackling 
climate change and its consequences is not a task that can be conceived in a national perspective so that, on a global scale, the 
aim of the matrix is to establish a relationship among different orders of factors. The problem is how complex should it be and 
which factors should it take into account. A long examination of the approaches undertaken so far suggests that a good balance 
between simplicity and the need to cover relevant sectors is assured by investigating cyclical repercussions among environment, 
peace and stability, development, and human rights. 

In this light, if our immediate goal is to assess likely impacts of global warming on human society, we could conceive and be 
guided by a unilateral matrix: 

CLIMATE CHANGE         PEACE AND STABILITY 

ECONOMIC DEVELOPMENT         HUMAN RIGHTS 

 

This provides a guideline to assess immediate impacts of environmental modifications on the most relevant aspects of mankind’s 
organization. Yet it is not enough: we are not only victims of a change that we have caused ourselves, we are also actors of its 
future developments and this fact emerges, while its implications become predictable, if the matrix becomes dynamic and 
multilateral: 

  

             CLIMATE CHANGE 

 

          PEACE AND STABILITY 

 

      ECONOMIC DEVELOPMENT 

 

   HUMAN RIGHTS 

This is not an easy tool to maneuver and we are far from being able to use it as a rigorous quantitative tool. Still, it gives the 
perspective of the interconnectedness of the planet and prevents illusions frequently created by analysis and forecasts run sector 
by sector. 

The proposal is therefore to the risk management community to be the first to develop this approach; one that confronts as with a 
forgotten reality: we are part of the ecosystem, embedded in a web of reciprocal relations with it, not above nature as we proudly 
thought. 

CONLUSIONS AND ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION. 

This proposal seems to broaden too much the horizon of risk management but, with the times ahead of us, this effort is 
unavoidable. No planning of punctual actions in response to punctual events makes sense if it is the context as a whole that is 
bound to change. Predictability is not always there, especially for single catastrophic events; but to a certain extent, we can 
predict patterns – both natural and human, and their reciprocal interactions – in which we can organize punctual responses. Not 
only; this matrix – Gaia’s, Mother Earth’s matrix – actually reflects another attempt to rationalize human behavior represented by 
the so called “green economy” and by the attempt to measure national and mankind progress through much more articulate 
indexes than the classic GDP. It is the matrix of a new, necessary, accounting of human performance that gives the whole picture: 
money, yes… but also human dignity, harmony with nature, peace and stability and more. It would be useful, and only normal, 
that the risk management community engages in the same perspective, contributing to bridge that gap between reality and an only 
monetary measurement of reality that has induced us in so many, tragic, mistakes. 
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ABSTRACT: With this feasibility study, we give an answer to the question of how experts in risk 

management can create additional value for the alpine region. Our main goal is to identify new fields of 

employment in the local industry as well as in the public sector, by enhancing new services in the domains of 

risk management and alpine safety. Students of the master program shall be inspired and shall acquire new 

competences in using integrated risk-management-tools. Building on the strengths of society in the alpine 

regions with its voluntary organisations working on an extremely high and structured professional level (sane 

voluntary sector) we try to valorise the local voluntary system. We also study how evidence-based decision-

making can strengthen the competitiveness of innovation-friendly alpine regions. 

Keywords: Natural Hazards, Community Empowerment, Training Programmes, Fire Safety Engineering. 

 

1. INTRODUCTION 

The world is becoming increasingly connected and efficient, and many academic studies provide an indication of increased 

vulnerability and losses resulting from disasters. Due to the impact of climate change and with ageing populations, the race for 

innovation, skills and markets forces all entities to anticipate and adapt in order to thrive. Especially in alpine regions, for many 

sectors it is essential managing natural and technical risks effectively to gain international competitiveness. Managing risk means 

action for risk protection engineering to minimize loss through engineering designs and systems, risk prevention including risk 

communication through the provision of safety education/training, and a risk suppression force to minimize losses in and after an 

event. The civil protection system is dedicated at putting new knowledge about hazardous natural phenomena to practical ends, 

such as: the identification of precursors to disasters; vulnerability assessments and models of the highest risk areas that estimate 

potential impacts; technical support for land use decisions and the development of new building codes.1 This moment of societal 

and economic renewal comes precisely as the alpine regions emerge from years of economic crisis. The purpose of this paper is 

to discuss the potential for more and better jobs and greater social cohesion. We want to use synergy between research, education 

and innovation in order to create internationally comparable income levels. It is no longer about creating additional fascinating 

buildings, but to create an environment that brings fascinated talents on the scene.  

Action in these fields is vital, given the important challenges awaiting the societies of the alpine regions: Scarce natural resources 

and the lack of a sufficient amount of other production factors, such as terrain, require the third sector to create more and 

sustainable wellbeing. In particular helping to develop skills and unlock talents for disaster risk reduction can be a chance for 

alpine regions. "Experts are working with ignorance and uncertainty - it's safer," says the risk expert Gordon Woo2. Advances in 

risk research focus therefore on a probabilistic approach. In the engineering-sector, up to date approaches identify the probability 

of an event, in lieu of using rigid tables, because it is not possible to say how heavy the greatest possible disaster might be. We 

therefore conducted a study on evidence-based fire protection, better known as fire safety engineering. Also in the social 

sciences, the probabilistic approach prevails: Dynamic societies need a calculated risk of foreseeable changes. Flood losses 

already account for two-thirds of all economic losses in the European Alps due to natural disasters in the period from 1980 to 

20053, posing a major threat to social cohesion. On the other hand, many alpine regions have established a long tradition of 

voluntary organizations focused on disaster management. In the Italian civil protection system, many volunteers can be activated 

in a short time to reduce the effects of disasters4. We therefore conducted a twofold study in this field: on the demand of qualified 

personal in private enterprises and public authorities and the needs of volunteers engaged in the civil protection. 

The relevance of risk management in this context is clear support to the economic growth of the alpine regions due to reduction 

of the vulnerability to all the natural disasters such as flooding and excessive heat through engineering, training and innovation 

combining evidence-based disaster risk reduction and capacity building within the voluntary corps. 

                                                 
1 Gurría, Angel (2010). Review of the Italian national civil protection system, Remarks by OECD Secretary-

General, On line: www.oecd.org/futures/globalprospects/reviewoftheitaliannationalcivilprotectionsystem.htm 
2 Müller, Cathren (2012). Händler der vielen Unsicherheiten. Wiener Zeitung, 16.8.2012, On line: 

http://www.wienerzeitung.at/themen_channel/wissen/natur/479959_Haendler-der-vielen-Unsicherheiten.html 
3 OECD (2007). Climate Change in the European Alps: Adapting Winter Tourism and Natural Hazards 

Management, ed: Shardul Agrawala (OECD), p. 65 
4 OECD (2010). Review of the Italian National Civil Protection System 
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2. METHODOLOGY 

Three separate studies were carried out as descrived below 

2.1. Professional risk management with volunteers 

Effective and efficient disaster risk reduction (DDR) begins and ends with the communities. Volunteers are essential components 

of any disaster risk reduction strategy. Strengthening the regional and international response by leveraging people’s engagement 

and action, while enhancing community capacities to foster recovery and resilience. In South Tyrol about 7,5% of the population 

is engaged in on or more of the seven voluntary organizations of the civil protection. The major organizations are the corps of the 

voluntary fire fighters, red-cross organizations and alpine rescue. Workshops with the managers of the volunteer organizations 

had been conducted to define the survey and to discuss professional needs. 

2.1.1. Interviews 

Qualitative interviews have been conducted with experts in private enterprises in the field of alpine safety and of public 

authorities in the civil protection in South Tyrol in order to collect field data for a SWOT-Analysis of the regional DDR. The 

interviews were part of a wider study, but the part significant here investigated the desired contents for a Master's course by 

asking the opinions and estimates on various conditions of the Master course (e.g. registration fees, time / effort, languages) and 

demand for qualified personnel. The interview guide was based on standards of qualitative social research5. The interviews were 

recorded, transcribed and then analyzed. 19 interviews were conducted in German, seven in Italian. The informants were 14 

service-providers, 6 manufacturing companies and 6 from governmental agencies. 

2.1.2. Online research 

Qualitative and quantitative data has been collected with a standardized questionnaire based on standards of qualitative social 

research4. The invitation of the survey had been published on the homepages of the volunteer organizations and most of the 413 

group-leaders had been informed by mail. The online survey was part of a wider study of the regional DRR, but the part 

significant here investigated the desired contents for professional training by asking the opinions and estimates on various 

conditions of the Master course (e.g. registration fees, time / effort, languages) and interest for professional training for capacity 

development. Within two weeks’ time, a sufficient number of 380 interviews had been collected. 60% of the informants had been 

engaged in the volunteer corps for more than 10 years. More than 65% had acquired qualification eligible for academic education 

in the Italian system. 44 informants agreed to participate in a training program involving them for 1.500 hours in two years 

without knowing the specific content. 

 

2.2. Fire safety engineering with professionals 

Evidence-based disaster risk reduction (DRR) is well established in some field. The methodology analyzed unveils that 

integrative risk management is multidisciplinary in nature. Therefore, it is difficult to design a proper program that helps to 

develop all the skills needed. Given the complexity of the use of computational methods, their application presupposes 

knowledge of chemistry, physics, thermodynamics, and numerical analysis. With respect to the input values introduced, it is 

necessary to analyze the material and especially to compare and verify the results. Therefore, by law it is imposed a constant 

comparison with the control agency at the various stages of design. Workshops with the major stakeholders had been conducted 

to define the survey and to discuss economic potential. 

2.2.1. Questionnaire 

A third survey was conducted with experts in the field of constructive safety engineering in order to collect field data for a 

SWOT-Analysis of the regional DDR. The questionnaire was distributed to 100 people of which 68% has decided to compile it. 

Participants were mainly male engineers (85%) graduated within the old system (69%) engaged as professional freelancers 

(71%). The interviews were part of a wide study, but the part significant here investigated the desired contents for a Master's 

course by asking the opinions and estimates on various conditions of the Master course (e.g. registration fees, time / effort, 

languages) and demand for qualification. The interview guide was developed based on standards of qualitative social research4. 

Most of the participants were professionals engaged entirely (34%) or partially (37%) in the field of fire prevention. The sample 

was composted by persons aged over 50 years (40%) or between 40 and 49 years (29%). The interest shown for a master in fire 

safety engineering is predominantly medium (53%) or high (26%). 57% of respondents emphasized the importance and necessity 

of an academic program in fire safety engineering and 14 people were willing to attend the master without knowing further 

details (cost / time). 

 

3. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

This is a very controversial matter and there were many different opinions and approaches in between various stakeholders. 

However, most of the stakeholders also have projects running or in the pipeline, it is a ‘hot topic’. Competence building is used in 

terms of the assumption of responsibility and understood as the degree of independence. Capacity building gives the ability to 

identify potential risks early and effectively and purposefully counteract them. After attending the training course, participants 

                                                 
5 Mayring, P. (2002). Einführung in die qualitative Sozialforschung. Beltz Studium 

466



 

3 

 

 

will be able to manage complex, unpredictable work contexts that require new strategic approaches, and to make and so can 

contribute to professional knowledge and practice for reviewing the strategic performance of teams constructively. Forecasting 

and preventive action, such as structural measures and hazard mapping, is in the interest of alpine region. Integrative and 

interdisciplinary elements are the requirements to improve communication with all stakeholders and contribute to the self-

protection of the population and the general. 

There is strong political awareness in the European Union for the need to develop and implement strong Disaster Risk 

Management (DRM) policies that aim to build resilience against disasters and mitigate their most severe effects both inside the 

Union and in its external action. The European Commission published in 2013 a “Green Paper”6 favoring enhanced efforts of the 

member states to develop sufficient insurances of natural and man-made disasters and the Council concludes with a document 

entitled “An EU strategy on adaptation to climate change”7. 

At the regional level, resilience and disaster risk reduction have been featured as a key themes in international summits on 

disaster risk management and the development of a methodological framework intended to help governments in developing more 

effective DRM strategies.  

 

4. CONCLUSIONS 

Disaster risk reduction (DDR) is the vital in establishing resilience and the involvement of many individuals and organizations is 

essential. In line with the principles of economic value adding and societal sustainability, it has been pointed out that entities 

must concentrate its action on areas where it makes a real difference. We have therefore agreed to examine two priorities, which 

guided the work of this feasibility study: 1.) managing of risks with a network of enterprises, scientific institutions and the 

volunteer corps of the civil protection, and 2.) capacity building of professionals especially in the field of fire safety engineering. 

There is common sense that the quality and the qualification of the workforce is the crucial challenge. The findings from the 

interviews and the questionnaire revealed a general interest for DDR. The proposed qualification programs are competency-

oriented and designed for a possible classification of the acquired skills in the Level 7 EQF (Master, Strategic Professional). 

                                                 
6 European Commission (2013). Green Paper on the Insurance of Natural and Man-made Disasters. COM(2013) 

213 final 
7 Council of the European Union (2013). Communication Nr. 11151/13, 18 June 2013 
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ABSTRACT: The Intergovernmental Panel on Climate Change (IPCC, 2014) in its Fifth Assessment Report made clear 

indications that global warming is magnifying extreme weather events and climatic shocks. Extreme events attributed to climate 

change disruptions have already caused widespread consequences in local communities across the globe, resulting in shifts in 

patterns of rural-urban migration, most notably in developing countries in Asia. As residents of rural communities and agrarian 

societies face rapid- or slow-onset climatic stressors, migration to urban centres is a coping strategy that can provide an avenue 

for diversifying livelihood opportunities in the hope of a better life. This is particularly true for those households whose 

livelihoods are climate-dependent such as pastoralists and farmers. People utilise migration as a strategy to improve their socio-

economic situation and to minimise the risks of local environmental change; however, the impacts of climate change present a 

worrisome future trend which suggests more people may continue to move to urban centres only to find they are ill-equipped to 

provide basic resources for their households such as shelter, clean water and sanitation. This paper provides a discussion of the 

challenges posed by increasing rates of rural-urban migration in Bangladesh and draws from an in-depth case study of Bhola 

Slum in Dhaka. The slum provides a unique insight into what the future might hold for other vulnerable communities stricken by 

disasters so devastating that recovery in situ will become too large a hurdle to overcome. These slum residents migrated from 

Bhola district, a rural island in the south of the country. This out-migration began in 1970 following the devastating Bhola 

Cyclone and continues to this day.  

Keywords: Bangladesh, climate change, migration, poverty, urbanisation 

1. INTRODUCTION 

History is replete with examples of people moving from one place to another due to climatic factors, environmental changes 

and/or societal collapse, however, the potential for anthropogenic climate change to influence how and where people live is 

becoming more profound. According to numerous reports, future estimates of people on the move by 2050 run upwards of 200 

million and is being attributed to climate change induced stressors and events (Stern 2006; United Nations University 2009). A 

radical re-thinking of how to understand and address these challenges of human mobility is needed, as are innovative ways of 

lessening the burdens and risks associated with migratory flows on both sending and receiving communities. 

Scientific enquiry in this area is growing (Oliver-Smith 2009; Kälin 2010; Renaud et al 2011), but more research is needed to 

better understand how the communities involved are experiencing these transitions. This research seeks to provide insights into 

how an urban slum community in Dhaka, the capital of Bangladesh, manages ongoing livelihood pressures, including the 

constant threat of eviction and flooding, amongst a host of other risks. The origin of Bhola Slum can be traced back to a 

catastrophic cyclone that hit Bhola Island in the Bay of Bengal on December 12-13, 1970, and was soon followed by civil war in 

1971, a mass out-migration of 10 million refugees in 1971-72, and famine in 1974. In the four decades that have followed, Bhola 

Island has been buffeted by many additional natural and human-made disasters and has lost half its land mass to climate change 

induced stressors such as sea-level rise, recurrent and ever more intense flooding of its low-lying land mass, and erosion. 

2. CASE STUDY AIMS AND METHOD 

The aim of this case study was to reveal some of the challenges of living in an urban slum in Dhaka, including the capacity of 

residents to adapt to and cope with adverse climatic- and everyday stresses. Research participants living in Bhola Slum were 

interviewed in October 2013. Each interview was about three hours long and the full conversations were recorded with their 

consent. These in-depth interviews yielded insights into the challenges of forging a sustainable livelihood in these urban homes 

both at present and in the future. As such, these stories are presented as a case study, which is by no means inclusive of all those 

living in Bhola Slum. 

Each of the participants individually responded to questions drawn from a semi-structured interview guide (see Dunn 2005). A 

general vulnerability and livelihoods profile of the slum was ascertained, drawing from questions related to: community 

demographic information; macro-economic and social services; and threats, risks and natural hazards. More in-depth questions 

were then asked to develop a vulnerability and livelihoods profile for each of the participants’ households focussing on socio-
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demographics, financial assets (such as debt, credit and savings) and expenditures, social assets (such as networks), healthcare 

and safety, physical infrastructure and services (such as water, energy, telecommunications and effluent), natural assets, food 

security and patterns of food consumption, and human capital (such as education, productivity, skills and knowledge). After the 

individual interviews were completed, a more nuanced and detailed group discussion between the participants about core risks 

and concerns in the slum was undertaken and dealt with a variety of thematic areas (health, infrastructure and environment, 

among others), community dynamics, past and present community development projects, community cohesion and visions for the 

future. 

3. INSIGHTS FROM BHOLA SLUM 

Bhola Slum is located in one of the most densely populated residential areas of Dhaka called Mirpur, which is situated almost in 

the heart of the megacity. There are approximately 4,500 adults and many children living in the slum. The total land area is 1.65 

acres, which has been reduced over the last couple of years due to government infrastructure projects and associated evictions. 

There are a total of 257 houses within the confines of the slum and 600 families live in the different rooms and floors of these 

houses. Residents of Bhola Slum began migrating here after the destructive and deadly Bhola Cyclone (still classified as the 

world’s deadliest tropical cyclone) in 1970, which caused severe and widespread damage and up to 500,000 deaths. More 

families then migrated from the southern areas of Bangladesh during the 1980s to Bhola Slum and this continues today, but to a 

lesser extent given the sheer density and over-population of the small piece of land that hosts this community. Research 

participants indicated that between five and ten people continue to flow into Bhola Slum each week from rural areas, particularly 

Bhola Island. People are leaving rural regions for a multitude of reasons, including the need to generate alternative income 

streams or increased pressures associated with sustaining livelihoods after storm events, seasonal flooding, crop failures and loss 

of land due to riverbank erosion. For those leaving Bhola Island, the overwhelming reasons are environmental, according to the 

following participant: ‘People moved because of the riverbank erosion of the Meghna – that’s where they were living before in 

Bhola Island’ (participant #2, 2013). 

According to the research participants, two-thirds of people living in the slum originate from Bhola Island. The remaining one 

third of people living in the slum are from Faridpur and Comilla districts and other regions. Amongst the residents of Bhola 

Slum, 70 percent of adults are earning some form of income. The key livelihood sectors include rickshaw pulling (making up 

approximately 50 percent of the work force), followed by garment factory work (30%) and domestic work (20%). There is a 

growing trend for women to work long hours outside the home to contribute to the household income stream. A number of 

households in the slum also send remittances to their families on Bhola Island – participants indicated that at times up to 50% of 

a household’s income each month is sent in remittances to their relatives.  

All participants indicated that it is now becoming more expensive to meet the needs of their households, particularly over the 

course of the last five years. Salaries are rising steadily, however, so too is rent and the cost of food and other necessary goods. 

Healthcare is another worry in the slum – if someone gets seriously ill, they can be taken to a nearby clinic, but if they don’t have 

the money for medical care and/or medication, they have to borrow the money from friends or relatives. For one of the 

participants, the ability to live comfortably and sustainably was beyond attainment through the opportunities presented by 

traditional livelihoods. Consequently, this household decided to borrow a large sum of money (40,000 taka, equivalent to 

US$400) to send the husband to work overseas (Oman) in the construction industry. This is a large risk to take and also presents a 

very challenging road ahead for the family – being apart, not being able to see each other, paying off the high debt, insecurity and 

risk that this ‘transition’ won’t be successful. This is an example of how this household has attempted to transition to a different 

livelihood strategy, but these decisions can be littered with both short and long-term risks and expenses. With an absent husband, 

the wife now runs the household in Bhola Slum, takes care of the two children and also works long hours in a nearby garment 

factory. At the factory, she is a machine operator and is responsible for sewing t-shirts. She only receives 4,000 taka (equivalent 

to US$40) each month for working there six days a week (8am-5pm, but overtime is common). The pay is a concerning issue, 

which she described as ‘painful’, as the week before she was interviewed, she was sick for two days and hence was not paid for 

those days (participant #1, 2013). Not all women in the slum work to earn an income and this is a concern for many of them, in 

that they do not believe that their husband’s income is secure or stable. One of the participants was especially worried that at any 

time her husband’s income / earning power could disappear.  

In January 2013 a women’s co-operative was established in the slum. There are 100 members in the co-operative, despite there 

being 600 families in the slum and so only a small portion of the overall number of female residents are involved. The major 

detractor to greater numbers is likely to be the cost of dues each month. While the co-operative is open for any women in the 

slum to join, they must pay 100 taka each month to be a member. Ninety thousand taka has already been saved by the co-

operative. No one has accessed this money yet, and it has all been deposited in the bank. The women have planned to allow their 

collective assets to accrue for one year before any appeals for micro-finance loans can be made by any member. Members have 

decided not to allow people from outside of the co-operative to loan any money. A ‘need-based’ decision will be made on who 

will get loans. Members will submit applications and then the executive committee will make the decision based on a 

demonstration of need. An example of eligible loan applications might be a road accident in which a young boy is injured who 

requires help with medical expenses or the loss of a job / livelihood. The reasons for establishing the co-operative were two-fold: 

‘we want to make our bond stronger, and create a financial benefit so that the women can stand on their own feet’ (participant #2, 

2013).  
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During the focus group discussions, questions were posed as to the most concerning risks that the locals living in Bhola Slum are 

faced with. Unanimously this revolved around the constant fear and concern about eviction, simply because they do not have 

ownership rights over this land. According to one resident: ‘We are trying to collect and save some money but we don’t have the 

ability to achieve this land as it is huge and expensive, we live hand to mouth and so we don’t have that much money to buy this 

land’ (participant #2, 2013). Flooding is also a major worry for residents as this has caused severe devastation and distress in the 

past. The most recent major flood (2009) forced many locals to relocate for over one month to government buildings, including a 

local high school located one kilometre from the slum. The floodwaters were two metres in height and destroyed most of the 

resident’s household assets. There was also a major flood in 1998 that resulted in relocation for a period. However, it was noted 

that despite all this, residents appeared to be more concerned about the threat and risk of eviction as they have no-where else to 

go. It is too expensive for these impoverished wage labourers to try and buy the land to avoid the possibility and fear of eviction. 

As indicated by one of the women: ‘It can happen anytime, but most probably it will happen during the caretaker government 

who conduct the elections’ (participant #2, 2013). They are fearful of the future – because if / when the caretaker comes again 

(which is approximately every five years) they may be evicted. Some of the residents of Bhola Slum have been evicted twice 

already during past caretaker governments. This uncertainty looms large in the lives of these urban squatters.  

Another instance of eviction occurred when the government water agency decided to expand a drainage pipe. This effort forced 

many of the residents to move into a smaller area and again increased the density of the settlement. Evictions have happened very 

recently (in 2007, 2010 and 2012) as Dhaka feels the pressure to expand and grapples to produce greater availability of 

developable land. A resident reflects on the 2007 eviction: ‘During the eviction, we went to the workplace and when we returned 

we saw that it was evicted’ (participant #5, 2013). This first eviction was done in the name of constructing drainage pipes that 

would decrease the land area of the slum considerably (new drainage area was 60 feet wide and 800 feet long). This was the start 

of work laying water and sewer pipes for the purpose of economic development. Unfortunately, the government didn’t ever 

complete the work they had begun and so soon houses were rebuilt over this area. Perhaps the most egregious part of this effort 

was the complete disregard of any need to notify the residents of the slum prior to the start of construction activity. The political 

vulnerability of the residents of this slum is nowhere more evident than in the administrative demonstration of their lack of rights 

and the callousness with which the poor, disenfranchised residents of the houses to be razed were provided no avenue of appeal 

and no ability to salvage their hard-earned and life-sustaining possessions. Although the locals tried to resist this incursion into 

their homes and lives and negotiate some time to move their household belongings, this act was futile and the government 

responded with more heavy equipment (five bulldozers) in order to get the work done quicker. Construction on the drainage pipe 

system began again in 2010 and again homes were demolished and residents evicted to make way for laying the pipe. In this 

instance, one day’s notice was given to slum residents. In 2012, the government demolished more houses in Bhola Slum in order 

to build walls to protect the drainage system. In this instance, one day’s notice was given. On all three occasions, no 

compensation was ever provided to those residents who tragically experienced huge losses from which they would be hard-

pressed to recover. As expressed by one participant: ‘We are citizens of this country, we should not be deprived’ (participant #2, 

2013). In the case of all the evictions, a number of households had to relocate outside the slum temporarily, as there was not 

enough space to accommodate all the displaced. Most residents returned when they were able to find a place to re-build in the 

slum. 

A surprising finding from the data gathered to produce this case study was a clearly articulated desire for any future eviction 

activity to result in moving residents into residences very similar to their current homes. Because conditions in the slum are very 

crowded, researchers dug deeper to understand this comment. What was discovered was that it was not so much the living 

conditions that slum residents wished to recreate, but they wanted above all to preserve their sense of place, unity and 

community: ‘We are living here for year after year with people from different places but we are living here together; in unity’ 

(participant #5, 2013). In addition, location seemed to be part of the issue, as in the area around Bhola Slum, work could be had 

fairly easily (rickshaw pullers found customers nearby, garment factories are very close). Thus, residents were extremely 

concerned with their proximity to the economic hubs that ensured their current livelihoods. A final yet prominent concern 

expressed by research participants was about the future of their offspring. Participants made it clear that they wanted a better 

environment and future set of possibilities for their children. They wanted their children to be able to work their way up and out 

of the slum, and they identified educational resources as key to improved opportunities, although they questioned their 

availability. This concern was bound up in worries about the next generation and how they will sustain their livelihoods and find 

opportunities to flourish in ways their parents could not. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

This research supports goals of the Hyogo Framework for Action by providing a deeper understanding of the hazards, 

vulnerabilities and capacities that exist amongst the residents of Bhola Slum. Since the trifecta of hazard, vulnerability and 

capacity are often viewed as the building blocks of risk, a full understanding of the complex interplay of the different factors 

producing people’s exposure to risk are essential to the design of activities intended to eradicate these factors. This research 

buttresses one of the priority areas of action in the Hyogo Framework (UNISDR 2005: 12), which calls for the need to:  

Incorporate disaster risk assessments into the urban planning and management of disaster-prone human settlements, in 

particular highly populated areas and quickly urbanizing settlements. The issues of informal or non-permanent housing 

and the location of housing in high-risk areas should be addressed as priorities, including in the framework of urban 

poverty reduction and slum-upgrading programmes. 

470



 

4 

 

 

In order to engage in effective disaster risk reduction activities, the exchange, compilation, analysis, summary and dissemination 

of best practices, lessons learned, and available technologies and programmes to support disaster risk reduction activities is 

crucial to understanding what we are up against and achieving successful outcomes.  
As the push to define a Post 2015 Framework for Disaster Risk Reduction continues, awareness of the injustices and systemic 

failures that prevent disaster risk reduction activities from being implemented to protect vulnerable populations are critical to our 

future ability to address these shortcomings. As the impacts of climate change loom large on the horizon, there has been a 

realisation that the scale and intensity of extreme events is set to exceed our capacities to respond. If we are to move effectively 

towards enhanced resilience and disaster risk reduction, we must then move from knowledge into action and build capacity 

within local institutions to support successful adaptation. Good information about the hazards, capacities and vulnerabilities of 

people coping with extreme events in urban slums will allow the development of effective adaptation techniques. We see a gap in 

the support for scientific risk assessments (which require partnerships across a range of technical institutions) and in their use as a 

basis for producing innovative solutions to the challenges of the future. 

5. FINAL REMARKS 

Bhola Slum provides a window into the future with greater rural-urban migration expected due to climate change and extreme 

weather events. However, this possibility presents some worrisome challenges and questions. First, what type of smart growth is 

necessary to support ever-expanding urban populations maintain their livelihoods and protect fragile environments while 

providing the basic infrastructure necessary to support growth and development? Second, are government and civil society well-

equipped to deal with significant transitions in livelihood, climatic, socio-cultural and infrastructural systems? Third, during these 

transitions how might we allow for an upward socio-economic trajectory across generations and ensure that poverty does not 

become further entrenched? Despite there being serious concerns in Bhola Slum relating to the threats of eviction, as well as 

water infrastructure, sanitation and health, and over-crowding, there is a strong sense of community and unity. This social capital 

is critically important when thinking about capacity to respond to climate change impacts and disasters, now and in the future. 

The power of these social bonds must be harnessed in this context to produce successful adaptation mechanisms and a source of 

protection against the increasing intensity and severity of extreme events. 

6. REFERENCES 

Dunn, Kevin (2005). Interviewing. In Hay, I. (ed.), Qualitative Research Methods in Human Geography, 79-105, Oxford 

University Press, Melbourne, Australia. 

IPCC (2014) Summary for Policymakers. Climate Change 2014: Impacts, Adaptation, and Vulnerability, Cambridge University 

Press, Cambridge, United Kingdom and New York, USA. 

Kälin, Walter (2010). Conceptualising Climate-induced Displacement. In McAdam, Jane (ed.), Climate Change and 

Displacement: Multidisciplinary Perspectives, 81-104, Hart Publishing, Oxford, United Kingdom.  

Oliver-Smith, Anthony (2009). Disasters and Diasporas: Global Climate Change and Population Displacement in the 21st 

Century. In: Crate, Susan and Nuttall, Mark. (eds.), Anthropology and Climate Change: From Encounters to Actions, Left 

Coast Press, California, USA. 

Renaud, Fabrice; Dun, Olivia; Warner, Koko; Bogardi, Janos (2011). A Decision Framework for Environmentally Induced 

Migration. International Migration, 49 (S1), 5-29. 

Stern, Nicholas (2006). Stern Review on the Economics of Climate Change, HM Treasury, London, United Kingdom. 

United Nations University (2009). Submission - In Search of Shelter: Mapping the Effects of Climate Change on Human 

Migration and Displacement. Paper submitted to the UNFCCC for the 6th session of the Ad Hoc Working Group on Long-

Term Cooperative Action under the Convention, UNU-EHS, Bonn, Germany. 

UNISDR (2005). Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and Communities to Disasters, 

UNISDR, Hyogo, Japan. 

471



 

 

 

 

1 

 

 

 

Risk Differentiation for Critical Infrastructure Protection 

Sascha Meng
1
, Marcus Wiens

2
, Frank Schultmann

3
 

1
Karlsruhe Institute of Technology, Karlsruhe, Germany. E-mail: sascha.meng@kit.edu

 

2
Karlsruhe Institute of Technology, Karlsruhe, Germany. E-mail: marcus.wiens@kit.edu

 

3
Karlsruhe Institute of Technology, Karlsruhe, Germany. E-mail: frank.schultmann@kit.edu

 

ABSTRACT: Critical infrastructures, e.g. electricity transmission / distribution, public transport and health care systems, need to 

be protected against various internal and external risks which can be safety- and / or security-relevant. Predominately probability-

based methods are hitherto used for analysing the whole spectrum of risks. We think this is an insufficient approach, presumably 

leading to inefficient resource allocation and biased risk perception, as it does not consider the different natures of risk. This 

paper looks at the key difference between safety- and security-relevant risks, highlights resulting implications for critical 

infrastructure protection and describes a possible approach for handling these different types of risk. 

Keywords: critical infrastructure protection, safety-relevant risks, security-relevant risks. 

1 INTRODUCTION 

Systems and their related assets and facilities are referred to as critical infrastructure if they are essential for social and economic 

welfare (e.g., Cohen 2010, Schätter et al. 2014). They are the backbone of a nation‟s health and security (DHS 2012). Critical 

infrastructures are increasingly connected, interdependent and complex, usually spatially far off and, thus, hard to protect. They 

are continuously exposed to myriad internal and external risks of different nature. This implies that it is important to use 

appropriate risk analysis methods to achieve sufficient levels of safety and security. 

Risks can be categorised manifoldly. One important distinguishing feature of risks is their nature respectively source of origin. A 

distinction can be made between two types of risk (Bieta et al. 2009). On the one hand risks can be unintentionally caused by 

random or natural events (hereafter referred to as „type 1 risks‟). Type 1 risks can be adequately analysed using statistical 

distributions and simulations. Risks may, however, also be deliberately caused by malicious human behaviour (hereafter referred 

to as „type 2 risks‟). Unlike type 1 risks which are caused by randomness, type 2 risks cannot be analysed solely relying on 

statistical measures. They additionally require the consideration of interactive, rational decision-making processes between the 

involved persons or groups, as well as their “intentions, motivations, preferences and capabilities” (Ayyub et al. 2007). However, 

very often exclusively probability-based risk analysis methods are applied to both types of risk. In consequence, this inevitably 

misleads risk perception, causes misjudgement and wastes scarce resources when dealing with type 2 risks (Hall 2009, Brown 

and Cox 2011).  

For improving critical infrastructure protection, we propose to apply different risk analysis approaches to meet the challenges 

associated with the different natures of risk. Furthermore, we recommend combining these different approaches where necessary 

and suitable, considering the individual characteristics of the types of risk at hand. The remainder of our paper is structured as 

follows. In section 2 we point out important differences between safety- and security-relevant risks. Subsequent to highlighting 

implications for critical infrastructure protection in section 3, we describe in section 4 how to approach the risk analysis process 

when confronted with different types of risk. The paper ends with a brief discussion of the issues raised.  

2 SAFETY- AND SECURITY-RELEVANT RISKS 

Critical infrastructures are exposed to miscellaneous natural and man-made threats (hazards). Like all man-made systems, critical 

infrastructures are, to some extent, shielded from the surrounding environment. This shielding aims both at protecting the system 

against negative impacts from the surrounding environment and vice versa. These threats cause, with a (un-)known probability, 

damage or other adverse effects to the system or the surrounding environment, constituting safety- and security relevant risks for 

critical infrastructures (Aven and Renn 2010). The main difference between safety- and security relevant risks is their source of 

origin ( i tre- am a  d s and  ouissou 2 1 ).  

Within the context of critical infrastructure protection, the concept of safety aims at preventing, detecting, and reacting to events 

which accidently harm people, property or the environment, endangered through the critical infrastructure (Firesmith 2003). In 

other words, the concept of safety primarily deals with randomness, whether it is caused by nature (e.g., natural occurring events 

such as fires, floods, storms, earthquakes), human behaviour (e.g., unintentional mistakes, ignorance) and / or other errors (e.g., 

excessive burden, material defects). Safety, realized through appropriate system design and safety barriers (e.g., physical barriers, 

digital barriers), aims at protecting the environment from hazards resulting from the existence and / or operation of man-made 

systems (Burns et al. 1992, Firesmith 2003). Thus, safety-relevant risks are predominately type 1 risks (cf. section 1) which are 
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unintentionally caused by random (or natural) events. In comparison, the concept of security deals with preventing, detecting, and 

reacting to events which maliciously harm people, property (assets and facilities, but also data) or the environment, endangered 

through the critical infrastructure (Firesmith 2003). Unlike the concept of safety, the concept of security deals with events which 

are caused by intentional malicious human behaviour or, in other words, with attacks rather than accidental events (e.g., arson, 

fraud, crime, terrorism). Security, realized as well through appropriate system design and security barriers (e.g., physical barriers, 

digital barriers), aims at protecting man-made systems against internal and external attacks (Burns et al. 1992, Firesmith 2003). 

Thus, security-relevant risks are mainly type 2 risks (cf. section 2) which are caused by deliberate malicious human behaviour 

(e g    i tre- am a  d s and  ouissou 2 1    aspotnig and  pdahl 2 13   eng et al. 2014). 

The degree of risk is determined through the degree of uncertainty associated with the risk. Uncertainty, in the sense of being 

uncertain about the outcome of or having incomplete knowledge in a decision-situation, can be classified into two categories – 

aleatoric (inherent, stochastic) and epistemic (subjective, systemic) uncertainty (e.g., Kiureghian and Ditlevsen 2009, Senge et al. 

2014). Aleatoric uncertainty is caused by inherent randomness (parameter variability), whereas epistemic uncertainty is caused 

by a lack of knowledge or ignorance of the decision-maker (e.g., Hora 1996, Paté-Cornell 1996, Helton et al. 2010, Ayyub 2014). 

Aleatoric uncertainty is not necessarily based on a lack of knowledge and, thus, cannot be fully eliminated. In contrast, epistemic 

uncertainty can be eliminated over time if the decision-maker gets more information (Ayyub 2014). With regard to safety- and 

security-relevant risks, safety-relevant risks are dominated by aleatoric uncertainties (with randomness as the decisive feature), 

whereas security-relevant risks are dominated by epistemic uncertainties and uncertainties caused through strategic interactions 

(with deliberate choice as the decisive feature) (Bieta et al. 2009).  

Both the concept of safety and security have many commonalities and are frequently difficult to distinguish (e.g., fraudster who 

want to enrich themselves or arsonists are by definition a security risk (as they intentionally harm the system), but also pose a 

safety risk when their actions affect others too), and they sometimes cause each other. To protect a threatened critical 

infrastructure against safety- and security-relevant risks, it is necessary to take into consideration the different natures of these 

risks and their initiating hazardous events. It is also important for decision-makers to use appropriate, effective and versatile risk 

analysis approaches which take into consideration the crucial differences between these different concepts.  

3 IMPLICATIONS FOR CRITICAL INFRASTRUCTURE PROTECTION 

Risk management for critical infrastructure protection is affected by and depends on organisational achievable, technical feasible, 

economic reasonable and legally allowed safety and security measures. Also, the wishes and demands of different stakeholders 

(e.g., infrastructure owners and operators, government, customers, the public) need to be taken into consideration.  

Different stakeholders are affected by different types of risk and have a different risk perception. Thus, it is necessary to consider 

all stakeholders who can possibly influence infrastructure protection and operation. That means many heterogeneous risks need 

to be considered and analysed. As already mentioned in section 2, safety- and security-relevant risks should be seen as different 

concepts with unequal properties. This implies that different risk analysis approaches are required to sufficiently analyse all 

identified risks. However, in practice, critical infrastructure operators usually apply just „standard‟ risk analysis approaches to the 

whole spectrum of risks. 

 y „„standard‟ risk analysis approaches‟ we mean generally known, well-established empirical and / or statistical risk analysis 

approaches, such as variance analysis, probability risk analysis, scenario analysis or Bayesian analysis (e.g., Schoemaker 1995, 

Wright and Goodwin 1999, Min et al. 2007, Dillon et al. 2009). These approaches, when used as stand-alone risk analysis 

approach, are suitable for analysing naturally or randomly occurring events or, in other words, when dealing with safety-relevant 

risks of type 1. By comparison, when analysing safety- or security-relevant risks of type 2, decision-makers additionally need to 

consider the strategic interactions between themselves and the intelligent adverse human counterpart. Thus, as information about 

the preferences and capabilities of the adversary are usually barely known, it is often not possible to reliably conclude from past 

events to future events  solely relying on „standard‟ risk analysis approa hes.  

For analysing security-relevant threats and hazards, we suggest applying other, more appropriate risk analysis approaches than 

the widely used „standard‟ risk analysis approa hes  In parti ular  we propose using game theoreti  approa hes as they expli itly 

consider the strategic interactions between two or more humans. Game theoretic reasoning improves safety- and security-relevant 

decision-making (when confronted with type 2 risks) in several ways, forcing decision-makers to get a realistic idea of risk 

reduction limitations, to think about the attackers preferences, capabilities and their possible attack-strategies and, thus, to 

develop „ ustomised‟ defen e strategies (considering the strategies which they cannot choose) (Wiens et al. 2014). However, 

experiences and knowledge gained in the past (e.g., related empirical and statistical data) are important sources of information for 

game theoretic reasoning.  

We are convinced that it is important for critical infrastructure protection to clearly differentiate between different types of risk 

and to apply a more differentiated risk analysis approach for both natures of risk.    
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4 APPROACH TO HANDLE DIFFERENT TYPES OF RISK 

As previously mentioned, safety- and security-relevant risks are often analysed using the same analysis methods (see Table 1). In 

practice, decision-makers rarely differentiate between the different natures of risk, although this distinction is necessary to apply 

appropriate analysis methods to different risks.  

Table 1: Risk analysis process without differentiation between different natures of risk (own table) 

risk analysis process 

risk identification e.g., fires, floods, storms, earthquakes, unintentional mistakes, ignorance, material defects, fraud, terrorism 

risk categorization 

safety- and security-relevant risks 

type 1 risks and type 2 risks 
(fires, floods, storms, earthquakes, unintentional mistakes, ignorance, material defects, fraud, terrorism) 

analysis methods 

selection 

empirical / statistical methods  

(e.g., variance analysis, probability risk analysis, scenario analysis, Bayesian analysis) 

We propose a clear distinction between risks of different nature before analysing them (see Table 2). In the first step, all relevant 

risks need to be identified (risk identification) and available information / knowledge on it from all accessible sources need to be 

gathered. In the second step, the identified risks need to be categorised as safety- or security relevant (risk categorization), and 

whether they are type 1 or 2 risks. Next, the applicability of the risk analysis approaches, known and available to the decision-

maker, has to be determined (approach applicability determination) and possible weak points of them, which otherwise would 

bias risk perception, need to be identified (approach weak point identification). Then, if necessary, supplementary methods and 

approaches need to be found to extend the respective risk analysis models (approach improvement). These last three steps can be 

summed up as analysis method(s) selection process.   

Table 2: Risk analysis process with differentiation between different natures of risk (own table) 

risk analysis process 

risk identification e.g., fire, floods, storms, earthquakes, unintentional mistakes, ignorance, material defects, fraud, terrorism 

risk categorization 

safety-relevant risks security-relevant risks 

type 1 risks 

(fire, floods, storms, earthquakes, 
unintentional mistakes, ignorance, 

material defects) 

type 2 risks 

 (under certain circumstances 
fire (arson), fraud, terrorism) 

type 2 risks 

(fire (arson), fraud, terrorism)  

analysis method(s) 
selection 

empirical / statistical methods  

(e.g., variance analysis, probability 
risk analysis, scenario analysis, 

Bayesian analysis) 

game theory and / or other strategic 

decision-analysis methods 
(supplemented by empirical / 

statistical methods) 

game theory and / or other strategic 

decision-analysis methods 
(supplemented by empirical / 

statistical methods) 

Last but not least, the results of the analysis with and without risk differentiation should be compared (approach review). This 

step is important to gain further insights into the decision-problem to be solved because decision-makers are often confronted 

with an information overflow and, thus, have problems to identify the key information relevant for solving the decision-problem. 

No single risk analysis approach will ever provide an optimal solution for critical infrastructure protection. The determination of 

risk is always subjective and, thus, the whole process of risk analysis (as part of a risk management process) only supports the 

decision-making process, but does not substitute it.  

5 ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Our work deals with critical infrastructure protection against natural and man-made hazards and, thus, supports disaster risk 

reduction. In future, disasters, whether of natural origin (e.g., fire, floods, storms, earthquakes) or man-made (e.g., fire, oil spills, 

terrorism, transport accidents), will have severe consequences because of the increasing connectivity, interdependency and 

complexity of critical infrastructures world-wide. Our work points out a crucial aspect of risk analysis which always needs to be 

considered – the different natures of risk. Therefore, research in future should focus more on the development of tailored risk 

analysis and risk management approaches to meet the challenges associated with the different natures of risk. In this context, 

research also should pay more attention to the increasing complexity of the decision-making processes themselves.  

6 CONCLUSIONS 

There is a need for rethinking the way how safety- and security-relevant risks are analysed. Risk managers and risk management 

systems often do not explicitly distinguish between them. This supports and amplifies misallocation of resources and sometimes 

even increases the risks. It is important to pay more attention to choosing the right risk analysis approach(es) for a certain risk, 

considering the fact that critical infrastructures become more and more interdependent, complex and, thus, harder to protect. It is 
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necessary that critical infrastructure owners and operators apply other, more suitable risk analysis approaches to protect their 

systems against emerging threats. Both safety- and security-relevant risks have common features and are sometimes inseparable, 

implicating that risk analysis research should focus more on integrating different risk analysis approaches to achieve holistic 

analysis approaches for systems threatened by safety- and security-relevant hazards. 

7 ACKNOWLEDGEMENTS 

This research was partly supported by the research project RIKOV, financed by the German Federal Ministry of Education and 

Research (BMBF). 

8 REFERENCES 

Aven, T. and Renn, O., 2010. Risk Management and Governance. Berlin, Heidelberg: Springer. 

Ayyub, B.M., 2014. Risk Analysis in Engineering and Economics. 2nd ed. Boca Raton, FL: CRC Press. 

Ayyub, B.M., McGill, W.L., and Kaminskiy, M., 2007. Critical Asset and Portfolio Risk Analysis: An All-Hazards Framework. 

Risk Analysis, 27 (4), 789–801. 

Bieta, V., et al., 2009. Zustandsrisiken und Verhaltensrisiken sind nicht dasselbe: Die Sicht der Spieltheorie 

zum Risikomanagement. Risiko Manager, 2009, pp. 16–19. 

Brown, G.G. and Cox, L.A., 2011. How Probabilistic Risk Assessment Can Mislead Terrorism Risk Analysts. Risk Analysis, 31 

(2), 196–204. 

Burns, A., McDermid, J., and Dobson, J., 1992. On the Meaning of Safety and Security. The Computer Journal, 35 (1), 3–15. 

Cohen, F., 2010. What makes critical infrastructures Critical? International Journal of Critical Infrastructure Protection, 3 (2), 

53–54. 

DHS, 2012. National Protection and Programs Directorate: Office of Infrastructure Protection Strategic Plan: 2012–2016. 

Washington, DC: U.S. Department of Homeland Security. 

Dillon, R.L., Liebe, R.M., and Bestafka, T., 2009. Risk-Based Decision Making for Terrorism Applications. Risk Analysis, 29 

(3), 321–335. 

Firesmith, D.G., 2003. Common Concepts Underlying Safety, Security, and Survivability Engineering. Technical Note 

(SCM/SEI-2003-TN-033). Pittsburgh, PA: Carneige Mellon University. 

Hall, J., 2009. The Elephant in the Room Is Called Game Theory. Risk Analysis, 29 (8), 1061. 

Helton, J.C., et al., 2010. Representation of analysis results involving aleatory and epistemic uncertainty. International Journal of 

General Systems, 39 (6), 605–646. 

Hora, S.C., 1996. Aleatory and epistemic uncertainty in probability elicitation with an example from hazardous waste 

management. Reliability Engineering & System Safety, 54 (2-3), 217–223. 

Kiureghian, A.D. and Ditlevsen, O., 2009. Aleatory or epistemic? Does it matter? Structural Safety, 31 (2), 105–112. 

Meng, S., Wiens, M., and Schultmann, F., 2014. A game theoretic approach to assess adversarial risks. In: C. Brebbia, ed. Risk 

Analysis IX. Southampton: WIT Press, 141–152. 

Min, H.-S., et al., 2007. Toward modeling and simulation of critical national infrastructure interdependencies. IIE Transactions, 

39 (1), 57–71. 

Paté-Cornell, M.E., 1996. Uncertainties in risk analysis: Six levels of treatment. Reliability Engineering & System Safety, 54 (2-

3). 

 i tre- am a  d s     and  ouissou      2 1    odeling safety and se urity interdependen ies with      ( oolean logi  

Driven Markov Processes). In: IEEE, ed. Proceeding of the 2010 IEEE International Conference on Systems, Man and 

Cybernetics (SMC). Piscataway, USA: IEEE, 2852. 

Raspotnig, C. and Opdahl, A., 2013. Comparing risk identification techniques for safety and security requirements. Journal of 

Systems and Software, 86 (4), 1124–1151. 

Schätter, F., et al., 2014. A multi-stage scenario construction approach for critical infrastructure protection. In: S. Hiltz, et al., 

eds. ISCRAM 2014 Conference Proceedings: Book of Papers. 11th International Conference on Information Systems for 

Crisis Response and Management. University Park (Pennsylvania): The Pennsylvania State University, 397–406. 

Schoemaker, P., 1995. Scenario planning: a tool for strategic thinking. Sloan Management Review, 36 (2), 25–40. 

Senge, R., et al., 2014. Reliable classification: Learning classifiers that distinguish aleatoric and epistemic uncertainty. 

Information Sciences, 255, 16–29. 

Wiens, M., et al., 2014. Optimizing Security vis-à-vis Terrorist Attacks: An Application for Public Rail Transport Systems. In: 

Conference Proceedings: 9th Security Research Conference 'Future Security'. September 16 – 18, 2014, Berlin (in press). 

Berlin. 

Wright, G. and Goodwin, P., 1999. Future-focussed thinking: combining scenario planning with decision analysis. Journal of 

Multi-Criteria Decision Analysis, 8 (6), 311–321. 

475



 

Copyright © 2014 by Anette Mikes and Amram Migdal 

Working papers are in draft form. This working paper is distributed for purposes of comment and 
discussion only. It may not be reproduced without permission of the copyright holder. Copies of working 
papers are available from the author. 
 

 

Learning from the Kursk 
Submarine Rescue Failure: 
the Case for Pluralistic Risk 
Management  
 
Anette Mikes  
Amram Migdal 

 
 

 

Working Paper 
 

15-003 
 
July 19, 2014 

 

476



1 

 

 

Learning from the Kursk Submarine Rescue Failure: 
the Case for Pluralistic Risk Management 

 

 

 

Anette Mikes1 

Harvard Business School and HEC Lausanne 

Amram Migdal 

Harvard Business School 

 

 

Draft: 19 July 2014 

 

 

 

Abstract 

The Kursk, a Russian nuclear‐powered submarine sank in the relatively shallow waters of the 
Barents Sea in August 2000, during a naval exercise. Numerous survivors were reported to be 
awaiting rescue, and within a week, an international rescue party gathered at the scene, which had 
seemingly possessed all that was needed for a successful rescue. Yet they failed to save anybody. 
Drawing on the recollections and daily situational reports of Commodore David Russell, who headed 
the Royal Navy’s rescue mission, and on Robert Moore’s (2002) award-winning book A Time to Die: 
The Kursk Disaster, the paper explores how and why this failure—a multiparty coordination failure—
occurred. The Kursk rescue mission also illustrates a key issue in multiparty risk and disaster 
management, namely that the organizational challenge is to enable multiple actors and subunits with 
competing and often conflicting values and expertise to establish a virtual, well‐aligned organization. 
Organizational structures that can resolve evaluative dissonance, and processes that enable such a 
resolution, have been proposed in various literatures. Attempting to synthesize relevant works on 
pluralistic control and collaborative heterarchies, this paper proposes the foundations of what might 
be called pluralistic risk management, and it examines its conditions of possibility, in light of the lessons 
of the Kursk submarine rescue failure. 
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Learning from the Kursk Submarine Rescue Failure: 
the Case for Pluralistic Risk Management 

 

During a military exercise in August 2000, a state-of-the-art Russian nuclear submarine, the Kursk, 
sank in the Barents Sea, triggering global media attention and an international rescue effort. In 
addition to Russia’s Northern Fleet, two other organizations got involved in the rescue operation: the 
UK Submarine Rescue Service and a Norwegian offshore-diving company. Between them, these three 
parties seemingly had all that was needed to rescue the trapped sailors, yet the entire crew was lost. 
How did this happen? In this paper, focusing on the multiparty “virtual organization” formed by 
Russian, British, and Norwegian forces during the Kursk rescue mission, we set out to explore the 
organizational, cultural and structural origins of coordination failure. Then, reflecting on the limited 
ability of traditional, diagnostic risk management controls to address the demands of pluralistic 
situations, we call for the inclusion of pluralistic control principles into the risk-management practices 
of complex, multiparty organizations.  

All too often, we think we can solve risk and crisis-management problems by finding the right 
technical solutions. But because participants in such situations often disagree on the guiding 
principles, there is also a need for leadership to reconcile conflicting values and objectives. The 
organizational issue that the Kursk rescue failure raises is this: how and under what conditions can 
coordination be brought about and engineered (“designed”)? Drawing on the works of organizational 
design researchers, such as Robert Simons’ Levers of Organization Design, the answer is that there are 
indeed several organizational levers that may produce the requisite constellation of resources, 
accountabilities, interactions and mutual commitment. Simons in particular argues that skillful 
managers may adjust certain ‘levers of organization design’, but other management theorists warn us 
about the contingent nature of organizations: there are severe limitations to what agents can achieve 
by design. Thus the oft-cited differences between managers ‘espoused’ versions of how organizations 
and action should unfold, and the troubling divergences, dissonance and actual ‘theories-in-use’ that 
only reveal themselves in action (Argyris, 1995).  

The Kursk rescue mission highlights another issue that often gets in the way of the orderly, top-
down execution of even the best-laid plans: the existence of “multiple evaluative principles”. From an 
organizational design perspective, the co-existence of multiple evaluative principles undermines top-
down, hierarchical structures and  necessitates an alternative organization, an ideal type that David 
Stark calls the “heterarchy”: an organizational form in which units are laterally accountable according 
to diverse principles of evaluation (Stark, 2009).  Heterarchies foster “a sense of dissonance” and 
breed tension – but they are not necessarily dysfunctional. This is because the co-existence of multiple 
value systems can create productive tension, and be the source of innovation (Hutter and Stark, 
forthcoming).  

This raises the question of how to create collaborative heterarchies, that is, how to enable 
organizations consisting of multiple parties with competing and often conflicting values and 
expertise, to orchestrate coordinated action? In the case of the Kursk rescue mission, many 
commentators attributed the apparent tension to politics (assuming the Russian Navy and/or 
Government had no interest in saving those sailors with Western help, having tried and failed by 
themselves). This paper focuses on the less examined organizational aspects of the Kursk rescue 
failure that reveal themselves in two particularly powerful ways: first, in the presence of various 
competing objectives at play, and second, in the conflicting evaluative principles that were in use to 
prioritize them.  

There were sharp, unresolved disagreements on what was at risk, which led to multiple agendas 
coming into play, and the definition of various objects at risk (Boholm and Corvellec, 2011), including 
Russian naval secrets, the Kursk sailors’ lives, the safety of the rescuers, and the political interests and 
reputational considerations of the Russian government and the Northern Fleet. These agendas (and 
objects at risk) shifted in and out of media focus, but were also given different and changing priority 
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by the rescuers and presumably, by key decision makers.  Besides, even when the same risk object 
came into discussion  - the risk to the lives of the trapped sailors-  participants’ assessments of the risk 
in question differed markedly. This can be traced back to the very different evaluative principles and 
expertise applied by the “Western” parties and the Russian navy.  

This is not to say that incompatible principles of evaluation necessarily result in coordination 
failure – the tensions they raise can foster creative debates, with a recognizable beginning and end, 
collective resolution and perhaps even innovation (Simons, 2005; Stark, 2009; Hutter and Stark, 
forthcoming). But organizations that can resolve evaluative dissonance and processes that enable 
such a resolution are hard to find. In principle, their contours have been described in various 
literatures. Attempting to synthesize relevant works on pluralistic control and collaborative 
heterarchies, this paper proposes the foundations of what might be called pluralistic risk management, 
and it examines its conditions of possibility, in light of the lessons of the Kursk submarine rescue 
failure. 

Sources of Evidence 

We draw on Robert Moore’s (2002) award-winning book A Time to Die: The Kursk Disaster, as well 
as on the field reports and personal recollections of one key participant, Commodore David Russell, 
who led the UK rescue effort. Moore was the Moscow correspondent of a British television company 
at the time of the Kursk disaster. He conducted numerous interviews with the Russian, British and 
Norwegian rescue forces, including those in command at the scene, and with the families awaiting 
news at the Vidyaevo Naval base; he later interviewed various other navy personnel, media 
commentators and technical experts. Apart from interviews, he examined extensive archival records, 
including the letters left behind by the trapped sailors inside the Kursk, and the Russian 
Government’s subsequent post mortem and final report that resulted from a two-year inquiry.  

The lapse of almost 14 years since the disaster made interviewing difficult, but we located and 
interviewed one of the witnesses, Commodore Russell, who maintained extensive field diaries 
(“situational reports”) at the time, which both corroborate and enrich Moore’s evidence. We recorded 
and transcribed 6.5 hours of interview material, prepared with Russell between November 2013 and 
February 2014, and also had an off-the-tape, informal conversation with Moore, which gave us a 
better understanding of his research process. 

The following sections outline the incident and the rescue mission in chronological order, focusing 
on distinct elements (the accident, the survivors, the rescue parties and how they attempted at 
forming an organization, and the futile negotiations between them). Our Discussion follows, and we 
close the paper with a call for pluralistic risk management – an inclusion of pluralistic control 
principles into disaster and risk management. 

The Events of the Kursk Rescue Mission 

The Accident 

The Soviet Navy, throughout the 1980s the main opponent of the U.S. Navy and its allies 
(including the Royal Navy), shrank markedly after the fall of the Berlin Wall. By most estimates, the 
Russian Federation Navy of the late 1990s was approximately half the size of the Soviet Navy at its 
peak. The navy’s share of the defense budget declined from 23 per cent in 1993 to 9.2 per cent in 1998.i 
Russia’s new military doctrine emphasized the Navy’s role in securing the economic exploitation of 
Russia’s sovereign seas, but no longer aspired for the “blue water” dominance of the USSR era.ii  

Yet the submarine force was still one leg of Russia’s nuclear triad.2 Russia was a leader in the race 
to construct ever-quieter submarines. Built between 1992 and 1995, the Kursk was one of the largest 

                                                            
2 The term “nuclear triad” refers to a typical arrangement of a nation’s nuclear arsenal: strategic bombers; land-based 
intercontinental ballistic missiles, and submarine-launched ballistic missiles. 
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attack submarines ever built—505 feet (154 meters) long and four stories high. According to Russian 
doctrine, its role in an all-out confrontation with Atlantic allies would be to hunt down and destroy 
American aircraft carriers and battle groups. Apart from the low magnetic signature that made the 
sub difficult to track, its most distinctive feature was its double hull; with over 6.5 feet between the 
two steel hulls, the Kursk could survive a collision or torpedo attack, prompting its designers to 
describe it as unsinkable.iii  

 

Overall, however, the Russian Federation Navy suffered repeated budget cuts and by 2000, the 
condition of its support infrastructure was atrocious. The submarine piers, the torpedo-loading 
cranes, the repair shops, the rescue equipment, the training centers, and the housing all deteriorated 
rapidly.iv In 1995, the Fleet’s annual budget was spent in the first half of the year; payment of salaries 
was then suspended for several months. 

In 2000, Russia’s newly elected president, Vladimir Putin, promised to boost the prestige and 
morale of the military. In order to impress him, the Northern Fleet admirals decided to hold their 
annual summer exercise on a scale not seen since the collapse of the Soviet Union; it involved 30 
surface ships and four submarines.  

As always, the Norwegian Intelligence Service followed the Russian naval exercise. On Saturday 
morning, August 12, the Norwegian seismological institute recorded two massive explosions in the 
Barents, one registering 1.5 on the Richter scale, and the next, two minutes later, registering 3.5. 
Unbeknownst to the Norwegians, a compromised torpedo had exploded inside the Kursk’s torpedo 
room, which then detonated most or all of the remaining warheads. 

The Peter the Great, the Northern Fleet’s flagship, logged a powerful underwater explosion, but 
senior officers, preoccupied with other logistical concerns, took no note. The shockwaves rocked a 
sister submarine, the Karelia, which was carrying out its own exercise orders 32 nautical miles away, 
but its commander and a visiting rear admiral onboard concluded that it must have been an 
underwater explosion linked to the exercise. 

At 11:30 PM, half an hour after the Kursk missed its second routine communication, Admiral 
Viacheslav Popov, Commander-in-Chief of the Northern Fleet, issued an emergency alarm. Just after 
5 AM on Sunday morning, the duty officer in the Navy’s Moscow Command Center called Rear 
Admiral Gennady Verich, the head of the Russian Navy’s search-and-rescue forces, at his home. 
Verich’s first action was to gather a team of staff officers and start planning a response if the loss of 
the Kursk was confirmed. He also decided to fly up to the Northern Fleet’s headquarters in 
Severomorsk and assume direct command of the operation.  

Meanwhile, the scientific director of the Norwegian seismic institute remained puzzled by the 
“mysterious Barents data” and passed the information to the Norwegian Intelligence Service. Many 
analysts were on holiday and it was early Monday when Admiral Einar Skorgen, a commander of the 
Norwegian Navy, got the news. By then, he also had aerial intelligence confirming a concentration of 
Russian warships. Skorgen determined that the Russians were facing some kind of emergency. On a 
direct military-to-military link, he called Admiral Popov and offered “assistance if that is required,” 
but was reassured that “the situation is under control, and we have no need for any assistance.”v 

Inside the Kursk 

The shockwaves destroyed the first five compartments of the Kursk, instantly killing all within, but 
the nuclear bulkhead held. Twenty-three sailors who resided in the aft compartments survived. Two 
hours after the explosions, as the Kursk lay inert on the seabed at 350 feet (100 meters), these sailors 
gathered in the ninth compartment, which contained the escape tower, their one remaining escape 
route (Exhibit 1).  

A 28-year-old captain-lieutenant, Dmitri Kolesnikov, took charge. Taking a notepad and a blue 
pen, he wrote the date—“12.08.2000”—in the top left-hand corner and the time—“13.34”—in the top 
right-hand corner. Then he listed each survivor by name and rank.vi  
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Once the nuclear reactor scrammed and electricity seized, the ambient temperature started to 
drop. The Kursk survivors changed into thick thermal clothing to combat hypothermia. The options 
for them were to wait for rescue by submersible or to attempt an escape via the tower, risking a 
perilous 350-foot ascent and hoping that someone was ready to receive them on the surface. They 
chose to wait. Since the most immediate danger was the build-up of carbon-dioxide in the air, the 
sailors did what they were trained to do, periodically opening up air-regeneration cartridges to hang 
them up and allow the air to circulate through them.vii The chemicals inside would absorb carbon-
dioxide, which the sailors replaced with fresh oxygen by burning candles developed for this purpose. 
However, the oxygen candles themselves posed a fire hazard.  

UKSRS Mobilizes 

On the morning of Monday, August 14, Russia’s main television channel broke its schedule with a 
special announcement on “malfunctions aboard the Kursk” confirming that the submarine was “lying 
on the bed of the Barents sea.” The Northern Fleet Press Service reported: “The crew . . .  is alive and 
communications with them are being maintained . . . using tapping methods.”viii  

The news was immediately broadcast around the world. Commodore David Russell had just 
arrived at his desk in Northwood, London, when his aide told him to turn on the radio, and they 
caught the story. Russell noted the time—8:05—and instinctively, began contingency planning. He 
knew that, to rescue anyone from a sunken submarine, time was of the essence.  

With neither ministerial clearance from London nor a Russian request for assistance, Russell 
ordered the United Kingdom Submarine Rescue Service (UKSRS) to transfer to Scotland and 
identified a suitable vessel in the Barents and a port in Norway where the UKSRS team could join it. 
He also put in an executive order to lease an Antonov cargo plane from a commercial transport firm 
to carry the necessary equipment.  

The Royal Navy possessed one of the most capable mini-subs, the newly refitted LR5, described as 
an “underwater helicopter” because of its maneuverability and versatility. Weighing 21 tons and with 
a crew of two, the LR5 used a “transfer skirt” which could be attached to a submarine’s escape tower, 
allowing hatches to be opened and the trapped sailors to make their way into the LR5’s rescue 
chamber.  

The UKSRS team maintained a database of commercial motor vessels (most serving in the offshore 
petroleum industry) that were suitable to host the LR5 as a mother ship. By outsourcing the mother-
ship operations, UKSRS had the flexibility to use vessels around the world without the overhead of 
maintaining one itself. Russell’s team chose the Normand Pioneer, which was based in northern 
Norway and was in a good position for a dash to the Barents. By Tuesday morning, the UKSRS 
personnel and equipment were all gathered in Prestwick, Scotland, ready for transit to Trondheim, 
the “preferred mobilization port.”  

Russell felt no technical, budgetary, or political constraints to the rescue mission, only the pressure 
to act quickly. First, with an annual budget varying between GBP 500,000 and 1 million ($0.8–1.6 
million), UKSRS was adequately equipped and funded and its personnel was more than adequately 
trained to carry out a rescue mission in the relatively shallow waters of the Barents. Second, while 
politicians at Number 10 were debating whether or not to make an official offer of assistance to 
Russia, Russell was convinced that there was no harm in “stealing a march on events” by putting 
UKSRS into a state of readiness. Third, Russell acted out of a deeply felt conviction that he, as a senior 
naval officer, had sufficient latitude:  

There is a tradition in the Royal Navy of doing what you think is right, taking the initiative, 
and being prepared to justify it later, rather than doing nothing and being unable to justify 
your inaction. The great test is: Can you sleep at night? Hence, to some extent this was an 
example of what Royal Navy senior officers were expected to do—the right thing. I did not feel 
the need to seek orders from the UK. It was sufficient to know that my mission was to rescue 
survivors if I could and help the Russians. Besides, if there isn’t something which literally tells 
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you that you can’t do something, then if you do it, you’re—in theory—not breaking a rule. Of 
course, the flip side to this is that if you got it wrong, it was your head on the block.  

Russell quoted the “law of the sea” as another trigger of his actions:  

All navies, unless at war, have a duty to help one another. This is an unshakable value for 
those who go to sea, even more so for submariners.  

Finally, Russell was convinced that his team was the right team to carry out the mission:  

It felt like my whole life had been a preparation for this moment. It’s because we are 
submariners, we understand what the conditions in the Kursk would be like. We knew that it 
would be freezing cold. We knew there would be water in the compartment. We knew it would 
be pitch-dark. We knew that the atmosphere would be lacking in oxygen and building up in 
carbon-dioxide, the pressure would be increasing, their time was limited. It’s been part of our 
submarine training. So we were the experts, if you like.  

Organizing the International Rescue Effort 

By the end of Monday, August 14, the Norwegian, British, and U.S. governments had offered 
assistance to Russia. That evening, Admiral Kuroyedov, a close ally to President Putin, dampened 
hope of a quick rescue and, discussing the possible reasons for the disaster, alluded to the possibility 
of a “collision.”  

Even though he did not specify what the Kursk could have collided with, his announcement raised 
the political temperature—reviving memories of occasional Russian-NATO submarine collisions—
and drew attention from the immediate concern for the survivors. Due to the undoubtedly intensive 
British and American spy operations off the Kola peninsula during previous decades, the Northern 
Fleet was bound to question the sincerity of any offer of help and, at worst, to regard the offer as a 
cover for further espionage.ix The U.S. gesture was dismissed out of hand as politically unacceptable.x 
However, offers from Norway and the UK, countries with historic and geographic links to Russia, 
were harder to dismiss. The Russian admirals were split down the middle and so were their superiors 
in the Ministry of Defense and the State Duma in Moscow.  

According to the Draft Russian Military Doctrine of 1999, “command and control” of the armed 
forces was exercised by these federal political authorities. By tradition dating back to the tsars, the 
minister of defense normally was a uniformed officer. The State Duma also seated a large number of 
deputies who were active-duty military officers, another tradition dating back to the imperial era.xi 
This tight centralization of decision-making was coupled with a top-down control ethos. Russell, who 
had been privy to Russian naval communications for decades, understood that his Russian 
counterparts had much less latitude in decision making than he did:  

My experiences of watching Russians, listening to their communications, watching their 
exercises and their operations is that they are very careful to observe orders and very careful 
not to take responsibility or demonstrate too much initiative. It’s not encouraged. So there is a 
plan. Everybody has a part in that plan. You do not vary or deviate from it. And if you do, you 
tend to have to ask permission from further up the chain. So quite often you’d hear the phrase, 
“I will have to ask my senior.” Russian officers are trained to follow orders, trained to seek 
approval for what they do, or if there’s a problem, to ask for the answer from above, not to 
necessarily fix it themselves.  

On Tuesday, senior officials in the Defense Ministry were debating whether to accept Western 
help. Many argued that the Western offers were cynical and hypocritical gestures from naval powers 
whose only real interest in the Barents Sea was espionage. The Kursk was the most modern submarine 
in Russia’s arsenal, her missiles and equipment among the most sensitive secrets in the Navy. To the 
older generation of military leaders in Moscow, the idea of losing 118 men aboard the Kursk to protect 
military secrets, while tragic and embarrassing, did not constitute a military disaster. However, a 
younger cadre of naval officers deeply resented the fact that their conservative colleagues appeared to 
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regard saving the lives of the Kursk sailors as a secondary priority. They argued that Russia would 
look callous if it rejected international assistance. There was also uncertainty about which way the 
new president would view the offers of help from aboard. But President Putin was on holiday and 
silent. In Moscow, there was paralysis.xii  

While the politicians in Moscow debated, the Russian submarine rescue team located the Kursk 
and determined its datum (69°36’59”N, 37°34’26”E), making several attempts to dock. On two 
occasions, the pilots managed to attach a rescue mini-sub to the Kursk, but due to short battery lives, 
and to other technical constraints, these efforts remained fruitless. Meanwhile, Northern Fleet officers 
watched the rescue attempts from the bridges of the surrounding battleships, and could not contain 
their frustration. One staff officer shouted at Verich “Admiral, you are a disgrace to your uniform and your 
Navy!”xiii On Tuesday evening the weather turned bad and Admiral Verich had to suspend rescue 
efforts.  

In Moscow, a decision was made to accept Western help. On Wednesday at 2 PM, Admiral Popov 
called his Norwegian counterpart, asking for deep-sea divers. The Russian Navy’s divers operated at 
a maximum depth of 60 meters, but to reach the Kursk, they needed professional divers, equipped 
with the most modern diving and decompression facilities, who had honed their skills in the off-shore 
petroleum industry, and for whom operating at 100 meters was a “walk in the park.” Skorgen knew 
where to find those men and immediately called Stolt Offshore, a commercial contractor 
headquartered in Stavanger, Norway. The Norwegian military treated the rescue mission as its own 
national emergency and, apart from commissioning Stolt to bring its nearest available vessel to the 
accident site, they provided fighter jets for transport, gathered 120 tons of equipment from across 
northern Europe, and mobilized the divers, support teams, translators, and members of the 
Norwegian Radiation Protection Board. By Friday, all were en route to the Barents aboard the motor 
vessel Seaway Eagle.  

Meanwhile, two Russian admirals had met the British Naval Attaché in Moscow on Wednesday, 
requesting information on the rescue technology the Royal Navy could provide. Brazenly 
contradicting the hardline agenda of their more conservative colleagues, the two admirals handed 
over diagrams about the Kursk’s hatch and how to operate it.xiv A few hours later, Russell, who was 
eagerly awaiting a Russian response in London, was invited to participate in a conference call with 
the Russian Military Representative at NATO headquarters in Brussels, where a NATO offer of 
assistance had been extended. In the evening, the Russian government officially accepted the offer. 
Russell, his direct reports from UKSRS, and an interpreter raced to a military airfield near Northwood 
and boarded an RAF aircraft for Murmansk, expecting to join the Russian Navy command. While the 
Normand Pioneer, with the rest of the UKSRS team and equipment aboard, had sailed to the Barents on 
Thursday morning, Russell and his colleagues were refused permission to enter Russian airspace at 
the Norwegian-Russian border. Russell recalled the shock of the moment that, in retrospect, he came 
to see as a “key event”:  

The idea was that we would start to brief the Russians, join in with their operation, and as 
soon as the team on the Normand Pioneer arrived, we could use them. We got to within about 
half an hour, I suppose, of crossing into Russian air space when we were told that we didn’t 
have approval to cross into Russian airspace. So we landed somewhere in Norway. We set up 
communications in a hotel, and then spent a day in fruitless negotiation to move to the Russian 
flagship. Finally, we gave up, and on Friday flew via a Norwegian Army helicopter to join the 
Normand Pioneer. This meant we could never set up a joint command and control structure and 
could not identify a common objective, because the UK team would not be co-located with the 
Russian command. This might have been unrealistic, as international relations were still 
emerging from their Cold War chill, but it was a key indicator that this mission would not be 
easy.  

Russell attributed the refusal to Russian national security concerns, as no British commander had 
ever set foot aboard the Peter the Great. Yet he was determined not to be deterred from his objective—
“to save lives.”  
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Nobody ever had the temerity to suggest to me that I use this mission for intelligence 
gathering, and had they done so I would have told them not to be so silly, or probably used 
slightly stronger words than that actually, because you can’t mix the two things up. If you’re 
there to rescue people, you’re there to rescue people. If you’re there to gather intelligence, 
that’s fine, but don’t go around trying to rescue people. You can’t mix the two things and keep 
both things honest. I would have had no part in intelligence gathering when I was trying to 
rescue people.  

In the end, both the Normand Pioneer and the Seaway Eagle arrived at the scene of the rescue on 
Saturday morning (see Exhibit 2 for a timeline and summary of events during the week). The 
international rescue effort was coordinated from the Peter the Great (see Exhibit 3 for the apparent 
command and control arrangements.) Ships communicated with ships using their VHF radios and 
international marine communications—however, these conventions were developed primarily for 
port operations and for summoning rescues, and were ill- suited to carrying out non-routine tasks. 
Russell felt “it was difficult to work out who was in charge”—partly, because there was no previous 
precedent for a similar operation: 

There isn’t a common communications system. There isn’t a common language. There isn’t 
a common protocol—and anyway, the Russian commanders would have been very reluctant to 
speak directly to the Western commanders without approval. So the link through the [British] 
Embassy and Moscow was quite important, particularly initially. […] We haven’t practiced 
operations with multiple ships in some sort of organized group with the Russians. And now 
that’s really what we were trying to do. We were trying to organize a group of ships and 
people to do a common task, and we had no precedent for doing that with the Russians. There 
was also no pre-agreed process for the British rescue forces to work for Admiral Skorgen. 

Russian naval command remained firm on the need to keep the international rescue parties at a 
distance from the Kursk datum, and had directed both the Normand Pioneer and the Seaway Eagle to 
take a position 14 nautical miles from the accident site.  

Meanwhile, Rear Admiral Verich and his team of submersible pilots continued—weather 
permitting—the frustrating cycle of short and futile dives to the Kursk and long battery-recharges. By 
Thursday, the weather was letting up, the available two rescue submersibles were both ready to 
launch, and more experienced pilots had arrived. Despite the swift current, one pilot managed to land 
the first submersible on the Kursk eight times, and on the final attempt succeeded to hover in a stable 
position over the hatch for twenty minutes –an incredible feat of skill and stamina- while attempting 
but ultimately failing to create the necessary air seal.xv Next, the second mini-sub made an attempt, 
but upon entering the water, a leak (probably the result of poor maintenance) caused an uncontrolled 
dive. The pilots managed to steady the damaged mini-sub, but were in grave danger themselves and 
had to abandon the operationxvi. 

“Are there any signs of life?”  

Since Tuesday, 15 August, the families of the Kursk sailors had been campaigning to save their 
husbands, fathers, and sons, calling Moscow newspapers and radio and TV stations across Russia. 
Their assessment was that the admirals were only worried about the submarine, not the men trapped 
inside.xvii On Tuesday evening, they were invited to attend an official meeting at the Officers Club of 
the Vidyaevo naval base. A vice admiral from Moscow sought to reassure them: “Yes, they are in 
peril, but they are alive, and our Fleet is doing all it can to rescue them. Have faith and stay patient for 
a little longer.” The same evening, Igor Baranov, the construction director of the Kursk, spoke at a 
press conference: “The ship is the best in the world in terms of the life support for the sailors. We 
cannot know the reason for the accident or the scale of it. But in the Kursk there is food, water and 
regeneration systems. […] It is possible the entire crew can be saved. [They might survive] five or 
possibly six more days.”xviii  

Meanwhile, the Northern Fleet Press Service officially released the news that knocking had been 
heard from inside the Kursk, without disclosing any further details.xix  
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As the week passed, Russian media grew more and more critical and even furious. On Thursday, 
the Kremlin announced that president Putin would not break off his holiday on the Black Sea coast, 
where he was also performing routine presidential duties, as his presence would only distract Navy 
commanders, but he was being briefed every two hours. Admiral Kuroyedov declared that the 
emergency supplies in the Kursk could keep the sailors alive for at least one more week. On Friday, 
the Komsomolskaya Pravda, a national daily, ran a front page headline “SOLD FOR 18,000 RUBLES . . .” 
followed by the names of the Kursk sailors (which it obtained by allegedly bribing an anonymous 
officer at Fleet headquarters with 18,000 rubles, equivalent to $645) and spoke out against “crass 
military culture that valued machines more than men.” The Sevodnya newspaper debated the politics 
of the international rescue mission and quoted a Defense Ministry official saying: “. . . the admirals 
think everything will end in political catastrophe if a single Russian sailor is rescued from [the 
submarine] with foreign help.”xx  

On board the Seaway Eagle, the Norwegian rescue team speculated about the Kursk sailors’ 
survival chances. Offsite manager Graham Mann, who was in charge of the divers, had a clear 
philosophy that allowed the speculations to end: “Unless I know they are dead, I will work on the 
assumption they are alive.”xxi In almost the same words, Russell declared to his team: “Until we know 
for certain that there’s no chance, we carry on with the rescue operation.”xxii 

Throughout the week, the daily situation reports sent by UKSRS from the Normand Pioneer to 
Northwood were asking myriads of questions directed at the Norwegian divers, the Russian rescue 
service, and their own intelligence. Starting with an urgent “are there any signs of life?”, the questions 
touched upon a wide range of expertise, including the naval engineers in the UK Ministry of Defense, 
who were studying Kursk hatch drawings they had received from the Russians in order to plan how 
to dock LR5 with the submarine, and the Institute of Naval Medicine at Laverstoke in Hampshire, in 
order to learn more about the likely condition of the Kursk sailors. Russell commented:  

We would make a single request with all these questions back to what we call our 
Operating Authority—our senior operations person, if you like. And he would then take 
responsibility for finding out the answers from the experts, whatever they were, and getting 
the answers back to us. So it wouldn’t be our job to say, Oh gosh, we need to ask that particular 
engineer in that particular department. That would be the job of the Operating Authority. And 
he would certainly go across boundaries, and nobody would expect him to be constrained by 
silos. 

By Friday, UKSRS had learnt that the Kursk’s hatch dimensions were compatible with LR5’s, 
noting in their daily situational report: “Now [we are] as confident as we can reasonably be that 
[docking] successfully is possible.” The questions probing the Russian rescue effort and the condition 
of the Kursk sailors remained unanswered—UKSRS had to go by the media reports. 

UKSRS also sent dozens of requests for equipment and personnel. During the week, they procured 
a Royal Navy officer who was a Russian linguist, an underwater microphone from home base capable 
of detecting the slightest sound onboard, and soda-lime curtains from the Norwegian Submarine 
Service to absorb carbon dioxide. By Friday night, UKSRS had tentative plans in place for the “LR5 
flight.”  

The most controversial aspect of this, having been debated by the team for two days, was the 
composition of the mini-sub’s crew. With a crew of two, LR5 could rescue 16 sailors at a time. Russell 
anticipated that a Russian-speaking submariner was also needed, as well as some Russian 
submariners to “supervise what goes on.” LR5, in theory, could have been used for intelligence 
gathering, and Russell surmised that he needed to give the Russians a way to allay their suspicions.  

At close to midnight, Russell concluded his situational report with the following “intentions” for 
the next 24 hours: (a) Meet with Russian and Norwegian colleagues, in order to resolve 
technical/safety issues and command and control arrangements; (b) conduct initial survey around the 
hatch area with LR5; (c) subject to resolution of technical/safety issues with Russians and favorable 
hatch-area survey, start sequence of LR5 flights.  
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Saturday, 19 August, aboard the Seaway Eagle 

At 11:30 AM, exactly a week after the double explosion aboard the Kursk, the three rescue parties 
held a summit meeting on the Seaway Eagle. Chaired by a Norwegian submarine captain, the meeting 
brought together, for the first time, Admiral Verich, Commodore Russell, and Stolt’s offshore diving 
manager, Graham Mann. For Russell, the meeting was a disappointment. In Saturday’s situational 
report, he noted: “Following grateful welcome from Russians, it very quickly became clear that the 
Russian aim for this meeting was to obtain agreement to a predetermined plan [of their making]; to 
use Norwegian [divers] first for inspections and a hull tap check, holding LR5 in reserve if required.”  

Diving operations would start on Sunday morning and Mann agreed to put two diving teams into 
saturation, insisting that they would first be allowed to undertake a detailed risk assessment survey 
around the submarine. Verich was not authorized to agree to this on the spot. Having promised to 
return in the evening to discuss the diving plan with Mann, Verich was about to leave the Seaway 
Eagle, when Russell “pressed” him “to address the deployment of LR5.” However, Verich discounted 
LR5’s capabilities, declaring that if the Russian submersibles could not form a seal with the 
submarine’s escape hatch, no other mini-sub could. Russell made a futile attempt to explain LR5’s 
superior capabilities: “It was clear that the Admiral had been briefed on the pre-refit capabilities of 
LR5 and chose to ignore briefing on her improved capability.” In a desperate gesture to persuade 
Verich, Russell invited him to visit the Normand Pioneer and view LR5 for himself, but Verich 
declined.  

Verich appeared to believe that, in fact, there could be no survivors left on the Kursk, citing seven 
days as the maximum amount of time they could have survived. He wanted the Norwegian divers to 
confirm his belief that the Kursk had been flooded, so that “the rescue could be called off and the 
Russian People told.” Russell argued that, in the Royal Navy’s experience, there could be no clear-cut 
estimates for how many days trapped submariners could survive:  

The Russian view about this was almost mechanistic, really. They had worked out—I don’t 
know on what basis they’d worked out—that the air would run out after seven days, and 
therefore after seven days everyone is dead. Life and death just isn’t like that. You just don’t 
know all the variables, and even if you do, these are only estimates. Nobody’s ever run an 
experiment to see how long people survive in these conditions.  

Russell also realized that the Russian rescue team was no longer in “rescue” mode:  

The Russian mindset appeared to have already shifted from rescue to salvage. Now, you 
can speculate as to why that was. Some of it might have been, look, we know how long they’ve 
been down there, we know when the explosion was, we don’t think they can have survived. 
All our books tell us they’re dead. Or it could be more to do with the fact that they really 
wanted to get this thing ended because it was a political and military embarrassment. But 
whatever, there was no doubt there was a completely different approach to the problem. That’s 
a key moment, really, when you realize that your ambition, your objective, is not shared by the 
other side. 

The international rescue summit ended. Admiral Popov ordered the Seaway Eagle five nautical 
miles closer to the Kursk datum, while the Normand Pioneer remained where it was, 45 minutes 
steaming time from the scene. Russell wryly commented: “14 nautical miles is a long way away. It’s 
over the horizon.” But clearly, the distance between the leaders of the Russian and British rescue 
forces was immeasurably longer.  

“Submariner to submariner…” 

Later that day, the Normand Pioneer received a visitor—Vice Admiral Oleg Burtsev, commander of 
the Kursk’s flotilla. Unannounced, Burtsev indicated he came to talk as a submariner to a submariner. 
Russell felt instant rapport with him and later noted in his situational report:  
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There appears to have been no communication between Burtsev and Verich. Burtsev did not 
know where Verich was and indicated that he didn’t particularly care. Burtsev promised to 
bring [two engineers who are familiar with the Kursk’s escape tower and hatch mechanism] to 
the Normand Pioneer as soon as possible, to confirm the exact technical details. Although the 
Northern Fleet’s submersibles are planned to operate through the night until 07:00, Burtsev 
was keen to employ LR5 as quickly as safely possible thereafter. He was briefed on LR5 
capabilities and commented that, although conditions were probably on the limits, he was keen 
to give it a chance. Atmospherics were business-like and extremely warm throughout. He 
departed after 45 minutes. 

 
In his summary reflections of that day, Russell concluded: “There appears to be considerable 

confusion as to what the Russian plan is and who is in charge of it. Nevertheless, Burtsev is clearly a 
man who is well motivated and liable to get things moving. If he convinces Popov that the current 
rather pedestrian approach should be abandoned, then LR5 could be in action tomorrow.” 

UKSRS spent Sunday waiting in vain for the Russian submarine experts Burtsev had promised. At 
the end of the day, Russell concluded his briefest situation report: “No progress obtaining submarine 
experts since Admiral Burtsev’s visit last night. In view of apparent intention of Russians to start 
diving operations [deploying the Stolt divers], I do not expect LR5 to be employed in the near future 
and believe the outcome of these diving operations may well determine the nature and extent of 
further rescue efforts.”  

Diving operations started on Sunday at 8AM and lasted all day. While the submarine’s hatch 
remained closed, the divers performed equalizing-valve checks and by the end of the day, produced 
only inconclusive evidence on the state of the submarine. On one hand, the escape tower was flooded, 
but on the other, there was still a chance that the ninth compartment was sealed and dry. The divers 
also reported that the hatch had appeared undamaged and recommended that the LR5 should be 
deployed to attempt rescue. The Royal Navy submersible would be of use only if the escape tower 
was dry – and that possibility still existed.xxiii 

At 2AM on Monday, Admiral Popov ordered the Normand Pioneer to the accident site and ordered 
Verich to allow the deployment of the LR5. While UKSRS was preparing to launch LR5, shortly after 
dawn, the top hatch of the submarine swung open. There were no divers around the stern of the 
Kursk at the time – but the buoyancy bag they had fitted on the hatch proved sufficient to open the lid 
during low tide that morning3. The divers could now enter the escape tower and examine the lower 
hatch directly, carrying out another check of whether the pressure inside the Kursk was different from 
sea pressure. It wasn’t, indicating that the sub was flooded. At 10:30AM, divers opened the bottom 
hatch and lowered a small video camera into the ninth compartment. The rescuers had pictured the 
sailors dying from either flooding or from carbon-dioxide poisoning – but they now saw evidence of a 
fire.4 The camera showed blackened walls, cracked and blistered paintwork, and eerily, a body 
floating face down.  

Epilogue  

At 11:40AM, aboard the Peter the Great, Commodore Russell was invited to meet Admiral 
Kuroyedov. Russell recalled a solemn meeting with no smiles, all handshakes and salutes, which in 
the end took an unexpected turn:  

                                                            
3 Russell explained, “The divers had fitted a floatation device on the upper hatch. When the lid subsequently opened, it proved 
that the pressure on either side of the hatch was sea pressure—we had direct evidence that the escape tower was flooded. So 
the next question was: is the pressure inside the submarine the same as the pressure inside the escape tower?” 

4 According to the post mortem, the Kursk sailors perished in a flash fire ignited by one of the air-regeneration cartridges. 
Changing those chemical cartridges was the sailors’ lifeline, but also posed a lethal threat. One of the survivors, while ripping 
open the packaging, appears to have fumbled and dropped it. By this time the sailors must have been standing in almost waist-
high water, and the chemicals, having reacted violently with water under the rising pressure, ignited a flash fire. 
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Interestingly, my discussions on board the Russian flagship were much more open and 
apparently sincere. I think we did at last break through the ice. We talked also about how 
maybe some good would come out of this. Kuroyedov asked, “Do you think we should learn 
more about each other’s escape capabilities, so that we can work more together in the future?” I 
said I thought that would be something that the UK would be very pleased to do, making 
foreign policy on the hoof, really. After eating some terrible pieces of sausage, he said, “Well, 
thank you very much for trying to help. What will you do now?” I said, “Well, if there’s 
nothing further that we can do, we’ll depart and head back.” He asked, “Do you need to ask 
Northwood?” I said, “No, no, I’m quite happy that if there’s nothing further I can do to help 
you, then we will leave and let you get on with your work.” He said, “Ah. I would have to ask 
Moscow.”  

Later that day, at the request of the Normand Pioneer’s crew, Russell led a memorial service 
dedicated to the Kursk sailors. Soon after, the Normand Pioneer was exchanging parting signals with 
the Peter the Great. The Russian crew, standing in line with their naval caps held aloft, cheered ship. 
Russell thought to himself wearily, “So characteristic of the paradoxes of this mission. Amongst so 
much suspicion, at the very end, a striking gesture of dignity and friendship. A symbol, perhaps, of 
what might have been achieved.”  

Discussion  

In the remainder of this paper, we shall focus on the rescue organization that was forming as a 
result of the involvement of different parties in (what turned out to be) a failed multi-party rescue 
mission.  

Both the United Kingdom and Norway offered assistance with the submarine rescue mission to 
the Russian Navy. The first question is what motivated them. One possibility is political reasoning, 
particularly in the case of Norway, which has got both historic and geographic ties to Russia and has 
collaborated with its large neighbor in the past. Norway was also motivated by a perceived need to 
protect itself from a potential nuclear disaster on its doorstep. The U.K. may have sought to improve 
relations with Russia, especially in light of Vladimir Putin’s election to the Russian presidency just 
four months prior to the incident. While political and diplomatic motivations must have played a 
central role at the higher levels of military and government, the explosive international media 
attention devoted to the high-profile calamity triggered many other actors to get involved at their 
own initiative. 

Some Western individuals who got proactively involved in the rescue effort (e.g. Commodore 
David Russell, Admiral Einar Skorgen) decided to do so instinctively, based on compassion and a 
moral conviction (“the law of the sea”). As explained by Russell, the “law of the sea” carries weight 
among (supposedly) all navies and dictates that, during peacetime, sailors have a duty to rescue other 
sailors at sea, if they can. He further emphasized that, in this case, the feeling of empathy between 
submariners was a particularly strong bond. Besides, the opportunity to help was given - Russell’s 
Submarine Rescue Service unit happened to be ready to leave on a training session in the 
Mediterranean, so Russell, without waiting for the politicians to order him to do so, quickly turned 
the operation into a live exercise in the Barents. Skorgen likewise took initiative in mobilizing his 
government’s resources and sending expert deep-sea divers to the scene. 

Action triggered by one’s values can be fast and decisive, but may also lead to unpredictable and 
unexpected results. The question is therefore twofold: first, were the driving values and objectives 
focussing on ‘rescuing people’ indeed shared by the Russian side? Second, how to create on the hoof a 
network organization that would coordinate multiparty action, while joining the three parties into a 
temporary structure?  

The following quote by Russell summed up the challenge: 

“We haven’t practiced operations with multiple ships in some form of organized group with the 
Russians. We obviously have with NATO, but not with the Russians. That’s really what we were trying 
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to do. We were trying to organize a group of ships and people to do a common task, and we had no 
precedent for doing that with the Russians.” 

With no precedent for such coordinated action in the past and no pre-agreed joint routines— i.e. in 
the absence of habituated, learnt ways of responding to problems (Weick, 1990) — the three parties 
had to quickly set up a virtual organization to enact an emergency operation.  

Emergency operations typically require strong commitment to others: putting aside self-interest 
and territoriality for cooperation and mutual support (Simons, 2005). That is, in order to best use the 
combined (and together sufficient) rescue assets of all three parties, a highly responsive organization 
was required. Organizational theorists have long advocated that maximizing spans of influence 
(interactions) and support (shared commitment) is key in the design of highly responsive 
organizations, but so are broad accountability (empowerment) and the pooling of resources. In 
particular, it has been argued by disaster management scholars that an organization that places 
emphasis on communication and empowerment is better prepared to adapt in the face of non-routine 
emergency situations (Howitt and Leonard, 2009). Routine behavior can work against cognitive 
narrowing effectively only when the situation is well-understood (a “routine emergency”), but may 
break down in the face of novel risks – hence novel situations require actors to experiment, and 
leadership and organization that enable them to do so (Weick, 1990; Howitt and Leonard, 2009). 
During times of crisis, enhanced interpersonal communication, trust, and openness can in addition 
serve to counteract the loss of requisite variety in ideas that occurs under stress (Mandler, 1982; 
Weick, 1990).   

Understandably, the Russian fleet’s attitude toward the Westerners was characterized by distrust, 
suspicion, and a strong reluctance to share information proactively. Meanwhile, UKSRS was 
challenged to demonstrate its commitment to the rescue and the sincerity of the claim that it had no 
hidden, self-serving agendas. 

Using Simon’s Levers of Organizational Design framework, we can now compare and contrast the 
two organizations whose differences became particularly salient during the rescue mission (UKSRS 
and the Russian naval rescue organization), in order to understand the challenges of combining them 
into the aforementioned combined (if temporary) entity.   

Span of Control 

  Span of control represents the range of resources for which a manager is given decision rights and 
held accountable. Resources include people, equipment, inventory and other assets such as accounts 
receivable. For any manager, span of control answers the question, “What resources do I have at my 
disposal to get the job done?” (Simons, 2005) 

  In terms of decision rights, the Russian command structure entailed a narrow span of control for 
its officers, who had to seek approval from superiors for nearly every decision and use of resources. 
Independent action by commanders was not encouraged, exemplified by Kuroyedov’s admission to 
Russell that he would not even be allowed to sail the flagship Peter the Great back to port without 
prior approval from Moscow. Due to years of budget cuts, officers in the Russian navy at the time of 
the disaster were expected to achieve their tasks with very limited resources in terms of staff, 
physical assets and equipment, as well. Because of lack of funds, men of the Northern Fleet and 
Russian SRS were generally stressed, under-paid, and charged with the use of poorly-maintained, 
often out-of-date equipment.  

  The British naval tradition, stretching back many centuries, maintained a wide span of control for 
its captains, devolving decision-making authority (consistent with strategic objectives) to the level of 
senior officers. Russell attributes this independent, entrepreneurial culture to the history of the Royal 
Navy and the need for officers in far-flung reaches of the world to make decisions independently 
without the ability to communicate with superiors. 
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  Furthermore, the British rescue team controlled high-quality, well-maintained assets, which 
included one of the world’s best rescue submersibles (LR5). Financial facts also confirm the huge gap 
between the UK and Russian budgets allocated to the rescue organizations: The financial constraints 
were particularly felt by the Russian search-and-rescue forces. Year after year, their budget was 
slashed and at the time of the disaster, bottomed out at $14,0005. In contrast, with an annual budget 
varying between GBP 500,000 and 1 million ($0.8–1.6 million), UKSRS was suitably equipped and 
funded, and its personnel was more than adequately trained to carry out a rescue mission in the 
relatively shallow waters of the Barents. 

Span of Accountability 

  Span of accountability is defined as the range of tradeoffs that affects the performance measures 
used to evaluate a manager’s achievement. For any manager, span of accountability answers the 
question, “What measures will be used to evaluate my performance?” and may be set widely or 
narrowly according to how many tradeoffs a manager is allowed in order to achieve desired levels of 
performance. Individuals accountable for high-level, broadly defined goals (such as mission success 
or business profit) can afford more trade-offs than those measured on narrow output measures such 
as headcount or specific expenses in an operating budget (Simons, 2005b:56). When managers need 
more than the resources under their direct control to achieve what is asked of them, they must 
become entrepreneurial, and draw on their ingenuity, interpersonal networks, and influence skills to 
pull together the resources needed to achieve their goals (Simons, 2005). 

  In the Russian Navy, span of accountability was typically set narrow, allowing officers and men 
few tradeoffs in the execution of their duties. For instance, another Northern Fleet submarine 
participating in the exercises, the Karelia, felt the shockwaves from the explosions on board the Kursk 
but did not break the surface to communicate its detection or clarify what the explosions could have 
signified. The captain and crew of the other vessel were accountable only for their own role in the 
exercise, and they were not “primed” to raise problems outside their immediate focus of concern.  

  In the Royal Navy, span of accountability was wide. Officers were expected to act 
entrepreneurially to achieve broadly defined mission goals. For instance, Commodore Russell 
independently authorized the commissioning of a cargo plane to transport the LR5 to Norway to 
assist the Russians with their rescue effort. In the U.K. organization, Russell was commended for 
skipping the normal, orderly approval process for initiating an international endeavor at the highest 
level of military command in favor of quick, autonomous action that corresponded to his perception 
of the pressure of time.  

Span of Influence 

 Span of influence is defined by the range of interactions one needs to master across organizational 
silos and boundaries in order to perform one’s task.  For any manager, span of influence answers the 
question, “How wide do I need to cast my net for information and support in achieving my goals?” 
(Simons, 2005). An employee with a narrow span of influence does not need to pay much attention to 
people outside his small area to do his job effectively. An individual with a wide span of influence, 
however, must interact extensively with, and influence, others (Simons, 2005b:57). 

 The span of influence in the top-down Russian naval organization was narrow. Units such as the 
rescue services commanded by Admiral Verich were apparently expected to complete tasks with only 
their own resources at hand, while influencing other units and superiors was not seen as required for 
the execution of their duties. For instance, Verich refused the deployment (and even the inspection) of 
UKSRS’ rescue sub. There was also very limited interaction between Verich and Admiral Burtsev, 
commander of the First Submarine Flotilla of which the Kursk was a part. During the week of the 

                                                            

5 Evidence cited by Robert Moore in front of a Harvard Business School classroom on 20 February 2014. 
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crisis, in contradiction to Verich, Burtsev communicated to UKSRS and the Norwegian rescue forces 
that their help and the deployment of LR5 was indeed desired and welcome and promised to bring 
engineers and technical experts to the scene. Evidently, however, Burtsev lacked the span of influence 
required to rally key decision-makers in higher echelons that would have been necessary to enable 
more collaboration with the Western rescuers.  

  The span of influence in the U.K. rescue organization was higher. On one hand, Russell and his 
team reached out to many others within and outside the Royal Navy including the British naval 
attaché in Moscow, and intelligence and other expert backing from academic institutions. On the 
other hand, Russell and his team did not need to reach out to these various entities directly – they 
operated through an intermediary (the “Operating Authority”). This limited their need to interact 
with others substantially – conserving time and energy for the task at hand.  

Span of Support 
 Span of support is defined by the amount of help that an individual can expect from people 

in other organizational units. For any manager, span of support answers the question, “How much 
support can I expect when I reach out to others for help in achieving my goals?” A wide span of 
support becomes critically important when an organizational unit requires a strong commitment from 
others in the organization in order to meet its objectives. According to Simons, this span is the least 
amenable to ‘adjustment’ as it is largely determined by people’s sense of shared responsibilities, 
which in turn stems from an organization’s culture and values (Simons, 2005b). But social 
psychologists and leadership scholars such as Beer (2009), highlight four factors that influence the 
transformation of individual responsibility into shared responsibility (and thus may broaden the span 
of support in an organization): 

1. Shared purpose increases group cohesion and limits parochialism and subgroup fragmentation. 

2. Group identification or similarity between group members enhances the strength of group 
identity. 

3. Trust - the expectation that another party will perform a desired action in the absence of 
monitoring or control. 

4. Equity - the fairness of the distribution of resources and rewards among those who contribute 
to the organization’s success. 

 Span of support in case of the Russian rescue services was narrow as this unit could not reliably 
look to others for aid in accomplishing its tasks. The budget cuts that so reduced the Russian span of 
control also had the effect of eroding the sense of equity within the organization. Defects in the 
compensation system—including severe delays and, often, failure to pay what was owed—might 
have contributed to reduced morale and undermined the shared purpose and group identification of 
Russian sailors and officers in general. Furthermore, given the apparent lack of a shared and 
unequivocal commitment to save the Kursk sailors, Admiral Burtsev’s expectation of support from 
within the Russian military organization could not have been met. 

 In contrast, the UK rescue forces enjoyed a wide span of support. The cooperation and practiced 
coordination among NATO allies built a shared group identity and assured the British in their 
expectation that others from outside their own organization would make themselves available to help 
achieve common goals. To the British, joining forces with Norwegian deep-sea divers in this mission 
was unproblematic given their shared purpose and the trust they had established through past joint 
activities.  

 Figure 1 sums up the discussion of the patterns of organizational design displayed by UKSRS and 
the Russian Rescue Services. The patterns that emerged are by no means pathological in themselves. 
This is because in both cases, the sum of the spans that approximate the  supply of organizational 
resources provided to individuals (span of control; span of support) are roughly in balance with the 
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aggregate demand for organizational resources (approximated by the span of accountability and span 
of influence). In other words, to paraphrase Simons (2005b), the supply of resources (span of control 
plus span of support) roughly equal the demand (span of accountability plus span of influence) at 
both UKSRS and at the Russian Rescue Services. 

 Moreover, each of the two configurations is typical (and telling) of organizations that execute 
very different strategies. The Russian configuration resembles many organizations that standardize 
work by using plans and performance measures that allow few trade-offs, minimize resources 
allocated to specific units or positions, require people to pay attention only to their own jobs, and 
reward them accordingly. This low-cost configuration is particularly well-suited to companies 
following a low-cost strategy (see discussion of Wal-Mart’s strategy and the corresponding low-cost 
design configuration in Simons (2005b)), and those that must abide by strict rules and operating 
procedures (e.g. power plants). In sum, the Russian configuration is typical and telling of a 
hierarchical, tightly controlled organization, and (ignoring pathological resource shortages) by 
Simons’ equilibrium criterion, it could well have been an adequate configuration for its strategic 
purposes. 

 In contrast, the pattern displayed by UKSRS is typical of an innovation-oriented, entrepreneurial 
firm, which allocates more people, assets and infrastructure to tasks, but also empowers people more, 
and holds them accountable to even more. In fact, this kind of organization creates an entrepreneurial 
drive by holding individuals accountable for very broad mission goals, applying broad success 
criteria, which in turn spur managers to be more creative, and to figure out how to succeed without 
direct control of all the resources they need. In other words, people in the entrepreneurial configuration 
are typically held accountable for more than what they actually control. Again, this configuration is 
by no means unique – many a marketing and sales manager in diverse industries could testify to job 
(and unit) designs that force people “out of the box”, as it were. As long as the supply of, and demand 
for, resources that apply to such jobs and units are in rough balance, these configurations are viable. 
However, the Kursk rescue failure shows the frictions and tensions that become quickly apparent 
when two of these very different (if individually sustainable) organizational configurations come 
together in one mission. 

 
 

Figure 1: Comparing the four levers of organizational design 
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We can now explore some of the frictions (and set them against the more positive developments) 
that occurred when these rescue organizations tried to collaborate. We shall consider how these 
dynamics affected the design of the “virtual organization” that was temporarily brought into being, 
and in particular, how the dynamics affected multiparty commitment to help others. 

Considering the levers of organization design, there were both promising developments and 
frictions in the dynamics of the rescue organization: 

Promising developments: 

Increased span of control: The promising developments during the timeframe of the case began with 
the Russian Federation’s decision to accept Western support, which enhanced the rescue 
organization’s span of control dramatically by contributing valuable resources and personnel from 
the UK and Norway.  

Span of support: The span of support was also widened for the rescuers by the Russian Navy’s 
willingness to share some critical information, including the datum of the Kursk’s position and 
technical drawings of the submarine’s escape hatch. Group identification was enhanced by the 
submariner-to-submariner bond between Russell and Burtsev (as well as the seafarers’ bond between 
them and Stolt representative Graham Mann, whom Russell described as also “being of the same 
ilk”). The eventual confirmation that the Kursk’s hatch dimensions were compatible with UKSRS’s 
cutting-edge submersible craft, further encouraged those who shared the shared goal of “rescuing 
people”, and especially Russell, Mann and Burtsev.  

Frictions 

Inflexibility of Russian organizational configuration: Although the arrival of UK and Norwegian 
assistance allowed for the widening of the span of control, the additional resources ultimately failed 
to result in a successful rescue. The narrow span on every lever characterizing the Russian rescue 
organization might have mirrored the top-down, tightly controlled, bureaucratic configuration of the 
Northern Fleet at the time. But this configuration was not responsive to the urgent needs of the rescue 
operation, illustrated by its inability to respond quickly to information requests – presumably, due to 
the lengthy chain of approval such requests would need to go through as they get passed up the 
chain of command. 

Barriers to communication: One challenge to success was the Russian refusal to co-locate the multi-
party command structure on its flagship, the Peter the Great, necessitating formal and restrictive ship-
to-ship communications. Language barriers complicated matters, as well.   

Lack of trust: A salient barrier to a shared purpose and strong commitment was the pervasive lack 
of trust, particularly mistrust of Western intentions by (many of) the Russian naval officers. Trust 
hinged on an assertion that the Western rescuers would not use the mission for intelligence gathering 
—an assurance that UKSRS attempted to provide but ultimately failed to convey. It is worth noting 
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that Russell’s personal background in intelligence gathering (as a “former enemy”) could have been a 
serious obstacle6. 

Barriers to shared purpose: Another challenge was posed by a divide within the Russian leadership. 
In one camp were the officers and men of the Northern Fleet, best represented by Admiral Burtsev, 
who shared a deep bond with the trapped submariners and were fully committed to their rescue. In 
another camp were officials in Moscow and senior naval officers, who had (according to media 
reports) no interest in seeing the West succeed in a rescue effort where Russia had tried and failed. 
The division inside the Russian navy did not only delay the deployment of the international rescue 
forces until it was too late, but also denied the combined (if temporary) organization of the shared 
purpose that might have united its disparate groups.  

Cognitive narrowing: According to stress theorists and disaster experts, individuals under stress 
undergo cognitive narrowing and tend to fall back onto routines while failing to take note of 
peripheral cues that could help alleviate the source of stress (Mandler, 1982; Weick, 1990). Further, 
stress is heightened as individuals come closer to achieving their goals before falling short—the 
smaller the discrepancy between reality and desire, the greater the stress felt by the individual. 

Consider the sequence of events among Russian naval commanders at the time of the rescue 
operation with Norwegian and British forces. Leading up to the moment when foreign help arrived, 
Admiral Verich had attempted for several days to carry out rescue operations under high pressure, in 
full view of the Northern Fleet’s commanders and sailors, gathered aboard the flagship Peter the Great. 
The submersibles had come tantalizingly close to docking with the Kursk’s rescue hatch, only to be 
foiled repeatedly by battery failure, poor equipment performance, and hazardous conditions. As 
Verich and his team came close but failed to secure their submersibles to the sunken submarine, the 
Northern Fleet’s scrutiny added to the pressure. 

In this state of stress, Verich’s cognitive field might have narrowed, to some extent explaining his 
insistence on continuing with his own routine, refusing to accept ‘involvement of strangers’ (Turner, 
1976) – which would have been a huge deviation from routine, and under the circumstances, an 
interference with established policy. Instead, as stress theory predicts, he kept reverting to learned 
routines of behavior. Habitual concern for Russia’s pride in the face of Western attention—especially 
in light of the pressure he faced from his naval comrades looking on—may have also caused Verich to 
stubbornly devote his now-decreased supply of cognitive attention to saving the Russian submariners 
without accepting foreign assistance. In sum, cognitive narrowing may help explain Verich’s 
seemingly irrational refusal to accept UKSRS’s offer to make use of the LR5 submersible.  

Within the rescue organization at large, the effect of stress was to intensify the already hierarchical 
configuration of the Russian naval organization. Strict vertical lines of reporting were observed in 
communication and decision making, while lateral communication was scarce. The result was an 
inability to share information across the organization and reconcile different perceptions of risk and 
priorities between the Western forces and their Russian counterparts.   

The above frictions limited the extent to which the combined organization could expand its spans 
of accountability, influence, and support in order to make efficient use of the full range of resources 
available at the scene. Figure 2 illustrates the unbalanced configuration, which was, ultimately, a 
recipe for misalignment and resulted in the inefficient use of available resources. 

  

                                                            

6 Observation made by Russell himself in front of a Harvard Business School classroom on 20 February 2014. 
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Figure 2.  The Kursk rescue mission: levers of organizational design for the temporary 
multiparty rescue organization 

 

 

Towards pluralistic risk management 

Although commitment to others in complex organizations can, according to leadership experts, be 
engineered, in a multiparty setting it takes particularly skillful and politically astute leadership to 
foster shared values and goals, to create group identity, to establish trust, and to ensure equity. The 
Kursk rescue case shows that there are significant limits to such engineering, causing unilateral, top-
down efforts at increasing the spans of control, influence, accountability and support likely to fail. 
Multiparty commitments to others, if they are to become established, necessitate (in principle) time, 
careful groundwork, and a process to guide ongoing, productive interactions. Taking steps to create 
such commitment, according to Simons (2005) and other organizational experts would involve the 
establishment of pre-established protocols for communication and routines for action, as well as pre-
agreed priorities and shared values to be referred to in specific (e.g. emergency) situations. These 
protocols would also have to incorporate clear reporting relationships and resource allocations for the 
multiparty organization, which would have to form on a temporary basis. 

However, today’s complex firms, joint ventures and other organizational networks are fraught 
with a significant dispersion in objectives, value systems, evaluative principles, and risk-assessments 
– as was apparent in the Kursk rescue mission as well. The most striking differences concerned, first, 
the expectations of finding survivors at all and, relating to this, the objectives: whether or not to carry 
on with the rescue mission. While UKSRS and the Norwegian divers refused to accept a point 
estimate for the life expectancy of the Kursk sailors and were prepared to carry on with the mission 
until all sailors were confirmed dead, the Russian navy experts estimated the survivors’ life 
expectancy to be 7-8 days and after this time, advised the admirals to shift from rescue to salvage.  

This illustrates just how difficult it is to reconcile inherently competing goals and agendas, which 
are often deeply rooted in diverse value systems, competing evaluative principles and conflicting risk 
assessments.  
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An important implication is that risk management, as we have come to know it, requires a rethink. 
Risk-management blueprints for measurable uncertainties typically follow the cybernetic ideal of 
control (COSO, 2004; ISO, 2009). That is, they are prescribed for situations in which the underlying 
risks, organizational tasks and processes are perceived to be familiar, measurable and sufficiently 
near in time, so that measurement and feedback are available to managers. Under these conditions 
traditional management control systems, also known in the management control literature as 
diagnostic, or cybernetic, controls are workable. In this domain, risk managers make progress by 
expanding the scope and reach of diagnostic controls in order to make more uncertainties 
measurable, and thus, manageable.   

However, our increasingly complex and connected world fosters greater interdependence inside 
and among organizations - resulting in network organizations, in which diverse evaluative principles 
coexist in an active rivalry. In such organizations management (and arguably, risk management) 
becomes the art of facilitating constructive rivalry, with the adherents of the contending frameworks 
offering reasoned justifications for their course of action (Stark, 2009). The danger is that arguments 
displace action and nothing is accomplished, as was the case in the Kursk rescue mission. Stark 
proposes an organizational form, which he calls heterarchy, as the solution. Neither harmony nor 
cacophony, heterarchy is an ideal for organized dissonance – a collective sense of timing of when to 
make temporary settlements to get the job done, with the knowledge that any particular action may 
not be the ultimate resolution of the inherent disagreements (Stark, 2009:740). Stark argues that 
heterarchies particularly suit innovative organizations that further simultaneous projects, and 
disaster-management organizations that need to recover fast and respond quickly in episodes of 
crisis. In these, top-down patterns of communication perform much more poorly than decentralized 
networks on tasks of distributed problem-solving. This is possible because effective search for 
solutions in novel, non-routine situations can no longer be departmentalized, and likewise, 
information can no longer be compartmentalized (Howitt and Leonard, 2009).  But coordination 
becomes more complex. In such cases, Stark argues, authority must be (and in collaborative, well-
functioning heterarchies, has been observed to) spread along lines of lateral accountability: that is, 
people still report to their "superiors", but are accountable to other work teams. In other words, 
authority is no longer delegated vertically, but instead emerges laterally, and thus becomes 
distributed (Stark, 2009: 643). 

As we are increasingly confronted by situations, which, by their very nature, do not lend 
themselves to management by hierarchical authority, so does the ideal of traditional, cybernetic 
control become impractical and obsolete. The conditions under which cybernetic control is workable 
(high authority, low ambiguity, high goal clarity) are not present in domains plagued by distributed 
authority, multiple objectives, multiple evaluative principles, and ambiguity. The ideal type of 
heterarchy, and its empirical manifestations, the various pluralistic systems we encounter (such as the 
makeshift rescue organization in the Kursk rescue mission) require a pluralistic control process that can 
resolve conflicting objectives, and can arbitrate between different value systems and competing 
groups of expertise.  

Having focused on the empirical manifestations of the cybernetic risk control approach embedded 
in risk-management guidelines such as COSO’s Enterprise Risk Management and ISO 31,000, risk-
management scholars have hitherto paid little attention to how organizations can (and do) 
incorporate pluralistic control principles into their risk-management practices.  

Political theorists, however, have long observed the presence of pluralistic control, particularly in 
adversarial bureaucracies (Dunsire, 1990; Hood and Jones, 1996). In fact, several descriptions and 
prescriptions exist for non-cybernetic, pluralistic control, which is also referred to as collibration in 
political science (Dunsire, 1990).  

According to Hood and Jones (1996), for example, the following techniques help managers in their 
efforts to control conflicting agendas: 

 Encouraging explicit institutionalization of rival agendas – with institutionalized champions 
for each of the rival agendas.  
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 Organizing around values rather than functionalized responsibilities.  
 Developing incentive structures which reward confrontation and encourage value champions 

to take extreme positions, and staging regular, but not continuous adversarial exchanges.  
 Ensuring second chances for failures – mechanisms for wiping the slate clean, so that neither 

party lose clout or credibility and the adversarial viewpoints can be brought into exchange 
again.  

These techniques are applicable in control situations where control cannot be predicated on a 
general and stable consensus on goals. The solution, Hood and Jones argue, is a periodically changing 
equilibrium brought about by equal pressure coming from the opposing forces, and a balance-tipping 
process. In sum, when neither objectives, nor measures are clear, managers have to “collibrate”, that 
is, they regularly (but not constantly) need to bring opposing forces into dialogue with one another.  

In addition, management control researchers have been exploring how particular tools and 
technologies, such as costing and performance measurement systems, are involved in ongoing 
contests and struggles as various organizational groups further particular interests and values 
(Nahapiet, 1988; Briers & Chua, 2001; Andon, Baxter and Chua, 2007; Chenhall, Hall and Smith, 2013). 

Chenhall, Hall and Smith (2013) develop the concept of compromising accounts to describe the role 
that accounting tools and technologies (such as performance measurement systems) can play in 
facilitating the requisite (if temporary) compromises that enable heterarchies to function. Their field 
study of a non-governmental organization highlighted very real tensions among various interests, 
which were exacerbated by limited resources (in terms of money, time and space) and in that sense, 
strongly echoes the pressures present in the Kursk rescue mission.  Their case describes a hierarchy in 
action, with episodes of both productive and unproductive discussions – some leading to 
compromise and action, others ending in ‘breakdown’. What made the difference was the design of 
the accounting tool implicated in the control process. Chenhall, Hall and Smith also illuminate some 
of the design characteristics of accounts that can productively manage tensions between multiple 
evaluative principles. First, such designs involve ‘imperfection’, that is, a process of ‘give and take’ 
that ensures that no single evaluative principle comes to dominate others (Chenhall, Hall and Smith, 
2013: 269). This is in line with Hood and Jones (1992)’ argument for ensuring second chances for 
failures, but clarifies what kind of mechanism can achieve that – certain kinds of accounting practices 
that make visible (however inaccurately) what’s important to different organizational actors. The 
resulting “concurrent visibility” serves to enable productive discussions and eventual compromises. 
Chenhall, Hall and Smith further caution that debates over the mechanics of accounting practices can 
be unproductive, whereas debate focused on the principles underlying each account can help 
integrate the various evaluative principles at play. 

The above set of techniques and conditions (deliberate, tolerated ‘imperfection’; concurrent 
visibility; debates focusing on principles, not mechanics) are by no means complete – in line with 
Chenhall, Hall and Smith (2013), we call for further research to examine what tools, processes and 
structural arrangements can bring together (or indeed push apart) organizational groups with 
different evaluative principles.  

Our analysis of the failure of the Kursk rescue mission highlighted another condition (not 
mentioned in the above literatures) that seems critical in pluralistic risk management: a wide span of 
support, predicated on trust, equity and group identification among the actors.   

Future research in risk and disaster management can usefully explore organizational structures 
that can resolve evaluative dissonance, if only temporarily, and processes that enable repeat- 
resolutions to take place. Incorporating relevant insights on pluralistic control, collaborative 
heterarchies and collibration into the risk-management domain will thus provide us with the 
necessary foundations for pluralistic risk management – a new risk-management approach that would 
be suited to settings characterized by ongoing ambiguity among coexisting principles. 
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Exhibit 1 The Kursk’s Position and Interior Following the Explosions 
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Exhibit 2 Timeline and summary of key events 

Saturday August 12, 2000 
o Twin explosions sink the Kursk at 11:30 during a naval exercise. Twenty‐three survivors gather in the ninth, 

rearmost compartment of the submarine. 
o At 23:30, the Northern Fleet raises alarm; Russian search and rescue services (SRS) mobilize. 

Sunday August 13, 2000 
o Russian forces identify the Kursk’s location datum; the submersible Priz attempts to dock with the Kursk but 

is unable to latch onto the sunken submarine before battery power runs out. 
Monday August 14, 2000 

o Admiral Skorgen, suspecting offers assistance to Admiral Popov via direct military phone line.  
o Russian television announces to the public that the Kursk had sunk in the Barents Sea. 
o Commodore Russell begins contingency planning for UKSRS to aid in rescue efforts.  
o The Norwegian and British governments formally extend offers of assistance with the rescue. 

Tuesday August 15, 2000 
o In Moscow, senior Russian officials debate whether to accept the Western offers of assistance. 
o Hazardous weather force Russian SRS (led by Admiral Verich) to temporarily suspend rescue operations. 
o Igor Baranov, the construction director of the Kursk, speaks at a press conference and estimates that the 

Kursk sailors could survive “five or possibly six more days.” 
Wednesday August 16, 2000 

o Admiral Popov officially accepts the Norwegian offer of assistance and requests deep‐sea divers. 
o Russian senior naval officials, through NATO, accept the British offer of assistance.  
o Commodore Russell, having already made preliminary plans, begins transport via Royal Air Force to Russian 

Northern Fleet headquarters in Murmansk. The RAF plane is denied entry to Russian airspace and Russell is 
forced to disembark in Norway.  

Thursday August 17, 2000 
o Russian SRS—now with its best submersible pilots on hand—resumes rescue efforts. 
o The Normand Pioneer, bearing the LR5 and the rest of UKSRS, sails from Trondheim.  

Friday August 18, 2000 
o Russell joins the Normand Pioneer via Norwegian army helicopter transfer. 

Saturday August 19, 2000 
o The Normand Pioneer and Seaway Eagle take position 14 nautical miles from the Kursk site. 
o UK, Norwegian, and Russian commanders meet for the first time aboard the Seaway Eagle, where Admiral 

Verich refuses use of the LR5.  
o Later in the day, Admiral Burtsev visits Russell onboard the Normand Pioneer and contradicts Admiral Verich 

by urging UKSRS to begin operations and by promising to bring requested Russian personnel. 
Sunday August 20, 2000 

o The Seaway Eagle is ordered by the Russians to move to the Kursk location, while the Normand Pioneer is 
requested to remain away. 

o Norwegian divers survey the site and inspect the Kursk. The divers report that the hatch appears 
undamaged and recommend that the LR5 be deployed to attempt rescue. 

Monday August 21, 2000   
o The Normand Pioneer is finally ordered to approach the Kursk site. But before LR5 can be deployed, divers 

confirm that the compartment has been flooded. There are no survivors. 
 Tuesday August 22, 2000 

o Commodore Russell is invited aboard the Russian flagship Peter the Great. 
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Exhibit 3 Command and Control Arrangements of the International Rescue Mission 
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ABSTRACT: As we all may know acting in Risky, Crisis and Disastrous situations needs a strong, high educated and trained, 

high experience, well mannered, skilled and high Level of mind bandwidth personal. Since the rate of sensitivity is too high. This 

fact will get more important when any kind of emergency situation hits locations which are of high importance based on 

spiritualism and all those locations which people refer to as a spiritual relief resource. For this the acts should be very accurate, 

logical, sensible and calm considering the characteristics of disastrous situations. In this kinds of locations (i.e. Mosques, Shrines, 

Churches, Temples, etc.) the people are in higher rate of sensitivity (and related to that fragile Mode and Environment). The 

reasons of people sensitivity will be explained next and how to overcome that especially in relation to critical conditions will be 

explained further on. After that characteristics of these kinds of locations will be noted to get to facts for better managing the 

risks, crisis and disasters as a conclusion and the lessons learnt which can be used in similar locations in different parts of the 

world. 

 

Keywords: Holy Locations, Risk, Crisis, Disaster, Management, Holy Locations Disaster management 

 

1. INTRODUCTION 

Holy and sacred place is a location where for a certain reason it is Sacred and holy (in this article we will mainly focus on Islamic 

Sacred, Religious and Holy Locations). The reason for being holy can be: 

1- the presence of a Holy shrine and Mosque (Belonging to a Prophet, the prophet’s Family, Imam, Great Spiritual and 

Religious Personality, etc) for example the Sacred Shrine of the Holy Prophet, Mohammed (P.B.U.H.) in Madina and 

also the Holy shrines of Imam Ali (P.B.U.H.) in Najaf, Imam Hussein (P.B.U.H.) in Karbala and Imam Reza 

(P.B.U.H.) in Mashad which are Holy and Sacred Places for the Muslims all over the world. 

 

 

 

 

 

 

 

2- A Spiritual and Sacred Place as a Holy Memorial (Such as the Place of Birth of Imam Ali (P.B.U.H.) which is the 

Kaaba),    

3- Places for special Spiritual and Sacred ceremonies and Events which will get interconnected to one another and 

Function as a System in specific months (Like Haj, and all those sacred and religious related Locations which are held 

in special Months). 

4- Places for special Spiritual and Sacred ceremonies and Events which are individually Important (Sacred places in 

Mecca and Madina and other holy cities not in time of Haj) 

                                                           
1 - The Topic is Been mentioned for the First Time in the World By the Authors 
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5- Etc (all those locations and corridors which don not fall into the 3 previous categories will be classified as this 

category) 

 
We should always consider that the Holy and Sacred locations can be defined from a Mosque to a Holy City especially in special 

occasions where everything gets much more sensitive because of special religious ceremonies (Mecca and Madina Cities in Time 

of Haj). We should take into consideration that because of such Religious events even a simple and a ordinary road will change 

shape and its status since the pilgrims are moving through. So as you can see sometimes based on time, location, proposes, etc the 

role of a simple road or whatsoever it may be can be changed into a religious role. For this Holy Locations and paths Risk, Crisis 

and Disaster Management should be taken into Consideration. 

  

The Holy lactation Risk, Crisis and Disaster management Gets more understandable where we get to know that in Some Specific 

Holy and Religious Ceremonies like Haj (Annual Muslim Ceremonies) and Ashora (The Day of Imam Hussein’s (P.B.U.H.) 

Martyrdom in the Holy month of Moharam), Millions of people get together to remember the Past events and it’s an opportunity 

to pray to Allah (The God) and it’s an opportunity to relief your pain by getting close to the Imams (P.B.U.T.) through which to 

get much closer to the most Merciful, Allah. So as you can see managing millions of people with different feelings and 

disciplines is too difficult and then consider a Crisis or a Disaster to be managed! You will defiantly agree that Crisis and 

Disaster management in such conditions (Crisis and Disasters) is too difficult. 

 

To explain in detail we can state that all the actions undertaken in a religious and holy site is much more sensitive since the 

people visiting these locations are in a relaxing and safeguarded. The characteristics of such location and sites are as the 

following: 

 
2. Characteristics of Holy and Religious Locations 

Characteristics which may cause more attention and will turn into an important issue to be taken into consideration are as the 

following: 

 

2.1 Population (and number of people present in the Location) 

Based on number of people is divided into 3 main categories (High, Medium, Low Population) 

In locations of high number of people visiting the crisis and disaster Management is of Higher Importance (Especially the 

Most Famous Holy Shrines, Such as the Holy Prophet Mohammad (P.B.U.H.), Kaaba, Imam Ali (P.B.U.H.), Imam Hussein 

(P.B.U.H.), Imam Reza (P.B.U.H.), and as such Shrines) 

 

2.2 People verity and Diversity  

The People from different Disciplines, Backgrounds, Languages, Ages, Races, Genders, etc are gathered together in one 

place and Worship the Only God, Allah the Most merciful. 

 

2.3 Motion, Movement and Flows  

A lot of people, equipment, good, etc are been displaced within these kind of Locations every day, especially in special and 

specific Religious and holy ceremonies. The larger it may be the higher rates of displacements are. 

 

2.4 Fragility and Power to withstand the Crisis and Disasters 

The people visiting these Locations based on their intension may be at risk of high fragility because of their situation 

requesting special needs from God, which reflects the importance of the responsibility of Risk, Crisis and Disaster 

Managers. In such locations sudden crisis and disasters may affect a lot although religious people are stronger in time of 

Crisis and disasters. For this a Special Concentration on Risk management in such locations can decrease the vulnerabilities. 

 

2.5 Formality (Formal Ceremonies) and Great Gatherings 

The higher the formality is the higher importance and way of acting and Management may be. For example in an occasion 

of Very High important (VIP) ceremonies such as: Ashora (The Ceremony of Martyrdom of Imam Hussein P.B.U.H.), 

Marriages 

 

504



3 
 

2.6 The importance of being together (Jamaat) and its characteristics 

Being together is of high importance and even emphasized by many religions such as Islam so by this means there should be 

special considerations in relation to Risk, Crisis and Disaster management which should be trained to people visiting the 

holy location to help them better understand how to help others in a better manner. 

We better not forget that managing the crowds or to better say crowd management has different techniques which we should 

on go the standard methods 

 

2.7 Public Participation, Team Work and Help 

As Stated and emphasized the role of people especially in time of Emergencies, Crisis and Disasters is of high importance. 

The more the people are religious, the more they help in time of crisis and disasters because it’s based on their beliefs.  

Based on Islamic Teachings: “And whoso saves the life of one, it shall be as if He had: saved the life of all mankind (The 

Holy Quran)” as we can see the Islamic Teachings emphasis on saving one’s life and as mentioned, Saving One is saving 

all so each person is important and the saving of a life is an important issue. 

When the people help is needed especially when saving a human life is in focus they automatically will act as soon as 

possible. So it’s better to give them a pre-planned plan to better act. This plan should be designed simple so that it can be 

understood as quick as possible (and based on larger number of people mind bandwidth). For example updated techniques, 

such as the Infographics (with its variety) can be used for this purpose. 

For this the emergency planners should plan in a way that if public help is needed the action plans should be in place. 

 

2.8 Risk, Crisis and Disaster Management is an Ongoing Process 

The Planning and Management Process should not cause interference or disorder in the quality and quantity of Ceremonies 

for this there is a special need for a well innovative up-to-date plan for emergencies. 

 

3. Characteristics of crisis and Disaster management in Holy and Sacred Locations 

Based on the holy and sacred location’s characteristics, Crisis and Disaster Management undertaken in such locations has 

special characteristics which are as the following: 

1- Quick 

2- To be Accurate and Exact  

3- Very sensitive  

4- Proactive rather than reactive 

5- Mainly risk management rather than Crisis and Disaster Management 

6- Impalpable Risk, Crisis and Disaster management 

7- High Flexibility 

8- High Intelligence 

 

4. Propositions for better managing the Risks, Crisis and Disasters 

1- Establishing Holy, Sacred and Religious Risk, Crisis and Disaster management Course in the University (which was 

established in Imam Reza (P.B.U.H.) International University for the 1st Time in the World) to Train and Educate the 

needed professional Personal. 

2- Generating the Related up-to-date Materials for the Universities to cope with the variety of conditions 

3- Consideration of good and technical equipment specifically and specially designed for such locations 

4- Undertaking variety of related drills for increasing the skills, speed of action, Accuracy and confidence in decision 

making and as such. 

5- Special EOP is needed for such locations even if there is no Crisis and Disaster. 

6- Risk management is the First priority and preparation of diagnosis map is also of high importance. 

7- Managing Religious and Holy locations need special Personal (with High Mind Bandwidth, Higher level of talent and 

proficiency, skilled with high experience, highly trained and educated , etc) 

8- Using Compatible ICS and related Structures for The Holy Locations Risk, Crisis and Disaster Management 

 

5. Conclusion 

Finally , as a Matter of fact and in conclusion, Holy and Sacred Location’s Risk, Crisis and Disaster Management is not only of 

high importance but also needs special, Technical, Up to date and Innovative Planning and management Processes, Mechanisms, 

Standards, Guidelines, Well skilled personal to act better based on the characteristics of this kind of locations. 
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Holy and Sacred Location’s Risk, Crisis and disaster Management is not only a need but also a Must. (This kind of management 

can be undertaken in different Religious and holy locations, such as Mosques, Churches, Shrines, etc) 

We should always take into account that some locations like streets, open areas (considering for establishing tents) and open 

areas may not always be at a high risk and high probability of being in danger except a few months which special ceremonies are 

current and being held (i.e. Haj). For this all the roads, open spaces and the whole Space engaged in the ceremony should be 

analyzed for probability of Crisis and Disaster Occurrence or to better say Risk Management. 

The Activities undertaken for Holy and Religious Locations should mainly focus on Risk Management and should also be based 

on proactive or to better say Comprehensive Crisis and Disaster management Approach. 

Managing every moment of Religious and Holy Locations especially in special occasions and ceremonies is really difficult, 

Sensitive and of high Importance. For this special emergency action Plan, Sop, ESF, ICS, EOP, etc. is needed to be able to have 

real-time flexibility. 

The Activities especially in time of Crisis and Disasters are designed in a way that the people, Responsible Person, First 

Responders, Managers and other related to DRM System, Job, Activity and Actions are not mixed into each other and are clearly 

separated from one another. As such, this kind of system can be used as a lessons learnt in other parts of the world. 
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Introduction: 

Before delving deep into the fulfillment/challenges of the HFA’s in the context of the Indian 

Society  one cannot correctly compare either the fulfillment of the HFA or the non-fulfillment in 

any particular sociological thinkers’ perspective be it Herbert Spencer’s Industrial & Traditional 

society or Ogburn’s definition of “cultural lag” or in that case whether to categorize India as a 

traditional society entrenched in religious belief as mentioned by T.B. Bottomore as in the 21
st
 

century, while India remains with a strong cultural-spiritual base emerging as one of the 

preferred destinations for spiritual tourism and at the same time spinning the largest number of 

IT professionals spread all over the world, it has emerged as a food rich country where 

production of agriculture is in surplus despite its over 1.2 billion population, it is also a nuclear 

power, has some of the biggest industrialists   but what intrigues a sociologist and a foreigner is 

despite all the good development indicators  the number of lives & property lost during any 

natural, manmade calamity is alarming as compared to a developed country  for example: In the 

US there has been numerous hurricanes, but the loss in term of property ,life and response is not 

as appalling as one finds in India, which again has contradictions as in which part of the country 

was affected by a natural calamity. In other words, those provinces which have faced a natural 

calamity in huge proportions were seen to be better prepared and then there are those which face 

calamities every year and yet there preparedness remains the same and those that are completely 

un-prepared. 

This paper would present three cases that would highlight the above mentioned stages of 

preparedness/un-preparedness.  

Case Study: 

Cyclone Phylin in Orissa that hit the coastal state in October, 2013 was predicted to be worse 

than the Super-Cyclone that had hit the state in 1999 and destroyed half the state in terms of life 

and property. In 2013 when the Indian Meteorological Department issued a warning of the fast 

proceeding cyclone, the State Government swung into action and very well prepared to tackle 

any eventuality with timely evacuation of identified districts to safer areas, constantly 

announcing the do’s & don’t’ s in the local language, storing of necessary food items without 

causing hoarding of essential items, getting the hospitals ready, alerting the state machinery and 
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police forces and all  this was done in 48 hours. The impact was 11 loss of life as compared to 

the staggering figure of 10,000 lives and causing property damages worth US $1.35 billion. 

On the other hand on June, 2013 witnessed the worst tragedy in the Holy places of Utarrakhand 

wherein some of the holy shrines of Kedarnath & Badrinath are   located that had more then 

60,0000 pilgrims visiting  the shrine. On the fateful day the town was hit by a cloud burst  and 

such was the impact that buildings collapsed and left over 6000 people dead. This was a case of 

utter callousness and “un-preparedness” on the part of the Utarakhand government that did not 

care to heed the IMD’s warning and more so when the rain was moderate they still allowed 

pilgrims to continue with their journey and the result was disastrous.  

 As compared to the above two cases one that had learnt from its past mistake and the other that 

was intentionally unprepared, India’s holiest shrine located in the Himalayan mountain range in 

the state of Jammu & Kashmir and managed by the State Government  and headed by the Honble 

Governor of Jammu & Kashmir Shri Mata Vaishno Devi shrine Board with an annual revenue of 

65-70 US Million dollar and a corpus of nearby 150 US Million Dollar attracts on an average 15-

20,000 devotees in a day and on special days 50 to 60,000 pilgrims per day. The shrine is located 

6,200 feet above sea level and is manned by more the 4000 staff from the shrine board along-

with the Central Reserve Police Force and Jammu & Kashmir Police and Army to handle the 

different types of  natural and man-made disaster the area is prone. To reach the sanctum 

sanctorum one can trek for 14 kms, or take a pony, or take a helicopter. Keeping in view the 

vulnerability of the place and the various challenges the Shrine Board with a determined 

leadership undertook a planned initiative to comply with the principles of the Hyogo Framework 

of Action and increase its resilience. Following are the initiative that goes towards fulfilling each 

of the Priority areas: 

Priority Action 1 that was to ensure DRR is a national & local priority with a strong 

institutional basis for implementation 

 A detailed “needs assessment” with the stakeholders to identify the actual needs was carried out 

in 2009 followed with an intensive capacity building training. An implementable Disaster 

Management Plan drawn up in consultation with the policy makers, first responders was drawn 

along-with Standard Operating Procedures & a Contingency Plan to manage risks effectively 

with coordination & consensus. For example: 

The Response mechanism has been made in consultation with the newly created Disaster 

Management Task Force so that they exactly know how to coordinate and generate necessary 

resources as in man-power and material from the Inventory. 

In the Priority Action 2: Identify, assess and monitor disaster risks and enhance early 

warning  

A thorough study was undertaken in 2008 in three aspects: Capacity building, GIS & 

Communication system for the entire 14 km uphill track in the Himalayan mountain to 
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understand the geographical vulnerabilities as in what are the kind of natural & manmade 

disaster the track in particular is vulnerable. It was found aside from being prone to earthquake, 

landslide, cloud burst it was prone to crowd, fire, terror attacks. Based on these findings a 

detailed hands-on training was provided to the over 3000 staff Shrine Board staff and the inter-

agency comprising of the Central Reserve Police Force & Jammu & Kashmir Police. 

Priority Action 3: Use knowledge, innovation and education to build a culture of safety and 

resilience at all levels. 

The training that has been spread over the past 3  years (it occurs once or twice a year) It 

involved creating a pool of Master Trainers who would percolate the training to the other staff 

and the organization becomes self-reliant, creating a Disaster Management Task Force, building 

up the inventory. The first 2 years were focused on Basic Life Skill Training and since this year 

focused Advance Training to the Task Force is being imparted to provide professionalism on the 

part of the first responders while at the same time continued Basic Training is conducted to 

create awareness and confidence amongst the staff so at to create a “culture of safety  

Priority Action 4: Reduce the underlying risk factors. 

In the past three years there has been a definite paradigm shift in the part of the management 

while carrying out any development work  there has been an effort to address the underlying risk 

factors for example when new structures were built there has been efforts to ensure the buildings 

have retrofitting, fire detectors and evacuation routes. 

Priority Action 5: Strengthen disaster preparedness for effective response at all levels. 

On an average with 15 to 20,000 visitors per day and in the uphill climb though there are first aid 

pint every 2 kms, however, people do suffer sprain, heart attacks and breathlessness to name a 

common few incidents, however, the staff were earlier reluctant to help the visitors as they were 

not trained in First Aid and thereby lacked the confidence, but post training that was imparted at 

all levels right from the top management to the people who were in charge of sanitation and are 

mostly illiterates they now for example know how to check a person’s pulse, put in a recovery 

position and administer Cardio Pulmonary Resuscitation before the shifting him in an emergency 

stretcher (that was also taught) to the Health centre. Therefore, coordinated response and 

confidence has been achieved amongst the staff to act in emergency situations and save lives. 

Road-Blocks in Implementation: 

The old saying “happening is believing” is felt while imparting training in places that have not 

faced any disaster situation in large scale .For example: in the case of the Shrine Board though it 

took more than 3 years to achieve the desired result of imparting knowledge for handling any 

emergency situation, institutionalizing Disaster Management, nevertheless it needs to be 

emphasized in the National Disaster Management Act, 2005 though Risk Insurance is mentioned 

but there is no elaborate plan for the same. In other words it is difficult to explain government 

organizations the need to have risk insurance for those working as first responders, providing all 

509



the safety equipment and having a robust communication network. Here the issue is not of 

financial resources but sheer lack of understanding of the need to have these components that 

would make the Disaster management response and preparedness integrated.  

Way ahead 

Undoubtedly, over the last decade there has been a tremendous upsurge in natural disasters all 

over the world and this in turn has made the common people aware of the reality of the impact of 

climate change and thereby for sure generating awareness on the subject of Disaster Risk 

Management, and the 5 simple and clearly laid down HFA principles and campaigns like 

“Making Cities Resilient” have guided practitioners, governments, to work in this direction it is 

therefore important HFA-2 needs to focus on insurance that conspicuously misses in national 

legislation and is misplaced with the common understanding of life insurance. 

In other words while the current HFA principles need to continue however with increased 

complexity in the type of natural and manmade disaster it becomes absolutely necessary that 

HFA-2 focuses in developing countries to make it mandatory and activating existing risk 

insurance schemes of the government to ensure risk insurance for average citizens so that they 

could fall back upon on the face of natural adversity. Aside from this special focus on developing 

and emerging developed countries which on the one side has political stability, economic power 

but lack the political will to ensure that its citizens learn basic life skills to protect themselves, 

which for example maybe common in developed countries like USA, Europe where an average 

citizen has basic knowledge of life skills which is owing to determined political will that makes 

its citizen self- reliant, this needs to become a global phenomenon to bring an attitudinal change 

so that the global population lives less in risk and more on safety! 
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ABSTRACT 

The present work it’s focused in formulate a Natural Risk Management Plan to San Antonio del Tequendama, 

Cundinamarca - Colombia through the implementation of the “Municipal Plan for Disaster Risk Management (MPDRM)” 

Methology, which was developed by the “National Unit for Disaster Risk Management (UNGRD)” in 2012, where his 

structure it’s based in two components: Risk Scenarios General Characterization and a Programmatic component. 

According that, the first was made a diagnostic ,this for Identification Risk Scenarios, however, during the bibliography 

review, it evidenced that the information presented different time scales, therefore it was made an Identification Risk 

Scenarios by Landslides, Floods and Earthquakes, using the “Guide for the Preparation of Land Use Plan” Methology 

developed by “Agustín Codazzi Geographic Institute (IGAC)”. 

After that, The MPDRM Methology establishes that it must prioritize the Risk Scenarios by the evaluator criteria, 

nevertheless, it was made a technical process to have a good support in the priorization using the SEI SRE (Software 

Engineering Institute -Software Risk Evaluation) methology (specifically in the risk priorization component) developed 

by the United States, and a probabilistic risk evaluation, where involved the use of CAPRA GIS and @Risk Softwares, 

whose results showed that the  landslides risk scenario was the most critic, followed by the flood and earthquake 

scenarios. After that, it was made the risk scenarios characterization, whose results showed that deforestation and rainfall 

are the principal causes, moreover some solutions were formulated. 

The second component focused in the programs and actions formulation respect to the risk scenarios. Finally a cost-

benefit analysis was made, where the conclusion was that the inversion cost in risk mitigation it’s similar to the cost of the 

programs and actions formulated. Furthermore, it was made a multicriteria analysis using M-MACBETH Software with 

the objective to estimate the benefits and limitations of the MPDRM Methology. 

Keywords: Natural Risk Management Plan, Identification risk scenarios, Probabilistic risk evaluation, multicriteria 

analysis. 

1. INTRODUCTION 

The climate change in Colombia it´s one of the biggest challenges that is facing in the present century (United Nations 

Development Programme, 2010) due to threat over the people (especially in the populations poor) and Colombia´s  

development process, besides, during the last years the country has been suffer many “winter waves” (2010-2011) 

especially associated by “La Niña”, this phenomenon was an strongest of the last 50 years until now (National 

Geographic, 2013), as consequence, the country suffered many disaster by floods and landslides (Programa de las 

Naciones Unidas para el Desarrollo, 2010) affected 28 of the 32 Colombia´s departments, where Cundinamarca was one 

of  the most affected, specifically over these municipalities: Chía, Cota, Útica and San Antonio del Tequendama (Concejo 

municipal San Antonio del Tequendama, 2000). 

Unlike the other cities, San Antonio del Tequendama has zones with high risk by landslides, floods and earthquakes 

(Concejo municipal San Antonio del Tequendama, 2000), according to report by National Prevention and Disaster 

Direction in 2008 in San Antonio del Tequendama has been a 236 emergencies until now , where 84 of them are by floods 

and the other ones by landslides (Dirección Nacional de Prevención y Atención de Desastres, 2012), affected more than 

300 families, near to 725 people affected, and 225 homes destroyed (Registro Único de Damnificados, 2012). Due to 

those events, The Mayor of San Antonio del Tequendama Municipality has been implement some projects to mitigate the 

impact of this risk, where it´s inversion cost has reached $ 2.140 million dollars, however, they haven´t been enough, 

because there are only 3 projects implemented in Prevention and Disaster Sector, like adequacy buildings walls and slopes 

stabilization (Concejo municipal de San Antonio del Tequendama, 2012), postponing another inversions that could be 

implemented in prospective and preventive actions like municipal risk management plan and emergency response  

strategies (Corporación Autónoma Regional de Cundinamarca, 1991).  According that, the municipality seeks to fulfill the 

need to have fewer risk disaster situations and possible magnitude lower (Ingeniería y Geotécnia Ltda Ingenieros 

Consultores, 1995), and more effective risk management by floods, landslides and earthquakes scenarios too. For this 
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reason it’s necessary formulate strategies for risk management (Concejo municipal de San Antonio del Tequendama, 

2012). 

The Municipal Plan for Disaster Risk Management (MPDRM) it´s a planning instrument where prioritize, execute and 

implement actions focused in risk management process (Unidad Nacional para la Gestión del Riesgo de Desastres- 

UNGRD, 2012), based in the  Municipal Guide for Risk Management methology which was developed by the UNGRD  

in 2012 (Ministerio de Interior y de Justicia , 2012), this guide it´s structure in two components: (i) General 

characterization the risk scenarios and (ii) Programmatic component. According that, the first was made a diagnostic, this 

for Identification Risk Scenarios and the second focused in the programs and actions formulation respect to the risk 

scenarios (Unidad Nacional para la Gestión del Riesgo de Desastres, 2012). This paper presents a formulation of the 

MPDRM to San Antonio del Tequendama for landslides, floods and earthquakes, proposing solutions for mitigation and 

preventive the risk over municipality and evaluates the MPDRM through multicriteria analysis. 

2. NATURAL RISK MANAGEMENT PLAN TO SAN ANTONIO DEL TEQUENDAMA, 

CUNDINAMARCA – COLOMBIA. 
 

2.1. Risk Scenarios General Characterization 

 

2.1.1. Municipality diagnostic 

San Antonio del Tequendama it´s located in the Cundinamarca department, his height of 2700 m, with an area of 82 km2, 

where a big part of the territory it´s rural, represented by its 23 communities (60 km2) and the rest is represented by 4 

urban center population (20 km2) (Map 1). The current population is 13.885 people, where 70% of the population 

working in agriculture activities and the other 30% are dedicate to the poultry and pork sector and other activities. 

 Geologically the municipality has two faults: Bituima fault (in the west) and Corraleja-Zaragoza fault (in the east), 

moreover peaks and ridges characterize their physiographic, where 10% of the territory is flat, 25 % hilly and 65% 

rugged. Finally, the territory presents a bimodal annual rainfall regime with an average rainfall of 1500 mm and an 

average temperature of 20 °C (Concejo municipal San Antonio del Tequendama, 2012). 

 

Map 1: San Antonio del Tequendama Municipality delimitation. 

2.1.2. Identification and priorization of risk scenarios 

The methology establishes that this component must be define using secondary information supported by all national risk 

institutes  like the UNGRD, however, after made a review of the bibliography, it evidenced that this one presented 

different timescales, then a technique process was implemented using the “Guide for the Preparation of Land Use Plan” 

methology developed by IGAC, which involve the identification of  high risk zones  considering cartographic maps at 

different scales and the parameters  related to slope and erosion defined in the methology, for example,  with greater 

slope, greater susceptibility of landslides (Map 2). Nevertheless, this process only applied for landslides scenario, the 

other ones be worked with mapping (Instituto Geográfico Agustín Codazzi-IGAC, 1993). 

According with the parameters defined by the IGAC methology and the process that involved geoprocessing and 

cartographic overlay maps (natural hazard maps on public infrastructure maps), it could get the maps showed below, 

where, by their attributes (color legend), it can be possible do the identification of high risk areas in the 3 scenarios. The 

results showed that 80% of the Municipality population are vulnerable to the 3 risk scenarios evaluated (landslides, floods 

and earthquakes), where the rural ones are the most vulnerable followed by urban population centers. Once they were 

identified, it continues with the MPDRM methology, where establish it must prioritize the risk scenarios by the author 

criteria, nevertheless, it was made a technical process to have a good support in the priorization in order to have a better 

argument at the moment of characterize them (Unidad Nacional para la Gestión del Riesgo de Desastres, 2012). 
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Map 2: Landslides related to slope (upper left), landslides related to the erosion degree (upper right), flooding potential 

areas (lower left) and earthquakes potential areas (lower right). 

2.1.3.   Risk scenarios evaluation 

Unfortunately in Colombia there isn´t a standard methology focused in prioritize natural risk scenarios, for this reason, it 

was review five methodologies developed by several institutes of the United States like Software Engineering Institute, 

then it reviewed advantages, disadvantages, features and approach by each one, where the SEI SRE (Software 

Engineering Institute – Software Risk Evaluation) methology developed by the institute mentioned  (Department of 

Energy Quality Managers, 2000), was the only one who adjusted, nonetheless, it’s important to clarify that only the “Risk 

Scenarios Priorization” component of this methology was extracted to this chapter, which it´s based in a building matrix, 

where a risk level it´s defined using two elements: Frequency and Severity (Stern , 2011).  

The SEI SRE methology establish for the frequency estimation that it must review the events historical data of the risk 

scenario to analyze, then it must to do a probabilistic analysis using probabilistic distributions with its goodness of fit     

by Chi squared test (Department of Energy Quality Managers, 2000), as a result, Poisson distribution was the one who 

adjusted to the events historical data behavior, whose result showed there is more probability that presents more than two 

disaster situations per year by landslides and flooding  than two or only one event, categorized as: Landslides (Common), 

floods (Probable) and earthquakes (Casual) according to the parameters defined in the SEI SRE methology. 

The severity estimation involved a combination between the qualitative method SEI SRE methology with a probabilistic 

risk analysis using  CAPRA GIS and @RISK softwares, where physical and human vulnerability functions were obtained, 

the first one its associated to the damage that could be expected of an asset in dependence of a natural hazard situation, 

measured in Mean Damage Radio (MDR) or economic value required to rebuild the while affected, depending of the 

natural hazard intensity, for example “meters deep”, the second one its associated to the involvement occupants level of a 

building on terms of the expected number of victims with respect to the natural hazard intensity too (Consorcio de 

Evaluación de Riesgos Naturales (ERN) América Latina, 2011). The Graphic 1 (vulnerability function by floods in terms 

the kind of infrastructure: Grouting with only one floor (M1) with its standard deviation) was generate using CAPRA GIS 

Software in their ERN Vulnerability mode, considering as primary information the principal kind of infrastructure in the 

municipality, where was unreinforced masonry walls with concrete slabs armed low and medium (Consultores, INGETEC 

Subestación Paraíso, 2013). Also an analysis of severity was made using Monte Carlo simulation through @RISK 

software (PALISADE Corporation, 2013), which took into account multiple severity scenarios for each risk, as a result the 

landslide scenario was the most critical because its MDR reached high cost around $1.880 billion dollars, followed by 

earthquakes scenario (MDR of $370 billion dollars) and floods (MDR of $3 billion dollars). 

The severity results showed:  Landslides (Critical), earthquakes (Critical) and floods (serious), took into account the 

parameters defined in the SEI SRE methology. With the frequency and severity results for each risk scenario, it continued 

to define the risk level based in the intersection of the two elements in the matrix establish by the SEI SRE methology. 

The final results of the priorization indicated: 1.Lanslides risk scenario 2.Flood risk scenario and 3. Earthquakes risk 

scenario. 
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Graphic 1: Vulnerability function by floods scenario. 

2.1.4. Risk scenarios characterization 

Once prioritized risk scenarios in a technical way, it continued with the MPDRM methology, where all the risk scenarios 

are characterized, determining historical background, threatening phenomenon description, its causes, vulnerable 

populations and a future analysis, which includes aspects like measures for risk reduce, this information was consolidated 

in the formats established by the MPDRM methology (Unidad Nacional para la Gestión del Riesgo de Desastres, 2012), 

as a result it obtained:  

Landslides risk scenario: The most important aspects in this scenario were the main causes where human activities such 

as deforestation for agriculture and livestock were the principal ones (Henao, 2009), as well as buildings homes in high 

risk areas, also the bimodal annual regime in the territory (Concejo municipal San Antonio del Tequendama, 2012) that 

significantly influences soil properties (Instituto Geográfico Agustín Codazzi-IGAC, 1993). Among the actions that were 

formulated to mitigate and prevent the risk include: Containing soils structures, reforestation in some areas (infiltration 

increasing), rocks containing structures and stuffed counterweight (Departamento Nacional de Planeación-DNP, 2005).  

Floods risk scenario: This scenario was similar to the previous one, because the human activities mentioned were the 

same main causes of this scenarios, but there are two more, one of them is the settle of many people along the hillside of 

the Bogotá River, due to the kind of land use in these areas for intensive agricultural uses (Planeación Ecológica Ltda- 

Ecoforest Ltda, 2012) as well as the municipality vocation is mostly agricultural. Among the actions formulated were: 

Cross works as gabion dikes (Departamento Nacional de Planeación-DNP, 2005).  

Earthquakes risk scenario: Unlike the previous scenarios, this one happens more by natural causes than anthropic ones, 

due to the earth dynamic processes (Chaux, 1998), as well as the presence of the two active geological faults, but until 

now, there haven´t been emergencies situations for this phenomenon, however as actions formulated were: structural 

reinforcement measures in houses exposed and management in future constructions in the municipality under Earthquake 

Resistant Standard 2010 (Departamento Nacional de Planeación-DNP, 2005).  

2.2. Programmatic component 

This second component focused on developing programs and improvement actions against the risk scenarios analyzed, 

sectored into three components that are part in risk management: Risk knowledge, Risk reduction and Disaster 

management (Unidad Nacional para la Gestión del Riesgo de Desastres, 2012),, each one has an associated set of actions 

and programs, whose information was consolidated in formats established by the MPDRM methodology, where aspects 

like indicators, target population, program costs and the expected results were indicated. Therefore, the following 

programs and actions were formulated: 

Programs: Socializing with the community belonging to high risk areas about all the relevant information with respect to 

the risk that they are exposed and evaluation of the implementation of structural and non-structural measures. 

Actions: Update and generate technical studies as well as risk maps and formulation of improvement actions on the main 

causes of the risks.   

2.3. Cost-benefit analysis  

After analyzing the cost of implementing of programs and actions formulated, it realized that the costs reach $ 2.070 

million dollars compared to $ 2.140 million dollars already invested in actions formulated by the municipality to mitigate 

the risk, which financing sources could be resources from the National Fund for Disaster Risk Management and the state 

as well, therefore, it’s more feasible invest in those programs which focused in reduce the level of risk and municipality 

socioeconomic vulnerability to continue investing in actions to mitigate the risk once the emergency occur (Departamento 

Administrativo de la Presidencia de la República, 2013). 
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2.4. Multicriteria analysis 

This last chapter was centralize to make a survey of experts from many national risk institutes through a survey (European 

Union, 2005), whose results were reflected in M- MACBETH software (Measuring Attractiveness by a Categorical Bases 

Evaluation Technique) developed by Carlos Bana, Jean Marie De Corte and Jean Vansnick   in 2005 (Bana, 2005), the 

results indicated that one of the major limitations of MPDRM methodology was that it doesn´t specify the way to 

prioritize risk scenarios on the other hand, the structure analysis in the risk scenario characterization was one of its 

benefits.    

3. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK 

REDUCTION 

The formulation of a Natural Risk Management Plan through the MPDRM methology it´s focused on the five priorities 

for action within the framework of Hyogo since its application aims for risk reduction, plus it’s an action performed under 

a ruler law (Law 1523/ 2012), also it’s a planning tool focused on the implementation for action knowledge processes, 

reduction an disaster management, aims for a culture of disaster prevention in society as well as the joint actions aimed at 

institutional strengthening in the emergency preparation (International Strategy for Disaster Reduction, 2006). 

4. CONCLUTIONS 

For more than twenty (20) years the municipality has been vulnerable to risk scenarios mainly by landslides and floods 

and the actions that has been done are related to mitigate the risk but not prevent, where 80% of the current population is 

vulnerable to the 3 risk scenarios analyzed.  

Unfortunately Colombia don’t’ have a standard methodology focused in prioritize natural risk scenarios; however with the 

implementation of the methodology of SEI SRE it was determined that the landslide risk scenario is the most critical, 

followed by floods and finally earthquakes.  

The main causes in the risk scenarios by landslides and floods are by anthropic activities like deforestation for agriculture 

and livestock, the lack of population and building in high-risk areas, bimodal regime rainfall in the region and soil 

properties. In the case of earthquakes, the causes are mainly due to active faults present in the town, as well as soil 

properties which favor the intensity of these ones.  

According with cost-benefit analysis, it was determined that the implementation of the programs and actions formulated in 

the natural risk management plan represent investments near of the ones that have been implemented during the last years 

focused in mitigate the risk, so investing in such actions will bring not only a reduction in the vulnerability of the 

population but will tend to a process of sustainable development in the municipality.  

With respect to the multi-criteria evaluation, it defined that the main limitation of the methodology MPDRM lies in the 

way how to prioritize risk scenarios, also experts believe that the way how information is structured in characterization of 

risk scenarios is its main benefit. Moreover experts consider to adapt various methodologies and software provide better 

support in the preparation of documents for the adoption of policies associated to risk management, but they said that 

should still be cautious when adapting methodologies. 
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1. INTRODUCTION 

Hurricane Sandy, otherwise known as "Super storm Sandy," was the deadliest and most destructive hurricane of the 2012 
hurricane season, as well as the second costliest hurricane in United States history (second to Hurricane Katrina).  This storm 
affected a total of 24 states in the U.S. and struck the entire eastern seaboard from Florida to Maine, causing severe damage in 
New Jersey and New York.  The cost of damage amounted to $65 billion (2013 USD). 
 
Every year hurricane season arrives, and it brings with it, devastation.  How do we begin to better understand the impact of the 
way people communicate throughout the event to ultimately keep them safe? 
 
Interacting through real-time engagement is a common thread to our society.  On the “Twitterverse” people are tweeting an 
average of 9,100 tweets/sec. During Hurricane Sandy, there were over 20 million tweets in the impacted area related to the storm.   
So what does this mean? 
 
We pulled together numerous open sources including Titter, Facebook, NOAA and Google, into our Common Operational 
Picture (COP) and analytical suite to determine exactly what it meant. What we found was that Social Media provided enormous 
opportunities for organizations, first responders and government entities.  Specifically, it provided an avenue to assess damage, 
obtain real-time situational awareness, improve decision-making and, most importantly, save lives.  By merging Social Media 
into a single analytical dashboard, more informed decisions on where to deploy resources can be made. 
 
 

 
Fig. 1: Analytical Dashboard of Sandy  

1.1 Understanding the Situation 

Information traffic on the social web was rampant leading up to, during, and after the storm. To no surprise, people were 
reporting whatever was on their mind related to the storm via various social media platforms.  These posts oftentimes orginated 
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from mobile devices (phones, tablets) and commonly included geo-tagged pictures.  Tools like NOAA's real time weather alerts, 
which are provided by individuals in the impacted environment, allow you to see real time progression and severity of weather; 
this is one example of a communication channel. 
 
This crowdsourcing and open social behavior phenomenon means that authorities can better understand what is happening and 
adjust their predictive models for impacts.  By layering in predicted weather patterns, power grids, population densities, Social 
Media messages and infrastructure data, it is possible to geospatially understand the ecosystem of the crisis and respond quickly. 
 

 
Fig. 2: Geo-spatial view of shelters and people who need assistance  

1.2 Responding 

One of the most impactful organizations in Social Media during Hurricane Sandy was the Red Cross.  The Red Cross established 
a hash tag (#RedCross) to be used in conversations.  This was one of the most widely used hash tags during and after the storm.  
The Red Cross monitored Twitter and engaged directly with over 4,500 people to provide help and virtual hugs.  During October 
27th and 30th, tweets mentioning Red Cross increased by 30X. 
 
This brings to mind the possibility...could Twitter become a national broadcasting system in the future? 
 

1.3 Competitive Analysis 

Some companies and organizations fared better than others in the digital imprint of their support provided during the storm.  Key 
lessons learned from analysis of the more successful and the least successful in using social media to manage the crisis are: 
review key entities, sentiment and the network of influence surrounding your brand during these heightened moments of 
engagement.  It’s an opportunity to see your strengths and weaknesses in the eyes of the most important people – your customers, 
partners and competition.  Social Media represents a critical communication channel to large portions of the population and thus 
represents a huge opportunity for informing the public and understanding the crisis as it unfolds. 
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Fig. 3: Analytical Dashboard of Sandy  

2. CONCLUSIONS 

The feverish use of Social Media related to Super storm Sandy, both during and after, provided organizations, companies and 
individuals with a unique opportunity to directly engage with each other to make a difference.  Whether this engagement is by 
helping direct people to the closest shelter, connecting them with loved ones or providing virtual support – the value is priceless.   

The drastic increase in smart phone usage and digital, social connectivity has changed the landscape for effective communication 
and management throughout a crisis.  It also represents an opportunity to share with the community and world the efforts that 
organizations are performing.  The Metropolitan Transit Authority (MTA) seized the opportunity by posting hundreds of photos 
to its Flickr account, demonstrating the work they were doing to pump our flooded tunnels and repair miles of damaged subway 
tracks.   
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Special Panel: 

Emerging chemical risks in the human environment: Reducing chronic exposures to prevent chronic 

disease 

The concept of Planetary Boundaries describes 9 subsystems that are critical for Earth’s stability, 

including climate change, biodiversity or global freshwater use. Chemical pollution is also considered a 

critical planetary system, albeit receiving less attention to date. With over 100’000 chemicals used in 

everyday consumer products, human beings and the environment are constantly exposed to a multitude 

of different substances, mostly at low levels. While chemical risk management is focused on single 

substances, real life exposures occur to chemical mixtures. In addition, some chemicals can interfere 

with normal hormone signaling and especially can affect healthy child development. During sensitive life 

stages exposure to these substances called endocrine disrupting chemicals (EDCs) can lead to chronic 

diseases like infertility, cancer, diabetes or obesity later in life. EDCs have been identified as an emerging 

risk. This session explains the basic concepts, shows the state-of-the-science, discusses ways for 

preventing chemical exposures, and shows a solution to reducing environmental chemical pollution. 

Speakers: 

Reto Schneider (Head Emerging Risks, Swiss Re): Endocrine disrupting chemicals as emerging risks            

Christian Abegglen (Head of Wastewater Treatment, VSA – Swiss Water Association): Micropollutants in 

surface waters – the Swiss experience from research to political action 

Jane Muncke (Managing Director, Food Packaging Forum): Food contact materials as source of chemical 

exposures 

Pete Myers (CEO, Environmental Health Sciences): Preventing chronic diseases by reducing exposures to 

endocrine disrupting chemicals 
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Towards novel community-based collaborative disaster management 
approaches in the new information environment: an NGO perspective 

M.J.C. van den Homberg1, R.M. Neef2 

1Cordaid,The Hague, The Netherlands. E-mail: mhb@cordaid.nl 
2TNO, The Hague, The Netherlands. E-mail: martijn.neef@tno.nl 

ABSTRACT: Large scale natural and man-made disasters are complex events involving many stakeholders. Despite the 
structures the national and international humanitarian system provide, still many collaboration and information gaps between 
stakeholders, levels of operations and phases in the disaster management cycle occur. In the recovery phase, communities are 
insufficiently involved and comprehensive knowledge about the affected environment is missing leading to mismatches between 
efforts of the different actors and the community needs and prolonged recovery trajectories at higher costs. The rapidly changing 
and new information environment consisting of mobile services, social media, social networks, crowdsourcing and online 
communities offers new opportunities to engage with communities but also new challenges to stay abreast of all that’s 
communicated digitally. New collaborative approaches will be required to diminish these gaps. The EU funded COBACORE 
develops a collaborative platform that facilitates the interaction between members of the professional, affected and responding 
communities. It helps to register needs, capacities, activities and acquire situational information by the whole, and provides 
facilities to obtain better matching of needs and capacities. Adoption and ownership by communities is essential and should be 
investigated for example by building and piloting a localized version of the platform. Such a localized platform should enable 
both digital and non-digital ways of interaction given that many disaster affected communities live in resource-poor 
environments. The platform can be used as well as a cooperative development game for the responding community and 
professionals to improve their cooperation and coordination skills. Although NGOs are not social computing organizations, it is 
recommended to expedite developing a basic social computing understanding (and possibly capability) in-house so that digital 
technologies can be incorporated into relief and recovery activities more easily. 

Keywords: disaster recovery, new information environment, community-based, collaboration gaps. 

 

1. INTRODUCTION 

Large scale natural and man-made disasters are complex events affecting many societal, political, economic and environmental 
processes. Rebuilding a disaster-affected area and community to a safe and stable state in which it can regain its societal and 
economic livelihood (Crutchfield, 2013) is complex, let alone “building back better” as is often the credo. Many stakeholders are 
involved and include local communities, sometimes both responding and affected at the same time, local professionals 
(government, private sector, national and local NGOs) and the international community (UN, international NGOs (iNGOs), 
donors, the military, diplomats). These stakeholders can select from a wide range of Political, Military, Economic, Social, 
Information, and Infrastructure related disaster management activities with often varying intentions and influence. To illustrate 
the wide spectrum, interventions can range from purely humanitarian response activities aimed at relieving human suffering to 
deliberate economic shock doctrines after disasters to serve external economic interests (Klein, 2008). Stakeholders are organized 
in principle by the government; they have the mandate and implement disaster laws, structures and procedures. In case of major 
disasters, such as level 3 disasters as declared by the Inter-Agency Standing Committee (IASC), the international humanitarian 
system with the cluster system comes into play with obviously still an important role for the government. Although both 
organizational structures are usually well-defined, in the execution still many flaws occur. First of all, a lack of leadership. On the 
one hand the -especially local- government has limited capacity and experience, does not invest much in preparedness and is as a 
consequence not able to take leadership. On the other hand clusters are dominated by the international NGOs, hampering the 
participation of local NGOs and causing sometimes insufficient information on local capacities to reach the clusters. Also sharing 
information between clusters is a challenge (van den Homberg, 2014). Furthermore, despite joint assessments such as the Multi-
Cluster/Sector Initial Rapid Assessment (MIRA), comprehensive knowledge about the affected environment is still very hard to 
obtain. Communities are insufficiently involved whereas they should be considered as the most important stakeholders. Research 
has shown that they save most of the lives in the response phase (Bankoff, 2004) and that they also play a key role in recovery. If 
recovery is driven only by the responding external organizations, community resilience is weakened and recovery often fails 
(Quarantelli, 1999). This is also in line with the trend amongst western policy makers to focus on increasing citizen participation. 
The collaboration and information gaps between stakeholders, levels of operations and phases in the disaster management cycle 
as described above lead to mismatches between recovery efforts of the different actors and community needs and –as a 
consequence- to prolonged recovery trajectories at higher costs. 
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2. THE NGO PERSPECTIVE ON COLLABORATION WITH COMMUNITIES 

Nearly all NGOs place affected communities at the heart of both their developmental and relief aid activities through their 
guiding principles and values. For example, the International Federation of the Red Cross has Humanity as their leading 
principle: the need to act in order to prevent and alleviate human suffering. Similarly, Caritas Internationalis and its 162 member 
organizations have Solidarity as a key principle, whereby the response to an emergency is an expression of solidarity with the 
people affected by a disaster (Caritas Internationalis, 2007). Caritas Internationalis has an additional principle that guides the 
interaction with communities, namely Subsidiarity. People have the right to participate in decisions that affect their lives and 
decisions should be made by the people closest to and most affected by the issues and concerns of the community. It means 
returning the rightful ownership of projects and development processes to local communities. 

How can the professional NGO community implement these guiding principles in especially the response and recovery phase? 
To this end, nearly all iNGOs work by definition with local partner organizations such as the IFRC with the national society and 
the Caritas member organizations with the ecclesial network in the affected region. These capillary structures can be used to gain 
unique knowledge of and access to grass-root communities affected by the emergency. Furthermore, through these local partner 
organisations, iNGOs can gain access to community buildings (such as schools and Church buildings), which can be used to 
provide essential emergency services to victims of a disaster and to personnel with considerable experience of working with 
grass-root communities such as Red Cross volunteers and Church representatives (varying from bishops, priests, religious sisters 
and brothers, missionaries up to lay people). However, reaching an optimal distribution of the work over the international, 
national and local NGOs has proven to be quite a challenge. First of all, it is difficult to reach proper situational awareness of 
what the needs and capacities are. The IFRC estimates that in some cases only 10% of the affected communities are reached in 
assessments. In doing assessments, most NGOs strive for compliance with the Sphere standards and follow principle two of the 
IFRC Code of Conduct (which is also the Code of Conduct for Sphere): “Wherever possible, we will base the provision of relief 
aid upon a thorough assessment of the needs of the disaster victims and the local capacities already in place to meet those needs.” 
(Sphere, 2011: 370). The Caritas Internationalis emergency toolkit (Caritas Internationalis, 2007: 21) lists that first actions after a 
disaster include a check on: does the information suggest that local support (community and/or government and church) is 
sufficient to respond? Obviously for major disasters this is usually not the case. Second of all, operational iNGOs are typically in 
“delivery” mode. Lives and livelihoods are at stake and there is pressure of the donors and the media, so the pressure is on for 
iNGOs to show that they are active and providing relief. Often, local partners have limited capacities and therefore international 
organizations setup their own operations in parallel (as is reflected in how funding is allocated). 

The challenges described above results in the objective of our research: to explore which novel information gathering and 
collaboration approaches enable international, national and local NGOs to better utilize their capacities, to reach better 
accountability both up- (towards donors) and downwards (towards communities) and to optimize their interdependent efforts by 
building on the community as an important source of information. 

 

Fig. 1: Example of the Participatory Vulnerability and Capability Approach in India: the risk map 

3. COLLABORATIVE APPROACHES IN THE NEW INFORMATION ENVIRONMENT 

The current information gathering and collaboration approaches of NGOs in disaster management center around participatory 
approaches such as Participatory Vulnerability and Capability Analysis (PVCA) in the preparedness phase (resulting in for 
example community risk maps, see Figure 1), mixed methods for monitoring and evaluation in the response and recovery phase 
(both up- and downward accountability (including information sharing with communities and complaint mechanisms)), and co-
creating community-based or managed recovery strategies linking for example recovery to mitigation (how to build back better 
so that a next disaster will not affect a now collapsed house). Furthermore NGOs contribute to or make use of the earlier 
mentioned MIRA in the response phase or Post Disaster Needs Assessments (PDNA) in the recovery phase. The PDNA is a 
government-led exercise with the support of the EU, the UN system and the World Bank, bringing together national and 
international stakeholders to align recovery efforts in a coordinated way (UNDP, 2014). 
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These collaborative approaches will however have to adapt continuously to a rapidly changing information environment. The 
World Bank report Maximizing mobile (World Bank, 2012) shows the tremendous growth of mobile telephony in developing 
countries and the evolution towards data-based services. Furthermore, usage of social media, social networks, crowdsourcing and 
online communities increases. On the one hand this can aggravate the challenge since for example more and more spontaneous 
but not necessarily skilled volunteers will be activated, lower entry barriers for new organizations get created thereby increasing 
competition and misinformation gets spread through these very same digital opportunities. On the other hand it offers 
opportunities to facilitate the collaboration challenge, for example tagging of social media by volunteer technology communities 
(Global Facility for Disaster Reduction and Recovery, 2014) can help NGOs to improve their needs assessment of the affected 
community and information can be disseminated more easily using mobile data-based services or online platforms between 
organizations and with communities.  

There are many examples of intra-organizational platforms (such as from Oxfam, CARE, Caritas Internationalis and World 
Vision), but also inter-organizational and global platforms, all-purpose, all-hazard, exist such as DisasterAWARE from the 
Pacific Disaster Center, the Humanitarian Early Warning System from IASC and Humanitarian Response from UN OCHA. 
There are also bottom-up initiated community managed platforms such as Ushahidi making use of open data. Lastly, different 
forms of preparation exist for professionals and volunteers in order to acquire not only technical skills but also the soft skills to 
cooperate and coordinate individual activities towards a collective effort (Di Loreto, 2012). One can think of exercises, trainings 
and (serious) games such as mock drills of community volunteer disaster management committees at community level or 
emergency management exercises of professional responders at regional or state level. What is however missing is both a 
platform and game approach that integrates the different intra- and inter-organizational levels and that includes the community 
perspective. 

4. THE COBACORE PROJECT: AN EXAMPLE RESEARCH PROJECT  

A good example of the type of innovation suggested in the previous chapter is the COBACORE (Community-Based 
Comprehensive Recovery - www.cobacore.eu) project. The EU-funded COBACORE research project aims to address 
collaboration challenges between communities that exist in the various phases of disaster management.  

4.1 The COBACORE project 

The COBACORE project groups actors in disaster management into three main groups, as can be seen in Figure 2. The affected 
community are the people directly and indirectly adversely affected by a crisis or disaster and in need of urgent (humanitarian) 
assistance. The responding community consists of local or outside community members which support in relief or recovery but 
are not trained in crisis response. The responding professionals are part of the professional community in the field of crisis 
response and recovery, such as national and local governments, NGOs and national crisis coordination centers.  

  

Fig. 2: The three main groups of actors in disaster recovery  
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Actors will often belong to multiple communities. Professional organisations in the affected area will be affected in their 
capacities, and therefore may share needs with local affected communities. Local communities and businesses will usually be the 
first line of support after a disaster, and thus will also belong to both the affected and responding community groups. One could 
say that the intersection of both groups is a resilient community – one that is capable of tending to its own needs. Another 
interesting overlap is that between the professionals and the responding community. At the intersection of these groups, we can 
situate trained volunteers, willing and able civilians that have had a certain degree of training by professionals and thus can 
provide established services to the recovery process.  

Based on an analysis of recent cases of natural and technological disasters (COBACORE, 2014), we found that there are three 
main types of collaboration issues that exists between the three communities: (1) hampered information exchange between the 
professional community and the affected community, (2) collaboration gaps between the professional community and the 
responding community and (3) inefficiencies in needs and capacity matching between the affected and responding communities. 
These issues form the main drivers of innovation in the project, and steer the development of novel collaboration principles and 
supporting technologies.  

The main instrument of the COBACORE project is a collaborative platform that facilitates the interaction between members of 
the professional, affected and responding communities (e.g. between affected citizens, professional organisations and volunteer 
groups). The COBACORE platform helps to collate baseline information with current information about needs, capacities and 
activities, and offers options to learn which parties are active on various aspects of disaster recovery. By providing tailored 
interfaces for each type of community, but drawing on the same information base, the platform helps to achieve a higher level of 
coordination and a better matching of needs and capacities.  

Fig. 3: The COBACORE platform in its core feature state. 

The platform provides three main functions that directly answer the aforementioned key issues: (1) enhance the information 
exchange between the professional and the affected community, (2) facilitate the collaboration between the professional and the 
responding community and (3) improve needs and capacity matching between the affected and the responding community. The 
platform provides various features to its users that help to fulfil the main functions. The COBACORE project relies heavily on 
stakeholder engagement to uncover valuable features, and employs an incremental development process where new features are 
added after consultation with end users. The core set of features consists of ten features: facilities to register (a) actors, (b) needs, 
(c) capacities and (d) activities; options to match needs with capacities (e); option to obtain an overview of (f) needs and 
capacities, (g) actors and their activities and (h) the baseline situation; basic recovery monitoring views (i); and information 
exchange options (j). Needs and capacities are categorized via an expressive category and type system. A ‘category’ is one of 
twelve main societal domains that play a role in disaster recovery, such as transport, health or education. A ‘type’ is the sort of 
thing that is being sought or offered, where we distinguish three types: service or skill, information and asset (tangible or 
intangible). The combination of one or more categories with a type gives a simple yet expressive way to characterize needs, 
capacities, and activities. The COBACORE platform is implemented as a web service and is accessible through laptop or mobile 
device for each of the user groups: professionals, responding community and affected community. Figure 3 shows a screenshot of 
the current state of the platform.  
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4.2 The COBACORE gaming approach 

We developed a table-top turn-based simulation to –first of all- evaluate the platform and –secondly- to be used as a cooperative 
development game for the responding communities and professionals. Goals of the game are such that participants are required to 
assess needs and match capacities with these needs. The game consists of goals for each user group, workflows and actions, user 
group profiles and the evolving scenario (a disaster that had struck the city of Rotterdam/Belfast). Central to the evaluation is the 
comparison between a situation where user groups interact with the platform and a situation in which they employ state-of-the-art 
social media tools. In both conditions, user groups have the task to carry out needs assessment activities within a short duration 
scenario (typically one to three hours). Figure 4 shows the COBAgame set-up, where the different user groups are place in 
different rooms.  

 

Fig. 4: The COBAgame set-up 

First, affected communities will be introduced into the scenario: the general crisis situation, their individual needs and how needs 
can be identified and communicated on a community level in the COBAgame. This will be introduced step-by-step, particularly 
because formulating community needs requires coordination via an appointed spokesperson. The community will have to self-
organize this process of how to articulate needs on a community level. The self-organization has to be monitored and facilitated 
however, since experience learns that otherwise one gets the needs from the community leadership and not from the marginalized 
people in the community. The individual and communal needs will then be fed into the COBACORE platform by the users. 
Thereafter, the system will give instructions on which available capacities are present in the vicinity of the person that posted the 
need. The system will give instructions based on 1) physical proximity and 2) overlap in capacity and need via a standard 
categorization of needs and capacities from the COBACORE database.  

In June 2014, the above game was held in Rotterdam, The Netherlands over the course of two days, with a participation of more 
than 40 volunteers from the Dutch Red Cross and representatives from Dutch Safety Regions. This experiment had a non-fielded 
setup, and thus lacked full alignment with operational practices. At the end of the project, the COBAgame will be held in a 
second iteration with the platform in its final stage and in a more operational setup with participation of multiple professional and 
volunteers groups in the German-Dutch border area.  

4.3 Project ambitions 

The COBACORE project does not have the objective to build an operational product, but rather strives to develop a foundation 
from which useful novel applications and approaches can be developed. Because of the differences in disaster management 
across the world, and because of the differences in societal capabilities and preferences between countries, it seems hard to 
envision an platform shape form that suites each and every disaster event. So, therefore the COBACORE platform foundation 
needs to be translated to suit local characteristics and suit the operational demands of active responding NGOs. To this end, the 
project will work with NGOs and national response organisations to build localized versions of the platform. Additionally, the 
gaming approach will be promoted as a valuable asset to training programmes of response organisations.  
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5. DISCUSSION AND CONCLUSIONS 

Large scale natural and man-made disasters require system-wide mobilization and sustained, concerted efforts by multiple 
stakeholders. All too often we see however collaboration gaps between stakeholders, levels of operations and different phases in 
the disaster management cycle. Specifically, communities are insufficiently involved and comprehensive knowledge about the 
affected environment is missing. NGOs have –more than most other stakeholders- affected communities at the core of their 
“raison d’être” and empower communities using participatory approaches for creating vulnerability and capability awareness and 
shared action plans for increased resilience and preparedness. Furthermore, they have usually well-organized access to 
communities through strong linkages to grass-roots organizations. Cordaid has for example utilized in the response to the 
Typhoon Haiyan the Philippines Caritas member organization NASSA. The rapidly changing and new information environment 
consisting of mobile services, social media, social networks, crowdsourcing and online communities offers new opportunities to 
engage with communities but also new challenges to stay abreast of all that’s communicated digitally. New collaborative 
approaches will be required to make sure collaboration gaps are being closed. The EU-funded COBACORE project developed a 
novel conceptual framework for closing the collaboration gaps between members of the professional, affected and responding 
communities (e.g. volunteer groups) in terms of issues, functions and features. The framework is translated into a web based 
platform and table-top simulation. The platform helps to register needs, capacities, activities and acquire situational information 
by the whole, and provides facilities to obtain better matching of needs and capacities. We emphasize that both the platform and 
the game consist in fact of a technical, social and socio-technical layer. The technology is only a part of the solution and crucial 
for adoption will be the interaction between the platform and the users.  

The principles behind the COBACORE platform apply to both the developed and developing countries context, since resilience 
enhancement and risk reduction is a collaborative process by default. Given that many disaster affected communities still live in 
resource-poor environments, it will be essential for NGOs to develop a hybrid collaborative platform that can combine both 
digital and non-digital input. Such a platform will enable NGOs to deal with the new information environment, adapt to the 
growing role of responding communities and take on a clearer coordinating and steering role. Adoption of such a platform should 
already take place in the preparedness phase. We foresee that the professional community might more easily adopt a 
COBACORE like platform, as it can for example become part of their training curriculum and daily work, than communities will 
do. It will be essential to investigate how adoption and ownership by communities can be assured for example by piloting the 
platform in one of the areas where Cordaid operates.  

The platform focuses on usage in natural and technological disaster settings, where it relies on a fairly open and transparent 
process of collecting and sharing information amongst different stakeholders. However, from 2005-2009, more than 50% of 
people affected by ‘natural’ disasters lived in fragile and conflict-affected states (Kellet, 2012). When disasters and conflict 
collide (Harris, 2013), there will be additional challenges in using a participatory platform, such as the suggested COBACORE 
platform. The platform could be used by actors with malicious intent (Goolsby, 2013). The matching functionality of the platform 
will be much more sensitive and delicate in these conflict settings than in natural disaster settings. Actors in such settings include 
for example unstable governments and armed groups. And the affected community, the people at risk, know usually most about 
their predicament and have the greatest insight into the threats against them. However, disclosing such information could put 
them at risk. 

The new information environment will create tough challenges both for disaster and conflict settings in terms of privacy, 
governance, content generation and validity. These are issues that will need further research. Although NGOs are not social 
computing organizations (Meier, 2014), it is recommended to expedite developing a basic social computing understanding (and 
possibly capability) in-house so that digital technologies can be incorporated into relief and recovery activities more easily. We 
note that development agencies are usually already more ahead with adopting and adapting to these new technologies than relief 
agencies are. 
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ABSTRACT: Tropical cyclone Haiyan was the deadliest natural disaster in Philippine history since reliable 

recording started. Though official count of fatalities does not distinguish between different causes for the loss of live 

such as high wind speeds, landslides, river floods or storm surge an analysis of the geographic location of fatalities 

strongly suggests that about 95% were victims of storm surge on Leyte island where the majority of casualties 

happened. 

As the typhoon was forecasted days before it made landfall on 8 November 2013 and public warnings were issued 

well in advance, including storm surge, the question arises of why was early warning not effective in the coastal 

areas? 

An assessment of the causes identifies three main reasons why many residents of coastal areas stayed in the danger 

zone when the storm surge occurred. First, government agencies grossly underestimated the inundation area. Official 

hazard maps show only a fraction of the actual inundated area as storm surge prone. Some evacuation centres were 

located near the shore and many people died in them. Second, all residents of the coastal areas received warnings, 

but those were in most cases not clear and serious enough to make people understand that their lives are in real 

danger. Third, many residents of the coastal areas were resistant to follow official evacuation advice. There were 

many reasons given in interviews reaching from the fear of looting, to disbelieve in the governmental warning and 

fatalistic attitudes. 

Lessons learned from the assessment include an urgent need to improve hazard maps, review the location of 

evacuation centres, clarity of warnings (including colour coded alert levels, evacuation routes), the need for forced 

evacuations and an information campaign to reduce resistance of the population to evacuate. 

Keywords: Typhoon Haiyan, Early Warning Systems, storm surge  

 

1. INTRODUCTION AND BACKGROUND 

The storm Haiyan/Yolanda was the deadliest natural disaster in the Philippines since reliable counting began. The 

typhoon made landfall in the early hours of 8 November 2013 in the south of Eastern Samar and proceeded west - 

north-west via Leyte, northern Cebu, northern Negros, northern Panay and exited the Philippines via 

Coron/Busuanga in the north of Palawan leaving destruction and death on its path. 

Many Philippine citizens and observers asked whether the death toll of about 6,300 confirmed dead could have been 

less if early warning systems would have been more effective. This report seeks to contribute to answering this 

question and highlight areas needing improvement. 

This paper analyses the hazard event in terms of wind speeds, rain, and storm surge. The actual event is then 

compared with different general hazard information and then with forecasts to determine the accuracy of the 

predictions. It is assumed that accurate general hazard information (e.g. hazard maps) and precise forecasts (e.g. of 

the track of the typhoon) would enable communities to prepare adequately. However, it is recognized that timely and 

detailed hazard information alone does not necessarily lead to adequate preparations. Therefore information was 

gathered (mostly through interviews [29 residents of coastal areas, 12 officials involved in DRM. Interviews in early 

Dec. 2013 with a questionnaire]) to understand the dissemination of the alerts and the reaction of residents in 

dangerous places. Last but not least the connection between casualties and early warning is analysed to answer the 

question: would a better early warning system have saved lives? 

This paper has to be treated as a preliminary assessment. Time constraints and other pressing tasks after the typhoon 

did not allow conducting a large scale survey with many respondents in the affected areas of Leyte. Many details are 

still to be collected and may be subject to further investigations. 

This research is in support of Priorities for Action of the Hyogo Framework for Action (Chapter III, B, 17, ii, d). It 

states: “Develop early warning systems that are people centered, in particular systems whose warnings are timely 
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and understandable to those at risk, which take into account the demographic, gender, cultural and livelihood 

characteristics of the target audiences, including guidance on how to act upon warnings, and that support effective 

operations by disaster managers and other decision makers.” 

 

2. THE DISASTER EVENT 

Tropical cyclone Haiyan was a Saffir Simpson category 5 typhoon with wind speeds of more than 251km/h when it 

made its first two landfalls in the Philippines. GIZ calculated a wind speed of 290 km/h for the landfall at the eastern 

coast of Leyte (municipalities Palo and Tanauan). This was based on the central air pressure, estimations of the 

radius of the eye, the forward movement of the eye (both from Doppler radar) by utilizing the G. Holland equation 

(Neussner, et al.). 

Several institutions calculated the height of the storm surge and some organizations conducted surveys in order to 

determine the height and extent of the storm surge. These surveys are either not completed yet or the data are still in 

the verification process. Estimations by Cesar Villanoy seem to be consistent with community based interviews and 

are displayed on Map 3. According to this source the maximum height at the coast was up to 6m in the area 

Tanauan, Palo, Tacloban. 

Rain in connection to the storm was relatively little in Leyte. In the north of the eye of the storm precipitation was 

less than 100mm/24h and in the south up to 150mm/24h. It resulted in a flash flood in Burauen, river flooding in 

Dagami and some landslides in mountainous areas. Damages were small compared to damages from high wind 

speeds.  

 

3. RISK KNOWLEDGE 

Professionals dealing with risks connected to natural hazards can access an array of sources of information 

describing hazards, vulnerabilities and to some extent risks. Apparently not all persons tasked with disaster risk 

management in a professional way are aware of all information available or if they are they seem to utilize such 

information only to a limited degree. 

As risk knowledge was limited, the utilization of such knowledge was naturally also limited. This lead to inadequate 

(or no) actions by responsible disaster managers. Only parts of the people in the storm surge area were evacuated 

and many of the remaining died. Even evacuation centres turned into death traps as they were located in the 

inundation area. 

 
Map 1 and 2, Storm surge and tsunami hazard maps. 

Before Haiyan the only available storm surge hazard map was generated by Philippine Atmospheric, Geophysical 

and Astronomical Service Administration (PAGASA), indicating an inundation area much smaller than what 

happened during Haiyan. Interestingly Philippine Institute of Volcanology and Seismology (PHIVOLCS) produced 

a tsunami hazard map where the inundation area was closer to the Haiyan inundation area compared to the storm 

surge hazard map of PAGASA (Map 1 and 2). 
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4. EARLY DETECTION OF HAIYAN 

On international level there are several institutions observing the development and progress of typhoons and some of 

them include predictions of storm surges and rain in their services. In the Philippines the central government 

institution tasked with the detection of hydro-meteorological hazard events is PAGASA. 

PAGASA issued several storm warnings before Haiyan made landfall. The warnings correctly described the actual 

wind speed category and the location (southern part of Eastern Samar and then northern part of Leyte Island). It 

included the declaration of storm warning signals on a per province basis. All provinces in the path of the typhoon 

were assigned the highest warning level. The information from PAGASA was published in the daily Bulletins of the 

National Disaster Risk Reduction and Management Council (NDRRMC) and widely spread by media. Several other 

official weather agencies also published track and wind speed forecasts. All of these forecasts agreed on the track 

via the Eastern Visayas and in the days before landfall that the typhoon would have a wind speed of more than 

250km/h. 

PAGASA warned of a storm surge relatively late. No warning was issued on 06.11.13, 18:00h and 07.11.13, 06:00h. 

The first warning by PAGASA came on 07.11.13, 12:00h with 7m surge height, second on 07.11.13, 18:00h again 

with 7m storm surge height. Though others included storm surge warning later than some other institutions there 

was still sufficient time for evacuations. 

 

5. COMMUNICATION AND WARNING 

Once a dangerous hazard event is detected by an authorized institution the persons in the potentially affected areas 

need to be informed about this so that they can take appropriate action to prevent or reduce damages and losses 

including themselves. Communication has to be fast enough to give people time for their preparatory activities (e.g. 

evacuation) and it has to be clear and unambiguous. Everybody has to understand what danger is coming up and 

what to do about it. This includes professionals tasked with disaster management as well as communities.  

PAGASA is tasked with the detection of the threat and the agency issues warnings. These warnings include general 

warnings called “signals” with different levels (1-4) on province level. From interviews conducted by GIZ it appears 

that the population and also officials received the warning early enough for preparations. There was only one 

interviewee (GIZ interviews with 29 residents) who felt that he/she was informed too late. All persons interviewed 

by GIZ (41 in total) were aware of the approaching typhoon. Most residents quoted TV as their main source of 

information, while many also mentioned local government (barangay) officials. This means the warning was very 

successful in terms of coverage. 

However, there are concerns about the clarity of the information given by PAGASA. Many residents of coastal areas 

and also political decision makers openly admitted that they are not familiar with the term “storm surge”. The same 

is true for many coastal residents interviewed by GIZ. Though it was most likely not completely clear to a 

significant part of the population what the nature of the grave danger was, it appears all persons near the coast were 

asked to evacuate and knew that the authorities recommended this or (in some cases) forced coastal residents to 

leave their homes. But even with a clear evacuation message from the government a large part of the population did 

not leave their homes in the danger zones. The interviews of GIZ gave a very mixed picture. In some places 

residents estimated that almost everybody evacuated while in other places only very few left. In many places it 

seemed to be around 50% according to resident’s estimates. 

Many residents of the coastal areas were resistant to follow official evacuation advice. There were many reasons 

given in interviews reaching from the fear of looting, to disbelieve in the governmental warning and fatalistic 

attitudes. 

 

5. CONSEQUENCES OF SHORTCOMINGS OF EARLY WARNING 

The death rate at the eastern coast of Leyte was high because wind speed was still near peak, no protective hills 

provided shelter and from Tolosa to Tacloban the wind was on-shore producing a substantial storm surge in a 

densely populated area. Though no official count of deaths categorized by the four possible hazards (wind, landslide, 

flood, storm surge) has been done yet the spatial distribution of dead is revealing. An estimation of the deaths caused 

by storm surge may be conducted by comparing the death rate (dead in percent of total population) of neighbouring 

inland LGUs with coastal LGUs. Dagami, Jaro, Tabontabon, Alangalang, Santa Fe and Pastrana experienced almost 
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the same wind speeds as Tanauan, Palo and Tacloban (Map 3). The average death rate of the inland LGUs is 0.09 

while for the coastal LGUs it is 1.8. The difference is most likely explained by casualties from the storm surge. This 

means approximately 95% of the casualties died in the storm surge. 

 
   Map 3, Casualties in percent of population 

While it is difficult to prepare well for a storm it is easy to avoid a storm surge by leaving the danger zone in the 

context of an early warning system.  

 

6. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The Post 2015 Framework for Disaster Risk Reduction should address the topic of harmonized multi-hazard early 

warning systems. In the Philippines (and other countries) systems are not well coordinated and easily understood. A 

common system should include a uniform colour and warning stages scheme. 

 

7. CONCLUSIONS 

A mixture of different reasons led to a high death toll caused by a massive storm surge in Leyte. The hazard 

information available was partly underestimating the surge area and official warnings were not clear and serious 

enough to make many people understand that their lives are in danger. Consequently many people did not leave the 

coastal areas and died. More effective evacuations would have saved many lives. 

 

8. REFERENCES 
International Strategy for Disaster Reduction (2005): World Conference on Disaster Reduction, 18-22 January 2005, Kobe, 

Hyogo, Japan: Hyogo Framework for Action 2005-2015, 25 pages 

Neussner, Olaf; Fuchs, Hannah (2013). Estimation of the frequency of historic wind speeds of cyclones using an open-source 

Geographical Information System (GIS) for Region 8 in the Philippines. Proceedings of the 2nd Philippine Geomatics 

Symposium (PhilGEOS) 2013, 9 pages 

531



 

1 

 

 

Risk Maps for the Support of Reconstruction after Typhoon Haiyan in the 

Philippines 

Olaf Neussner
1
, Jay-ar Ragub

2
, Jerson Sala

3
  

 
1consultant for Deutsche Gesellschaft fuer Internationale Zusammenarbeit (GIZ), Manila, Philippines. E-mail: 

olafneus@gmx.net 

2GIS Advisor, Deutsche Gesellschaft fuer Internationale Zusammenarbeit (GIZ), Tacloban, Philippines. E-mail:  

jay-ar.ragub@giz.de 

3GIS Advisor, Deutsche Gesellschaft fuer Internationale Zusammenarbeit (GIZ), Iloilo, Philippines. E-mail: jerson.sala@giz.de 

 

ABSTRACT: Tropical cyclone Haiyan killed thousands and destroyed hundreds of thousands of buildings when it hit the 

Philippines on 8 November 2013. The devastation of buildings near the coast by storm surge exposed the dangerous nature of 

these areas and many voices demanded the declaration of “no build zones” near the sea. As there is no “one size fits all” solution 

to the identification of unsafe areas the need for multi hazard risk maps for buildings arose. 

Careful assessment of hazards, vulnerabilities and the resulting risks would have required more than a year of research and 

development, but tens of thousands of homeless people on Leyte Island required quick outputs without much data gathering in 

the field. This challenge resulted in a compromise between accuracy and speedy delivery of maps. Therefore the authors worked 

with limited available data and filled many gaps with assumptions or with data from other areas. 

The most threatening hazards in Leyte were used for the analysis (earthquake/ground shaking, storm surge, river floods, tsunami, 

storm, rain induced landslide). For most of the hazards, five different severity scenarios were used (frequent/low impact, 

rare/high impact events and medium scenarios) and the return periods were determined. Vulnerabilities of standard buildings 

(concrete, bricks, etc.) to the different hazards came from local interviews and other sources. The risk was calculated in percent 

expected damages per year for Leyte Province. 

The provincial government of Leyte and municipalities utilize the risk map to determine the suitability of different types of land 

uses and safety obligations for buildings to reduce their vulnerabilities to prevailing hazards. The major task ahead is the 

implementation of partly unpopular measures like the enforcement of no or limited build zones. 

Keywords: multi hazard risk map, building suitability map, land use planning 

1. INTRODUCTION AND BACKGROUND 

Tropical cyclone Haiyan made landfall on 8 November 2013 in Leyte, Philippines. The storm brought wind speeds of more than 

250km/h (Saffir Simpson Scale 5), a storm surge of 6m height at the coast of Tanauan, Palo and Tacloban, some river flooding in 

Dagami, a flashflood in Burauen and some landslides in mountainous areas. The death toll exceeded 5,400 confirmed casualties 

and 340,000 buildings were damaged in Leyte province. In the eastern coastal areas, whole settlements were wiped out by the 

storm surge.  

Politicians, land use planners, and also the local population started discussing about the safety of different areas with regards to 

natural hazards. There were public demands to prevent constructing residential buildings near the coast as the traumatizing storm 

surge has demonstrated the dangerous nature of the near coast area. Though initial deliberations focussed on safety from storm 

surge it was clear that many natural hazards pose threats to different locations in Leyte province and a multi hazard approach was 

needed in order to determine the safety of different locations. This was especially important for the identification of new 

resettlement sites for disaster victims.  

As the main discussion was revolving around residential settlements, information on the suitability of different locations for 

relatively simple 1-2 story residential houses was needed. Available data were partly incomplete and almost all of them were only 

qualitative in nature. Official hazard maps, for example, usually distinguish between low, medium, high susceptibility, but do not 

give an indication on expected severity and return periods. Without such data it is difficult to judge how dangerous a hazard is or 

how it compares with another hazard. Furthermore data on the vulnerability of typical, local, residential buildings in relation to 

different intensities of hazards are scarce. It proved to be a challenge to find or generate all required data on relatively short 

notice and finish calculations in time for some decision making processes. 

The production of the risk map supports one of the priorities of the Hyogo Framework for Action (III, B, 2, 19, iii; Land-use 

planning and other technical measures), especially the identification of land zones that are available and safe for human 

settlement.  
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2. RISK/SUITABILITY MAP PRODUCTION 

The authors used the concept of risk expressed by the equation risk = hazard x vulnerability x exposure, where hazard is defined 

as severity x probability and vulnerability is limited to the physical susceptibility of buildings to the impact of a hazard event. 

The resulting multi hazard risk is expressed as expected percent annual damage and it consists of the added values of single 

hazard risks in a particular area. The maximum risk per year is assumed to be 100%.  

The available maps exhibited certain inconsistencies. They originated partly from different mapping times covering around sixty 

years, projection problems, different administrative boundaries, and physical changes of the coastline caused by Haiyan and 

probably other developments before. The authors digitized the post disaster coastline and adjusted the other maps to the new 

coastline. 

2.1 Hazards 

Due to time and data availability limitations only six common hazards were selected for investigation: earthquake/ground 

shaking, storm surge, river floods, tsunami, storm, rain induced landslide. It is believed that these hazards account for close to 

100% of expected damages in Leyte. For each hazard 3 – 5 scenario brackets were created. These were either certain return 

periods or severity ranges. For each scenario bracket the respective probabilities or severities were calculated and used for the 

risk determination.  

Earthquake/ground shaking. A suitable probabilistic set of data are provided by United Nations International Strategy for 

Disaster Reduction (UNISDR, 2013). However, the spatial resolution of the data is relatively course (ca. 39km pixel size) and the 

authors used local ground shaking intensity data with a pixel size of 90m for localized data. These were produced with historic 

earthquake data (1915-2011) by calculating the occurrence of specific intensities with the methods of Fukushima et al. (1990) 

and Wald et al. (2007). The peak ground acceleration (PGA) of the Tacloban pixel (UNISDR, 2013) was utilized as the link 

between the global and the local data. With this the minimum PGA within this pixel was calculated at 60cm/s2 and the maximum 

was 350cm/s2 for 100 years return period. PGAs were determined for 100, 250, 475, 100, 1500, 2500 years return period. 

Storm surge. The tsunami hazard map of the Philippine Institute of Volcanology and Seismology (PHIVOLCS) shows good 

similarities with the storm surge inundation area of typhoon Haiyan on 8 Nov. 2013 for some municipalities in Leyte. Therefore 

this tsunami map was taken as a basis. The wave height was calculated by decreasing the wave height in a linear manner off the 

shore. Estimations of return periods were based on the return period of a Haiyan-strength storm (approx. 200 years) and the 

respective wave height of up to 6m at the shore. 

River flood. So far, there is no comprehensive database on historic flood events available for the whole of Leyte Island. Rivers 

without sufficient information were not included in calculations. For four river systems verified (community interviews) 

computer flood models are available (Bito/Cadac-an, Daguitan/Marabong, Binahaan, Pagsangaan) and for Tanauan and Tacloban 

locally produced flood hazard maps were usable for quantitative hazard assessment. Inundation areas were calculated for 5,15, 

50, 100 years return periods. 

Tsunami. The spatial calculation method was the same as for storm surge, but different return periods were used (up to 500 

years).  

Storm. UNISDR’s hazard database (UNISDR, 2013) was used for the probability of different wind speeds. Though the pixel size 

of 39km is course data were not subjected to downscaling and differences between mountain ridges and valleys are not 

considered.  

Rain induced landslide (RIL). The Department of Environment and Natural Resources - Mines and Geosciences Bureau (DENR-

MGB) published a map displaying the susceptibility for rain induced landslides in Leyte. MGB estimates approximately 30% of 

Leyte Island as highly susceptible to RIL, while approximately 20% are categorized as moderate and low susceptible 

respectively. This equals 2,200km2 for high, 1,400km2 for moderate and 1,400km2 for low susceptible areas. Landslides are not 

recorded systematically on the island. The authors estimated that 0.8km2 of highly susceptible area are moving as landslides 

every year. This means the whole high susceptible area would fail within ~3,000years (defined as return period). The National 

Economic Development Authority (NEDA) describes the probability of the moderate RIL susceptible area as one fifth of the 

highly susceptible area and the low susceptible area as one quarter of the moderate area (NEDA, 2009). 

2.2 Vulnerabilities 

The term “vulnerability” includes many aspects of making humans, societies, economies or assets susceptible to the negative 

effects of an external disturbance (e.g. extreme weather). This research looked only at the physical vulnerability of local, standard 

type buildings, but not at the vulnerabilities of other assets or communities. Thus the resulting risk is limited to this one aspect 

and does not constitute a comprehensive risk assessment. 

As much as possible vulnerability curves were used (ground shaking, tsunami, storm surge), but for the other hazards estimations 

were utilized and for landslide the only value was 1 (complete destruction).  
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2.3 Risks 

Multiplying the probability (inverse of return period) and severity of a hazard with vulnerability for a certain item gives the risk. 

The risk is expressed in % expected damage per year. Risks were calculated for the different scenarios for each hazard. The 

damage values were added to reach a composite risk value per hazard and depending on the location the respective expected 

damage values resulted in a composite multi-hazard risk value. With a Geographic Information System (GIS) either the 

composite (Map 1) or the single hazard risk can be visualized with different colours.  

 

Map 1: Multi hazard risk for concrete/brick buildings [expected annual damage in %], Part of Tacloban City, Leyte 

It is also possible to display the contribution of different hazards to the overall risk (Fig 1). 

 

Fig. 1. Composition of the risk from different hazards, examples of two different areas 

 

Legend 
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2.4 Limitations of the method 

The method used six hazards, but more hazards are threatening the area, although it is believed that the missing hazards do not 

contribute much to the overall risk. In general there are few data of historical hazard events available for Leyte Island. This 

makes it difficult to establish statistics concerning the return period and severity of hazards and in some instances other data or 

estimations were used. For many areas no reliable data concerning river floods are available. Therefore floods were not integrated 

in those areas, but as they may be a substantial part of the overall risk, this is a significant limitation in many places near rivers. 

Vulnerability curves for typical Leyte residential buildings (concrete posts, brick walls) are scarce and some assumptions and 

estimations were used. 

3. UTILIZATION OF THE RISK/SUITABILITY MAP 

Many Local Government Units, LGUs, (municipalities, cities) affected by typhoon Haiyan were in urgent need of assessing the 

safety of different locations in their area for decisions concerning resettlement sites for disaster victims. In many LGUs the land-

use plans are updated in 2014 with special emphasis on natural hazards and climate change effects. This risk map is now used for 

land use planning purposes with the limitations considered. LGUs are advised to do site specific geological surveys, especially 

for bigger and more expensive buildings or infrastructure. In addition to the risk map planners are utilizing downscaled climate 

change data. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Currently land use planners often have only (qualitative) hazard maps at hand. This limits the assessment of the safety of 

particular areas considerably as it is difficult to see the contribution of different hazards to the overall risks and without 

integrating physical vulnerability data it is also difficult to estimate the effects of a certain hazard intensity on a specific asset. 

Therefore the Post 2015 Framework for Disaster Risk Reduction should put strong emphasis on developing risk/suitability maps. 

The methodology is not yet well established and also many land use planners are not yet familiar with suitability maps. This 

means there is a need to strengthen the method of the risk map production with pilot activities and provide capacity building to 

the users of such maps.  

5. CONCLUSIONS 

In the Philippines many land use planners are not able to integrate information on natural hazards appropriately into the planning 

process because they lack of quantitative hazard and vulnerability data. The risk/suitability map produced by the authors is the 

first time a quantitative multi-hazard risk map is available for land use planning purposes in the Philippines. In the process of post 

Haiyan identification of relatively safe areas the new map provides the necessary information for decision making. It needs to be 

stressed that the map gives concrete values for expected damages for specific locations, but the decision what risk is locally 

regarded to be still acceptable, is up to the local population and their representatives. 
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ABSTRACT: Considering importance of weather conditions for development of agricultural grades influence of the Nurek 

reservoir on formation of a microclimate of the Dangara district with the developed agricultural branch investigated. It is 

observed that the natural trend of temperature in summer and the winter periods before construction of a reservoir trans-

formed to the return, i.e. temperature increases in the winter and decreases in the summer. Analysis of annual precipitation 

shows the cyclical their fluctuations by interval of 3-5 years. Humidity reduction for the considered periods that is connected 

with increase of temperature at almost invariable trend of the precipitation change in Dangara was observed. 

  

Keywords: Water reservoir, agroclimatic condition, Agriculture, Mountain, irrigation 

1. INTRODUCTION 

Hydropower equally with agriculture is the basic economical branch of the Republic of Tajikistan. The total annual of hy-

dropower resources of the Tajikistan is 527 Bln. kWt ∙ h that now used only 5 %. The presence of the rich potential of the 

production of electricity in Tajikistan suggests that in the short term expected to build a number of small and large 

hydroelectric power plants with reservoirs (Petrov & Normatov, 2010). 

Therefore, at planning prospects for agriculture coastal areas to the reservoirs must take into account the influence of water 

reservoirs in the transformation of the meteorological conditions of the area and make correction to the irrigation norm of the 

relevant agriculture crops. 

The aim of the present paper is a retrospective comparative analysis of statistical parameters of 60 -year time series of tem-

perature, humidity and monitoring of the Nurek reservoir influences on trend changes of these parameters. 

2. METHODOLOGY 

To determine the influence of mountain reservoirs on agroclimatic conditions we analyzed the trend of meteorological pa-

rameters the Dangara district of Tajikistan with developed agriculture that is a coastal to the Nurek reservoir. We used mete-

orological data 1950-2012 years from station located in the study area. Nurek dam construction was started in 1961 year. 

The water level at 1979 has been reached 890 m and the normal water level equal to 910 m was achieved in September 1983. 

Therefore, we can assume that the influence of the reservoir on meteorological parameters area should be observed after 

1980 years. 

Based on this assumption, we analyzed meteorological parameters of the two periods - before (1950-1980) and after (1981-

2012) the construction of the dams. 

3. RESULTS AND DISCUSSION 

Temperature change in the Dangara district for the period 1950-2010 years characterized by its uniform increase without any 

extreme evidences about influence of the Nurek reservoir (Fig. 1). 
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Fig.1: Long-term course of mean annual temperature deviations from the average values for the period 1950-2012 years 

 
 Natural to expect that the manifestation of any signs of the influence of the reservoir on the temperature variation due to 

smoothing them for such a long period is very difficult. For a more detailed study of the influence of the reservoir on the av-

erage temperature, we carried out separately systematization of meteorological parameters of Dangara district before and af-

ter the construction of the reservoir. Taking into account that the weather of Tajikistan is continental, we considered the 

trend of temperature change in winter and summer seasons of the considering periods. 

Annual average temperature change in winter (XI-II) (a) and summer (V-VIII) (b) before and after construction of the Nurek 

reservoir shown in Fig. 2 and 3. 

 

                                         
                                   a                                                                                                       b 

Fig.2: Long-term average annual temperature of Dangara in winter (a) and the summer (b) for the period of 1960-1980 years 
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 Fig.3. Long-term average annual temperature of Dangara in winter (a) and the summer (b) for the period of 1981-2001 years 
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The data on Fig. 2, 3 show that before 1980 when water level was not reached Normal water level observed increase in tem-

perature occurs mainly in summer. After filling the reservoir by water to full mark (after 1980), the picture will change to the 

opposite, i.e. to increase the temperature in the winter. 

The obtained results give reason to believe that the reservoir acts as a conditioner weather conditions in the settlement areas. 

Analysis of annual precipitation shows that for the period 1960-2010 the cyclical fluctuations by interval of 3-5 years were 

observed (Fig.4).  

 

                                   
 

 Fig.4: Long-term change of mean annual precipitation deviations for the period 1950- 2012 years 

 

               
Fig.5: Long-term course of mean annual humidity deviations from the average values for the period 1950-2012 years 

 

Humidity reduction for the considered periods that is connected with increase of temperature at almost invaria-

ble trend of the precipitation change   in Dangara was observed (Fig.5). 
It is established that in the conditions of Global climate change and its influence on all components of an ecosystem to be-

come actual a problem of development of adequate and modern methods of adaptation of human activity to cataclysms of 

climate. In agriculture first of all substantial increase of efficiency of irrigation water and a farmland and wide involvement 

of biotechnology for selection high-efficiency and steady against stressful situations of grades is necessary. In the hydro-

power production direction this effective placement of hydropower station with reservoirs and stability of dams. For estab-

lishment influences of the climate change on possible changes of agroclimatic resources we were spent the analysis of cli-

matic parameters of three districts with developed agricultural branches   (Dangara, Fayzabad and Yavan) adjoined to the 

Nurek reservoir. For this purpose, data of Hydrometeorological stations located in these areas have been used. For 45 years 

(1968-2013), the average annual temperature has raised on 1.0-1.5oC that has led to decrease of the relative humidity on 3-6 

% and to increase evaporation on 10-26 % in an annual cut and 12-30 % in period May- September. However, in Yavan dis-

trict dynamics of changes of the listed parameters has the opposite tendency: the temperature of air and evaporation decreas-

es accordingly on 0.5, 7.2 %, relative humidity, and factor of humidifying raise on 7.2 % and 10 % accordingly. 

In view of climatic changes, it is necessary to bring corresponding corrective amendments in planning of the water use in ag-

riculture. At development of regime of the irrigation, it is usually considered parameters of meteorological condition for all 

period of supervision. However, it conducts to essential errors.  

On the old irrigated and perspective irrigation files due to ignoring the process of global climate warming irrigation regime 

do not consider growing needs for water. On the contrary, on the Yavan valley files recommended regimes of the irrigation 

are connected with over expenditure of water resources. For example, last specifications on regimes of the irrigation Yavan 

valley on annual average means of humidity coefficient (0.35) to the category of droughty areas. However, for last 20 years 

evaporation in a valley has decreased almost on 300 mm (17 %) and the quantity of precipitation has risen on 70 mm (11 %) 

and humidity coefficient up to 0.45.Hence present irrigating norms for cultivation of the middle-fibrous cotton in Yavan val-
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ley is 1100m3/ha and 3000 m3/ha for Lucerne are overestimated. Calculations show, that unproductive losses of water only 

on two valleys are made more 60 mln.m3. 

 

4. CONCLUSION 
 

To ensure the dynamic development of agriculture and thus food security must take action adaptation, including an increase 

in the productivity of agricultural land and irrigation water, and most importantly the involvement of modern achievements 

of biotechnology-selection of high productivity crops steady to stress and climate change 
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ABSTRACT: Post disaster recovery research have primarily focuses on rebuilding infrastructure or individual household. 
However, the intermediate layer of neighborhoods and their role in the disaster recovery process is often overlooked. This case 
study explains the power of people during the rebuilding their houses and their neighborhood community after Eastbay 
(Oakland-Berkeley in California) fire in 1991. The North Hills Phoenix Association (NHPA) was established soon after the 
1991 fire by some of members in the neighborhood because of strong needs of sharing information, feelings and changing 
their facing situations. They contributed in organizing public hearing, involved in many project such as undergrounding utility, 
street widening, construction of Fire Station, vegetation and drainage management and etc. NHPA accomplished to networking 
residents and City government officials, accumulating the knowledge and experience, and establishing a co-working and trust 
relationship with the City and other governmental and non-governmental organizations. 
 
Keywords: Neighborhood association, Achievement, People’s participation, Eastbay Fire in 1991 
 
1. INTRODUCTION 
 
Post disaster recovery research have primarily focuses on rebuilding infrastructure or individual household. However, the 
intermediate layer of neighborhoods and their role in the disaster recovery process is often overlooked. Oakland and Berkeley, 
California is located on the opposite shore of San Francisco, having population of one million people. This area has experienced 
many wildland and urban interface fires (defined as areas where homes are built near or among lands prone to wildland fire), 
such as 1923, 1970 and 1991 fires. However, the houses were rebuild and community was recovered. Several books and reports 
have been published related to the disaster experiences, details of operation by fire department, and issues and problems of 
existed environment that caused fire. However, the process of recovery and reconstruction of community effort is limited.  
Moreover, the attention given to community-based disaster management (CBDM) has grown lately due to the increase in the 
number of natural disasters occurred worldwide, and the number of case studies reviewing such disasters. However, the history 
of establishing the group, achievements and changes occurred over the time are not discussed in details.  
 
This case study explains the power of people during the rebuilding their houses and their neighborhood community.  This 
study focuses on analysing the neighborhoods association called North Hill Phoenix Association (NHPA) established soon 
after the 1991 Eastbay Fire. The focus of this paper are: 1) what are the issues and problems that residents and NHPA faced 
after the fire, 2) how residents and NHPA overcome the difficulties, 
3) how issues and problems have been changed over the years and 
how NHPA adopted to those changes. 
 
The study was conducted based on the literature review of existing 
books, documents and newsletters. The neighbourhood association 
has been issuing their newsletter three months after the 1991 fire 
until now. The newsletter counted 73 issues and total of 497 pages. 
The analysis was made mainly reviewing the NHPA newsletter (see 
Table 1). In addition, interviews were conducted with, a former 
president and a leading member of neighborhood association (2 
person). The interview survey was conducted between June 2013 
and February 2014.  
 
 
 
2. EASTBAY FIRE IN 1991 
 
On the morning of October 20, 1991, a devastating fire occurred in the Oakland and Berkeley hills, California. The major 
wildland urban interface fire resulted 25 deaths, 150 injured, destroyed about 3,354 single-family houses and 456 apartment 
units, and it was estimated $1.5 billion in damage (FEMA, 1992). The fires was one of the worst damages in California history, 
and the third most costly urban fire disaster in US history (Rutherford, 1999) at that time. Fig.1 shows the fire affected area. 
 
The direct cause of the fire was that strong winds rekindle the grass fire from the previous day. However, many conditions 
were discussed as contributing causes of spreading the fire. This extreme fire risk conditions were created by; 1) five year 
drought 2) high temperature with low humidity and strong Diablo wind blew on that day, 3) highly combustible eucalyptus 
and Monterey pine trees that were planted in the area, 4) untreated wood shingles were used in the roof and siding material for 

Table 1: Issues of Newsletters by NHPA 
Year Issues Pages Year Issues Pages
1992 7 53 2004 4 24 

1993 5 35 2005 4 24 

1994 4 28 2006 4 30 

1995 4 28 2007 4 30 

1996 2 14 2008 4 30 

1997 3 14 2009 3 21 

1998 3 17 2010 1 7 

1999 2 15 2011 2 14 

2000 3 21 2012 2 10 

2001 3 17 2013 0 0 

2002 4 30 2014 1 7 

2003 4 28 Total 73 497

 

540



homes and wood decks extended out from the house on 
the hills, 5) narrow winding roads limited the access of 
fire trucks, 6) water hydrant system, 7) inappropriate 
response of the Fire Department, and more.  
Figure 1 shows the study area and fire affected/burned 
area in 1991. 
 
The Oakland and Berkeley areas have been historically 
affected by the fire. The large fires have occurred 
historically every 10 to 20 years in the Eastbay area. 
Many people did not know or did not pay attention to 
one of worst fire in the area occurred in 1923 that 
devastated the hills. After the fire, several studies was 
conducted and addressed recommendations, however, 
many important issues were left behind to improve the 
fire safety of the area.  
 
3. NORTH HILL PHOENIX ASSOCIATION 

3.1 Outline of organization and its development 

The North Hills Phoenix Association (NHPA) was established soon after the 1991 fire by some of members in the same 
neighborhood who felt a need to get together to share information and reaching their voices to the local government. The 
geographic area of the NHPA includes the north Oakland Hills area and a part of Berkeley located adjacent to the Oakland 
boundary where about 1,500 household live. The NHPA was established for the purpose of 1) serving as advocate with the 
city and other governmental bodies; 2) collecting and sharing information related to rebuilding; and 3) creating safe and 
ecologically healthy environment in the North Hills neighborhood. In 2010, NHPA changed their name to The North Hills 
Community Association (NHCA) to match their current condition and needs. 
Figure 2 shows the timelines of development of the NHPA and major issues over the course of their development to NHCA. 

3.2 Issues and committees 

The NHPA steering committee is composed of five or more members who are elected by the membership at the annual meeting. 
The five members consist of a President, Vice-President, Secretary and Treasurer. The member of steering committee are all 
volunteers give their time to help make the North Hills a better and safer place to live. Under the majority vote of the NHPA 
steering committee, standing or ad-hoc committees are established and the chair of each committee recruit members and carry 
out the function of the committee. Several committees have been established and changed over time.  
 
First five years after the fire, rebuilding individual houses and their living environment were their most concern. Therefore, 
established communities had focus on rebuilding/reconstruction such as undergrounding utilities, street widening and 
architectural/design reviews. Also, focus was given to vegetation management which was a major cause of expanding the fire 
situation. After many houses were reconstructed, NHPA started to encounter issues not only rebuilding or disaster preparedness 
related issues but also issues like new development of the area, natural environment conservation and crimes. According to 
their needs, committees were established to deal with newly emerged issues in the community.  
Table 2 explains the several important committees and their tasks.  
 
 
 
 

Fig. 1: Map of Study Area and Area of Fire 

 
Fig. 2: Development of NHPA and major issues 

1991
Fire

Oct.1991

NHPA
established

Renamed
NHCA

2010
(15 yrs)

2014
(present)

2001
(10 yrs)

Rebuilding
Re‐Establishing 
Community

‐ Crime prevention
‐ Tunnel development
‐ Creek protection
‐ Trail 
‐ Drainage
‐ Illegal Parking

1996
(5 yrs)

Community
enhancement

‐ Undergrounding 
Utility
‐ Foundation removal
‐ Design review
‐ Zoning
‐ Insurance
‐ Vegetation 
Management

‐ New development
‐ Landslide
‐ Drainage
‐ Community gathering
‐ Community Policing
‐ Fire prevention
‐ Disaster Preparedness
‐ Communication utility
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Table 2:  Major committees and their tasks 
Name of Committee Tasks Category 
Design Review Working with City planners to secure slope density and square footage ration 

to make new homes well-proportioned to their lots is important in making the 
neighborhood more aesthetically pleasing. This also encourage to make 
defensible space for fire safety and minimize negative impact on drainage and 
access to the sun light. 

Development 
Disaster 
prevention 

Vegetation 
Management 

Making sure that citizen’s homes and neighbourhood are defensible, and 
working with the large public landholders in the hills to minimize the risk of 
wild fires  

Disaster 
prevention 

Drainage Landslide and erosion after heavy rains are omnipresent risk of people living 
in the hills. Development with large homes create more impermeable surface 
and increase runoff. Encouraging appropriate management of drainage and 
prudent practices to minimize the landslide damages by working with City to 
upgrades drainage of the area. 

Disaster 
prevention 

Neighbourhood 
Crime Prevention 
Council 

Oakland has had a high crime rate and un understaffed police department for 
years. The committee meets regularly and works with Oakland police to 
develop neighborhood watch groups and find a way to reduce the endemic car 
and home break-ins. 

Crime prevention 

Emergency Access Egress is an issue in the hills which has many dead end streets. Making sure 
that residents can get out and emergency vehicles can get in at the same time. 
Narrow streets and parking violations are obstacles in the area and find way to 
solve the problems of current situation.  

Disaster 
prevention 

Emergency 
Preparedness 

Knowing and helping neighbors, having a plan and resources, and being 
trained basics like first aid might safe life after the disaster situation. 
Encouraging residents to take CORE training and participate in the exercises 
might help self-sufficient at the time of disaster. 

Disaster 
preparedness 

Trails As development continue to build up in the hills, preserving open space and 
trails in the area, including a link between the Bay and Ridge trails around the 
bay are important. Working with developers and the City to ensure the 
environmentally cohesive ways and cooperative agreement. 

Development 

 
Table 3 shows the changes of the committees from 1992 to 2008. As shown in the category of 1992 and 2008, their focus has 
been shifted from reconstruction to disaster preparedness and improvement of living environment in general. In addition, many 
efforts have been made in publicity and organizational management in 2008. It was because many new neighbors settled in 
the neighborhood who do not know about 1991 fire and NHPA, and the NHPA needed to involve new people and raise funding 
to ensure the sustainability of the organization and activities . 
 
 
 
 

 

 

 

 

 

 

3.3 Achievements  

NHPA made many achievements at rebuilding stage such as organizing the disaster victims, collecting and sharing information, 
networking people, organizing regular meetings and representative speeches, submitting the suggestions and requests to the 
government and more. Their roles and activities have been shifted from achieving a better post disaster reconstruction to 
improving their neighborhood planning, landscape and safety.  
Followings are some of major topics and achievements at different stages of NHPA: 
 
First year: 
 Leading the fight for undergrounding of utilities 
 Insuring citizen involvement and input in the City’s redevelopment planning 

Table 3: Changes of Committees from 1992 to 2008 
1992  2008 
Category Committee Category Committee 
Rebuilding Undergrounding utilities Disaster 

preparedness 
Fire prevention 

Street widening Emergency preparedness 
New firehouse Landscaping, 

Safety/crime 
prevention 

Drainage 
Architectural/ Design 
Review 

Open space 

Insurance Watching Public safety 
Cooperative purchasing Publicity and 

management 
Administration Public 
safety 

Landscaping/ 
vegetation 

Landscaping/Vegetation 
management 

Civil Involvement 

Security Security Communication 
Publicity Newsletter/publicity Fund raising 
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 Chairing public meetings, featuring knowledgeable speakers 
 Performing a prominent role in the ongoing formulation of new zoning and view preservation regulations 
 Helping draft the legislation to establish a special assessment district for fire prevention and suppression 
 Representing homeowners in hearings with the Insurance Commissioner 
 Working on projects related building code, sparkling restriction, buyer’s cooperative, internet installation, and etc. 
 
Two to Five years: 
 Developing workable compromise for undergrounding of utilities and street lighting  
 Ensuring the foundation removal proceed as mandated 
 Planning and hosting the Emergency Preparedness related activities 
 Providing inputs for improved vegetation management 
 Ensuring the City’s commitment to build North Hill Fire Station 
 Lobbying on both the federal and state level to ensure tax relief to be enacted 
 Setting up the CORE train program (Community-based disaster preparedness lectures and exercise) 
 Working on projects related earthquake insurance reform, neighborhood crime prevention, and etc. 
 
Six to Ten years: 
 Ensuring the City’s commitment to proceed several projects such as repaving, construction of Fire station, Vegetation 

management, and etc. 
 Organizing community gathering like potluck party to welcome new neighbors and strengthening the community ties  
 Establishing the communication network through established website, newsletter and mailing lists 
 Preparing landslide/erosion list and presented to the City office to take appropriate actions 
 Continuing vegetation management efforts to create fire safe environment 
 Encouraging citizen’s to participate in CORE program  
 Making sure that new development meet development criteria 
 Ensuring the City’s update of planning and zoning regulation to be uniformed development in the area 
 
Eleven to Twenty years: 
 Promoting Wildfare prevention district to mitigate potential fire 
 Encouraging citizen’s to participate in CORE program 
 Creating Phoenix Emergency Notification System (PENS) and implanted 
 Encouraging residents and new neighbors to participate in NHPA 
 Reviewing bylaws to updated to meet the current situation and needs 
 Organizing social events such as the Family Day, Fire Safety Day and North Hill picnic 
 Creating neighborhood watch group and joined to Oakland’s neighborhood crime prevention council 

 
As listed above, their achievements range from organizing social events in their neighborhood to working with City to establish 
a program. The NHPA takes roles in organizing their community members to achieve their goals. Through conducting different 
activities over the years, NHPA accomplished; 1) networking residents and City government officials, 2) accumulating the 
knowledge and experience in several subjects and holds human resources, 3) establishing a co-working and trust relationship 
with the City and other governmental and non-governmental organizations. 
  
5. CONCLUSIONS 
 
There is rational that the emphasis needs to be given for individual, neighborhood and community-based organizations who 
might be capable of providing the first response at the time of the disaster and post-disaster rebuilding. Their voluntary sprits 
to improve their neighborhoods deserves the most. The neighborhood groups are more likely to know about local residents 
who need assistances and are able to assist at the time of disaster and ordinal times. Also, they are more aware and 
knowledgeable of geographical locations, place of problems or personnel who is knowledgeable to the subject. Continuing 
efforts are necessary in order to reduce the chances of disaster risks in the future. The neighborhood groups play a key role in 
networking and informing the residents in urban settings to remind the disaster risks in their living environment. 
Further study is needed to understand the management practices of organization and human resources to keep sustain the 
neighborhood groups. 
 
 
6. REFERENCES 
 
FEMA (1991). U.S. Fire Administration/Technical Report Series – The East Bay Hills Fire, Oakland-Berkeley, California”, 

USFA-TR-060/October 1991 
North Hills Phoenix Association (1992 – 2014). North Hills Phoenix Association News 
Rutherford H. Platt (1999). Crucibles of Hazard: Mega-Cities and Disasters in Transition actual hazards of the San Francisco 

Bay mega-city: Trial by earthquake, wind, and fire, United Nations University 
 

543



 

1 

 

 

Enhancing Public Resilience: A community approach 

Mikael Linnell
1
, Catrin Johansson

2
, Anna Olofsson

3
, Erika Wall

4
, Susanna Öhman

5
 

1
Mid Sweden University/RCR, Östersund, Sweden. E-mail: mikael.linnell@miun.se 

2
Mid Sweden University/DEMICOM, Sundsvall, Sweden. E-mail: catrin.johansson@miun.se 

3
Mid Sweden University/RCR, Östersund, Sweden. E-mail: anna.olofsson@miun.se 

4
Mid Sweden University/RCR, Östersund, Sweden. E-mail: erika.wall@miun.se 

5
Mid Sweden University/RCR, Östersund, Sweden. E-mail: susanna.ohman@miun.se 

ABSTRACT: The overall aim of this study is to explore the interface between local authorities and voluntary initiatives, to 

identify key enablers for enhancing public resilience. In other words, the present study is about mapping the state of collaboration 

between local authorities and the organized voluntary and not organized public, and attends to good examples of coproducing 

safety. The analyses are based on a literature study together with 33 interviews with representatives of four social actors at the 

community level: 1) professionals working at municipalities, 2) volunteers engaged in NGOs, 3) semi-organized individuals, and 

4) non-organized individuals, in three geographical areas in Sweden representing different kinds of physical and social 

environments. The main results show that there are some particular areas that are important for enhancing public resilience. 

These areas are; Collaboration, Formal and informal practices, General ability and specific competence, Dynamics between 

collective efforts and individual self-help, Aspects of education and empowerment, Traditional communication versus digital 

media, Individual involvement, and Age and generations. The paper identifies a number of challenges and opportunities in each 

area. A general observation is also that the scope and depth of collaboration between public and municipal emergency actors and 

voluntary organizations differ a lot depending on population density, size of local community and geographical characteristics. 

These factors seem to have most impact on how formal the collaboration is between the professional and voluntary organizations 

and issues related to resources of different kinds. 

Keywords: Public resilience, Community, Voluntary initiatives. 

1. INTRODUCTION 

In response to the European Parliament and the Council’s call for increased action at Community level to prevent disasters and 

mitigate their impacts, a Community approach on the prevention of natural and man-made disasters is being launched. According 

to the Community approach, awareness-raising of the general public can contribute to disaster prevention (COM (2009)82). 

Likewise, the European Security Research and Innovation Forum (ESRIF) states that European citizens should be regarded as a 

decisive and integral active part in any future crisis management solution. Every individual has his or her own resilience 

capabilities that need to be enforced and deployed in a crisis situation (ESRIF Final Report 2009:112). One way of moving 

forward towards increased public engagement in situations of crisis and disaster is formally recognizing the value of local 

volunteer efforts (United Nations 2005). Regulatory frameworks encourage volunteerism by empowering volunteers with formal 

roles during and in the aftermath of disasters.  

This study explores individual experiences and success factors1, which can be part of the description on how to connect with 

community needs and how to activate and utilize efforts within the community2. The overall aim is to explore the interface 

between local authorities and voluntary initiatives, to identify key enablers for enhancing public resilience. In other words, the 

present study is about mapping the state of collaboration between local authorities and the organized voluntary and not organized 

public, and attends to good examples of coproducing safety. 

Focusing on resilience means putting greater emphasis on what communities can do for themselves and how to strengthen their 

capacities, rather than concentrating on their vulnerability to disaster or environmental shocks and stresses, or their needs in an 

emergency (Twigg 2009:8). Thus, the concept of community resilience has developed within a salutogenic perspective (Paton & 

Johnston 2001:272).  

                                                 
1 In previous risk research the heterogeneity of the general public, regarding how people perceive and respond to risks and crises, have been 

pinpointed. Especially positional factors such as age and gender (see e.g. Olofsson & Rashid 2011; Olofsson & Öhman 2007; Zinn & Pierce 
2002), and situational factors such as education, place of residence and having children (see e.g. Slovic 2000; Lindell & Perry 1992) have been 

studied. 
2 A community, is defined here as a collective of people living in a particular area, or being socially connected through a common ethnicity, 
religion or interest (cf. Johansson & Linnell, 2012). Community resilience entails the ongoing and developing capacity of the community to 

account for its vulnerabilities and develop capabilities that aid that community (Chandra et al. 2011:9). The UK government, for example, defines 

community resilience as “communities and individuals harnessing local resources and expertise to help themselves in an emergency, in a way that 
complements the response of the emergency services” (SCDC 2011:3). 
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A comprehensive literature review on community resilience definitions and dimensions concluded that (a) communities can 

develop resilience strategically via collective action; (b) that community resilience is facilitated through developing and engaging 

diverse resources from throughout the community; (c) that community members can be active agents in the development of 

community resilience; and (d) that resilience is developed through engagement of the community’s resources, i.e. taking action 

and not just developing the community’s capacity (Magis 2010:406). Moreover, community engagement helps relieve the 

burdens on health and safety agencies by enabling more members of the public to assume the role of responder rather than victim 

(Schoch-Spana 2006:16). 

However, there are still few studies that clarify in depth how community approaches can enhance public empowerment as well as 

crisis management. A large part of the contributing literature comes from the US, while contributions from the EU are still 

modest (Johansson & Linnell, 2012). A general conclusion, therefore, is that empirical research on how to include the public in 

collaboration on crisis and emergency management in a European context is needed. The Swedish crisis management policy 

context is particularly suited for this type of study since national regulations stress individual responsibility for preparing and 

handling crises (Government bill 2001/02:158).  

2. METHOD 

In order to analyse possibilities of increasing public resilience during crises, and how representatives of the public can take action 

to engage, we performed interviews with safety coordinators, and individuals that are organized, semi-organized and non-

organized in respect to organizations volunteering during crises. In total, 33 interviews were undertaken, with representatives of 

four social actors at the community level, 21 of the people interviewed were male while 12 were female: 

• Representatives of local community or municipality level (safety coordinator or similar posts in the municipality) 

• Members of voluntary organizations (dealing with basic forms of societal crisis management) 

• Semi-organized individuals (engaged in non-traditional forms of organization, i.e. networks etc.) 

• Non-organized individuals (individuals with no known involvement in organized crisis management)  

In order to obtain maximum variation in our informants’ views and experiences, participants were recruited from three regions in 

Sweden, all of them with specific demographic and geographic challenges, which can represent not only Sweden, and the Nordic 

countries, but also different other regions throughout Europe: The most southern part of Sweden is partly densely populated and 

vulnerable due to its flat topography and relative inexperience to extreme winter conditions. The Stockholm-area is very densely 

populated. Due to its central position (in terms of influence on the rest of the country), collaboration between societal actors in 

this region is somewhat more “professionalized” compared to other regions. The mid Sweden area (southern Norrland) is 

sparsely populated. It is characterized by its mountains and its inland-climate. Due to extreme conditions, especially during the 

winter, people are relatively experienced in weather-related precautions. 

The questions constituting the interview guide were developed by the research group. The themes covered by the four categories 

were basically the same, but the order and formulation of the questions differed slightly. Themes covered in the guides are, for 

example individual responsibility (to engage, to act, and to be prepared), preparedness (including education, training and 

exercises), collaboration (between the public, voluntary organizations, and public authorities/local councils), communication 

(mainly between voluntary organizations and public authorities/local councils), the role of civil society (Should we expect civil 

society to be more involved, or in other ways?), and real-life experiences (good and bad examples of collaboration, 

communication, etc.) 

Analyses of the transcribed interviews were undertaken in a collective manner by the research group, employing the approach of 

qualitative content analysis (QCA). This approach is generally used to interpret meaning from the content of text-based data and, 

hence, adhere to the naturalistic paradigm (Hsieh and Shannon 2005:1277). 

3. RESULTS 

The main results show that there are some particular areas that are important for enhancing public resilience. These areas are: 

Collaboration, Formal and informal practices, General ability and specific competence, Dynamics between collective efforts and 

individual self-help, Aspects of education and empowerment, Traditional communication versus digital media, Individual 

involvement, and Age and generations. A number of challenges and opportunities in each area are identified. 

3.1 Collaboration: formal and informal practices 

This theme describes the degree of formalization in collaborative efforts between the voluntary public and municipal safety 

coordinators. Formal and informal ways of collaboration can thus be understood as endpoints on a scale, where most interaction 

between the municipality and the voluntary public occurs somewhere in-between. Formal collaboration, in this material, means 

that the tasks handed over to voluntary groups are predefined and that collaborative efforts between the municipality and the 
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voluntary public are planned, regulated and contractual. Informal collaboration, on the other hand, means that issues of insurance 

and economic compensation are not solved beforehand and that collaborative efforts are expected to arise ad hoc during a crisis. 

3.2 Specific competences and general abilities 

This theme describes the dynamics between municipal safety coordinators’ needs and voluntary organizations’ expectations 

regarding tasks and assignments that can be managed by others that the municipality itself. The voluntary public could adjust 

their activities to the predefined needs expressed by the safety coordinator while simultaneously describing various areas where 

they could serve as an important resource during times of societal strain. 

3.3 The dynamics between collective efforts and individual self-help 

This theme describes different understandings of what could be the most appropriate and efficient task for the voluntary public to 

carry out in times of crisis. Collective efforts and individual self-help can be understood as endpoints on a scale, where most 

tasks exercised by voluntary groups occur somewhere in-between. That is, during a crisis people tend to both manage themselves 

in order not to restrain professional crisis managers and engage in collective efforts in order to facilitate the work of professional 

actors. Collective efforts are thus performed through various organizational forms, from traditional civil defence organizations to 

contemporary network organizations like Missing People. Individual self-help is often taught within these organizations as part of 

general crisis preparedness abilities.  

3.4 Traditional communication versus digital media 

Interviews with safety coordinators, organized volunteers, and non-organized individuals reflect the transformation process of 

communication during events and crises from traditional communication channels and ways of contact into the new digital 

landscape of communication characterized by a multitude of digital communication platforms such as mobile phones, internet 

web pages, and social media. Interviewees’ perceptions reflect the dynamic tensions of opportunities and challenges in traditional 

and new communication forms. 

3.5 Individual motivation and involvement 

Individual involvement is an essential theme in the material. The interviewees talk about this as well as their own drive engage in 

voluntary crisis management, and also about other people’s involvement. People in general are described as prepared and 

interested in contributing, but at the same time as difficult to get formally involved in traditional organizations for voluntary crisis 

management. That is, there is a great desire to be involved among people, but this it is difficult to organize formally. In the 

interviews there are many statements about one’s own and others’ motives to engage in voluntary crisis management. One way of 

elevating the voluntary public to the level of professional actors is to make sure people are educated and properly trained. This 

theme highlights some aspects in the present material regarding the importance of education and training. 

3.6 Generation and age 

The last theme is different compared to the other themes since it reflects discussions about an individual characteristic, namely 

age. Age is a central theme in the material. When the interviewees, regardless of whether they are civil servants, volunteers or 

non-organized individuals, talk about age, their choice of word often highlights age from a functionalist perspective. Young 

people are emphasized as capable and strong while older people are described as a generation no longer having much power or 

influence. Furthermore, young people are described as difficult to reach and to involve as volunteers, since they are perceived as 

busy, with their family or with their work. In the descriptions of young people’s work and interest, the interviewees talks about 

technical interests, often in terms of ‘computer’ and ‘IT-systems’. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The Hyogo Framework for Action (HFA) explain, describe and detail the work that is required from all different sectors and 

actors to reduce disaster losses. Its goal is to substantially reduce disaster losses by 2015 by building the resilience of nations and 

communities to disasters. This means reducing loss of lives and social, economic, and environmental assets when hazards strike. 

Effective disaster risk reduction requires effective community participation. The scope and depth of collaboration between public 

and municipal emergency actors and voluntary organizations differ a lot depending on population density, size of local 

community and geographical characteristics. These factors seem to have most impact on how formal the collaboration is between 

the professional and voluntary organizations and issues related to resources of different kinds. Public-private collaboration are 

important for prevention, preparedness, operations and recovery. They can in turn improve the resilience of communities, though 

more empirical research on how to include the public in collaboration on crisis and emergency management in a European 

context is needed. 
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Our research shows that there should be better adaptation of the coming Post 2015 framework for disaster reduction, from the 

international and national to the local level. There is also a need for more good examples about how to work with the framework 

especially at the interface between local authorities and voluntary initiatives. It is needed to identify key enablers for enhancing 

public resilience and to further map the state of collaboration between local authorities and the organized voluntary and not 

organized public. 

5. CONCLUSIONS 

A general observation is that the scope and depth of collaboration between public and municipal emergency actors and voluntary 

organizations differ a lot depending on population density, size of local community and geographical characteristics. These 

factors seem to have most impact on how formal the collaboration is between the professional and voluntary organizations and 

issues related to resources of different kinds. 

One major theme expressed during the majority of interviews is a division between the individual responsibility to protect one’s 

own life and property, as expressed in Act (2003:778), and the too often unused task-force of engaged and voluntary citizens. 

This theme can be summarized by the slogan used by a local voluntary resource group in the mid Sweden area: “It is one thing to 

manage yourself in vulnerable situations, but something completely different to also be able to help others” 

(http://frg.skelleftea.org). 
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ABSTRACT: Building resilient communities supposes multi-level approaches. Indeed, identifying risks, conceiving early 
warning and emergency procedures, implementing them and helping communities to reconstruct and create strong resilient 
capabilities, requires linking practices and experiences, technical knowledge and social uses. No single activity can deliver all 
those results in one go. Still, at the end, all those functions must be tightly linked to give the most comprehensive and coordinated 
response to crises and disasters.   

Deliberative methodologies are powerful tools, supporting communities in achieving such a synthesis. Our presentation focuses 
on their definition and uses. How and when shall we use deliberation and participation? How to institutionalize those 
procedures? Can we find some standards to satisfy scientific, political and practical needs? 

Keywords: Deliberation, Participation, Procedures, Assessment, Implementation, Culture. 

1. INTRODUCTION 

Complexity and Uncertainty defy calculation and prediction and often question scientific conclusions. Multiculturalism and 
pluralism defy political and social standardization and slow down implementation of regulations. Still, in our very scattered 
world, risk and interdependency are common factors, asking communities to overcome these brakes, in a period of time that is 
worryingly shrinking. Participation and deliberation are highlighted in numerous fields as relevant tools to agree on standards 
and refine our assets. In terms of Disaster Risk Reduction, they are used for first in field, discussion with stakeholders being 
inescapable to implement monitoring tools and emergency procedures. Participation and deliberation are also developing 
upstream, notably for risk ranking, associating public and specialists. But, their outcomes can be developed furthermore, helping 
to extend both assessment and awareness. They are often underestimated, mistaken for negotiation while they offer means to 
translate theory into practice and uses.  

2. DETERMINING STANDARDS FOR PARTICIPATORY DELIBERATION 

2.1 Preliminary requirements  

Using deliberation and participation can be tricky as it opens a window for discussion but also for cacophony. Cacophony is a 
factor of risk, questioning and blurring the little certitude we might have. On the contrary, a plural discussion helps to surface 
underestimated facts and variables. In order to avoid as much as possible unwanted perturbations and improve knowledge and 
compliance, a strong procedure for participatory deliberation on vulnerability shall be defined.  

A framework for participatory deliberation (PD) should offer flexibility to fit specificities of particular situations, standards to 
support varied working groups and standards to bring intelligible results, exploitable in time and through diversity. To meet 
flexibility and standardization requirements, participatory deliberation framework shall targets linkage rather than contents, 
connecting the latest stable features of models to complex, interdependent and uncertain aspects of specific situations.   

Deliberation and participation can be efficient thanks to redundancy. Advocating for their use on the basis of a unique 
deliberative round, would be naïve. Indeed, the results of a deliberation are obtained out of routines. But, routines, local culture 
and new experiences will rapidly weaken knowledge and engagements gained during a plural deliberation. Considering this, 
participatory deliberation becomes really helpful when used regularly. This is why it should also be taken for a mid- and long-
term process and not for an isolated procedure. This redundant process should be carried out until resilience reaches a satisfying 
level (criteria of resilience should also be debatable within a participatory deliberation).  

2.2 Outcomes for knowledge building 

Deliberation and participation bring two main outcomes for knowledge building. For first, it sharpens understandings of 
vulnerable objects in their context. Discussing the meanings of a particular object (a place, a resource, a threat etc.) with varied 
stakeholders highlights it as a part of a dynamic system. It enables interactions to surface that could have been unnoticed or 
underestimated. Some actors can develop specific analytic skills through regular interactions with the local environment (for 
example, farmers interpreting history of weather). Consulting a plural assembly hybridises phenomenological points of view and 

548



 

2 
 

 

rational approaches. It also enables one to picture objects in relationship with human structures. It gives comprehensive and 
dynamic representations of the world.  

The second outcome is the sharing of the state of the art and latest conjectures on the discussed vulnerability. Through a process 
of participatory deliberation, the state of the art is continuously updated. Indeed, experiences, views and reasons are exposed. 
And more than competing, those views are adjusting to each other. The gain in terms of knowledge is multipolar and creates a 
cognitive basis, a common grammar on risk for an adapted normative culture.  

2.3 Outcomes for regulation  

For practices, the benefits are important, on the condition that we still consider those participatory deliberations over time. 
Indeed, uses and values are shaped alongside experiences. One discussion can’t be more than an isolated event. Thus, PD must be 
considered as a practice.  

We can expect compliance with emergency procedures and regulations in general to increase, as participatory deliberation is used 
regularly. Of course, as it conveys argumentations (explaining causes and effects) we can safely assume that PD will help with 
the application of guidelines and procedures. But, it is often not sufficient. Resistances or behaviours considered as irrational or 
erratic may occur, especially during a crisis. And, participatory deliberative practice can be particularly helpful here. Indeed, it 
induces new routines thanks to redundant debates (being a routine itself). Doing so, PD links prescriptions to values. This feature 
interests us in particular as it makes a norm efficient. Indeed, associating a norm or a guideline to values is integrating the norm 
itself which is no more transcendent (imposed by a heterogeneous authority) but immanent (prescribed by endogenous axiology). 
If such a process can be achieved, we can expect compliance to be safely increased.  

3. PROCEDURES OF PARTICIPATORY DELIBERATION 

3.1 The increasing use of deliberation and participation 

In the last decades, participation and deliberation have been the subject of numerous studies. We can’t make an exhaustive list of 
propositions and experimentations. But, we want to underline some of them here, as being complementary to PD on risks and 
vulnerability: in economics, the concept of deliberative monetary valuation of natural resources (Spash, C., 2007); in the field of 
international law and norms standardisation, the concept of ordering pluralism (Delmas-Marty, M., 2009); in politics and new 
forms of democratic governance, the concept of active subsidiarity (Calame, P., 1996, 2002).  

 
3.2 Some procedures for participatory deliberation on risks ranking 

If participation of stakeholders is gaining popularity, standardised procedures are still subject of intensive researches.  

For risks ranking, we can identify 2 models, depicting clear procedures to use:  

- The Participatory Risk Mapping (PRM) (Smiths, K., Barret, C. and Box, P., 2000) 

- The Participatory Vulnerability Scoping Diagram (P-VSD) (Coletti, A., Howe, P., Yarnal, B. and Wood, N., 2013) which is an 
extension of the Vulnerability Scoping Diagram (Polsky, C., Neff, R. and Yarnal, B., 2007) 

3.3 Extensive use of participation and deliberation  

Participating in risks ranking and assessment is an important part of the development of communities’ resilience. Still, PD should 
be used upstream, from the early ontological stage (i.e. building definitions of risks and vulnerable objects).  Communities should 
be offered the opportunity to define goods and resources they interact with. Those resources involve more than essential elements 
of survival, like rituals and culture, parts of their very identity and civilisation. Acknowledgement of extensive vulnerability, up 
to values, is an important part of awareness and autonomy.  

Here two complementary models interest us in particular. The model designed by Latour, B. (2003) gives a clear view on use of 
participatory deliberations on complex or “tangled” objects, from a theoretical step (construction of definitions and perceptions) 
to implementation (creation of adapted uses and values).  

 

Fig. 1: Participatory deliberation on risky and complex objects 
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From a governmental point of view, the concept of active subsidiarity (Calame, P., 1996, 2002) describes a political organisation 
linking global-local levels, in both bottom-up and top-down lines of interaction. Active subsidiarity calls for multipolar 
governance, processing globalised issues directly through organisations and agencies driven by the same purpose or problem 
solving assignments, avoiding transits by central administrations.  

To develop PD at local levels, the support of global agencies is a necessity. Global organisations can help to keep the PD frame’s 
integrity, monitoring and analysing results, comparing them and ensuring a network communication among communities. 
Furthermore, global governance must assign obligations of results to authorities and fight for equality of means.   

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The Report from 2013 Global Platform Consultations underlines that “community participation in disaster risk reduction 
planning and implementation needs to be formalized and institutionalized” (p.2). We have tried to stress the fact that only some 
procedural standards of participatory deliberation can be formalised at a global level. Indeed, the procedures must fit local 
contexts. Thus, a great part of the procedure shall be determined during the implementation of the whole process, as a topic of 
deliberation itself, taking up first cessions of deliberation. It will be improved and refined as the process is moving on. But, some 
fundamental requirements can be strongly set and standardised globally: the assembly shall comprehend a wide variety of 
stakeholders, it must be flexible and renewable (adapting its composition to the discussed issue and coping with the arrival and 
departure of individuals). The discussion must be structured in clear steps: we proposed to divide meanings and assessments, and 
values and uses. Regulatory times to freeze and resume debates must be determined, in order to regularly release (updatable) 
statements. Moreover, the use of participatory deliberation should be seen as a practice. Redundancy is, in our perspective, the 
key for success. It’s a long term process that could turn into a routine and, at the very end, can be a channel for global-local 
governance. First, results will be imperfect, but if they are a part of a regular practice they will be improved over time.   

5. CONCLUSIONS 

Participatory deliberation can be a strong vector for resilience. It can give more autonomy to vulnerable communities. A 
community can develop specific knowledge, determine its heritage and vulnerability and adapt its strategies. It can also develop 
critical thinking and gain proper autonomy. Global organisations show strong will and expertise in global coordination. The UN 
is still driven by strong political values, promoting human rights and humanism while the economy has turned towards relativism 
and denial of global vulnerability. The Ruggie frame work initiative stressed this confrontation as a major brake on progress. The 
challenges are considerable and Nations ‘sovereignty is shrinking. Scope for political action in the post-westphalian world is 
narrow. As minimalistic this contribution may be, it aims to promote active subsidiarity. Acting directly alongside vulnerable 
populations, underrepresented, would help to bypass some struggles. Empowering communities is expensive and long but we can 
expect their participation to give strong and sustainable results, globally. 
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ABSTRACT: According to EM – DATA, during 1900-2009, volcano killed nearly 100000 people worldwide and affected 5 

million people. The Eyjafjallajokull eruption in 2010, accompanied by secondary disasters such as landslides and floods, had a 

huge impact on airlines; in the same year, Merapi eruption killed more than 300 people. As considerable casualties and losses 

ware claimed by volcano disasters, and the space of volcanic disaster is very concentrated (affect only 400000 square kilometers 

area in the world), volcano disaster management becomes increasingly urgent. Analyzing global volcano disaster risk can provide 

a better understanding of volcano risk spatial pattern and hot spots, and thus is of great importance for volcano risk management 

and mitigation. The volcano mortality risk calculated as a product of hazard, population exposed and relative vulnerability. By 

taking volcanoes erupted during -4360 to 2013 into account, the probability distribution of VEI is analyzed as hazard. The 

vulnerability of population is analyzed by historical mortality and VEI to build the vulnerability curve. Physical exposure is 

calculated using the number of people located in an area exposed to volcano events. The result is exhibited on 1km*1km grid 

cells, country, and comparable-based units to provide as much information about volcano risk as possible in different dimensions. 

It is shown that the spatial distribution of global volcano mortality risk resembles that of volcano hazard, while the local pattern is 

affected by variation of vulnerability. 

Keywords: volcano disaster, spatial pattern, risk assessment, risk mapping 

1. INTRODUCTION 

Explosive volcanism represents a key Earth process that transfers heat and mass from the Earth’s interior to the surface. Its 

products contribute constituents to global geochemical cycles, affecting the near surface geosphere, hydrosphere and atmosphere. 

Volcanic eruptions have the potential to cause loss of life, disrupt air traffic, impact the climate and significantly alter the 

surrounding landscape (Crosweller H S, 2012). The main hazards of volcano include lava flow, pyroclastic flow, pyroclastic 

surge, lahar, tephra, volcanic bomb, volcanic gas and so on. These hazards have different characteristics, they have different 

temperature and flow velocity, besides the spatial scales that these hazards could reach are varied. Among them, lava flow, 

pyroclastic flows, lahar and tephra are the most dangerous hazards. As the flow velocity of lava is so slow that people around it 

could have plenty time to run away from it, it can hardly cause loss of life. Based on the above analysis, we only consider the 

hazards from flows, lahar and tephra.  

Natural disaster risk is commonly defined as the probability of harmful consequences or expected losses resulting from the 

interactions between natural or human-induced hazards and vulnerable conditions (UNISDR, 2004). The consequences of natural 

disasters are the probability distribution or expected value of loss that originate from the interaction among hazards, exposure and 

vulnerability and can be expressed as the product of these three elements. New data confirms that a rapid increase in exposure is 

a major driver of disaster risk today. As the recognition grows that natural disaster risk must be addressed as a development issue. 

So we must take our efforts to develop tools to effectively mainstream disaster risk management into development activities. The 

hazard mapping and risk assessment theme is the first step of the risk management decision-making process in which potential 

loss exposures are identified and analyzed. Compared with other types of natural disasters, volcanic hazards are difficult to 

predict because of the inherent complexity and the large uncertainty in the knowledge of processes. Due to their outburst and the 

relatively concentrated influence area, how to do risk management for volcano better always draws the attention of risk 

management institutions. 

Previous volcanic hazard assessments have typically explored the hazard or risk from a single volcano (e.g. Jenkins et al. 2008; 

Macedonio et al. 2008) or to a particular site (e.g. Hoblitt et al. 1987; Magill and Blong 2005). Few regional studies of volcanic 

hazard or risk have been attempted: exceptions include that of Ewert (2007), who based upon 15 hazard and 10 exposure 

attributes, ranked 169 US volcanoes in terms of their potential threats to populations. Along a similar theme, Yokoyama et al. 
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(1984) and Small and Naumann (2001) all undertook global volcanic hazard analyses, with the latter concluding that Southeast 

Asia is particularly exposed to persistent volcanism. Of those assessments where the volcanic hazard was defined spatially, a 

constant level of hazard is assumed within concentric circles of fixed radii extending from the source volcano. Radii have ranged 

from 30 km (Ewert 2007) to 200 km (Small and Naumann 2001). These analyses cannot account for different eruption 

magnitudes or styles from the volcano. The global risk analysis is limited by issues of scale as well as by the availability and 

quality of data. The World Bank carried out Natural Disaster Hotspots—A Global Risk Analysis in 2005. In this report they 

assess the risks of two disaster-related outcomes: mortality and economic losses. Global volcano mortality risks and distribution 

is a 2.5 minute grid representing global volcano mortality risks. This is the first global volcano mortality risk map. From an 

overview of the existing literature, it can be inferred that the assessment of volcano risk on a global scale has been very limited;  

the Hotspots project report from the World Bank are the most commonly cited and influential. The Hotspots project applied an 

empirical method to depict the hazard and vulnerability and integrated these two parts to rank the risk level. However, for the 

assessment of hazards, hotspots only considered the frequency and ignored the intensity of volcano. The historic data they used is 

20 years, it’s a little short time period for risk assessment. 

Therefore, this study draws attention to providing a more comprehensive risk assessment, including the estimation of potential 

life loss and an integrated analysis of hazard, exposure and vulnerability. Risk was assessed at three levels, i.e., grid, country and 

comparable-based units, in order to provide risk information from different aspects for various applications of global volcano risk 

reduction action.  

2. DATA AND METHODS 

2.1 Datasets 

A global database was established in this study. The database is based on a large set of observation and statistical data gathered 

from various sources. A detailed description of all of these data is provided in Table 1. This database includes three sub-databases 

associated with volcano risk: a hazard database, an exposure database and a disaster database. The hazard database contains 

global historic volcano eruption data. The exposure database contains global gridded population data. The disaster database 

contains a global archive of historical volcano events and death toll. 

Table 1: Sources and descriptions of the datasets used in this study 

Category Data Data Source Data Description 

Hazard 

Volcanoes of the 
World 4.0 

Global Volcanism 
Program 

"Volcanoes of the World" is a database describing the physical 
characteristics of Holocene volcanoes and their eruptions. This 

search returns a list of volcano names which may be filtered based 

on location, country, volcano name, population within various 
distance ranges, rock types and types of volcanic features.  

Global database on 

large magnitude 
explosive 

volcanic eruptions: 

LaMEVE 

British Geological 

Survey/VOGRIPA 
(Volcanic Global Risk 

Identification and 

Analysis Project 

The LaMEVE database contains the nearly 3,000 Quaternary 

volcanoes catalogued by the Smithsonian’s Global Volcanism 
Program and over 1,800 explosive eruption records spanning the last 

1.8 My.Data fields include: magnitude, Volcanic Explosivity Index 

(VEI), deposit volumes, eruption dates, and rock type. 

Exposure 
Global Population 

Density Data 

Oak Ridge National 

Laboratory (ORNL) 

The global 1 km resolution population distribution data are derived 

using an innovative approach with GIS and Remote Sensing. 

Disaster 

Global Large 

volcano Events 
Inventory 

National Oceanic and 
Atmospheric 

Administration, 

NOAA 

654 Significant Volcanic Events where all records returned. 

Numbers of deaths from the eruption are listed in the dataset. 

Global Archive of  

Large volcanoes  
EM-DAT 

The dataset contains information on global volcanoes from 1900 to 

present, including time, location, loss, etc. 

 

2.2 Methods 

Based on the classic definition of risk, the concept of risk involves the presence of 1) danger or hazard; and 2) human and non-

human elements being affected by the hazard itself or its consequence. If there exists a relationship between these two then there 

is a risk that can be discussed (Quiambao, 2006). This principle is still being used and followed in this particular risk mapping 

activity. There is a hazard endangering an area and there is also something (human and/or non-human) present in the area. Fig. 1 

gives a brief description of the overall assessment methods. First, we computed the probably distribution of VEI of each volcano 

to represent the severity level of hazard and built a vulnerability curve based on the historical mortality of volcano. The exposure 

is global gridded population in 2010. Second, we use the three-dimension model to calculate the risk value. In the end, we 
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compared our results with disaster mortality risk developed by the Global Natural Disaster Risk Hotspots project implemented by 

Columbia University, the World Bank and associated partners for validation. 

 

Fig. 1 Schematic flow chart of the risk assessment methods 

The manifestations of volcanic activity vary significantly, depending on volcanological and regional characteristics. To give a 

rough idea on what could be performed as a first evaluation, a procedure taking into account VEI was applied to draw a surface 

around volcanoes according to their magnitude of eruption. The volcanic explosivity index (VEI; Newhall and Self, 1982) 

describes a relative measure of the size and energy of a volcanic eruption on a scale of 0-8 (low to high). Historical records of 

worldwide VEI display a log-linear relation between frequency and size; that is, many small eruptions and few large eruptions 

(Simkin and Siebert, 1999). Following the flow chart in Fig. 1, vulnerability is represented by historical loss of life of each 

volcano. The risk equation used in this paper is:  

                                                                   Risk = Hazard × Vulnerability  × Exposure                                                                 (1) 

where Hazard = probability of occurrence of a given area being affected by some harmful or dangerous event within a given 

period of time; Vulnerability = number of lives threatened likely to be in a given hazardous event; Exposure = number of people 

exposed to hazards. 

3. RESULTS AND VALIDATION 

3.1 Spatial patterns of volcano risk 

Figure 2 (c) represents expected mortality in each grid cell, based on the degree of hazard exposure in the cell and representative 

historical loss rates. Since this value is given for each grid cell rather than for entire countries and regions, we sum the mortality 

risk values of all grid cells in each country. In this way we obtained a single mortality risk value for each country reflecting the 

population at risk of disaster-related mortality. The computed risk of mortality for each country are divided into five classes of 

cells equivalent to highest, high, medium, low and negligible risk. Figure 2 (a) indicates that countries with high risks are mainly 

distributed in countries where volcanic eruptions are more frequently, such as Indonesia, Japan, Russia, Papua New Guinea, 

Chile, Philippines, Ecuador, United States, Nicaragua and Guatemala. 

  

Fig. 2 Global spatial patterns of volcano risk of population mortality at the country comparable-based and grid level 

Using the same method, we sum the mortality risk values of all grid cells in each comparable unit (figure 2 (b)). In this way we 

obtained a single mortality risk value for each unit reflecting the population at risk of disaster-related mortality. High risk area 
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along plate boundary distribution rule is more obvious. The west coast of South America and Northwest Pacific volcanic belt are 

the most active areas of the world. 

3.2 Validation 

Since the risk value of Hotspots is also given for each grid cell rather than for entire countries and regions, we sum the mortality 

risk values across all grid cells in each country. Having derived comparable mortality risk values from the results, we then rank 

all countries for which a value was available from both studies. We use Spearman’s rank correlation (Hays 1973) to evaluate the 

degree of correspondence among the resulting country rank orders. We compare country rankings based on the Disaster Risk 

Hotspots project (Dilley et al. 2005) and our results. We then calculate the Spearman Rank Correlation between the Hotspots-

based and our result-based lists for all countries in common to evaluate the similarity in the country rank orders. The correlation 

coefficient of country rankings is 0.763, the correlation is significant at the 0.01 level. These results demonstrate the degree to 

which data availability and methodological choices affect the overall results. The results and conclusions of both are internally 

consistent with their respective input datasets and methodologies. Nevertheless, our findings suggest that methodological and 

data differences contribute to substantial variation in the results when these results are converted to comparable indexes. 

4. CONCLUSIONS  

Using a series of global data from various sources, this study assessed global volcano risk at the country, comparable-based units 

and grid level, each with a distinct method based on potential loss estimation or the disaster system integrated into the analysis. 
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ABSTRACT: Vulnerability towards multiple hazard risks is an area of increasing concern but little concrete investigation 

(Wipulanusat et al. 2009). Currently, multiple hazard risk assessments focus on the identification of locations affected by 

multiple hazards. It is increasingly recognised, however, that this approach is insufficient to determine the cascading or multiplier 

effect of multiple hazards on social vulnerability (Marzocchi et al. 2012; Kappes et al. 2010; Glade et al. 2012), specifically 

raising the question; are the impacts of two or more hazards greater than the impacts of one and if so, to what extent?  

In rural West Africa, subsistence farming dependent communities are exposed to both, floods and droughts. The likelihood of 

these events increasing in frequency, according to climate projections, implies that multiple hazard events are also likely to 

become more common (OECD 2009). Focusing on three subsistence agriculture dependent communities in Burkina Faso, Benin 

and Ghana, this paper presents an approach to multiple hazard risk assessment that centralizes the importance of vulnerability and 

the cascading impacts of multiple hazards on communities. The paper presents the results of more than 200 interviews in the case 

study communities which reveal not only the impacts of floods and droughts but crucially also the tipping points from resilience 

and coping to vulnerability or harm. Combining the interview data with climate change predictions, multiple hazard scenarios 

were developed and used as a tool to investigate how the cascading effects of multiple hazards might tip communities beyond 

coping and resilience, towards greater vulnerability. Drawing on the results of the interviews and scenarios, this paper presents a 

comparison of vulnerability between single and multiple hazards that better accounts for interactions and cascades and centralizes 

the often neglected field of vulnerability in multiple hazard risk assessment. 

Keywords: vulnerability, natural hazard, multiple hazards, risk assessment. 

1. INTRODUCTION 

Rural, West African communities are predominantly dependent on subsistence agriculture (OECD 2009; Callo-Concha et al. 

2012). In the South Sudannian Savannah zone, located north of the tropical climate zone and south of the Saharan/desert zone, 

these subsistence agriculture based communities are reliant upon a single rainy season which provides a single opportunity to 

achieve the yields required to sustain them until the next harvest (United Nations Environment Programme 2011). However, the 

rainy season is unstable and unpredictable. There is already evidence of an altered length of the rainy season and more frequent 

and more intense floods and droughts (Van de Geisen et al 2010).  

The region is subject to many hazards ranging from climate/weather driven sources such as strong winds, floods and droughts to 

biological hazards such as pests and epidemics (The World Bank & UNISDR 2008). These hazards all present significant 

challenges to those living in the South Sudannian Savannah zone but of particular concern, from a climate change perspective 

and given the dependence on agriculture, are floods and droughts. 

Whilst floods and droughts are effectively mutually exclusive hazards, they can occur in succession and certainly within the same 

rainy season. Whilst there is research on the impacts of such hazards on those living in the West African case study region, these 

assessments have usually concentrated on one hazard or the other  (e.g. Armah et al. 2010). There is little evidence of any work 

that has been done to look at the impacts of both hazards occurring in the same rainy season in the case study region. The concept 

of multi-hazard risk assessment builds on the encouragement of the IPCC (2014) to take a holistic perspective looking at both 

adaptation and mitigation to climate change and to also consider adaptation and mitigation to the full range of hazards rather than 

for each separate hazard. With a holistic approach, there may be opportunities to develop adaptation strategies that address the 

impacts of, in this case, both floods and droughts but also such a perspective is critical for ensuring that disaster risk reduction 

and climate change adaptation measures for one hazard do not, inadvertently, increase vulnerability to the other hazard. This 

paper presents an approach and results from a multiple hazard risk assessment to floods and droughts in West Africa and thus 

highlights critical issues for climate change adaptation and disaster risk reduction in other places affected by multiple hazards. 

2. MULTIPLE HAZARD RISK ASSESSMENT 

Multiple Hazard Risk Assessments (MHRA) are a developing field with a limited range of practical studies to draw upon 

(Marzocchi et al. 2009). To date, the focus appears to have been on the identification of places exposed to more than one hazard 
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and the outputs of research on this are usually maps with multiple layers demonstrating multiple hazard exposure as exemplified 

by Schmidt et al. (2011). Consequently, as Delmonaco et al. (2007) emphasise, such approaches often neglect the vulnerability 

component of the risk equation (where Risk = Hazard Exposure x Vulnerability) and where vulnerability is included this is 

usually simplified to be represented as a single layer showing potential lives lost or the value of buildings and infrastructure in 

the exposed area, irrespective of whether the exposure is to one or more hazards and the nature of those hazards. For the West 

African case, such approaches fail to capture the most important impacts of the floods and droughts to which the rural 

communities are exposed, namely livelihoods. The damage that floods and droughts cause to crops is the most critical aspect of 

these hazards for rural, subsistence agriculture dependent West African communities and in this respect, current approaches to 

MHRAs are strikingly inadequate.  

A second area in need of development regarding MHRAs is the consideration of cascading impacts. Again, existing approaches 

to MHRA focus on determining how interactions between different hazards may influence each other. Of particular interest is the 

notion of cascading hazards where one hazard, such as an earthquake, may trigger a second hazard, such as a tsunami, creating a 

cascade of hazards (Marzocchi et al. 2012). Yet, here too, vulnerability is neglected in assessments and the notion of cascading 

impacts from a social vulnerability perspective is completely absent. 

To address the limitations of existing MHRAs in taking the cascading impacts of multiple hazards on social vulnerability into 

account, this paper presents a new approach to MHRA. By focussing on crop damages caused by floods and droughts, the paper 

first identifies the impacts of floods and droughts as separate hazards on the subsistence agriculture livelihoods and secondly, 

using a novel participatory methodology, the paper examines the multiple hazard event implications to demonstrate the 

differences between single and multiple hazard risk assessments for understanding the impacts on social vulnerability. 

3. A NEW APPROACH TO MULTIPLE HAZARD RISK ASSESSMENT 

Centralising social vulnerability and thus focussing on the hazard impacts for livelihoods as the most important area of impact for 

subsistence rural African farmers, the research undertook a single hazard vulnerability assessment followed by a multiple hazard 

vulnerability assessment. Starting with the single hazards, interviews were conducted with farmers across three case study areas. 

These were in the Atacora Province in north west Benin, the Ioba province in south west Burkina Faso and the Upper East region 

of Ghana. The interviews covered the initial impacts of floods and droughts on the crops grown in those areas and the coping 

strategies used to manage the impacts and recover from the hazard events. This revealed potential tipping points that are of 

particular relevance for considering climate change and further increased hazard frequencies and intensities that it is likely to 

bring. 

For the multiple hazard vulnerability assessment, a novel approach was required to overcome the limited experience that people 

in the area have had with floods and droughts occurring in the same year. The approach used was a participatory group game 

activity followed by discussion of the multiple hazard scenarios. The game was designed to present multiple hazard situations 

through which the group would be required to react. Following the game play, the game pieces were used to demonstrate multiple 

hazard scenarios and a discussion regarding the anticipated impacts of these scenarios on the crops ensued. 

4. RESULTS 

4.1 Single hazard vulnerability assessment impacts and responses 

Flooding occurs in the three case study areas predominantly as heavy rainfall that settles above ground before being able to fully 

infiltrate the soil. In the Burkina Faso case study, a high groundwater table makes this case study susceptibility to groundwater 

flooding and parts of all three case studies were also susceptible to fluvial flooding from breached river banks. In essence, the 

water causes damage to the crops by settling on the land for extended periods of time, thus increasing their exposure to excessive 

water.  

Of the crops grown in the case study areas, all may be potentially affected by flooding of the nature described here (depending on 

the length of time the water remains on land). However, based on the experiences of the interviewees, the most commonly 

affected crops are maize and millet and the more resilient or resistant crops are groundnuts.  

Droughts occur in two main forms in the case study areas. The first is through a shortened rainy season characterized by the late 

onset of rains, the early cessation of rains or, in extreme cases, both. Droughts in this form affect crops requiring a longer life 

cycle but increasingly short cycle versions of the commonly grown crops are being introduced and used. As such, the focus of the 

research was on the second type of drought which is characterised by a break in the rains that occurs during the rainy season and 

lasts for two weeks or longer. Similarly with flooding, an extremely prolonged break in the rains could damage all of the main 

crops upon which the communities are dependent but based on past experiences of those interviewed, the most commonly 

affected crop is maize. In contrast rice were identified as the more resilient or resistant crops. 
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When floods or droughts occur, coping strategies are enacted and one of the most commonly used strategies is the sale of 

livestock. In the rural subsistence agriculture dependent communities, livestock represent savings and are utilized as an insurance 

against unforeseen challenges. The research presented in this paper investigated how livestock are used to cope with losses 

incurred following a flood or drought and found that the number and proportion of livestock needed to recover from the crop 

losses was critical to the resilience or vulnerability of a household. Where a significant proportion of the livestock were sold to 

replace damaged crops and where this then left too few animals to breed and reproduce, the tipping point between coping and not 

coping would either move closer or be surpassed triggering a more extreme action, such as migrating out of the area. 

The research found that whilst the sale of livestock permitted the losses to the yields caused by floods or droughts to be overcome 

rapidly, the recovery of the livestock sold took far longer (if possible at all). This creates a challenge in the light of climate 

change where the frequency of hazard events is set to increase, reducing the time available to recover the spent savings between 

events. At present, in the case study areas, there is already evidence of increasingly frequent flood and drought events and 

households are ever depleting their stocks to maintain their lifestyles. For some, the tipping points have already been reached. 

4.1 Multiple hazard vulnerability assessment impacts and responses 

The multiple hazard vulnerability assessment was based less on experience of the scenarios presented and more on local 

knowledge and understanding of crop tolerances. The scenarios presented were a flood at 30 days after seed sowing followed by 

a drought at 60 days after seed sowing. The second scenario was a drought 30 days after seed sowing followed by a flood 60 days 

after seed sowing. The participants were asked to report on which crops would be affected by the first event and which of the 

remaining or replanted crops would be affected by the second event. The results showed a consensus that additional damages 

would be caused by the second event. The results also showed that the crops that were damaged under each scenario varied, 

emphasising the importance of looking at both scenarios. 

Following the scenarios, the outcome was typically that only one crop type would survive both events. Although this varied 

depending on the case study and on the order of the hazards, it raised an important question about coping strategies. Under the 

single hazard vulnerability assessments, it was often found that livestock could be used to raise funds to replace the damaged 

crops, however, under the multiple hazard scenarios, the losses would be far more comprehensive. As such, most of the 

respondents felt that such scenarios would push them to a tipping point where they would no longer be able to cope, raising an 

important challenge for considering the future of these communities with climate change. 

In addition, the results on the multiple hazard vulnerability assessment have demonstrated that the often cited adaptation strategy 

of crop diversification is severely limited in the context of the two hazards in the case study areas discussed here. It is clear that 

while some crops may effectively resist floods, these crops are not necessarily effective at resisting drought and vice versa. This 

means that whilst crop diversification may be a suitable adaptation strategy for one hazard type, it is not necessarily suitable for 

multiple hazard types. As such, this research demonstrates a need for alternative adaptation strategies that address both hazards 

rather than just one or the other.  

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

For disaster risk reduction to be effective, the problems and impacts relating to natural hazards need, firstly, to be fully 

understood. Understanding that hazards do not always operate independently, the Hyogo Framework explicitly calls for research 

to “develop improved methods for predictive multi-risk assessments and socioeconomic cost-benefit analysis of risk reduction 

actions at all levels” (United Nations International Strategy for Disaster Reduction 2005: 4). This research certainly contributes to 

this call by developing a method for multi-risk assessments that improves the accounting of relevant social vulnerability in risk 

assessments. The research addresses key questions regarding how vulnerability might vary with multiple threats, shedding light 

on the need to recognise that single hazard risk assessments alone are insufficient for predicting risks associated with multiple 

hazards.  

The results presented here have highlighted gaps in current thinking towards multiple hazards that are critical for effective 

disaster risk reduction and thus provides a steer for decision makers to account for multiple hazard issues in policy and practice to 

ensure that adaptations to one hazard do not inadvertently increase susceptibility to another hazard.  

5. CONCLUSIONS 

The use of the West African subsistence agriculture dependent communities has highlighted that vulnerability cannot always be 

captured by simply quantitative values such as building and infrastructure damage values or potential lives lost. Secondly, the 

results of the single and multiple hazard vulnerability assessments demonstrate the importance of properly addressing the 

vulnerability component of the risk equation in MHRAs. The complexities that this research has revealed in social vulnerability 

to hazards emphasise that MHRAs cannot simply present vulnerability as a single layer, irrespective of the hazard type and 

cannot assume that the values would remain the same or simply be multiplied by the number of hazards present.  
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This research represents a first step towards multiple risk assessments that effectively capture vulnerability to multiple risks. 

Demonstrating that there are important differences between vulnerability to single and multiple hazards, the paper aims to 

demonstrate the value to conducting better MHRAs in the future in order to better understand the challenges that climate change 

presents for effective disaster risk reduction. 
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ABSTRACT:  
 
In the Alps, natural hazards are part of everyday life. Risk perception is a major factor that influences people’s motivation to 
support or implement preparedness, prevention and adaptation measures in the context of natural hazards and climate change. In 
this paper, we present the case study of the small alpine community Badia that in December 2012 was hit by an exceptionally big 
landslide. The objective of the study was to assess, through questionnaires, the risk perception of the population and to 
understand what factors are influencing it. The first results show that risk perception and distance to the event are related. Also 
being affected in any way by the landslide increases people’s feeling of safety. Finally, the results show the importance of the 
media and informal networks as source for information and conservation of local knowledge. In this paper we show what we can 
learn from the experience of a community in terms of improving existing risk management procedures and increasing the 
resilience of the population towards natural hazards.  

Keywords: risk management, risk perception, social resilience, social learning, alpine case study 

1. INTRODUCTION 
Risk perception is a major factor that influences people’s motivation to support or implement preparedness, prevention and 
adaptation measures in the context of natural hazards and climate change. The objective of this study is to understand what we 
can learn from the experience of a community which recently experienced a landslide event. By the mean of questionnaires 
distributed to the population we assessed the following aspects and their influence on risk perception: experience and knowledge 
about past hazardous events, geographical distance to the event, degree of damage suffered due to the event, trust on authorities 
and information sources used before after the event. The results of the study aim to improve existing risk management practises 
and increase the resilience of the population towards natural hazards.   
 
In the Alps, natural hazard events are part of everyday life. Communities live with continuous risk and cope frequently with 
small, and sometimes major, impact events. Every year, different kinds of natural hazard events cause damages, losses and 
deaths. How to prepare for, cope with and recover from them are key questions for our society particularly in mountain terrain.  
 
Risk management needs to understand physical processes behind natural hazards, to monitor natural phenomena and to have 
instruments to prepare for and to react to disasters. For the acceptance and effectiveness of these risk management instruments it 
is fundamental to increase the understanding of how people perceive the risk from natural hazards and how they behave and 
choose their actions in case of an event. People tend to be less worried about risk they know and they are familiar with (Jurt, 
2009). Beside knowledge many other factors such as experience, values, attitudes and feelings all influence the thinking and 
judgement of people about the seriousness and acceptability of risks (Kuhlicke et al, 2011). The knowledge about risk perception 
is important because it can contribute to shape more effective community response and help responsible authorities in disaster 
planning activities and the development and improvement of strategies for disaster risk reduction (Eiser et al, 2012; Davis et al 
2005). Within this context it is important to understand and assess what influences risk perception and risk behaviour and in 
which way. It is generally recognised that hazard experience is one key factor for risk perception and many case studies in 
different contexts and referred to different types of natural hazards show that perceptions of risk increases after an event (Perry 
and Lindell, 1990; Becker et al, 2001; Johnston et al, 1999).  In addition, trust or confidence in responsible authorities’ ability to 
protect citizens from potential hazards is an important aspect and can result in a reduced sense of personal responsibility for one’s 
own safety and therefore affects the risk perceived actions taken (Paton et al, 2008).  
 
Today the importance of risk perception is generally recognized and many theoretical as well as empirical studies exist. 
Nevertheless, there is still a major research on how individual, social and cultural determinants influence natural hazard 
perception (Kuhlicke et al, 2011). This study has been carried out in the context of a community’s concrete and recent experience 
of a landslide. Its results aim on the one hand to give a contribution to the state of the art of research about risk perception and 
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community resilience and can on the other hand have an impact on existing risk management practices by inducing a learning 
effect. 
 

2. BACKGROUND 
South Tyrol, situated in the middle of the Alps, has always been exposed to many natural hazards such as landslides, avalanches 
and debris flows. The morphology and geology of the landscape result in an elevated level of risk of the occurrence of natural 
hazardous events. At the same time the high settlement pressure in the valleys leads to a high exposure of the population to these 
events. In the period 1974 to 2012 mass movements were the most frequents hazards1. Most of the events are of small scale and 
do not have any or only a limited impact on the population but some rare events affect infrastructures, settlement and the 
population. These latter events are of particular interest for the research community due to the possibility to study and analyse the 
risk perception linked to a reference event. Furthermore, the recent experience with a hazardous event leads to a higher 
involvement and participation of population and stakeholders that represents a very important factor for the use of participatory 
approaches. In this paper, we present the case study of Val Badia, where in December 2012 a landslide with a velocity up to 80 
km per hour hit the area of the municipality of Badia. The area of Val Badia is highly landslide prone and the municipality Badia 
itself was affected by a major landslide event 200 years ago. This recent landslide was triggered by heavy precipitations and 
temperature variations in the weeks and months before the event. The landslide caused damages to infrastructures as well as 
houses leading to the evacuation of 37 people and the risk of the river being blocked – a potential secondary impact that could 
have caused even higher damages.  
 

3. METHODS 
The survey was conducted using questionnaires. The questionnaire is a popular and fundamental tool for acquiring information 
on knowledge and perception within natural hazards research (Bird, 2009). In April 2014 our questionnaires were distributed by a 
trusted member of the community who shortly explained the purpose of the study to the recipients. The questionnaires were sent 
to all adults living in the municipality of Badia. The method of distribution was chosen because it is cost effective, it covers the 
whole area and reaches every member of the community. The purpose of the questionnaire was to assess the risk perception of 
people and if and how it changed due to the event. During the development phase of the questionnaire we involved stakeholders 
from the local geological authority as well as the mayor of the municipality in order to integrate their expertise and their needs. 
Hence, the analysis and the produced results can contribute to improve existing strategies and measures for risk preparedness and 
disaster risk reduction. The questionnaire consists of 29 questions divided into six parts. The first part contains questions about 
experience and knowledge about past events and in which way people were affected by the landslide event in 2012. The second 
part is dedicated to people’s perception and satisfaction with the intervention activities carried out by the responsible authorities 
after the event. The third part focused on protection measures whilst the fourth part aimed at understanding the social networks of 
the community. By the mean of open questions, in the fifth part people expressed what, according to their opinion, could be 
improved immediately and within the first year after an event. Finally, in the last part respondents assessed their geographical 
distance to the landslide on a map and gave some demographic information. The questions of the questionnaire were of different 
type: closed questions, semi-open questions with, questions using a Likert scale and open questions. For the data entry we used 
the open source software CSPro5 and the analysis of the data was carried out with SPSS.  
 

4. PRELIMINARY RESULTS 
In this section we present the first preliminary results of our data analysis. As mentioned above, the questionnaire was distributed 
to the whole adult population of the municipality (2523 questionnaires). 48,8% (1232) were returned of which 163 were not filled 
out. The response rate of 43% (1096) can be seen as very high and allows to draw a representative picture of the whole 
population of Badia.  
 
The analysis of the first part of the questionnaire shows that a large portion of the respondents (73,9%) is aware of the fact that 
the area is prone to landslides and mudflows. For 50% the magnitude of the landslide was unimaginable while 20% anticipated 
that such an event is a possibility. 23% of the respondents had a neutral opinion on the subject. 25,5% of the respondents have 
already experienced at least one similar event in the past (2 on average), while 73,7% have heard and/or read about such an event 
in the study area. The main source of information was traditional knowledge and stories within the family (56,1%) secondly the 
media (51,7%) and thirdly everyday conversations with other villagers (36,4%).  
 
Considering the degree of having been affected, the answers show that most of the respondents (76%) were not affected by the 
landslide in any way. 23,1% were affected in some way (directly or indirectly) by the event. From the affected 53,8% were 

                                                 
1 Source: Based on IFFI (Inventario dei fenomeni franosi in Italia), database of the Autonomous Province of Bolzano (Italy) 
http://www.provincia.bz.it/edilizia/progettazione/815.asp  
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limited in their mobility, 29,5% suffered building damages and 25,9% suffered material damages of another kind. 40,2% suffered 
financial losses and 21,1% were evacuated. Being affected in any way by the landslide increases the feeling of being in danger: 
for those not affected the mean level of concern of being affected by landslides was 2,74 whilst for those affected by the landslide 
this  mean was of 3,4 (on a scale of “not concerned” 1-to-5 “very concerned”). Interestingly, evacuation is reported as suffered 
damage by a higher number of persons than the official number reported by the authorities and the media after the event. We will 
try to understand this difference in a future in-depth analysis supported by validation through stakeholder interviews. 
 
The level of trust was assessed by looking at the mean value of three different questions: a) feeling of safety, b) satisfaction with 
the effort and engagement of responsible actors and c) satisfaction with the work of the responsible actors. On a scale from 1 
(low) to 5 (high), 43% of the respondents reported a medium to high level of trust (4 and 5), 42,7% a neutral level (3) and only 
14,3% a low or very low level (1 and 2) of trust.  
 
Looking at the link between geographical distance to the landslide and the feelings of security, our results show that those 
respondents who live in very close proximity to the landslide assessed the future risk of landslides as high (4,33 on the five point 
scale),. Those who live further away, higher up  in the valley and/or on the opposite slope assessed a future event as less probable 
(2,35).  
 
The first results of our study confirm the hypothesis that risk perception and distance to the event are related. The fact of living or 
not in the affected area has a strong influence on the perception of risk but there seem to be other factors than only the distance 
that affect risk perception. In our particular case, factors such as whether someone lives above or below the affected area, or on 
which side of the valley, might be also influencing factors. The assumption that risk perception is linked to the level of trust in 
the responsible actors and mitigation strategies could, in this first analysis, not be proved. No significant correlation between risk 
perception and trust were found. Finally, the results show the importance of the media and informal networks as source for 
information and the conservation of local knowledge. 
 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
The here presented research tackles the following issues of the HFA:  

- A. General considerations, 13.e. Cultural diversity, age, and vulnerable groups should be taken into account when 
planning for disaster risk reduction, as appropriate;  

- B. Priorities of action, 14.2. Identify, assess and monitor disaster risks and enhance early warning. 

It contributes to the knowledge of the vulnerabilities to disasters as described in the HFA on page 7 “The starting point for 
reducing disaster risk and for promoting a culture of disaster resilience lies in the knowledge of the hazards and the physical, 
social, economic and environmental vulnerabilities to disasters” 

5. CONCLUSIONS 
As expected, risk perception and anxiety is linked to whether people have been affected directly by the hazardous event or not 
and whether they live in the affected area or not. However, the data suggest that there are also other factors influencing this. More 
in –depth analysis for the data will look into this and will include expert interviews and feedback from the community. The 
question whether past experience, knowledge about past events and existing protection measures influence risk perception will 
also require more in-depth data analysis.  

Carrying out participatory research in the context of risk, and in particular on risk perception, rely very much on the openness, 
motivation and engagement of people as questions touch also sensible aspects such as fear or trust. Our case study has been 
supported by a recent event that impacted a large part of the municipality. This facilitated the involvement of people leading to an 
exceptionally high response rate. During our work we realised that for a study in such a small and homogeneous community, the 
involvement support of some local key actors, that function as local gatekeepers and amplifier, is fundamental for the acceptance 
and the success of participatory research. Furthermore, the involvement of stakeholders is important for the use of results.  The 
results, even if coming from a very context specific reality, can be valuable also for other regions because risk perception and risk 
behaviour of communities are important for the improvement of existing risk management practices e.g. in terms of information 
flows and channels to reach the population.  
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ABSTRACT: In a hyper-connected and social-networked, world increasingly vulnerable to geo-hydrological risks, 
communication plays a vital role in all phases of the disaster cycle. Scientific and technological innovation generating new 
products, tools, and services to cope with geo-hydrological events (e.g., landslides, debris flows and floods) must rely on 
effective communication strategies to address information needs of audiences with different needs through integrated 
communication channels. The Istituto di Ricerca per la Protezione Idrogeologica (IRPI), of the Italian Consiglio Nazionale delle 
Ricerche (CNR), is conducting two complementary initiatives contributing in different ways and geographical scales to raise 
awareness about geo-hydrological risks, and their impact on society. At European level, IRPI is coordinating the 2-year 
collaborative research and development project LAMPRE (LAndslide Modelling and tools for vulnerability assessment 
Preparedness and REcovery management) to advance the limited understanding of vulnerability of built-up areas and 
infrastructures to event landslides, enhancing landslide risk mitigation/preparedness efforts, and post-event-landslide 
recovery/reconstruction activities through the exploitation of innovative Earth Observation based products and services. 
LAMPRE adopts a communication strategy to inform diverse organizations dealing with the adverse effects of landslides how the 
project results can improve their ability (i) to forecast the impact of landslide events, (ii) to assess the vulnerability to landslides 
of properties, infrastructures and the population, and (iii) to implement effective recovery and reconstruction plans. At national 
level, IRPI gathers information on landslides and floods with direct human consequences (e.g., deaths, missing persons, injured 
people) with the aim of evaluating the geo-hydrological risk for the Italian population. In this framework, IRPI has implemented 
the POLARIS website which publishes different information including: periodical reports on landslide and flood risk to the 
population of Italy, data and analyses on specific damaging events, and blog-posts on landslide and flood events encouraging 
citizens’ participation to crowd-sourcing information. 

Keywords: dissemination, collaborative innovation, landslide modelling, citizen’s empowerment, disaster resilience. 

1. INTRODUCTION 

Risk management and risk communication have become a major task for public policy, and have sprouted an intellectual debate 
in the modern world (Breakwell, G. and Barnett, J. 2003). In the contemporary information and knowledge-based society, 
communication can foster effective responses to geo-hydrological risks, by increasing awareness on the causes and consequences 
of specific hazards, including e.g., landslides, debris flows, and floods, and by fostering the capacity of individuals, groups, and 
organizations to effectively prepare, manage and recover from geo-hydrological events. Diverse target audiences affected by geo-
hydrological risks need to exchange information for effective disaster risk prevention. These audiences include operational users 
(e.g., civil protection authorities, decision makers, stakeholders), scientific users (including e.g., academic and research centres, 
environmental and planning agencies, national geological surveys,), businesses, citizen groups, and individuals (Bally 2012). The 
effectiveness of risk communication depends on multiple factors, including a complex interaction between the type and 
characteristics of the audience, and the type, source, and content of the message (Breakwell, G. 2000). Appropriate 
communication strategies are needed to create effective and synergic interactions between the target audiences, with easy 
accessible, correct and consistent information on: (i) the causes, location, magnitude and impact of geo-hydrological risks, (ii) the 
most suitable actions and conducts of single and groups to minimize the risks, and (iii) the benefits of implementing innovative 
solutions (e.g., new data, methods, products, services) generated by the scientific and business communities that may help 
disaster prevention, preparedness, management and recovery activities. 

2. COMMUNICATION STRATEGIES 

The Istituto di Ricerca per la Protezione Idrogeologica (IRPI), of the Italian Consiglio Nazionale delle Ricerche (CNR), is 
conducting two complementary initiatives with the aim of contributing – in different ways and at different geographical scales – 
to raise awareness about geo-hydrological hazards, chiefly landslides, debris flows and floods, and their impact on society, under 
an integrated risk management approach. The first initiative is the collaborative research project  LAMPRE - LAndslide 
Modelling and tools for vulnerability assessment Preparedness and REcovery (http://www.lampre-project.eu); the second 
initiative is the POLARIS web site (http://polaris.irpi.cnr.it), designed to disseminate information on the consequences of 
landslides and floods to the population of Italy. 
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2.1 The FP7 LAMPRE Project  

In general, limited information is provided to users on the propensity of a territory to generate landslides triggered by different 
causes, including intense or prolonged rainfall, earthquakes, rapid snowmelt events. As a result, the ability of organizations, 
groups and individuals to properly evaluate the vulnerability to landslides of buildings, roads, railways and the population 
remains limited, both at local and continental scale. 

LAMPRE is a two-year collaborative research and technology development project, funded by the European Commission under 
the Seventh Framework Programme for Research (7FP). The LAMPRE team includes ten partners in six European countries, 
including four research organizations, two operational end-users, and four business organizations. The project exploits up-to-date 
space data and technologies to advance the currently limited ability to: (i) detect and map landslides, (ii) assess and forecast the 
impact of landslides on structures, infrastructures, and landscapes, and to (iii) model landscape changes induced or affected by 
slope failures. Through the collaboration of a multidisciplinary team of partners, LAMPRE delivers different products and 
services, including landslide inventory maps, susceptibility and vulnerability models and assessments, statistics on landslide sizes 
(area, volume), 3D landslide deformation models, software tools, and education materials. 

The LAMPRE communication strategy, implemented across the project lifetime and beyond, is designed to successfully 
communicate how the project results can generate benefits that will match the needs of its target audiences, including: (i) civil 
protection authorities, which can improve their response capacity for landslide preparedness and mitigation activities (i.e., before 
a landslide event) and recovery activities (i.e., after a landslide event), (ii) transport organizations managing transportation 
networks, which can improve their management of future landslides, (iii) environmental, soil, agricultural, and forestry agencies, 
which can use new tools for assessing landslide probabilities, and the impact that landslides may have in terms of e.g., blocked 
roads and rivers, the contribution of landslides to sediment discharge, the impact of landslides on ecosystems, (iv) policy and 
decision-makers, which can improve the design of disaster management policies, (v) business organizations operating in the 
space sector, which can build on LAMPRE products and services by integrating multiple types of data, information, and 
technologies for landslide susceptibility and vulnerability modelling, and (vi) citizens, who can become more aware on the basics 
of landslides events (“where” and “when” landslides are expected to occur), and on procedures and best practices to follow 
before, during, and after a landslide event. 

The effectiveness of the LAMPRE communication strategy relies on two main assumptions. First, LAMPRE assumes that the 
scientific, technical and business communities can – and should – increase the awareness of the role of Earth Observation 
products and services to support the mitigation of landslide risk, shifting the focus of the communication from scientific and 
technology advancements to the cost-benefit gains and public benefits provided by the LAMPRE products and services. In this 
context, the key messages should emphasise costs reduction and efficiency gains in risk preparedness, mitigation, recovery and 
reconstruction activities, job creation, reduction of loss of life and properties caused by landslide hazards. Second, the operational 
users targeted by LAMPRE need to be aware that innovation generated by LAMPRE can be integrated in their operational and 
production processes, improving in such a way their capacity to assess landslide hazard, to mitigate landslide risk, and to plan 
and implement more effective recovery and reconstruction actions. For this purpose, the LAMPRE communication strategy 
should include training activities to facilitate the uptake by operational users of the LAMPRE products and services. 

The LAMPRE communication strategy exploits multiple channels and diverse messages tailored to the different target audiences. 
The LAMPRE project website combines images, video and text, is responsive to different devices, and is structured into five 
main sections, including (i): “About LAMPRE”, describing project goals, partners, main stakeholders, and plan of work, (ii) 
“Knowledge and Results”, illustrating activities performed on the project test sites, results achieved (i.e., LAMPRE products and 
services), and giving access to project deliverables, scientific publications, and presentations given at national and international 
conferences and workshops, (iii) “Beneficiaries”, focusing on the main benefits for the LAMPRE target audiences, (iv) ”News 
and Events”, timely informing on relevant project happenings, also through periodical newsletters and social networks activity, 
(v) “Educational”, dedicated to the broader general public, university, and high-school level education, delivering information on 
specific themes (e.g., “what is a landslide event”, “remote sensing of landslides”, “how landslide event inventory maps are 
prepared”), and including links to information, activities and teaching resources on landslides, and a compilation of Frequently 
Asked Questions on landslides. News, events, documents and project deliverables uploaded in the website are tagged according 
to a well defined tagging strategy in order to enable target audiences to find what is more relevant to their specific needs.  

LAMPRE has prepared two types of brochures to address: (i) scientific, operational, and business users, focusing on the project 
achievements, and (ii) citizens, using non-technical language aimed at widening their interest in geosciences and participation to 
research activities. Finally, specific dissemination activities are addressed to the members of the LAMPRE Stakeholders and 
Users Group (SUG), composed of representative of civil protection authorities, technical and geological surveys, space agencies, 
image and service providers. The SUG is expected to provide feedbacks and strategic advice on the quality and usability of the 
products and services designed by LAMPRE. 

2.2 The POLARIS Web initiative  

Inundations and landslides are common phenomena that cause serious damage and pose a severe threat to the population of Italy. 
The societal and economic impact of landslides and floods is high in Italy (Guzzetti et al 2014 in press), a country for which 
information on the number of deaths, missing persons, injured people, evacuees, and homeless people is available (Guzzetti et al 
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2005; Salvati et al 2010, 2013). Despite the large number and wide geographical distribution of historical landslide and flood 
events with human consequences, the population of Italy receives little information on the type, characteristics, frequency, and 
severity of the harmful events. This is confirmed by two national surveys conducted in 2012 and 2013 through computer-assisted 
telephone interviews, to measure the perception of landslide and flood risk of the population of Italy (Salvati et al 2014 in press). 
The result is surprising since accurate and timely information is fundamental for the implementation of risk mitigation and 
adaptation strategies (Salvati et al 2014 in press). Although in the last few years the scientific community has begun to 
disseminate information on geo-hydrological hazards and the associated risks through thematic websites, these remain mainly 
addressed to experts for specific technical purposes with contents and web interfaces hardly appreciated by a wider audience and 
rarely synchronised with social networks. To address the problem posed by the lack of communication on geo-hydrological 
hazards with potential human consequence in Italy, IRPI has designed the POLARIS Web site. It consists of a web platform 
which aggregates and publishes information on the risk posed by landslides and floods to the population in Italy, with the aims 
of: (i) disseminating to a wide audience information on harmful geo-hydrological events in Italy, by using simple and easy to 
understand language, (ii) providing media with accurate, reliable, and up-to-date data and information on the human 
consequences of geo-hydrological events, and (iii) providing the Italian National Civil Protection Department, with trusted and 
specific data for landslide risk management and mitigation strategies.  

The POLARIS website is structured into four main sections, including “Reports”, “Events”, “Focus”, and “Blog”. Each section 
provides complementary information. External consultants experienced in Web-communication, info-graphics, and user 
experience design, were involved to arrange and publish the information, considering usability and accessibility of the website, 
and key graphic aspects of modern communication, making the web site most effective to users pertaining to potentially 
diversified audiences. Specific icons were designed to describe the geo-hydrological events, and the scientific and technical 
content was edited using non-technical language. The “Reports” section illustrates periodical (yearly) reports on landslide and 
flood risk to the population of Italy. Each report contains lists, maps, statistics, and analyses of landslide and flood events that 
have caused direct consequences to the population (e.g., deaths, missing persons, injured people, homeless, and evacuees) for 
different periods of one, five and fifty years, allowing for comparative analyses of the geographical and temporal variations of 
geo-hydrological risks in Italy. The “Event” section publishes information on specific meteo-climatic events occurred in Italy 
from 1962 to date, using maps, videos, photographs and drawings. The “Focus” section publishes information on specific events 
for which damage to the population was severe, and provides regional analyses, and explanations of single historical or recent 
events. The “Events” and “Focus” sections inform the population on the extent and severity of geo-hydrological risks, and are 
important sources of data for media that can sensitize a large number of citizens. Finally, the “Blog” section encourages the 
bottom up participation of users that can post comments on geo-hydrologic hazards and risks.  

The effectiveness of the POLARIS communication strategy relies on two main assumptions. The first one is that the scientific 
community can – and should – play a key role to increase the awareness of individuals and groups on geo-hydrological hazards 
(landslides and floods), and on the type and extent of the risk posed by geo-hydrological hazards the population. This should be 
achieved adopting less technical and more widely comprehensible language for scientific content, adopting intuitive and 
engaging web interfaces and link to social media that encourage citizens’ interactions. The second assumption is that tailored 
information can make citizens active players for their self-protection, contributing to build safer and more resilient communities. 

3. DIFFERENT COMMUNICATION FLOWS 

The two initiatives present differences according to five main characteristics, as shown by Table 1: 

Table 1: Main differences between the two initiatives. 

Features LAMPRE POLARIS 

Goals Collaborative research activities fostering scientific 
knowledge on landslides and generating innovative 
technology products and services to cope with landslides. 

Research and web initiative producing valuable data and 
information and educating about floods and landslide events 
and their consequences to the population.  

Content Updated description about progresses and results of the 
project with access to publications with multimedia materials. 

Data and information on floods and landslides events, 
supported by maps, info-graphic, statistics, images and videos. 

Geographic 
scale 

European and international relevance. Partners in six EU 
countries perform activities involving different types of test 
sites (i.e. Spain, Switzerland, Italy, Taiwan and Costa Rica).  

National relevance as it addresses the Italian territory, 
distinguishing different territorial entities, such as: regions, 
provinces, cities, town, burghs, and warning areas. 

Targets  Scientific Community, Operational users, Citizens, Businesses Citizens, Civil Protection Authorities, Media. 

Website 
structure 

Collaborative web-portal, with different levels of information 
on project activities, progresses and results achieved, 
integrating social-media 

Reporting web-platform and blog, with qualitative and 
quantitative information on geo-hydrological events and their 
impact on citizens, heavily exploiting social media. 

Figure 1 compares the communication flows between the two initiatives showing the main actors, their interactions and the 
objects of communication. In LAMPRE the business community plays a specific role in the co-generation of innovation with the 
scientific community whose results are communicated to operational users and citizens. In POLARIS the media sector captures 
and widely disseminate information from scientists who also communicate to operational users through reports and citizens.  
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Figure 1. LAMPRE and POLARIS communication flows. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Collectively, the results of the LAMPRE project and the POLARIS web initiative are expected to contribute to the 
implementation of the Hyogo Framework for Action. In particular, the two initiatives contribute to Priority Action 2 – Identify, 
assess and monitor disaster risks and enhance early warning, by (i) increasing knowledge on geo-hydrological hazards and risks, 
and their societal impact to the population of Italy (POLARIS), and by (ii) developing innovative tools to explain how landslide 
hazards and vulnerabilities are changing in the short and long term, with the final aim of helping decision-makers to undertake 
appropriate actions for preparedness, recovery and reconstruction (LAMPRE). In addition, POLARIS contributes specifically to 
Priority Action 3 – Use of knowledge, innovation, and education to build a culture of safety and resilience at all levels, by 
effectively disseminating data and information on geo-hydrological hazards events to the wide public, which makes it more 
prepared and resilient to natural disasters. Finally, LAMPRE contributes to Priority Action 5 – Strengthen disaster preparedness 
for effective response at all levels, by developing tools which help civil protection authorities to improve their ability to detect 
and map landslides, to assess and forecast the impact of triggered landslide events on vulnerable elements, and to model 
landscape changes caused by slope failures. Civil protection authorities can exploit the knowledge, services and tools generated 
by LAMPRE to improve their disaster management capacities, reducing impacts and losses generated by event landslides. The 
post-2015 Framework for Disaster Risk Reduction should further communicate cost-benefits analysis and financial mechanisms 
to increase public and private engagement in disaster risk reduction, at national, local, and community levels. 

5. CONCLUSIONS 

The two initiatives demonstrate how the scientific community can implement different communication strategies to enhance an 
effective integrated risk management process which helps different audiences to understand: i) how risks associated with geo-
hydrological hazards are estimated and which innovative products and tools can improve preparedness, mitigation, recovery and 
reconstruction activities (LAMPRE); ii) how risks can be reduced by increasing knowledge to the population that can play a key 
role in the reduction of risks through the adoption of appropriate measures and behaviors (POLARIS). 
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1. INTRODUCTION 

The incurred global damage from natural hazards shows a rising trend, which is however for a large part attributable to growth of 

the capital stock. Yet, for non-geophysical natural hazards in developed countries the wealth normalized insured losses show an 

upward trend as well (Barthel & Neumayer 2012). The highest direct damages were recorded in 2011, being estimated at $386 

billion of which $110 billion as insured damages (von Dahlen & von Peter, 2012). In addition to direct damages, natural hazards 

cause indirect damages. These indirect damages are usually expressed as foregone output, which results mainly from the loss of 

productivity caused by the loss of capital and critical infrastructure. There is a broad consensus that these indirect effects are 

negative, causing output to be significantly lower for at least some time compared to the potential output (Cavallo & Noy, 2009). 

The level of indirect damages depends on a number of factors such as the size of the country and the wealth level. Risk transfer 

has been lately acknowledged to be one of the most important factors explaining the consequent macroeconomic effects. 

Macroeconomic effects of hazards in conjunction with the role of insurance coverage have been studied both by the use of 

macroeconomic modelling (Perrels et al 2011) and by means of regression analysis (e.g. Von Peter et al (2012). These studies 

indicate that there is a link between the indirect effects and the level of risk transfer. This can be explained by at least two 

mechanisms: 1) supplementing direct resources to the areas suffering the largest resource scarcity, and 2) spurring economic 

activity in the affected area via multiplier effects. The prime concern of this study is that an area can be underinsured, causing 

slow recovery in case of a major natural hazard and high indirect damages. Government action usually entails compensation 

schemes with damage coverage rates, which lack risk reducing incentives or can exacerbate repair booms (Perrels et al 2011). In 

addition, these schemes increase the budget deficit and crowd out private investment, thus being inefficient compared to private 

insurance schemes. 

In the FP7 project CRISMA (http://www.crismaproject.eu/) economic indicators for natural hazard related to crisis management 

were proposed (see also Engelbach et al 2014). This paper deals with two of them: insurance coverage and the so-called ‘fiscal 

gap’ indicators. Fiscal gap (Mechler et al, 2010) refers to high budget deficits, which can cause insufficient ability to mobilize 

funding for reconstruction, especially when coupled with low insurance coverage. The measurement basis, preliminary results, 

limitations of interpretation, illustration of use, and some suggestions for improvements of the two indicators are discussed. The 

indicators merit further development, whereas the statistical monitoring of the underlying data should be improved and get more 

transparent. The coordinated use of such indicators is illustrated by discussing the role that insurance coverage had in natural 

hazard preparedness policies in France, with special reference to flood prone areas. 

2. COVERAGE OF NATURAL HAZARD DAMAGES BY INSURANCE AND STATE COMPENSATION SCHEMES 

The 28 Member States of the European Union show a large variation in the extent of insurance coverage of direct damages from 

natural hazards. Exposure and vulnerability levels per type of hazard vary greatly within and across countries and therefore low 

insurance levels are sometimes caused by low risk levels, sometimes by lack of supply of insurance products, and sometimes by 

large variations in the income distribution. Furthermore, the public capital stock and ex-post aid for private sector need to be 

backed by a resilient public finance situation, if there is no reinsurance scheme adopted by the government. If one or both types 

of coverage fail, a country will have significantly larger difficulties to recover from major damage due to natural hazards. 

The insurance coverage at country level was assessed for four different types of natural hazards. The way of reporting varies 

greatly between countries and types of hazards. In some cases information concerns the fraction of entities insured, e.g. the 

number of insured households divided by all households. This is indicated as Ratio A in Figure 1. In other cases only (recent) 

historical data on the share of the estimated total damage covered by insurance is available. This is indicated as Ratio B in Figure 

1. A third way of measuring is the ratio of a country’s insurance premiums and global insurance premiums divided by the fraction 

of a country’s GDP in the global GDP. This ratio is called the penetration rate and is the information most readily (publicly) 
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available, and can be found from reports by the European Commission (Maccaferri et al. 2012) and by Insurers of Europe (CEA, 

2007) for most EU States. This is indicated as Ratio C in Figure 1. 

To reduce interpretation pressures for users of these different ratios were merged into one indicator, of which the statistical basis 

may vary, but which intends to convey the same message reflecting the level of the insurance coverage in each country. This also 

means that the insurance coverage indicator is indeed only indicative, using intervals rather than exact fractions. The indicator 

only provides information about the sufficiency of the insurance coverage, neglecting the possibility of too high coverage and 

potential repair boom effects. The indicator scores are established per hazard type (flood, storm, earthquake, forest fire).  

For a few countries no information on insurance coverage could be found. For some other countries the coverage of some hazards 

remained unclear (white cell in Figure 1), whereas some hazards are irrelevant in various countries (grey cell in Figure 1). The 

results should therefore be interpreted with caution, and their uncertainty rather offers a reason for further investigation than for 

final judgment. For example, some hazards, notably floods, are spatially bounded, which means that national coverage rates are 

well below 100%, while they are higher in the risk areas, e.g. flood insurance in Germany. On the other hand sometimes high 

insurance coverage can be coupled with unrealistically strict policy conditions, e.g. flood insurance in Finland. Otherwise the 

color coding and classifications are explained at the right hand side of Figure 1.The implementation of the fiscal gap indicator is 

explained in chapter 3, whereas its classification is explained on the right hand side of Figure 1. 

Figure 1. Fiscal Gap and Insurance Coverage Indicators by Type of Hazard for EU Member States 

 

3. FISCAL GAP IN EU COUNTRIES 

Up-to-date figures on government debt by country can be easily obtained from the European Central Bank and Eurostat. The 

results in figure 1 are based on the government debt levels ultimo September 2013. In recent years these figures have been 

changing considerably within a few years, implying this indicator needs to be checked yearly. As borderline is assumed that a 

debt level beyond 130% of GDP starts to seriously affect borrowing capacity. Data on direct damages of natural disasters are 

available from the EM-DAT database (http://www.emdat.be/database). The quality of reporting varies across countries and types 

of hazards, whereas economic costs of lives lost are often not accounted for. Nevertheless, these recorded damages of the largest 

natural hazards per country and decadal total costs of natural hazards per country provide a reasonable insight of public funding 

needs for recovery. 

The fiscal gap is assessed in two ways: 

 (130% of GDP – current government debt) / costliest event of past 20 years (approach 1 in figure 1) 

 (130% of GDP – current government debt) / (total hazard cost by decade* x 0.75) (approach 2 in figure 1) 

*) of a recent decade with the highest hazard cost (1983-1992/1992-2002/2003-2013) 

Floods

Earthquakes 

& Volcanic 

Eruptions

Storms Forest Fire
Fiscal gap - 

approach 1

Fiscal gap - 

approach 2

Classifications and 

intervals for private 

insurance

A B C

Austria <25% (A) >75% (C) <10% (C) 91 81 Under-insured (poor) <20% <15% <10%

Belgium >90% (A) >90% (A) >75% (C) 297 87 Under-insured (low) 20-50% 15%-40% 10%-25%

Bulgaria <1% (C) <10% (C) <10% (C) 245 97 Under-insured (medium) 50-70% 40%-60% 25%-75%

Check Republic >50% (A) 25%-75% (C) 25%-75% (C) >75% (C) 72 Prudent insurence >70% >60% >75%

Denmark

100% (sea), 

<10% storm-

water (A)

>90% (A) >75% (C)

106

Classification for fiscal gap

Estonia "low" (A) 218 green: >= 100; 

Finland <50% (A) >75% (C) 25%-75% (C) 782 193 funding capacity for recovery more than sufficient

France >90% (A) >75% (C) <10% (C) 128 63 yellow: 10 =< x < 100

Germany 30% (A) 25-75% (C) >75% (C) >75% (C) 160 76 funding capacity in principle sufficient, but a very large or 

Greece <10% (C) <20% (A) <10% (C) <10% (C) -26 -17 an unlucky decade may lead to significant deterioration

Hungary >90% (A ) 129 of the capacity

Ireland >75% >75% >75% 35 26 orange: 1 = < x < 10

Italy <10% (B) 10% (A) <10% (C) -3 -2 funding capacity is probably sufficient for one large event,

Luxemburg 5% (A) 80%-90% (A) 659 but very large events or an unlucky decade may push the 

Netherlands
<10% (A) + 

Government 

ex-post aid

A / B          

~30%~50%
>80% (A) >75% (C)

381 218

Poland 20% (A) >75% (C) >75% (C) 109 89 red: < 1

Portugal 25%-75% (C) 30% (A) 25%-75% (C) 10%-25% (C) 2 0 government lacks resources to finance large scale recovery

Romania <1% (C) <10% (C) <10% (C) 81 123 without causing extra fiscal costs; this is especially serious

Slovenia 25%-75% (C) 25%-75% (C) >75% (C) 119 if insurance coverage is also weak; privat decision makers

Spain 25%-75% (C) >90% (A) >75% (C) <10% (C) 113 40 need to activate and adjust their risk levels accordingly

Sweden >75% (C) >75% (C) >75% (C) >75% (C) 178 176 NB. National debt figures refer to ultimo 2013

public finance over the threshold of fiscal gap. In turn this 

will start to affect fiscal policy afterwards - judgement will 

be influenced by insurance coverage rates
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The logic behind approach 1 is that it shows whether the country is prone very extreme hazards of a certain type, which at once 

may hamper recovery of the economy. Approach 2 takes into account that various countries (e.g. Germany, Spain, the UK) rate 

quite high in terms of frequency of costly events, while most separate events do not cause extremely high damage cost. Such 

countries may nevertheless experience that within a few years very large sums of repair cost accumulate, and thereby fiscal 

pressure may start to mount. One can infer from figure 1 that the second approach is a more critical version of the indicator. The 

figures for Bulgaria and Romania are in italics as the EM-DAT database did seem to lack quite some damage data from these 

countries or damage seemed severely understated. For Finland one very important – not reported – event was added regarding 

storm induced large scale forest damage, but nevertheless very solid (adapted) ratings resulted regarding state recovery funding 

capability. Some countries clearly have to take measures to improve their recovery funding capabilities (close their fiscal gap), 

but these countries are already incentivized to do so for many other reasons. If this recovery is however slow, a possibly 

increasing frequency of adverse weather based damage (see Introduction) may eat away the improvement.   

4. ROLE OF INSURANCE COVERAGE IN NATURAL HAZARD PREPAREDNESS IN FRANCE 

The French system of compensation of the victims of natural disasters, which came into effect in France on July 13th, 1982, is 

based on the principle of the national solidarity and implemented through a compulsory additional contribution of every person 

signing an insurance multi-risk contract for a house or an apartment. This earmarked contribution of all insured allows the 

extension of the guarantee covering the effects of natural disasters for which the state of ‘natural catastrophe’ (called CATNAT) 

was notified by governmental order. The order defines the zones and periods in which the disaster is ‘recognized’ as well as the 

nature of the inflicted damage. The justification of this system of officially ‘recognized’ natural catastrophes is based on the 

exceptional intensity of such phenomena. The CATNAT represents one of the important criteria allowing judgement of the 

communes’ experienced vulnerability with respect to natural hazards.   

 

The CATNAT is a compulsory extension of guarantee to any insurance contract which covers damage to property situated in 

France. The guarantee is framed by the state by four elements which escape the control of the insurer: 

 the definition of the covered risks; 

 the minimum threshold of damage compensation (eg. goods for domestic use: € 380 (€ 1520 for droughts), goods for 

professional use: 10% of damages (with à minimum of € 1140); exploitation losses: 3 working days (minimum € 1140); 

 the pricing of the surcharge; 

 the declaration of the state of natural disaster. 

 

At present the rates of the prime are the following : 

- for all goods except vehicles with an engine : 12% of  the premium for the contract without catastrophe guarantee; 

- for terestrial vehicles with an engine : 6% of the premium related to theft and fire. 

The premium rate is independent of the hazard type and is not connected to implemented prevention measures. 

Figure 2: Comparison of the number of flood risk prevention plans and total damages (source: Nussbaum R. (2013)) 

 

 

 

 

 

 

 

 

 

Winter storms which occurred during the winter 2013/2014 in France have been costly to the insured. Insurance companies will 

have to reimburse approximately € 500M for all weather events that occurred between late December 2013 and March 2014 

(Assurer, 2014). Over the last eight months of 2013 French insurers indicate that the cost of natural disasters amounted to € 2 

billion, exceeding the annual average by 33%, using a twenty year average. Globally, 2013 was a remarkable year regarding 

569



 

4 

 

 

natural disasters. In France, in 2009, the FFSA  (French Federation of Insurance) conducted a study on climate change finding a 

potential doubling of the cost of compensation related to natural hazards by 2030 (Assurer, 2014). 

So far, the French system of compensations of damages due to natural catastrophes, guaranteed by the state and facilitated by 

insurance pooling, allow balancing of good and bad years in terms of damage from natural hazard (Figure 2). Yet, climate studies 

such as conducted by the FFSA in 2009 question the long term robustness of the system. Indeed, while between 1988 and 2007, 

the cost of natural events compensated by French insurers amounted to € 34 billion, for the period 2009-2030 the estimates go up 

to €60 billion. However, 65% ~ 80% of this rise is owing to rising wealth levels, leaving a third or less to effects of climate 

change and other factors. Anticipatory land use planning, risk disclosure and insurances that promote vulnerability reduction may 

reduce the rise in damage cost appreciably. Conversely, absence of these measures may reinforce the rising damage cost trend. 

Insurance companies are keen to mobilize all stakeholders around the theme of prevention. The incentivizing features of 

CATNAT could be enhanced, which may help to maintain reasonably high compensation levels and moderate premium levels.  

All in all the French approach is an interesting combination of private insurance and supplementing state support, which can 

contribute to upkeep of resilience. Yet, for the sake of financial robustness of the system in the light of climate change prevention 

and also more incentivizing insurance policies should be more vigorously pursued.   

5. CONCLUSIONS 

The capability to recover from major damage caused by natural hazards is an important (third) element of resilience, next to 

effective prevention and well managed emergency services. Sufficient insurance coverage and state funding capability are 

essential ingredients for good recovery. Insurance coverage regarding floods and geophysical hazards is far from sufficient in 

quite some EU Member States. Unfortunately, some countries with weak insurance coverage also face a fiscal gap. This 

combined weakness undermines outlooks for good recovery after high impact natural hazards. This offers another reason to 

improve the fiscal conditions of these Member States. The adequate monitoring of insurance coverage and fiscal gaps merits 

continuous improvement and adoption by all Member States. The French experience with combined insurance – state guarantee 

shows that this may be effective, while it also maintains public financial resilience better. However, the system (including the 

insurance policy conditions) does need to emphasize more preventive and vulnerability reducing actions by public and private 

actors, in order to remain robust in the long run. 
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ABSTRACT: The increasing probability and potentially deep and far-reaching impact of megaurban disasters are countered by 
comprehensive efforts to elevate disaster management standards and build megaurban resilience. However, experiences from 
metropolises of the Global South show a strong intra-urban differentiation: Response times and capacities vary between different 
parts of these cities and often socio-economically weaker, vulnerable communities are left on their own during the first critical 
hours and days of a disaster. Regulations, disaster management plans and standard operating procedures prove to come short 
when put to the test and they often fail to address and integrate the informal sphere appropriately. Thus, affected communities are 
compelled to carry out functions of disaster response themselves, for example in evacuation, search and rescue, first aid, guarding 
of property etc. – they have to self-organize in order to survive and recover.  

Keywords: Megaurban, disaster response, informality, self-organization, resilience. 

1. MEGAURBANIZATION, RISK AND DISASTER 

Scale and complexity of 21st century urbanization are unprecedented in human history. The world‘s urban population is predicted 
to grow from 3.6 billion in 2011 to 5.6 billion by 2040 (UN-DESA 2012). This growth will almost entirely take place in the 
countries of the Global South, where the majority of megacities is and will be located. Their number is projected to increase from 
23 in 2011 to 37 in 2025. In 2011 megacities were home to 9.9 % of the world‘s urban population. In Asia there are currently 13 
megaurban agglomerations and in addition to that nine cities are expected to cross the threshold of ten million inhabitants by 
2025 (ibid.).  

Parallel to the rapid global urbanization of the last decades a significant increase of fatalities and economic losses due to natural 
and socio-natural hazards has been registered worldwide (Kraas 2003). The main reasons for this increase are the growing 
number and vigor of extreme weather events and current urbanization dynamics, for example, the increasing amount of capital 
and goods that has been accumulated in cities, which are often located in disaster prone areas, results in an increased damage per 
event on average (Swiss Re 2013).  

Urban agglomerations face different types of hazards, which can be categorized by the nature of the trigger event. In regard to 
natural hazards (e.g. volcanic eruptions, earthquakes, tsunamis) out of the 23 existing megacities in 2011, nine show a high 
exposure to one natural hazard, seven are highly exposed to two natural hazards and one megacity (Manila) is counted in the 3+ 
category (UN-DESA 2012). A comparable ranking of megacities in regard to their exposure to human-induced hazards (e.g. 
environmental degradation, resource shortages, financial crisis, technological failure, terrorism, ideological conflicts) requires a 
more difficult analytical approach and is not yet available. Nevertheless, it can be assumed that high functionality, concentration, 
density, (global) interconnectedness and other scale factors characterizing megacities, increase the probability of a disaster. The 
term socio-natural hazard, which describes „the circumstances where human activity is increasing the occurrence of certain 
hazards beyond their natural probabilities“ (UNISDR 2009: 27), is particularly relevant in megaurban settings, where the natural 
environment is largely overlaid by a man-made artificial landscape. While such a distinction between different types of hazards 
on the basis of their origin proves reasonable, a likewise differentiation between disasters based on their causation is not adequate 
(Felgentreff & Glade 2008; Wisner 2007). Therefore the term „natural disaster“ has been discarded and new expressions, e.g. 
„Sozialkatastrophe” (Felgentreff & Glade 2008: 1), have been coined. These terms catch the rationale that every disaster is the 
result of the societal and man-made embedding in which the hazard occurs. In the context of our research we choose the term 
„Zivilisationsfolgekatastrophe“ (disasters resulting from civilization/civilization-induced disaster, Kraas 2012), which goes even 
further by putting an emphasis on the urban context’s importance, as cities and urbanism are an inherent attribute of civilization. 

Risk in megacities of the Global South is not only determined by their location in space, resulting in a specific exposure to 
hazards (e.g. due to the proximity to coastlines or tectonic fault lines, climate zones etc.), but also by inherent qualities that most 
of them share to a certain extend. Diverse social, political, economic, ecological and cultural processes interfere and alter one 
another in megacities. The scale and dynamism of these processes create challenges that often remain unmet: e.g. the provision of 
basic amenities like safe drinking water, sufficient (quantity and composition) food, adequate housing, sanitation, reliable 
livelihoods and security, access to basic services like health care and education, not to mention emergency capacities for all parts 
of an increasing and concentrating population. Vulnerability differs between megacities in relation to their ability to meet these 
development challenges.  
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When the hubs of global urbanism are disrupted, along with high counts of victims among the population, loss of livelihoods, 
resources and (critical) infrastructure their functional primacy can result in consequences with national or even global effects. 
Thus, in megacities – the ambivalent pinnacle of civilization – the occurrence of a hazard can set off disasters of exceptional 
magnitude, complexity and far reaching effect. 

Yet, megaurban complexity opens up opportunities for coping with risk and responding to disaster. Multiple networks, 
accumulation of financial capital, human resources, and their dominant position in the national or regional contexts can benefit 
disaster struck megacities. A closer look on the sub-local scale reveals that especially the poor suffer from the economic losses 
long after the visible aftermaths are eliminated. While on a systemic level megacities can recover comparatively fast, certain 
population groups may need much more time to reach their status ex ante or never do so. Within megaurban populations the 
internal gradient of vulnerability is closely related to socioeconomic disparities, with the poor usually being most vulnerable and 
the most immediate affected by disaster (Mertins 2009; Butsch, Etzold & Sakdapolrak 2009; Bohle & Warner 2008; Kraas & 
Mertins 2008). 

2. LIMITED STATEHOOD AND MEGAURBAN DISASTER RESPONSE 

Megacities of the Global South usually show a high density and diversity of informal structures and processes that complement 
or in many areas entirely substitute the state’s functions (Hossain 2010; Kraas & Mertins 2008; Wenzel, Bendimerad & Sinha 
2007). Especially the vulnerable population, which finds itself on the frontline of disaster response during the first hours and 
often days of disaster, is experienced in creating alternatives to what is provided by the state (or, in the majority of cases, not 
provided): Informal housing (e.g. slums, squatters), informal livelihoods (e.g. informal sector, diversification of income) or 
informal transportation (e.g. motorbike or boat taxis, bicycle rickshaws, mini buses); makeshift infrastructure (e.g. illegal tapping 
of water and electricity lines, bamboo bridges); informal local leaders; micro-savings, micro-insurance groups and social 
networks that make up for missing formal social protection and the many other ways in which vast parts of the megaurban 
population adapt to and cope with the constraints of their marginalized position in the city and in society. In addition, informal 
alternatives are also a means of dealing with the gaps in public infrastructure and services provided by the state for a large part of 
the population that otherwise lives, works and operates largely in the formal sphere.  

In the event of a hazard materializing, a phase of disorganization can occur in the disaster area, which is characterized by the 
partial or entire absence of the state. During this phase, the state is unable to perform or severely limited in performing its basic 
functions (authority, security and welfare) (Risse 2007) and the functions of disaster response in that area. Family, friends, 
neighbors, colleagues and fellow human beings on the streets, in other words, the close social environment of the individual, is 
decisive in giving emergency aid and support in the first critical hours of disaster and beyond. Experiences from Jakarta and other 
megacities of the Global South show that in many cases government agencies as well as non-governmental organizations only 
became active in the disaster areas after 24 to 72 hours had passed and sometimes not at all. Traditional, faith- or family-based, 
ad-hoc and other informal institutions play an important role of necessity during such phases, making self-organization a decisive 
momentum in megaurban disaster response. However, it seems to be inadequate to characterize these phases as “informal”, 
because the disaster just overlays the diverse existing structures, which might themselves have been predominantly informal 
already before disaster struck. On the other hand, communities that largely live and operate in the formal sphere might be forced 
to find alternatives for their usual modus operandi during such phases, as they suddenly cannot rely on the state’s provision of 
basic functions and disaster response anymore. In the context of our research these phases are therefore understood as phases of 
limited statehood, referring to the considerations of the Collaborative Research Center 700 (SFB) “Governance in Areas of 
Limited Statehood”. 

3. THE RESEARCH PROJECT “MEGAURBAN DISASTER RESPONSE IN AREAS OF LIMITED 
STATEHOOD” 

Against the background outlined above, the research project “Megaurban Disaster Response in Areas of Limited Statehood” 
takes an equivalence-functionalist approach, focusing on 1) identifying specific characteristics of megaurban disasters and of 
disaster response in the megaurban setting, 2) classifying the essential functions of disaster response and such functions that are 
specific to the megaurban scenario from the perspective of affected communities as well as experts; 3) understanding the ways in 
which these functions are fulfilled in absence of the state during the first hours and days of disaster; 4) analyzing the local modes 
of governance and legitimation during such a phase; 5) contrasting the de jure and the de facto response to past disasters in order 
to identify gaps, adversities and potentials for integrating informal structures and processes of disaster response and state-run 
response efforts.  
The two-year research project (November 2013 until October 2015) is funded by the German Research Foundation (DFG) and 
conducted in cooperation between the Institute of Geography of the University of Cologne/ Germany, and the Faculty of 
Geography of Universitas Gadjah Mada, Yogyakarta/Indonesia. The project duration encompasses two phases of empirical field 
study on disasters in Jakarta/Indonesia of three months each. 
The qualitative approach of this geographic study is highlighted by the methods used: At its center is a set of Participatory Urban 
Appraisal tools (based on Cause-and-effect Diagram, Process Map, Timeline and Venn-Diagram) and group discussions as well 
as problem-centered interviews with affected individuals. In addition, expert interviews and workshops with representatives of 
government, civil society and science as well as private sector institutions are conducted and a comprehensive literature review is 
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underway. Furthermore, local disaster management plans, manuals and standard operating procedures of organizations involved 
in disaster response in Jakarta are analyzed.   

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

One thread of the research at hand is the comparison of Jakarta’s de jure provided disaster response (as given in the current 
policies, disaster management plans and standard operating procedures) and the de facto execution of disaster response during 
past events. Thereby the implementation of Indonesian disaster management policies that have been derived from the Hyogo 
Framework for Action is monitored. The findings of this will be published during the second project phase at the end of 2014.  

At this stage of the research some gaps, needs and further steps in Disaster Risk Management that should be addressed in the Post 
2015 Framework for Disaster Risk Reduction can be identified, based on preliminary findings: 

Disasters will keep on happening and some of them will happen in megaurban areas of states that are limited in their capacities to 
adequately respond to these disasters and area-covering. While resilient cities remain a guiding principle that has yet to be 
reached and megaurban governments of the Global South keep showing significant performance gaps, it is necessary to enable 
the vulnerable population to self-organize and perform disaster response to the best of their capacities. Therefore, disaster 
response has to be operationalized to fit the specific challenges of the megaurban setting, while utilizing the manifold potentials 
of these complex cities with their heterogeneous population and diverse institutional landscape.  

Comprehensive assessments of the actual capacities available for disaster response in these cities need to be developed and 
conducted. Therefore it is necessary to better understand and evaluate the capacities the population itself has to offer, without 
politicizing, romanticizing or exploiting it.  

“Alternatives in the aftermath” need to be identified and/or created by strengthening and utilizing the existing informal sphere 
and social fabric to substitute or complement the limited capacities of the state in a reasonable manor that is safe for the involved 
individuals. Often only a shift in perspective allows for the identification of alternatives, which is why community participation, 
enablement and empowerment are of great importance. 

Subsequently, comprehensive and inclusive disaster management plans need to be developed, disseminated and put into practice, 
which are custom-made to fit each of these unique cities. The complexity of megacities underlines the importance of contingency 
planning down to the community level. Disaster scenario building is hardly used, but it is a very valuable tool in raising 
awareness among stakeholders, in assessing needed capacities and in dealing with uncertainty, as it is very common, even among 
formal disaster management agencies, that only disasters which have previously been experienced are perceived as a risk, thus, 
only those disasters are addressed in planning and training. 

Major improvements need to be made in small-scale needs assessments and allocation of capacities and resources in highly 
fragmented megaurban disaster areas. Past response efforts have shown extreme redundancies, misallocations and coverage gaps.  

“Disaster Governance” has to be strengthened through continuous coordination, information dissemination and training among 
the involved actors, including traditional, faith-based, ad-hoc and other informal institutions.  

“Low-effort, high-impact” solutions are needed in megaurban disaster management and especially disaster response that use 
existing (informal) structures, processes and ideas in creative new ways and accommodate their potentials. 

5. CONCLUSIONS 

At the current project stage it can be concluded that disaster response in megaurban areas faces specific challenges, which can be 
broadly labeled as the 1.) challenge of scale, 2.) challenge of synchronicity, 3.) challenge of density, 4.) challenge of diversity 
and 5.) challenge of complexity. These challenges megaurban disaster response faces correspond to the overall development 
challenges of megaurbaization in the Global South. Now risk governance and disaster management need to understand the 
specific implications of these challenges on megaurban disasters response. Thus, allowing for a megaurban disaster response that 
is tailored to the unique settings and integrates the capacities of the population into the existing formal structures and processes in 
order to bridge the gaps produced through limited statehood in the Global South, especially in the first critical hours and days of 
disaster.  

Self-organization among affected communities is already a strong force in megaurban disaster response, but it is still mostly left 
to chance, unplanned, uncoordinated and happening under significant personal expenses (time, money and health) of the involved 
individuals. These ad hoc institutions of disaster response are born out of necessity, as the majority of the affected population 
cannot rely on governmental ermergency relief during disaster and in most cases does not even expect to be able to rely on the 
government for disaster response. Ad hoc structures and processes have a substantial share in megaurban disaster response in 
Jakarta, where the research is being conducted. They form spontaneously and usually dissolve after the critical phase of disaster 
has passed, only to be created all over again during the next disaster. The main initiators for self-organization ex ante are driven 
individuals and NGO. However, their efforts are often coupled with personal/institutional agendas and only very few 
communities develop lasting structures and processes of disaster management due to such initiations. Democratic, grassroots self-
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organization from within the community is far more seldom, but in the observed cases it showed that lasting and reliable 
institutions can form.  
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ABSTRACT: In view of the increasing human and economic losses due to major disaster events, many governments and 

major international organisations involved in disaster risk management (DRM) have recently significantly increased their 

efforts towards disaster risk reduction. Investing before the crisis hits is more effective, saves more lives, and reduces 

financial costs because prevention costs are a fraction of recovery costs. 

With the same objective, the Committee on Earth Observation Satellites (CEOS), with representatives from the major space 

agencies in the world, agreed at its 2013 plenary meeting, to better coordinate the space agencies’ efforts and resources in 

order to improve their support to disaster risk reduction initiatives. This strategic long-term objective implies that space 

agencies have to work in close cooperation with relevant major stakeholders (UN Agencies, World Bank, ..) and user 

communities at global, regional, national and local levels, to identify the most critical user needs and to establish a long-term 

realistic and feasible plan for a sustained and coordinated response to those needs. 

The paper describes how satellite-based EO can progress as a tool for national and local risk assessment from the current 

situation, to an improved situation over the coming decade. The paper provides a summary review of some major 

international disaster-related efforts using satellite EO and then focuses on the long-term efforts of space agencies to address 

the top priority needs of the Disaster Risk Management (DRM) and Disaster Risk Reduction (DRR) communities. 

 

Keywords: satellite, space, disasters, stakeholders, cooperation  

 

1. INTRODUCTION 

Over the last decade, efforts from the major space agencies in the world have focused on the response phase of disasters - 

including the establishment of successful operational services such as the International Charter: Space and Major Disasters. 

Rapid urbanization and increased severity of weather events has led to growing economic and human losses from disasters. 

International organisations have addressed this through improved DRR policies and programs. Space agencies are now 

addressing the challenges presented by the diversity and scale of satellite observations being applied to global disaster 

preparedness. Large-scale use of satellite Earth observation (EO) for DRM is hindered by a lack of user awareness of 

possible applications and the complexity of acquiring data from a wide range of providers. Satellite EO plays a 

complementary role to other data sources, but offers unique scope and coverage. Because in-situ information can be difficult 

to obtain, remote sensing data may be the only reliable data source. It provides both updated hazard information and 

exposure data. Risk managers also require DRM tools specifically adapted to user needs that integrate data and generate 

information products.  
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Through the CEOS, space agencies are seeking to provide coordinated satellite observations in support of risk assessment 

and in particular to disaster risk reduction. CEOS is developing a long-term vision for sustainable application of satellite EO 

to all phases of DRM. It anticipates multi-hazard contributions that are global in scope, defined in cooperation with users 

and building on strong partnerships at local, national, and regional levels.  

 

2. CURRENT INVOLVEMENT OF SPACE AGENCIES IN DISASTER 

Space agencies’ operational capabilities are mostly focused on post-disaster monitoring and damage assessment. Early 

warning is still a research issue (2). Nevertheless, there are several on-going research and development projects that 

demonstrate the benefits of EO data use during all phases of disaster management. For instance in the Group on Earth 

Observations (GEO) framework, space agencies coordinate their resources and efforts to facilitate access to space 

information products and services to support disaster management decision making. These efforts have resulted in several 

global and regional programs of international co-operation. For example, CEOS member agencies are developing three 

thematic pilots, in collaboration with regional representatives of the DRM user community, focusing on floods, seismic 

hazards, and volcanoes. One of the main objectives of that CEOS initiative is to demonstrate that the close cooperation 

between space agencies, and the close dialogue with the user community can bring a significant added value to DRM by 

better responding to the users’ needs in terms of data suitability, quality, timeliness, access, etc.. In addition to the three 

pilots, the CEOS Working Group on Disasters is developing a concept called the Recovery Observatory with the main 

objective of helping reconstruction by collecting and distributing all types of free data (e.g. satellite, in-situ, ..) for a multi-

year period. Space agencies are used to cooperating at an international level within the CEOS framework with non-space 

communities. Only these coordinated efforts between space agencies have made possible some international initiatives that 

could not have been fully supported by a single space data provider; some successful examples in various fields of 

international cooperation by space agencies are: 

- the International Charter on Space and Major Disasters that aims at providing a unified system of space data acquisition 

and delivery to those affected by natural or man-made disasters, helping to mitigate the effects of disasters on human life 

and property, 

- the Sentinel Asia that supports disaster management activities in the Asia-Pacific region by applying space based 

technology and WEB-GIS technology, and working on all phases of disaster, preparedness, response and recovery. 

- the GEO Global Forest Observations Initiative (GFOI) that fosters the sustained availability of observations for national 

forest monitoring systems as requested by the United Nations Framework Convention on Climate Change (UNFCCC), 

- the UNFCCC and the Intergovernmental Panel on Climate Change (IPCC) with the provision to the climate research 

community of Essential Climate Variables (ECVs) that are important to a full understanding of the climate system. Many of 

these are the subjects of current on-going research. The contribution from space agencies to climate change is also very 

relevant to disaster management as damages from extreme weather-related hazards may triple by 2100 (3). 

Satellite EO data use for DRM is mostly complementary to other sources of data, but where in-situ information is limited or 

where other forms of monitoring are affected by the hazard, EO data may be the only source of information available. Only 

satellite EO offers the consistent coverage and scope to provide a synoptic overview of large areas, repeated regularly. 

Satellite EO can be used to compare risk across different countries, day and night, in all weather conditions, and in 

transboundary areas where information might be difficult to collect. In addition, satellite data offers a unique means for 

monitoring the progress of the post-Hyogo Framework for Action plan (HFA2) implementation, using globally comparable 

metrics. In the GEO framework, space agencies are working with in-situ data and information providers to create new 

information products better targeted to the user needs. 

 

3. REMOVE THE GAPS & BARRIERS IN THE NEXT DECADE 

Though remote sensing data covers a large spectrum of measurements and a wide-range of applications (but often not 

limited to disasters), though telecommunications and navigations technology are available, though networks capacity 

constantly increase, providing the right information in a timely manner to the end users is still a challenge. 

Satellite data contributes on all scales, from global, through regional, to local issues. Any area around the globe can be 

affected by hazards; however economic, societal and environmental impacts are generally observed at the local level. 

Satellites can provide information from global to local levels. It is at the local and regional level that the most critical 

disaster planning takes place, and at the national level that disaster reduction policies (including standards for risk 

assessments) are adopted.  

There is a range of different challenges concerning the acceptance of satellite EO in the disaster management community as 

a whole; firstly, for satellite based solutions to be readily exploited by end-users, satellite data need to be transformed into 
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higher-level information; secondly, this has to be done as and when needed, in often unplannable circumstances, and in a 

timely fashion; moreover there is a bottleneck associated with disseminating the relevant information to the local end-user, 

the last mile syndrome, in particular in remote places; furthermore there is still an information divide between developed 

countries and other countries affected by natural hazards as reported in the context of various initiatives such as with GEO, 

the United Nations for instance UN OOSA, UN SPIDER, UNITAR/UNOSAT, etc (2). At the 14th World conference on 

Earthquake Engineering (WCEE), it was recommended that the use of internet based platforms such as Google or Virtual 

Earth can contribute in reaching a broader audience (4). Adopting this recommendation could contribute in closing the gap 

between data providers and end-users. A large number of DRM actors are not aware of the potential benefits they could 

draw from information derived from remote sensing data. Moreover, copyright and license on data as well as cost issues are 

additional barriers that space agencies are progressively addressing, according to the GEO data sharing principles wherever 

feasible. The opening of the Landsat archive and the Copernicus / Global Monitoring for Environment and Security (GMES) 

data policy illustrate a new paradigm that has been followed by several space agencies in the last ten years. 

Quality and adequacy of the information are essential; there is a gap between existing products and data from the space 

agencies and the information requirement of disaster managers. Satellite instrument data and derived products alone cannot 

meet the needs of disaster management authorities and first responders, therefore this should be integrated into DRM tools 

specifically adapted to risk assessment, warning and response needs, usually by combining satellite EO with other types of 

data and information (in-situ, socio-economic, physical modelling,…). Space agencies like governments and relevant 

stakeholders cannot realistically tackle all the DRM needs with the same level of urgency; a progressive approach is needed 

and in that scope, space agencies need to know the top priorities in disaster risk reduction for the coming decade. 

This information is necessary to determine what kind of data are needed (resolution and accuracy, frequency, type of 

sensors, data access, data policies,..). While in the three examples of international initiatives provided in section 2, the 

communities of users are well defined, small and their needs well documented and understood by space agencies such as for 

the climate research community, this is not the case in disaster management where the situation is much more complex with 

many groups involved with needs of very different nature. Space agencies are not in a position to determine the most urgent 

needs to be addressed in the near future; CEOS continues to seek partnerships with international stakeholders to prioritize 

DRR needs and to facilitate dialogue and long-term cooperation between all stakeholders, from data producers to end-users. 

 

4. NEED FOR AN INTERNATIONAL COOPERATION WITH STAKEHOLDERS 

Organisations such as CEOS and its member space agencies seek to develop stronger relationships with international and 

regional coordinating agencies such as UN International Strategy for Disaster Reduction (UNISDR), the World Bank Global 

Framework for Disaster Risk Reduction (GFDRR), other leading international financial institutions and donor agencies, as 

well as relief agencies such as the IFRC (Red Cross). This partnership should help space agencies to understand what the 

highest priority needs are from the disaster risk management community including the regional and local levels, and to 

implement targeted solutions, in close cooperation with the relevant actors. The intention from space agencies following the 

2015 World Conference on Disaster Risk Reduction (WCDRR) is to develop a decadal 2015-2025 action plan in response to 

the priorities identified by the major disaster management stakeholders. Strong international cooperation is needed to 

implement robust mechanisms aimed at better sharing of information. 

In addition to major stakeholders, user communities have an important role to play in the identification of priorities for space 

agency attention and must stay engaged throughout the implementation and operation of the resulting programmes. In order 

to maximize space agency contributions to the DRM Community, space agencies require that user needs be collated as a set 

that forms a coherent global strategy. A user-driven approach helps space agencies to better tailor their provision of data and 

products and to provide a useful feedback on the added value of remote sensing data. The "User communities" involve all 

the actors along the chain that goes from the data provider to the final end-users including intermediary users that transform 

the data into actionable information that can be directly used by the end-users, such as local, regional or national authorities. 

Furthermore, it is also important for end users to engage with one another and cooperate collectively at those levels to share 

information on how to access EO data and products for disaster risk reduction.  

 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

As explained above, after the HFA2 plan is endorsed by the international community, space agencies will prepare and 

implement a decadal plan for the period 2015-2025 to address the priorities identified by the major stakeholders involved in 

disaster risk reduction and to fill the gaps wherever feasible with the resources available. All relevant actors will be 

consulted and involved in the generation of that space agencies’ decadal plans that shall be ready within one year following 

the endorsement of the HFA2.  
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6. CONCLUSIONS 

The strategy adopted recently by space agencies within the CEOS organization, opens new hopes for disaster risk reduction 

for the next decade, provided a strong international cooperation between all actors can be rapidly set up, in line with the 

HFA2 priorities. 
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The benefits of seasonal forecasts for food security: Case studies in Malawi and 
Zambia 
 
Introduction 
Food insecurity is a pertinent disaster risk in many Sub-Saharan countries. It is exacerbated by abnormal 
rainfall causing poor yields or total loss of harvests; with the situation likely to further deteriorate due to 
climate change. Impacts of food insecurity are wide-spread and require a response from governments and 
aid organisations.  
 
Malawi is a small, landlocked country suffering from decades of underdevelopment. The majority of the 
people are largely dependent on subsistence rain-fed agriculture. Over the last decades, Malawi has 
suffered from intense rainfall, changing rainfall patterns, prolonged dry spells, and seasonal droughts, 
which exacerbate poverty in the country. (GoM, 2011I).  

The economy of Zambia is largely based on copper mining and agriculture. Its relatively large and 
impoverished rural population (which accounts for approximately 64 per cent of total population), largely 
relies on rain-fed agriculture. Zambia is also vulnerable to the impacts of climate abnormality, which could 
pose consequent challenges for food security (Kanyanga, et al., 2013).  

Malawi and Zambia both live in a constant threat of food insecurity; partly affected by abnormal rainfalls. In 
both countries, the seasonal forecasts produced in the Southern Africa Regional Climate Outlook Forum 
(SARCOF) are used in the official food security vulnerability assessments; therefore, the benefits of accurate 
forecast in preparing for the food security situation are potentially high. Furthermore, integrating reliable 
seasonal forecasts into farming practices has the potential to increase yields and further improve the food 
security situation.  

The use and benefits of seasonal climate forecasts for agriculture and improved food security have been 
studied extensively. In Patt & Gwata (2002), seasonal forecasts were disseminated directly to the farmers in 
Zimbabwe. Based on the study, Patt & Gwata identify six constraints in the use of the forecast among 
farmers: credibility of the forecast (accuracy), legitimacy of the instance issuing the forecast, geographical 
scale of the forecast (resolution), cognitions – understandability of the forecast, procedures – users have to 
change their behaviour in order to benefit from the forecast, and choices – does the forecast contain 
enough new information for the farmer to alter behaviour. Archer et al. (2007) identify 12 weaknesses in 
the climate information system in the SADC region. The weaknesses are: Intra-seasonal distribution of 
rainfall; Language/terminology of the forecast; communication channels; Capacity of key institutions (e.g. 
the meteorological institutes); awareness and capacity of main stakeholders; Insufficient tailoring of the 
forecast (relevant parameters); Lack of additional parameters, such as relative humidity; relationship 
between the key stakeholders; Lack of data; Spatial Distribution; Timely issuance of the forecast, and the 
SARCOF process. These two approaches provide a useful start for the discussion on the value of the 
seasonal forecast for food security; however, there is a lack of a systematic framework to analyse and 
improve the situation.  
 
The purpose of this study is twofold: 1) to present and describe a systematic way to analyse the use and 
value of weather and climate forecasts in society; and 2) to assess the use and benefit creation of the 
provision of seasonal forecasts for improved food security by identifying the challenges in the generation, 
dissemination and use of seasonal forecasts as early warning information in disaster management in 
Malawi and Zambia.  
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Theoretical framework 
Weather information can be understood as a factor in a decision process aimed at maximizing the value or 
utility of a considered process or activity. A hypothetical maximum benefit potential of meteorological 
services can be estimated, assuming that perfect initial information (e.g. perfect weather forecast) is 
combined with 100% use among end users and 100% effectiveness of their responses. However, the drivers 
behind the actual level of realised benefits are the quality of the information, and the timeliness and ability 
of the involved users to respond to the information. (Perrels et al., 2013; WMO, 2013)  
 
The actual value of the meteorological information stems from the use of the information; i.e., the extent 
to which the end users are able to interpret and use the information and transfer the benefits to other 
agents. An important aspect in the approximation of the actual level of realised benefits is the information 
decay in the service chain. A framework to analyse the value of meteorological information and the 
information decay has been developed by the Finnish Meteorological Institute. Weather Service Chain 
Analysis (WSCA) (Nurmi et al., 2013; Perrels et al., 2013b) aims at accounting for the inadequacies in the 
dissemination and use of weather information. The method describes the decay of the benefit potential 
based on a decomposition of the information flow, ranging from information generation to benefit 
realization for the end-user and society as a whole. WSCA is comprised of seven steps, which assess the 
extent to which: 
 

1) Hydro-meteorological information is accurate; 

2) Information contains appropriate data for a potential end user; 

3) The end user has (timely) access to the information; 

4) The end user adequately understands the information; 

5) The end user can respond/responds to the information to effectively adapt behaviour; 

6) Responses actually help to avoid damage or improve operations; 

7) Benefits from adapted action or decision are transferred to other economic agents. 

Method 
 
The study is based on the verification of the seasonal forecast for the region covering lon 21-36; lat -9 – -18, 
covering both Malawi and Zambia, and 45 semi-structured interviews with governmental agencies and 
ministries, private sector stakeholders, UN agencies and NGOs in Malawi and Zambia. 
 
A much used, simple verification measure for two-valued ("will happen","will not happen") probabilistic 
forecasts is Brier score (BS) (Jolliffe & Stephenson, 2011). The RCOF forecasts are three valued 
("low","medium","high"), but we can still calculate three different BSs for "low", "normal" or "high" rain 
against other two classes. It is then useful to compare the BS of forecasts to the BS calculated from the 
climatology, that is, from the probability of the event. Skillful forecasts should have lower BS than 
climatology, otherwise climatology could be used instead of forecasts. 
 
The interviewees were mainly chosen among contacts of the national meteorological services of Malawi 
and Zambia in the government sector and Non-Governmental Organisations, and whose work is closely 
related to disaster risk reduction and climate change adaptation. Snowball technique was also used. 
 
Results  
 
Step 1) For the quantitative verification, the qualitative forecast maps from 2002 to 2010 were subjectively 
turned to a discrete grid. Precipitation data from Global Precipitation Climatology Project was used as 
observations. Calculated this way, the BS of forecasts are very similar to the BS of climatology, and often 
slightly worse. For example, BS for "low" of January-February-March forecasts is 0.218 and the BS of 
climatology is 0.213. 
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Because the analysis of the first step of the WSCA indicates that the seasonal forecast accuracy in the 
region does not necessarily perform any better than climatology, and occasionally the performance is even 
poorer, the latter steps of the WSCA partly lose their significance. However, the seasonal forecasts are used 
to estimate the need for response to food insecurity situations. Therefore, the potential benefits of the 
forecast are discussed. 
 
Steps 2-4 ) As also identified in Patt & Gwata (2002) and Archer et al. (2007), the access to the seasonal 
forecast and information contained in the forecast are obstacles in the current use and benefit creation of 
the forecast. As the accuracy of the forecast is debatable, particular attention should be paid to the 
communication and dissemination of the forecast. To decrease the hampering effect of false alarms on the 
credibility, the dissemination should focus on cases when there is a clear signal of abnormal rainfall, and in 
other years when the signal is weak, communicate the weak signal clearly to the key stakeholders and 
restrict the dissemination only to stakeholders who clearly understand the forecasting process, such as 
official instances working on the vulnerability assessments. 
 
Step 5) The effective response to the seasonal forecast happens at two levels: administrative level and 
potentially at the farmer level. At the administrative level, the countries suffer from the lack of adequate 
preparedness and response strategies when there is a high risk of food insecurity, and usually the response 
takes place when the food security situation has already worsened. 
 
At the farmer level, several representatives of Non-Governmental Organisations (NGOs) suspected the use 
and value of the information, as the capacity of the farmers to respond to information is often poor and the 
role of traditional knowledge in farming practices and use of indigenous forecasts has been high. However, 
NGOs working in the area train farmers in changing farming practices to face the challenges of the current 
and future climate. Therefore, the response to the seasonal forecast should not be seen as impossible, even 
though the current situation is not necessarily promising.  
 
Step 6) In Malawi, only one NGO was identified to disseminate an accurate seasonal forecast, combined 
with short-range forecasts during the rainy season, directly to farmers. According to the interview, the 
results were promising, as the yields had increased through successful adaptation of behaviour.  
 
Step 7) The final value of the forecast is determined by society’s benefits from the use of the forecast. If the 
forecast accuracy improves in the near future and the steps 2-5 of WSCA are improved, the benefit 
potential is high. However, if society and the economies in Malawi and Zambia develop quickly and other 
aspects behind food security are improved, the value of an accurate seasonal forecast stems from other 
sectors in society.  
 
Conclusion  
 
Based on the filtering steps of the WSCA, there are several deficiencies in the current value creation of 
seasonal forecasts, starting from the poor performance of the seasonal forecast. So, does this suggest that 
forecasts are next to worthless? 
 
Not necessarily. Firstly, the use of BS for seasonal forecasts has been criticized, because it might be too 
harsh and raise the bar too high. Verification measures should be selected so that they mirror the intended 
use of the forecasts. Secondly, it must be remembered that ten year old forecasts do not represent the 
state-of-the-art today, so future forecasts, especially those utilizing physical models instead of statistical 
models, may be more skillful. Furthermore, the predictability in the area studied might be weak, because it 
lies between zones with distinct different ENSO teleconnection signals (Mason & Chidzambwa, 2008)  
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Therefore, the dissemination of seasonal forecasts should focus on cases exhibiting a clear signal of 
abnormal rainfall. In these cases, it is not currently used to its full potential to mitigate the potential risk; 
stemming mostly from its lack of timely and successful dissemination and use among farmers and at an 
institutional level from political and institutional constraints.  
 
Furthermore, as the forecast does not necessarily provide any further information from climatological 
analysis, it is essential to focus on the climatological features of each area. Farming should be improved to 
response to the current climate by improving the farming practices, as is already endorsed by several non-
governmental organizations (NGOs) working in the area. This increases the possibilities for farmers to 
cultivate with the best available technology according to the climatological elements of the area. Then, if 
the farming practices are successfully adapted to the long-term climate, a clear signal of abnormal season 
effectively communicated and disseminated has the potential to improve the food security situation 
substantially. This would require persistent, constant training of the farmers by agricultural extension 
officers and NGOs.  
 
The future value of the seasonal forecast for food security is connected to the development of society. As 
the current accuracy of the forecast is debatable, the high potential benefits occur more likely in the future. 
However, if society and the economies of Malawi and Zambia develop and the problems of food security 
can be solved faster than of the skill of the seasonal forecast, the benefits of the seasonal forecast for food 
security decrease. The changes in societal structure affect the value of the forecast, and potential benefits 
can be realised in other sectors in society. 
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ABSTRACT: 
Introduction- This study investigates the prevailing status of Nepalese media portrayal of natural disasters. It is contributing to the 
development of a disaster management model to improve the effectiveness and efficiency of news production throughout the continuum 
of prevention, preparedness, response and recovery (PPRR) phases of disaster management. 
Theoretical framework- Studies of media content often rely on framing as the theoretical underpinning of the study, as it describes how 
the press crafts the message. However there are additional theoretical perspectives that underline an understanding of the role of the 
media. This article outlines a conceptual understanding of the role of the media in modern society, the way that this conceptual 
understanding is used in the crafting of media messages and how those theoretical considerations are applied to the concepts that underpin 
effective disaster management. (R.M. Entman, 2003; Liu, 2007; Meng & Berger, 2008).   
Methodology- A qualitative descriptive design is used to analyse the disaster news of Nepal Television (NTV). However, this paper 
presents the preliminary findings of Nepal Television (a government owned Television station) using qualitative content analysis of 105 
natural disaster related news scripts (June 2012-March 2013) based on the framing theory and PPRR cycle.  
Results- The preliminary results indicate that the media focus while framing natural disasters is dominated by human interest frame 
followed by responsibility frame. News about response phase was found to be most prominent in terms of PPRR cycle. Limited disaster 
reporting by NTV has impacted the national disaster management programs and strategies. The findings describe natural disasters are 
being reported within the limited understanding of the important principles of disaster management and PPRR cycle. 
Conclusion- This paper describes the current status of the coverage of natural disasters by Nepal Television to identify the frames used in 
the news content. It contributes to determining the characteristics of effective media reporting of natural disasters in the government 
owned media outlets, and also leads to including communities and agencies involved in disasters. It suggests the frames which are best 
suited for news making and how media responds to the different phases of the disaster cycle.  
Keywords: Media, disaster, framing, PPRR, Nepal, content analysis 
1. INTRODUCTION 
Nepal, by virtue of its geographical location and changing climate, faces frequent threats of natural disasters. Nepal has faced 
approximately 13,500 disaster events in the last 105 years with around 7 million people affected and huge economic losses (Aryal, 
2007). In the last three decades alone more than 30,000 people have lost their lives from various types of disasters in Nepal. 
Losses due to the natural disasters have been reported in significant numbers and total annual monetary loss due to disasters is 
estimated to be 15 million (US) dollars (Aryal, 2007; MoHA-Nepal-Government & DPNET-Nepal, 2013). In spite of substantial 
occurrence of disasters and associated economic and human impacts, the media has a limited focus on the issue of disasters 
(Adhikari, Pokhrel, KC, & Rai, 2011). 
 
In general, the media help the community in different ways. Often the community does not go to the authorities directly, but tries 
to solve an issue by themselves, no matter how serious it is. In such a situation, journalists provide information relating to the 
crisis or disaster that has happened in the community (Gurung, 2011). However there have not been any significant research 
seeking to understand the media’s treatment of disasters in the Nepalese environment or the frameworks or models developed that 
may explain the media’s approach.The Nepalese media outlets mostly cover news relating to current affairs, politics, business, 
technology and arts (Adhikari, et al., 2011).A study about the news content  has highlighted that Nepalese media are not balanced 
in reporting news  because of the dominance of current affairs(including disaster news) & politics, business and technology and 
the arts and culture respectively (Adhikari, et al., 2011). Whereas the frames used in the media release from the government 
agencies and news reporting of the media itself vary according to the primary roles. An example of a study of media releases 
issued by the state emergency management agencies (SEMAs) in the USA found that SEMAs release more information about 
disaster planning than disaster response Liu (2009).   
  
This study fills a gap in research as media and disaster management scholars in Nepal lacks research into the treatment, focus or 
angle of news stories throughout the disaster management cycle (PPRR). In the light of the significant impact of disasters in the 
past, the lack of substantive action and effective operation of the media in disasters is concerning.  
2. THEORETICAL UNDERPINNING  
Theoretical understanding of the development of the press and social responsibilities of the modern media outlets to the public 
contribute to an understanding of the operational policies of the media in regard to the management of disasters. This approach is 
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more practice oriented and includes its own self-regulatory arrangements that accord with its responsibility to the public (Siebert, 
Peterson, & Schramm, 2000).  In a review of the evolution of agenda setting theory using studies from 1972 to 2004, McCombs 
(2005) points out three dimensions of media agenda setting as; attention, prominence and valence (McCombs, 2005). On the other 
hand the concept of media framing helps audiences understand, interpret the issues, events and stories.  Framing also involves 
selecting and highlighting features of events or issues and making connections between them for the purpose of promoting a 
particular interpretation, evaluation and solution (R.M Entman, 1993; R.M. Entman, 2003,p.417). That is, journalists filter the 
information and disseminate it to the public in a way which is intended to create a certain meaning (Lowery & DeFleur, 1995 
p.327). Framing promotes problem definition, causal interpretation, moral evaluation, and treatment recommendations for the 
item described (R.M Entman, 1993,p.52; R.M. Entman, 2003). 
 
In this study, framing theory is used as a second level agenda setting theory. McCombs in a recent study has suggested that in the 
language of the second level of agenda setting, ‘‘framing is the selection of thematically related attributes for inclusion on the 
media agenda when a particular object is discussed’’(McCombs, 2005). As media content often relies on framing of the story, 
framing theory is an important approach to understanding the content identified from the media reporting and therefore is an 
important theoretical base for this research. Framing theory is an appropriate and relevant paradigm by which the study of 
Nepalese media contents will be conducted. Similarly, prevention, preparedness, response, recovery (PPRR), “the comprehensive 
approach” is another fundamental concepts of disaster and emergency management promoted in Australia and elsewhere 
(Crondstedt, 2002).Media frames used in the Nepalese media subject to test the compatibility with PPRR cycle.    
3. METHODOLOGY 
A qualitative descriptive design is used to analyse the Nepalese media content (disaster news) of natural disasters. News stories of Nepal 
Television (NTV) relating to natural disasters in Nepal for the period ‘April 2012 to March 2013’ have been included covering 105 news 
scripts. A qualitative content analysis has been conducted using ‘directed approach’. In this approach, the contents have been categorised 
deductively into two sections. Firstly, the contents are categorised in frames as proposed in the ‘Framing theory’ under five frames (R.M 
Entman, 1993; Goffman, 1974; Semetko & Valkenburg, 2000). Secondly, the contents have been categorised based on the PPRR cycle.  
The unit of analysis for this study is defined as multiple sentences (news story). However, sentences and paragraphs have been examined 
to code news articles to determine what frames and phases of disaster cycles are used. 
The process of data analysis involves categorisation, framing, indexing and mapping 
of themes (inductive or deductive) and then conducting a comprehensive 
interpretation. The coding has been done using NVIVO-10 and spreadsheet has been 
used to understand the positioning and counting of news in the bulletin. This research 
has  also adopted the procedures recommended by Miles and Huberman (1994). For 
e.g., data reduction is conducted in the first and second phase of coding to identify and 
determine the five pre-defined frames and PPRR focus. The list of frames is twofold; 
one is five frames recommended by framing theory and the other four frames 
representing the PPRR focus.                                                                                              Fig.-1 Reporting of Natural Disasters by Types                                                                                  

4. RESULTS: The preliminary findings of this research are presented under the following frames and PPRR focus:  

TABLE -1: DETAIL VIEW OF NATURAL DISASTERS COVERED BY NTV (APRIL 2012-MARCH 2013) 
NEPAL 

TELEVISION 
(N=105) 

 
Apr 
12 

 
May 
12 

 
Jun1 

2 

 
Jul 
12 

 
Aug 
12 

 
Sep1 

2 

 
Oct1 

2 

 
Nov 
12 

 
Dec 
12 

 
Jan 
13 

 
Feb 
13 

 
Mar 
13 

Yearly 
Average 

Headline National 2 5 4 2 3 9 2 0 1 0 2 1 2.64 
Headline- 

International 
 

3 
 

2 
 

4 
 

2 
 

3 
 

2 
 

5 
 

2 
 

2 
 

1 
 

2 
 

0 
 

2.27 
National (Nepal) 6 11 14 15 12 14 7 3 4 11 4 4 9.00 

International 4 7 8 6 13 5 8 8 6 8 7 6 7.45 
Total Word 

Count/Month 
 

603 
 

1002 
 

1241 
 

1272 
 

1765 
 

1566 
 

639 
 

329 
 

550 
 

1243 
 

335 
 

269 
 

928.27 
No. of Story 6 11 14 15 12 14 7 3 4 11 4 4 99.00 
Word Count / 

Story 
100. 
50 

91. 
09 

88. 
64 

84. 
80 

147. 
08 

111. 
86 

91. 
29 

109. 
67 

137 
.50 

113. 
00 

83. 
75 

67. 
25 

 
102.36 

Total News in 
Bulletin 

 
508 

 
516 

 
542 

 
584 

 
596 

 
563 

 
521 

 
509 

 
571 

 
581 

 
539 

 
570 

 
553.82 

 
News / Bulletin 

16. 
93 

17. 
20 

18. 
07 

19. 
47 

19. 
87 

18. 
77 

17. 
37 

16. 
97 

19. 
03 

19. 
37 

17. 
97 

19. 
00 

 
18.46 

PC(%) of Disaster 
News 

 
0.98 

 
2.13 

 
2.58 

 
2.57 

 
2.01 

 
2.49 

 
1.34 

 
0.59 

 
0.70 

 
1.89 

 
0.74 

 
0.70 

 
1.48 

 
4.1. General Trend: This study found that floods (Approx. 35%) are the most   commonly reported disaster and landslides 
(approx.25%) are second in frequency followed by lightning and hailstorm. Out of these disasters, lightning and severe weather 
conditions (cold wave, heat wave etc.) are the prominent killers of the vulnerable people. Likewise floods and landslides are significantly 
impacting on public life by damaging infrastructure and property and crippling public mobility. Avalanche, glacial lake outbursts, storms 
and earthquake are also reported less often. Nepal television coverage of forest fire, tsunami, cyclone, hurricane, wind storm and tornado 
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are reported rarely. Only 1.48 % of the total news produced by NTV is about natural disasters. Table 1 details the timing, positioning and 
prominence of the stories. 
4.2. News Frames and PPRR cycle: 
The human interest frame (78%) is most commonly used in depicting the news that focuses on the detailed story of affected individuals 
followed by the vision of the outrage of the disasters. Personnel vignettes, empathy, caring words, sympathy and compassion are reported 
in significant volumes. While psychological impact, issues of blame and responsibility, and negative attitudes were also found to be often 
expressed in disaster stories. Within the human interest frame there is little coverage of education, awareness and training.  
The responsibility frame (approximately 50%) is the second most common focus of new stories. These stories include the provision 
of government information, but also address the responsibilities of government and other agencies. The urgency of immediate action by 
disaster management agencies and communities to tackle the impact of disasters is another important aspect of this frame. However, 
there is limited reporting of the responsibility of the health sector or of funding and distribution of money and relief materials. NTV has 
reported on the inadequacy of the media’s level of responsibility, public awareness and training.  
Economic consequences are also reported in approximately 50% of stories. This frame includes stories of the concurrent problem, 
daily economic losses, services and issues needing early intervention. Losses and damage of property, infrastructure, settlement and 
assets of the public, community and government sectors is also reported under this frame. News has also depicted future economic 
concern and risk due to the damage caused by the disasters. This frame reflects the economic consequences caused by the loss of 
agriculture, ecology, environment, land and industries. News on the role, involvement and capacity building of the community, private 
and government sectors while tackling disasters have been reported with  less prominence  followed by donors contribution to 
reconstruction and redevelopment of the damaged property of national importance. 
Vulnerability and risk (less than 40%) has emerged as a significant new frame compared to those identified in traditional framing 
structures. This frame reflects the vulnerability caused by the past and ongoing disasters which place life and property under increased 
risk. This frame needs to be taken under consideration in describing the role of media in the disasters. 
Conflict Frame (less than 20 %) focusses on disagreement between the government, disaster management agencies and the public 
involved in disaster management; mostly in regard to response. Negligence and monopoly of the agencies, communities, government, 
projects involved in disaster management has been reported frequently. Stories often address the matter of the public seeking and 
demanding adequate compensation, response and relief from parties involved in disaster management. However, very few stories deal 
with the realization, willingness, assurance and agreement in response to this conflict. Public activities including obstruction of major 
roads that result from public anger or disagreement between governments and the public are reported less frequently as these are 
regarded as more sensitive issues. 
Morality (less than 20 %) issues have also been reported although mostly to depict the norms, values, ethics or moral issues relating to 
the responsibility of the involved parties in disaster management followed by the context of social perceptions and religious tenets or 
myths. Other emerging attributes, seek to deal with the management systems and mutual cooperation to minimize losses and pain. 
In almost 40% of stories, the category of “Other Frames” (40%) was identified. These included warnings, instruction, reports, and 
exchange of ideas, special occasions, memorial/anniversary awareness and guidelines.  
  
The analysis of the contents of Nepal television news pertaining to natural disasters in Nepal has reported disasters mostly after its 
occurrence. Not surprisingly, this study found that the NTV emphasizes the response phase of PPRR cycle just as the human interest and 
responsibility frames were reported in terms of the focus of the news.  This phase is reported in more than 70 % of the total news stories 
covered. Prevention phase is second most reported cycle of the disaster which is approximately 28 % of the coverage. Preparedness is the 
least frequently reported part of disaster management cycle in Nepal. It was less than 20 % of the total coverage. Of all 105 new stories 
reported by NTV, 18 did not address the disaster management cycle in a noticeable way. 
                               
 Fig.2: Reporting of News Frames              Fig.3: Reporting of PPRR cycle 

0
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4.3. Contribution towards Post 2015 Framework for Disaster Risk Reduction 
This study addresses the implementation of the next phase of the Hyogo Framework for Action (HFA) in Nepal as it seeks to streamline 
the development of plans along with the implementation and monitoring of HFA by 2015. However, media involvement to disseminate 
real time information is limited. Thus an effective news room management of NTV in response to the balanced reporting throughout 
PPRR cycle can be an effective tool for collecting risk information and disseminating relevant information to the communities at risk. It is 
important to develop a policy in collaboration with Telecommunication, Media and Journalists for effectively using the reach of media 
and telecommunication network for information collection, sharing and dissemination for the communities at risk (ISDR, 2013).This 
findings contribute to the actions taken Nepal government and the United Nations office for disaster risk reduction (UNISDR) using 
government media like NTV to upgrade DisInventar data collection system, information sharing and prominence to be given during the 
PPRR cycle. For example, limited reporting in response to preparedness implies that there are fewer preparedness activities going on and 
these trends are impacting on comprehensive PPRR efforts for disaster management as well. The results of this study will contribute to 
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the limited number of media content studies on the portrayal of natural disasters and enable citizens to better prepare for, prevention of, 
respond to and recover from disasters. 
A recent initiative from Joint Civil Society Position on Post-2015Framework for Disaster Risk Reduction held in Switzerland highlighted 
the strengths and shortcomings of the current HFA (HFA/UNISDR, 2014b). In this response, media including NTV need to be more 
effective in reporting disasters in a balanced way and disaster management programs and policies need to be  focused mostly on human 
interest, responsibility and economic consequences related issues by suggesting  increase in preparedness and mitigation activities. It is 
important to recall these attributes when developing a post-2015 DRR Framework which has been realised in the member countries of 
the United Nations.(HFA/UNISDR, 2014a). ‘Disaster through a Different Lens’(Leoni, 2011),issued after the successful, preliminary, 
consultative meeting of UNISDR, held in Geneva in 2007 focussed on the influence of mass media as being a powerful force in policy 
change and, together with other stakeholders, bridging the information gap between communities and governments. Therefore, NTV 
news reporting patterns suggest the urgency of focussing disaster management media strategies on the frames identified. From this point 
of view, the media sector plays a key role to integrate disaster issues into the mainstream development processes of the present world 
(Collins, 2009). 
5. FINAL THOUGHTS  
This study provides some initial lessons for government, community and media to help improve the framing of disaster messages. 
Significantly, the research highlights the prominence that should be given to flood, landslides, lightning and earthquake related 
disasters firstly by addressing the problem suggested in the news frames used by Nepal Television. This includes, 1) emphasis on 
disaster types, emphasis on frames usage and emerging frames for example vulnerability and risk related frames, 2) prominence 
of disaster planning coverage using balanced approach throughout PPRR cycle,3) these days, disaster response news is on the 
rise in the media .Generally, media reporting is focused more on the response phase, whereas the government 
information(releases) are focused on the planning phase in response to disasters. Therefore, the media, communities, government 
and agencies should act accordingly for the formulation of news making model which can ensure balanced and effective 
reporting. This message can be well incorporated in the NTV news by enhancing the impact of disaster responses. 
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ABSTRACT: The postmodern socioeconomic system is coined by an extreme interdependency of organizations around the 

whole globe. Organizations have to face systemic risks they cannot influence. They have to become more resilient to survive or 

recover from crises and have to become more efficient to stay successful under the pressure of worldwide competition, at the 

same time. The goal of this research project was to develop a resilience management framework that allows to control internal 

risks and to prepare for external risks so that more effective strategies can be applied. The framework provides the benefit of 

implementing, running and controlling resilience in any type of organization by means of one integrated steering model. 

The research approach bases on the design science methodology including the analysis of real world requirements, the 

development of a management framework and the evaluation of the framework. It assures that the new framework provides 

added value for the governance of organizations in complex environments, including well-orchestrated prevention, intervention 

and recovery activities over the entire organizational lifecycle. 

As results, cybernetic process models were developed which allow to monitor, to assess and to shift the risks on and the 

resilience of involved resources. A new management model was designed which integrates the two organizational resilience 

paradigms of ‘planning and control’ and ‘culture-based management’. The combination of these models into one organizational 

resilience management framework constitutes the final solution that is applicable for all types of large organizations. 

Keywords: resilience management framework, integrated control system, business continuity management, risk management, 

crisis management 

1. THE NEED FOR RESILIENCE MANAGEMENT 

The resilience of organizations rose to the heart of attention, since the global financial crisis unearthed the interdependency of 

modern organizations. In addition, technological, ecological and humanitarian crises have revealed that modern organizations 

have to cope with an unprecedented complexity of fast changing environments. We have to face that also due to our interventions 

the nature of risks changed the same way the underlying worldwide systems did. As a consequence one special type of risks 

gained weight: borderless risks that spread over tangible and intangible networks without making hold before any boarders that 

might still exist in our mental map of the globe. 

It is difficult to predict and impossible to prevent those systemic risks for single organizations what unfolds the necessity of 

changing the prevailing culture of quantitative risk management. According to the World Economic Forum (WEF 2013) a 

conceivable solution would be resilience management, an approach that was shaped by research on high reliability organizations 

(Weick 1993, Weick; Sutcliffe, and Obstfeld 2008; McManus 2008; Stephenson 2010). Existing resilience management 

standards provide textual guidelines, goals and metrics for measuring resilience management performance (Blass 2009; Caralli et 

al. 2010). However, they miss a visual steering model that enables organizational leaders to comprehend the interdependency 

between required management processes, circles of control and the flow of information entities. 

2. PROPOSED CYBERNETIC SOLUTION 

The World Economic Forum (2013) argues that a new management paradigm is required for coping with systemic crises and 

claims systems science to be the most promising one. To evaluate this recommendation, the research goal is to develop a 

resilience management framework that grounds on systems science and cybernetic management models (Schwaiger 2010; 

Schwaninger 2001a, 2001b). The proposed framework weaves existing risk and resilience management standards into one 

generic steering model. 

The framework is set up as index-model that enables the implementation of resilience management from a high abstraction level, 

but goes down to the core business processes by referencing related standards (Blass 2009; Caralli et al. 2010). The benefit of this 

approach is that the framework can be implemented as distinct resilience management information system. 

3. APPLIED DESIGN SCIENCE METHODOLOGY 

The applied Design Science research methodology provides consistent artifacts, integrates scientific foundations and guarantees 

the satisfaction of resilience management requirements. The knowledge basis of the designed framework constitutes the field of 

management cybernetics (Schwaiger 2013; Schwaninger 2001a, 2001b; Argyris 1977), risk management (Kaplan and Mikes 

2012; Mikes 2009; Power 2009) and empirical research on resilient organizations (Weick 1993; Weick, Sutcliffe, and Obstfeld 
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2008; McManus 2008; Stephenson 2010). These foundations provide semantic definitions, interrelations and further theory-

elements that are analyzed and modeled later on as new artifacts.  

The framework design starts with an analysis of real world requirements by means of a literature analysis on organizational 

resilience. The developed artifacts combine proven management models to a new generic framework for resilience management. 

The development of the framework includes circles of control, data-ontologies and visualizations of information flow using the 

standardized modelling languages Business Process Model and Notation (OMG 2011a) and Unified Modelling Language (OMG 

2011b). All elaborated artifacts make up one consistent framework that is finally evaluated against the requirements of resilient 

organizations. 

4. THE RESULT – A RESILIENCE MANAGEMENT FRAMEWORK 

The literature analysis revealed that two paradigms have to be integrated to increase the resilience of organizations (Weick 1993, 

2008; McManus 2008): (1) control in the large and control in the small (Arrow 1964) and (2) value-based management 

(Schwaninger 2001a, 2001b). To meet this condition, the research flow starts with the design of a control model for resilience, 

followed by the synthesis with a value-based management approach. 

4.1 Risk and Resilience Management Framework  

The core of the developed Cybernetic Resilience Management Framework (CRMF) is a concrete implementation of Schwaiger’s 

(2010) Cybernetic Management Framework (CMF). In the CMF Schwaiger extended the well-known PDCA Cycle with 

cybernetic control theory and provides three dimensions of control: (1) closed loop control versus open loop control; (2) first-

order versus second-order learning; (3) reactive versus proactive actions. Combining those three dimensions ends up in eight 

possible control constellations. These constellations include all core approaches of cybernetic management theory and brings 

them from pure theory to a comprehensive control model. 

 

Fig. 1: Cybernetic Control Cycles leading to Schwaiger’s CMF Cube (2010) 

The closed loop control cycle steers processes within the organization, whereas the open loop control cycle measures variables in 

the organizational environment. First order control means reacting to deviations in risk or resilience in the operative system, 

whereas second order control means self-reflective learning by reacting to deviations in the planning system. The third dimension 

copes with re- and proactivity, where reactivity means comparing realized values to planned ones. Proactivity means comparing 

planned values to stochastically forecasted values, for instance by integrating stochastic control theory (Schwaiger 2010). 

To deliver all necessary processes and information entities for sustainable resilience management, the content of existing risk and 

resilience management standards were analyzed. Processes, control cycles and information flow are modeled in the Business 

Process Model and Language (OMG 2011b) and related data-ontologies are modelled in the Unified Modelling Language (OMG 

2011a). By extending the ISO 31000 and COSO risk management standards (ISO 2009; COSO 2004) with the ASIS (Blass 2009) 

and CERT resilience management standards (Caralli et al. 2010) all life-cycle activities of resilience management including 

prevention, intervention and recovery are coped by the activities within the framework.  

4.2 Integration of Value-Based Resilience Management 

The value-based St. Gallener Model of Systemic Control (Schwaninger 2001a, 2001b) is interweaved with the developed control 

system by introducing levels of normative, strategic and operative management. Following the logical argumentation of 

Schwaninger (2001a, 2001b) and Beer (1981), each management level consists of one PDCA Cycle. Extending their 

argumentation with cybernetic control theory to provide a holistic management system (Mikes 2009), each of the three systems 

includes eight distinct control cycles, as depicted in the CMF Cube. 

To ensure the control of normative over strategic and strategic over operative management and to introduce values and identity 

on the strategic and operative level the involved systems have to be nested recursively to be able to apply control in the small and 

in the large (Arrow 1964). The ambidextrous view of rigid control and softer cultural management approaches, that increase 
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adaptive capacity, can be integrated in the systemic view. The value-development program for organizations can be easily 

implemented in the provided Cybernetic Resilience Management Framework (CRMF), as those development processes are a 

constitutive part of the developed control system, stemming from the process descriptions in the ASIS Organizational Resilience 

Management Standard. 

 

Fig. 2: Recursive Application of the Cybernetic Resilience Management Framework (CRMF) 

The Cybernetic Resilience Management Framework (CRMF) can be applied either as-is to an organization or be recursively 

nested and applied to different organizational sub-units where the recursion can be determined by geography, functionality or 

other structural elements. The generic recursion principle is designed in accordance with a more complex approach of Beer’s 

viable system model (1981). 

The framework allows controlling risks on assets and steering the resilience of processes. The last design step is, additionally to 

controlling the quality and availability of resources and operative processes, to enable the control of resilience management 

process capability, to provide quality-steered processes on all framework levels. 

4.3 Ensuring Resilience Management Process Capability 

To increase the resilience of organizations, a provision of resilience management processes is not sufficient. The ensurance of a 

management process quality itself is required to guarantee the continiuous organizational resilience of resources, operative 

processes and management processes on all involved organizational levels. To assess the capabiltiy of resilience management 

processes the metrics of the CERT Resilience Management Model were integrated into the Cybernetic Resilience Management 

Framework on the level of management acivities. All activities in the framework, stamming from ISO 31000 or ASIS, have been 

related to fitting metrics from the CERT model.  

As final result the Cybernetic Resilience Management Framework provides steering models for operative processes and for 

management assessment and improvement. It can be used by organizational leaders to steer resilience on all system levels. For 

details of necessary activities or metrics the indiced reference models (ISO 31000, ASIS, CERT-RMM) can be used as guidance. 

The CRMF is therewith ISO and ASIS compliant and integrates CERT resilience management metrics seemlessly in one visual 

management model. 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The Hyogo Framework for Action clearly addresses current gaps in the implementation of the underlying Yokohama Strategy 

(Morris 2005). International acknowledgement of the Hyogo Framework stresses the necessity for efforts to systematically 

integrated resilience management processes into policies, plans and programs, as implemented in the developed Cybernetic 

Resilience Management Framework (CRMF). The major need for action, namely the development of a framework that allows 

managing risks at all stations of the risk lifecycle and provides guidance for education and effective response and recovery during 

a crisis was accomplished at an abstract level. The generic design of the Cybernetic Resilience Management Framework allows 

the application to the management of physical, social, economic and environmental vulnerabilities.  
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The gaze on the current priorities for action, which are most relevant for identifying possible solutions for still existing gaps, 

include the following elements requested by the Yokohama Strategy and implemented in the CRMF: (1) processes for risk 

identification, assessment and monitoring, training and education; (2) a periodical review, (3) data-structures for information 

exchange; (4) a resilience strengthening program recursively applicable at all organizational levels; (5) a holistic approach 

including second order learning; (6) policies, rules and plans tailor able to all levels of management.  

A necessary step is to implement the proposed CRMF as nation-wide resilience management framework. The provided control 

cycles, data structures and controlled information flow makes it easy for any organization, or even nation, to fill the provided 

artifacts with tailored input of the concrete organization. 

6. CONCLUSIONS  

The Cybernetic Resilience Management Framework shows that the distinct paradigms of (1) rigid planning and control, as well 

as (2) value based management can be integrated into one cybernetic steering model. The division of the paradigms seems to be 

due to the mental maps usually coined by one-sided organizational culture. The big challenge for the implementation of the 

framework will be to (1) establish the cybernetic framework including management personnel that understand the whole steering 

model and (2) using the diverse competences of involved people for quantitative, qualitative risk, crisis and continuity 

management and (3) the need for self-reflection and reorganization during crises. The last point is obviously the most difficult in 

the management of large organizations, as the implications of continuous self-reflection, like the reorganization of decision 

structures are difficult to set up in a fast way. 
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ABSTRACT: Research on the role of service providers for persons with disabilities in disaster preparedness and response.

Keywords: Service Providers, Persons with Disabilities, Disaster Preparedness and Response

1. INTRODUCTION

People with disabilities constitute a very large minority that consists of between one sixth and one fifth of the general population
of most countries. When major incidents and disasters occur, people with disabilities face hardships that are potentially greater
than that of the majority of the population and they can suffer additional forms of discrimination or neglect. Whereas measures
for  the  general  population  are  usually  created  for  groups,  a  certain  number  of  persons  with  disabilities  require  individual
assistance, which may involve a fundamental reorientation in the way that civil protection services are planned and delivered. It is
in this context that specialised service providers have a crucial role to play, as they quite often provide the individual support
these persons need. Despite the efforts of countries to improve their emergency preparedness, little has yet been done in order to
include the issue of disability into civil protection programmes of action. Preparing for disasters with and on behalf of persons
with  disabilities  requires  political  commitment,  national  and local  co-ordination,  strategic  planning,  networking,  knowledge
management, optimisation of resources, as well as good communication strategies.

1.1 EASPD Disaster Preparedness Survey 

In  2013,  the European Association of  Service  providers  for  Persons with  Disabilities  (EASPD) joined the taskforce  of  the
Committee of Permanent Correspondents of EUR-OPA, UNISDR, and the Council of Europe (CoE) on the inclusion of People
with Disabilities (PwD) in Disaster Preparedness and Response. During its meeting in October 2013, the taskforce adopted a set
of recommendations to the Committee of Ministers to inform and be distributed to all Member States of the CoE and decided to
organise an international conference on the topic of Disaster Preparedness and Response in 2014/2015.  In order to get a better
understanding of the involvement and knowledge of service providers on this topic, EASPD consulted its members and asked
them to provide their inputs through an online survey.

The questionnaire first examined the experience of service providers across Europe in disaster situations and their capability to
act  in  terms  of  methodology  and  protocols,  trainings  and  models  of  good  practice  (MOGP).  Next,  it  investigated  service
providers’  awareness  of  national,  regional,  local  and  municipal  plans  for  disaster  preparedness  and  response,  specifically
dedicated to PwD, as well as the service providers’ involvement in the development and implementation of these plans. Finally, it
focused on assessing service providers’ level of involvement in ensuring the security of PwD in such emergencies and their
opinions on their role in this field. A total of 27 organisations from 19 different European countries took part in the survey. These
organisations are ranging from Single agencies, working directly with PwD, to Umbrella structures which represent the views
and realities of service providers from across their countries. The research therefore provided a good knowledge-base on the topic
from across Europe.

2. ADDED VALUE 

The main objective of the survey was  to clarify to what  extent  specialised service providers  in Europe are involved in the
development and the delivery of plans and procedures for disaster preparedness and response. In this sense, the report on the
research results introduces the perspective and role of the support service providers for persons with disabilities, which should be
taken in consideration in the development of the disaster risk reduction framework. 

With regard to Priority Action 1 of the Hyogo Framework: Ensure that disaster risk reduction is a national and a local priority 
with a strong institutional basis for implementation, the survey results demonstrate that even though there are 
programmes and procedures addressing the disaster preparedness and response at local and national levels, they rarely, 
if at all, address the specific needs of persons with disabilities. Figure 1 clearly shows that service providers’ 
organisations, having the knowledge and know-how needed to support in a correct way this target group, are usually 
not involved in the development and implementation of disaster preparedness and response planning.
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Fig. 1: Is your organisation involved in disaster preparedness and response planning?

In addition, when asked about specialised service providers’ involvement in ensuring the safety of PwD in cases of disasters, the
majority of organisations (64%) affirmed not to be involved. 

These results indicate the need of rethinking the way the responsible institutions at the local and national level involve experts
and service providers in ensuring the safety of persons with disabilities during and after disasters.

Fig. 2: Are specialised service providers in your country involved in ensuring the safety of PwD in cases of disasters?

The survey also relate to Priority Action 3 of the Hyogo Framework: Use knowledge, innovation and education to build a culture
of safety and resilience at all levels. The survey outcomes underline that while service providers do have the expertise in caring
for  their  users,  usually  they are  not  sufficiently  trained on how to support  them in case of  disaster.  Only 42,  3  % of  the
organisations  that  took  part  in  the  survey  currently  provide  their  staff  with  a  specific  training  on  emergency  response
preparedness, whilst the majority of 57, 7 % don’t. In the first cases, trainings are provided on topics such as: how to act in case
of  fire,  trauma,  accident,  and  evacuation;  on  safety  of  buildings  and  necessary  equipment;  on  cooperation  with  local  fire
departments and technical welfare organisations; on safety of persons and first aid.

Fig. 3: Does your organisation provide training to staff on how to act in cases of natural disasters?

This result also relates to priority Action 5 of the Hyogo Framework: Strengthen disaster preparedness for effective response at 
all levels. The preparedness of service providers is crucial, as it is also their involvement in the elaboration of measures 
to prevent disasters from happening. A very important result of the survey is the definite willingness and readiness of 
service providers to cooperate with all relevant stakeholders, in order to strengthen the disaster preparedness. 88,5% of 
the interviewed organisations state that service providers should be more involved in ensuring the safety of PwD in 
cases of disaster emergencies. Only 5% of them deemed that such activities are not directly relevant to their work.

Fig. 4: Should specialised service providers be involved in ensuring the safety of PwD in cases of disasters?

With regard to further steps to be taken, EASPD survey results stressed the need for disaster preparedness and response plans to
include specific guidelines on how to support PwD. Assistance to this specific target group should be provided through the
cooperation with organisations and professionals possessing the knowledge and know-how to address the specific needs of these
persons. Another aspect highlighted by the participants is the need to raise social awareness on the topic of disaster preparedness.

2

592



More information,  cooperation, training, and knowledge,  specifically focused on supporting PwD has to be accumulated and
provided in order to ensure the adequate response in case of disasters for all citizens, without exclusion and discrimination.

3. CONCLUSION

Disaster preparedness and response is an area in which the society can prove to be truly inclusive and fully respectful of the
human rights of all its citizens. A disability perspective in this field is of utmost importance. Efficient and effective plans should
include the knowledge and know-how available amongst specialized social and health service providers. They are the actors in
the society who are often not only better equipped to provide support in a correct way but also, in many cases, they are in a very
close and intense relationship with the people.
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ABSTRACT: In a globalized world, social risks arise by the vacuums of income and welfare distribution. Municipalities cannot 

control the cultural assault by multimedia’s networks, selling iconic all welfare, and the social frustration derived by growing 

realistic gap between the richest and the poorer. The non-conformation arises and urban insecurity emerges from social 

neighborhoods by the distortion of all welfare projection and the crude scarcity resources management. In a finite resources 

world many legitimate aspirations will be unmet. Setúbal municipality is strongly committed to counter respond to fatalism of no 

choice of those who realm the fringes of poverty. How? Developing strategic local community empowerment programs like “Our 

Neighborhood, Our City” (local action by local dwellers development and leadership) and “Intercultural Mediation” (local 

intercultural mediation). Setúbal like other cities has an important historical center, reservoir of the foundations from local 

culture. In recognition of its importance, the municipality developed several strategies to protect this patrimony for futures 

generations, implementing alert, communication and evacuation devices, reinforcing fire hydrants network and developing Local 

Intervention Brigades (community emergency response teams). This paper will discourse through the concept of social risks and 

urban security by critical analysis of the upper identified community empowerment programs (weaknesses, strengths, 

opportunities and threats). 

Keywords: Urban Security, Local Community, Risk, Empowerment, Social Engineering. 

1. INTRODUCTION 

“The settlement of the Peninsula (Iberia) began with Tubal, the grandson of Noah, two centuries after the Flood. He docked in 

Sado river, rising in its margins current Setúbal (Set: Armenian word for seat or "place" where Noah's Ark docked; Setúbal is 

Tubal seat because it was where Tubal had its seat).”1 Pimentel (2008) states the ancientness of the settlements around Sado 

River basin, being Setúbal the oldest, reflecting this status by the conformation of the two words: Set (Place of) Ubal (the 

grandson of Noah). 

The cultural myth recalls the importance of maritime activities throughout Setúbal development. In the course of Setúbal history, 

survival relied on Port activities, allowing the development of traditional fishing, commercial trade (salt, fish, spices) and 

industrial undertakings (ore, paper pulp, cement, cars, fertilizers, pesticides, chemical products, etc.). Being a maritime city its 

population was always formed by the mixing of locals open to national migrants and external immigrants establishing a 

multicultural community. The communities established themselves or were established by administrative powers in characteristic 

places and neighborhoods in accordance with their differentiated culture, geography, social status and resources, and sometimes 

ethnicity. In consequence of no strategy some insecurity/security problems arose. Specifically, this paper will develop Setúbal 

strategy to enhance security through a multilevel approach towards five social neighborhoods (Bela Vista, Forte, Alameda das 

Palmeiras, Quinta de Santo António e Manteigadas) and Setúbal Historical Center, characterized by specific endogenies which 

enforms a framework for the rise of fluctuating local insecurity perception and the raise of fears inside the neighborhoods and 

their surroundings.  These strategies aim to enhance and integrate the neighborhoods with the city and the region and vice versa. 

How? Setúbal municipality is developing several approaches toward individual and community development focusing in 

partnerships with international, national and local actors. The three presented projects will discourse about the challenges and 

opportunities presented in each one. 

                                                 
1
 Pimentel, M. C. (Dezembro de 2008). O Mito de Portugal nas suas Raízes Culturais. Obtido em 14 de Abril de 2014, de Observatório da 

Imigração - Colecção Portugal Intercultural: http://www.oi.acidi.gov.pt/docs/Col_Percursos_Intercultura/3_PI_Cap1.pdf 
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2. ONOC - OUR NEIGHBORHOOD, OUR CITY 

The Municipality of Setúbal believes in politics2 build upon the direct participation of citizens and their institutions. It is 

municipality intent to listen to citizens problems, promoting their active engagement in the search for solutions. One vector of 

action is group and commissions support to identify problems and organize and execute solving actions. These actions are 

collective and directed to the community encouraging the construction of a body of organized citizens, diminishing insecurity 

concerns and raising safety and security levels through problem identification, integration and collaboration with official 

authorities and non-governmental organizations, constructing networks of trust and bridges under intercultural mediation. 

Setúbal municipality has 121.934 inhabitants, 46% live in São Sebastião Parish where the five neighborhoods (Bela Vista, Forte, 

Alameda das Palmeiras, Quinta de Santo António e Manteigadas) are located. Our Neighborhood, Our City is the anchor program 

for the sustained development of the identified five quarters with social housing, integrating and developing the resident 

population and expanding their relations with other municipal territories. The five quarters have 153 buildings, 1592 houses and 

5769 residents. 

The program has one main strategic goal: all actions should be carried out by the residents themselves and encourage their 

participation in the decisions that concern them and their community, promoting autonomy, responsibility and collective growth. 

With this strategic goal in mind the program pursues one general objective: to set in motion participation processes and the 

development of actions that promote the organization of groups which reflect their interests, involving residents in the decisions 

and tasks required for their actions. It also intends to identify leaders and promote the mobilization of the people. One problem 

identified or solved by citizens themselves generates public savings allowing better resources management. 

The lines of interventions are: Youth intervention; Education, training and employment; Image and Visibility; Life in community 

and Promotion and Participation of the people. 

The program allocated 14 Municipal Services, 20 technicians and 4 Heads of Division, with external participation of 25 

institutions and other entities. During the year 2012, the program performed 66 meetings with the 25 institutions, 107 meetings 

with residents, attending these 745 residents. 220 interlocutors were elected by residents. During this process several groups of 

volunteers formed (11 working groups) holding 45 meetings with residents, municipal services and institutions. 1 commission of 

residents was formed in the quarter of Forte da Bela Vista and 1 youth association in the quarter of Manteigada. Of the total of 

153 buildings, 132 and 6 courtyards formed organized groups, among these, 68 for rehabilitation works pro bono. 9 buildings in 

the Bela Vista quarter have been painted and restored, 4 staircases in Alameda das Palmeiras, 2 in Quinta de Santo António and 8 

in Manteigada. The quarter of Forte da Bela Vista has been completely painted and restored (20 buildings). 

Because of the acceptance and participation of local residents the program defined the next strategic guidelines for the mandate 

2013-2017: a) direct and collective participation of the residents; b) promote the organization of the community among the 

residents of the municipal social houses; c) continue and deepen the process of rehabilitation of the buildings based on the 

residents’ organization; d) creation of local social units; e) promotion of formal groups of organized residents such as 

condominiums, commissions, associations and other non-formal groups in order to enhance the cooperation and collective 

partnership; f) consolidation of the participative model of the administration of social housing; g) reinforcement of the role of the 

interlocutor of the building or courtyard, elected by the residents, representing the interests and the development of the actions 

collectively decided; h) intensification of the integrated model of the territorial administration of social housing; i) implementing 

the programme “our neighbourhood, our city” by actions that reflect the plurality of competences and technical and popular skills 

(culture, sports and education). 

3. MPPS - MEDIATION PROJECT IN PUBLIC SERVICES 

According to the latest data available (2011), 87 different nationalities are present in Setúbal Municipality. The foreign 

population in the territory totals 6 621, representing 5% of the population. The figures are in line with the Portuguese national 

pattern. These figures don’t take into account irregular migrants and those who have acquired Portuguese citizenship. After 

Lisbon, Setúbal district has the highest number of regular migrants in Portugal. 

During the 1960s and 70s, Setúbal saw a significant influx of migrants both from other regions in Portugal and ex-colonies 

(mainly portuguese speaking african nations), as the industrial boom in the city offered a lot of jobs. At the time, Cape Verde was 

one of the main countries of origin. Currently, nationals of the island-state are still the third group in terms of numbers.  

Setúbal’s Roma community is ranked as the 3-4th most numerous in Portugal. The vast majority of them are Portuguese citizens, 

although in recent years the municipality has seen a few arrivals of isolated Roma groups from Eastern Europe. 

Turning the 1990s and the turn of the 20th century, as a result of a construction boom and a generous availability of EU funds, 

Portugal saw a large influx of migrants from Brazil and Eastern Europe.  

                                                 
2
 [“Politics” might best be characterized as the constrained use of social power. Following on from that, the study of politics - whether by 

academics or practical politicians - might be characterized, in turn, as the study of the nature and source of those constraints and the techniques 

for the use of social power within those constraints”]. Cfr. Klingemann, H.-D., & Goodin, R. (1996). A New Handbook of Political Science. 
Oxford University Press, New York. 
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The economic and financial crisis has had an impact on Setúbal’s migrant population. Besides the unemployment phenomenon 

(Portugal’s unemployment went over 17% in 2013), in recent years, migrants from countries with significant economic growth 

have chosen to return to their countries of origin. This is most notable in the Brazilian community. 

In Setúbal Municipality, the GIME (Office for Immigrants and Ethnic Minorities) is the administrative unity responsible for this 

area. Structurally, it is part of the social inclusion division, housed in a department which includes culture, education and sport 

(DCED). This results in a transversal approach to migrants and diversity. The GIME has an intercultural approach to diversity 

and migration, and handles a number of issues related to this segment of the population. For example, it acts as the bridge 

between migrant associations and the rest of the municipal structure. Through Setúbal, Ethnicities and Immigration (SEI), the 

GIME provides a number of services to migrants, connecting them with a number of public and private entities and the functions 

they perform. The GIME also helps with consular acts and electoral procedures for foreigners in their home countries.  

Since September, 2012, the Municipality of Setubal, through GIME, has a Municipal Intercultural Mediation Team, under the 

Intercultural Mediation Project in Public Services (MISP)  This project is promoted by the High Commission for Migrations 

(ACM), in partnership with the City Councils and Immigrant Associations, co-financed by the European Fund for the Integration 

of Third Country Nationals (FEINPT). Setubal’s Intercultural Mediation Team is constituted by a coordinator (municipality 

employee) and three Agents of Intercultural Mediation placed by the Association of Immigrants from Eastern Europe - Edinstvo. 

MISP has as general objectives: a) Develop an intervention based on a working model based on the principles of intercultural 

mediation and municipal territories; b) Improve the quality of life of communities, promote new intercultural interaction 

relationships and contribute to local development and social cohesion. 

MISP is an innovative project, which is based on an intercultural mediation model with community focus, promoter of 

interculturalism and sense of belonging to the community, driven by a team of intercultural mediation agents, coordinated locally 

by the participating municipalities in Project. After an intense phase of diagnosis and dissemination of the project, we defined as 

areas of intervention: support to professionals and citizens, social participation and citizenship and intercultural coexistence. 

Education, Health, and Community Empowerment were prioritized as intervention areas. In terms of geographical scope,  the 

intervention is done at two levels - one municipal and another at a micro scale in two areas defined as prioritary - Bela Vista and 

surrounding area ( neighborhood social housing ) and the Bairro Troino ( city center ). 

Always in close cooperation with different local actors, we’ve worked in awareness and information sessions in areas such as 

health , domestic violence , intercultural education - aimed at technicians, association leaders immigrants or immigrants . 

Based on the idea of building bridges between the different actors of the territory was developed, in collaboration with the 

Culture Sector  and the Education Sector (Municipality) , the initiative " As Curtas vão à Escola" which led to nearly 1000 

students from pre-school and 1st cycle 24 session of short animated films that address topics such as diversity and immigration. 

Yet in education we have been working with SEF – (Foreigners and Border Service) Schools, CPCJ – (Commission for the 

Protection of Children) and Young People and Education Sector in the creation of a working group that signals and supports 

families in regularizing immigrant children. Mediators come further strengthen the work already performed by GIME in 

initiatives such as “Maio, Diálogo Intercultural” (May - Intercultural Dialogue) and Praça do Mundo  (World Square) which also 

aim to foster a sense of belonging to the municipality of immigrant populations as well as promoting intercultural coexistence 

and positive interaction in diversity. 

4. MIPSHC - MUNICIPAL INTERVENTION PLAN FOR SETÚBAL HISTORICAL CENTER 

Our maritime history was carved by past generations settling in the proximities of Sado River in what is now designated Setúbal 

Historical Center (SHC), the reservoir of the city foundations dating from the romans and medieval era. 

For the safety of the people in the historical center and protection of the valuable cultural patrimony, Setúbal Municipal Service 

of Civil Protection developed the Municipal Intervention Plan for Setúbal Historical Centre (MIPSHC) which contemplates the 

implementation of alert, communication and evacuation devices, reinforcement of fire hydrants network and developed “Local 

Intervention Brigades” (community emergency response teams). 

Setubal Historical Center has 589.459, 00 m2, with 2141 buildings and 197 public spaces. For the protection of its nucleus, it was 

defined a surrounding area with 409.641,00 m2, 649 buildings and 90 public spaces. The MIPSHC focus is intervention in the 

nucleus and surrounding area, implementing 5 informative columns with SHC maps, 21 SOS columns working has 

communication and reunion points, 250 evacuation route signs (directing towards 21 SOS columns), 49 new water hydrants, 

conservation of 150 existing and annulment of 155 deactivated.  

To support the intervention of the “Local Historical Intervention Brigades” 32 urban cabinets were installed fitted with self-

protection garment and first intervention equipment, along with the development of training courses regarding fire extinguishing 

and first aid actions. In case of need for airlift evacuations or logistic relieve operations it was constructed a heliport outside (but 

near) Setúbal SHC. To reinforce the civil protection agent’s response capacity the municipality acquired of 1 light firefighting 

vehicle, 2 rescue boats, 20 radio’s, 3 megaphones and 3 emergency tents. The total amount of investment was 627.133,26 €, co-

financed by European Structural funds, through the Portuguese National Strategic Reference Framework. 
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The MIPSHC found weaknesses in high rates of elderly residents and of deterioration of private patrimony (buildings). The 

strengths of the MIPSHC is to allow the empowerment of the people to self-organization and group participation creating 

resilience in the territory. It also allows a higher degree of characterization (people, buildings, public spaces) by adherence of 

participants who percepts safety and security as a primary concern. Turning SHC safer also permits to enhance local commerce 

and develop cultural tourism generating economic levers for local residents. The major threat is seismic and tsunami exposure 

linked to structural vulnerability enhanced by occupancy of first floors with unregulated office and warehouse activities, 

aggravated due to dwellings structural modifications by spaces vowed to commercial activity or by rentals personal actions. 

Another threat is the incapacity to fix new generations in the territory aggravated by high percentage of elderly residents. There’s 

an opportunity in investing on safety and security demonstrating the importance of protecting cultural patrimony integrated in 

economic development strategies to local residents, engaging them and affirming their role in the common responsibility to 

defend what is Setubal’s inheritance for the present and future. By developing participation, self-awareness and group 

organization people can extent learned behaviors to other areas of activity like political participation, local entrepreneurship, 

economic development and territorial resilience. 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The creation of networks composed by individuals or groups at local level allows the strength of social cohesion in times of 

adversity. Since 2008 the world witnessed the rise of crises throughout the world with origin in the financial sector and 

dissemination of impacts well beyond its frontiers. Economic, social, labor, security and international affairs were shaken to its 

roots, threatened by concerns of future sustainability. Risk management should adopt a comprehensive approach, detecting 

emerging threats (strategic foresight initiatives), but also building programs to reinforce social networks has bases for solidarity 

in adversity and resilience and strength in face of natural or technological accidents, intentional threats or international conflicts. 

Mostly importantly, these programs may serve as alternative proposals to enhance and cement democracy as a fundamental value 

by sharing information and development through education, training and citizens participation in managing territories composed 

by intercultural communities. 

6. CONCLUSIONS 

The three presented projects were developed has social engineering levers focusing in local community empowerment, pursuing 

citizens active participation in problems solving, forming and bridging own consciousness of individual or social group rights 

with individual or group civic and community duty roles and social requirements. Society can be designated a fully developed 

society when the homogeneous common values permits the differences of the heterogeneous singularities of minorities and 

distinct cultures. The tale of dream of humans living in security without differences and conflicts with roots in ethnicity, 

resources access or wealth distribution may be a utopia, but it would be contrary to human endeavor if Setúbal municipality does 

not affirm loud and clear the constant objective for contributing for the elevation of human condition, of human security, 

specially of those who by lack of chance live in poverty and insecurity, and when confronted with others wealth adopt 

misjudging or criminal conducts, aggravating their personal conditions and generating mistrust, isolation and repression (many 

times by force) toward all social groups living in social housing (quarters). All three projects intend to enhance individual 

awareness of its own potential, capacities, rights and duties, inducing them to direct their strength towards positive actions in 

relations with others, generating and organizing group synergies between local communities to ascend in face of enduring social 

condemnation. 
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ABSTRACT: The value of geospatial technologies, especially GIS and remote sensing (RS), in supporting sustainable hazards 
mitigation in cities arises directly from the benefits of integrating technologies designed to support spatial decision making into a 
field with a strong need to address numerous critical spatial decisions. In the case of hydro-meteorological hazards (i.e., flash 
floods, droughts, etc.), the use of geospatial technologies constitutes an end-to-end process that covers technology, human 
behavior, and the link between the two. Technology includes: data collection, modeling of the natural phenomena, forecasting 
hydro-meteorological events, and technological support. Human behavior involves formulating policy, planning, public 
awareness, education, capacity building, and response. This paper discusses a solution that has been developed to address the 
following six main components of disaster management continuum: (1) Hazards mapping, vulnerability and risk analysis, and 
damage  assessment; (2) Preparedness and mitigation planning; (3) Local early warning systems; (4) Capacity building in local 
governments; (5) Community-based activities; and (6) Public awareness.  Using examples of recent flash flood events, the paper 
discusses the nature of activities undertaken in each of the above components as they relate to the principles of sustainable 
development, and presents examples of the development being made towards addressing current limitations. The paper concludes 
with some key considerations that need to be taken into account for the better application of geospatial technologies to 
sustainable risk management and hazards mitigation.   

Keywords: GIS, Flash Floods, Integrated Risk Management. 

1. INTRODUCTION 
The Hyogo Framework for Action (HFA) 2005-2015 emphasizes that efforts to reduce disaster risks must be systematically 
integrated into policies, plans, and programs for sustainable development and poverty reduction (UNISDR 2005). HFA’s call for 
building communities’ resilience to disaster promotes a vulnerability-oriented approach to assessment of risks and in the 
establishment of baselines measures for disaster response and emergency preparedness.  

In responding to HFA vision and priorities, GSAREH has been conducting an R&D effort to build a commercial platform that 
will promote a vulnerability-oriented approach to the assessment of risks and the establishment of baseline measures for disaster 
response and emergency preparedness. The vulnerability approach to disaster risk management acknowledges that the patterns of 
damage produced by hazardous events depend upon a set of factors that may or may not be related to the hazardous events 
themselves. Examples of these factors include the conditions of human settlements and infrastructure, public policy and 
administration, the wealth of a given society and its organized abilities, as well as gender relations, economic patterns, and ethnic 
or racial stratification. The collective effect of these factors shapes the adaptive and coping capacities of a society, and 
determines the extent to which the society can tolerate damage from extreme events. Hence, the vulnerability path to disaster risk 
management, by placing these factors in the central reality of the disaster, suggests that disasters do not originate from outside the 
urban place nor do they erupt accidentally within it. Rather, and as discussed in the following section, they represent a product of 
everyday social life and ongoing urban dynamics that act upon the society and control its mutual relationship with the 
environment. 

1.1 A Three-Tier Approach to Vulnerability Assessment  

The technical and implementation framework of our R&D work promotes a place-based approach that has been developed and 
implemented for the integrated management of risks to disasters. The implementation of this framework is informed by the 
principles and concepts of geospatial information science and technologies (GIS&T), and is founded on the premise that 
differential vulnerability within and between regions and places is the key to an understanding of differential risks and impacts of 
disasters. Differential vulnerability in this project is defined as “a measure of the differential capacity of urban communities to 
absorb and recover from the impact of hazards” (Cutter 2003).. A proper understanding of differential vulnerability helps us (1) 
explain differential loss between people, ecosystems, and physical features at the county, regional, and state levels; (2) evaluate 
the ability of a given community to absorb the impact of disasters (i.e., system resistance) while continuing to function and 
recover from loss (i.e., system resilience); and (3) ultimately determine the best options available to manage risks and mitigate 
disaster impacts.  
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The GSAREH team has developed a 3-tier conceptual framework for assessing differential vulnerability and its relation to risk 
management, shown in Fig. 1 below. The inner tier reflects the traditional perspective of vulnerability either as an engineering 
concept corresponding to the degree to which structures and infrastructures are susceptible to damage, or as a recast of such 
issues as poverty, aging, demographics, capital formation, growth management, etc. The outer tier reflects the focus of risk 
management and emergency response activities, which utilize past disaster experience to infer best practices from learned 
lessons. The middle tier is the domain of the information flows and feedback mechanisms between the inner and outer tiers. It 
represents the realm in which information shapes knowledge and translates it to actions within the disaster risk management 
cycle. The imbalanced focus of activities in the outer tier and/or the lack of understanding of the dynamics and factors shaping 
the inner tier will result in a lack of information flows and deceptive feedback mechanisms. This in turn leads to differential 
vulnerabilities and hence to differential losses between communities and among members of the same community.    

 
Figure 1: A 3-tier conceptual model of vulnerability developed by GSAREH’s Team 

One innovative aspect to notice in our technical approach is that it addresses some of the factors that are not often incorporated in 
the assessment of vulnerability and risks, such as the use of information and communication technologies. Today, the level of 
technology adoption within emergency and risk management organizations represents a crucial factor in determining the ability 
of an organization to fulfill its mission. The GIS-driven common operating picture (COP) has evolved over the past decade to 
furnish situational awareness and support missions across all phases of the risk management cycle. The use of disaster simulation 
packages such as HAZUS-MH, and effective utilization of cloud technology that answers the needs for data timeliness, 
interactivity, accessibility, and collaboration are a pivotal part in day-to-day risk management activities. 

1.2 Technological Development 

Our R&D effort entailed two phases: Phase I focused on the development of a holistic methodology for the comprehensive 
assessment of risks and vulnerability, which is capable of identifying objective goals for each of following key components of the 
integrated flood risk management continuum (Fig. 2): (1) Hazards mapping, vulnerability and risk assessment, and gap analysis; 
(2) Preparedness and emergency planning; (3) Hazards mitigation and risk management;(4) Capacity building in local 
governments; (5) Community-based activities; and (6) Increasing public awareness. 

 
Figure 2: Our R&D methodology focuses on the integration of all key aspects of disaster risk assessment 

599



 

3 
 

 

Phase 2 focused on the development of a fully functional prototype that would translate the proposed methodology into a 
commercial-ready system. The prototype streamlines the entire process of integrated flood risk management from the gathering 
of weather forecasts to the assessment of hydro-metrological risks and vulnerabilities to early warning and simulation of policy 
and plans impacts. The proposed system is cloud-based and built on SOA, as shown in the figure below: 
  

 
Figure 3: The Architecture of the Integrated Flood Risk Management Approach developed by GSAREH 

2. ASSESSMENT METHODOLOGY  
The assessment methodology for integrated risk management (Fig. 4) is split into four major blocks of tasks: hazard assessment, 
exposure assessment, vulnerability assessment, and risk estimation.  

1. Hazards/Threat Analysis Tasks: This group of tasks focuses on the assessment of hazards and associated threats. 
It starts with the identifications of all hazards that exist in a given region or study area, followed by the 
development of a system of indicators to assess each type of hazards. The next step is then to normalize hazards 
indicators to ensure that all indicators are measured at the same measurement scale and are comparable. Once 
normalized, the indicators are used to rank hazards and calculate an overall hazard score per region (or study area).  

 
2. Exposure Assessment Tasks: Exposure is separated from vulnerability because it is hazard dependent. 

Accordingly, the assessment tasks of exposure starts with identifying all elements that are located in hazards prone 
areas. Elements are typically grouped under found categories: Population, Structures, Economy, and Environment. 
The nature of exposure of each of these groups varies by hazard, so the goal here is to develop an indicator system 
for each group that helps us assess the nature and degree of exposure of elements in that group to a given hazard. 
Indicators also need to be weighted because based on the degree of their influence or importance. For example, 
both the construction type and highlight of building foundations are important elements in assessing building 
exposure to flooding, but they are not equally important. The type of foundation plays a rather important role in 
the overall safety of the building than its height during a flooding event. Once an exposure score is calculated for 
each group, they are combined to provide an overall exposure score for the entire region or area of study.   

 
3. Vulnerability Assessment Tasks: Vulnerability is hazard independent and its assessment is further split into two 

components, resistance (measured in terms of susceptibility or lack of coping abilities) and resilience. The factors 
considered in the assessment of susceptibility and resilience are also consistent with the 3-tier conceptual model of 
vulnerability and risk. The tasks of vulnerability assessment are split into two groups of parallel activates as shown 
in the Fig. 3. One group of activities is based on developing an indicator system for assessing susceptibility and 
calculating an overall score of susceptibility per region or study area. The other is focus on developing an 
indicator system for assessing resilience and calculating an overall score of resilience per region or study area.  
The total Vulnerability score per the region is estimated by subtracting the resilience score from the susceptibility 
score.  
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4. Risk Estimation: The overall risk score per region is calculated as a function of the calculated scores of hazards, 
exposure and vulnerability. The actual formula of the risk function is to be determined during the development of 
the methodology. 

 
Fig. 4: Methodology for Integrated Risk Management   

3. CASE STUDIES 
Portions of iFRMS has been tested in several settings in the USA and currently in Saudi Arabia as shown in Fig 4 and Fig 5 

 
Fig 4: Real-time distributed hydrological modeling in Austin 
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Fig 5. Flood Debris Modeling in Oklahoma 

 

Lesson learned from these pilot implementation shows our approach : 

• Provides a unified technical and programmatic framework for flood disaster risk management that is extensible to other 
hazard types. 

• Streamlines the entire process of integrated flood risk management from hazards forecasting to policy planning and 
simulation. 

• Provides a single methodology for the modeling of social, natural, and technological urban processes and the 
interactions among them. 

• Utilizes the latest advances in GIS and remote sensing image analysis, integrating them in a Web-enabled platform for 
hazards monitoring, risk management, and emergency response . 

• Is capable of generating different disaster scenarios by exploring hazard type and magnitude, the effects of engineering 
codes and regulations, and policy on the changing nature of urban risk and vulnerabilities taking cutting-edge science 
into account. 

• Is capable of monitoring continuously before, during, and after a hazard strikes, providing a situation awareness oriented 
picture of the complete environment. 

• Is useful both for rigorous scientific analysis and a user-friendly policy exploration platform. 
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ABSTRACT: In the recent past, several high impact / low probability events hit the world economy and international 

organizations. While these events are mainly driven by natural catastrophes, in the recent past we see an increasing interest in so 
called evolving risks, having potentially major impacts on the resilience of business activities around the world. Such events as 

cyber-crime, (un-insurable) supply chain disruptions or political risks become more and more relevant for the resilience of 

organizations, and therefore part of the BCM approach. While BCM is duly focused on operational measures on how to deal with 
events of disruptive nature, insurance coverage or the question about risk financing in general has often been forgotten. But, 

insurance coverage for business critical risks can become a major advantage to every BCM approach, as payments resulting out 

of insurance coverage can intensively support the recovery of operations and therefore become a crucial success factor for every 

BCM system. This paper will mainly focus on new types of insurance coverage for traditionally uninsurable or evolving risks. 

The insurance industry has developed some innovative products which focus to cover cyber, supply chain or political risks in a 

much broader context than what we have seen in the past. In conjunction with alternative risk financing strategies as Cat Bonds 

or insurance linked securities financing catastrophe risks becomes more and more a commodity. This paper will bring together 

how organizations can integrate BCM and Insurance (risk financing) measures to optimize the risk mitigation effect in terms of 

an integrated risk management approach. This integrated approach will not focus on total costs of risks optimization only, but 

following a more holistic approach, focusing on organizational resilience rather than pure cost optimization.   

Keywords: Insurance, Business Continuity Management, Integrated Risk Management. 

1. INTRODUCTION 

In the recent past, we have seen a strong increase of BCM capabilities within national and international organizations as well as 

within critical infrastructure providers. This development is not only driven by the companies themselfs, but coming along with 
increasing regulations from supervision bodies such as financial market authorities1. While this without any doubt has led to an 

increase in BCM capabilities of the organizations, the BCM approach has in many cases not been integrated properly in the 

organization, not being interconnected with the risk management and – in the focus of this paper – the insurance management.  

This paper will deal with two main topics: First, how BCM and Insurance Management can be properly integrated to increase the 
resilience of organizations against business critical incidents. Second, what types of evolving risks threaten the resilience of 

organizations and what insurance solutions are available to deal with such incidents in the context of BCM.  

2. How to integrate BCM and Insurance Management  

Even though the interconnection between BCM and Insurance is obvious, especially in case of Property Damage and Business 

Interruption, these two risk mitigations techniques2 hardly have been interconnected within organizations so far. The reason 

behind that is mainly that BCM and Insurance Management usually are maintained by different stakeholders within the 
organizations. The Insurance Management is often performed by Legal and Finance Departments, while BCM is rather located 

within technical or IT departments. Therefore it is crucial to develop an approach, which adds value to all stakeholders. Only this 

assures a sufficient level of commitment from all stakeholders and leads to an effective and sustainable management system. 

Within the next sections, the key elements of an integrated system will be described to highlight the main success factors.  

2.1 Business Interruption and Business Impact Analysis  

To keep it simple, the BIA’s are similar, but not the same. Nevertheless, there is a huge potential to increase efficiency in Risk 

Management and using synergies performing these analysis in one integrated approach. While the Business Interruption analysis 

is driven by financial figures to define an adequate insurance coverage, the Business Impact analysis is rather driven by 

                                                 
1
 Basel Committee on Banking Supervision, High-level principles for business continuity, 2005 

2
 Insurance as a risk management instrument for energy infrastructure – security and resilience, US Department of 

Energy, 2013, p. 4 
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operational issues. But both risk methodologies are focused on protecting the organizations against high severity and low 

frequency (catastrophic) events. Based on experience of performing these analyses for several organizations one can expect, that 

50% of these analysis are overlapping and can therefore be integrated. One very important issue is to assure, that the insurance 

coverage is supporting the business continuity strategy in terms of providing sufficient liquidity after a business critical incident 

to enable the organization to recover itself according to the developed business continuity planning.  

2.2 Business Continuity Strategy and Insurance Coverage 

The link between insurance coverage and the business continuity strategy is actually obvious – but often not reflected especially 

within the business continuity planning. While the insurance coverage usually covers additional costs to keep the business 

running (recovering the business respectively) hardly any business continuity plan deals with the question of how much the 

planned recovery costs, and even more important: “Is there enough liquidity after a business critical incident to actually fund the 
business recovery?”. This question is crucial, as without sufficient liquidity to support the business recovery the business 

continuity planning becomes obsolete. And any event which has the potential leading to a business interruption can have a massiv 

impact on cash flow and liquidity3.  

Therefore when setting up the Business Continuity Strategy the question of financing it must be addressed properly. This 

information then can be used when purchasing insurance coverage to include these costs. But not only costs should be covered 

within the insurance policy. There is little help for short term liquidity protection, if the insurance payments are delayed by many 

months due to investigations of the root cause. It must be assured, that the wording contains first installment payments just 

shortly after an incident.  

To sum it up: For optimal risk mitigation, the business continuity strategy and insurance coverage must be aligned to increase the 

resilience of organization from a financial and operational perspective.   

3. Evolving Risks and Insurance Coverage 

Evolving risks usually are difficult to cover with insurance policies, as risks cannot be assessed properly by the insurance 
provider due to a lack of statistical information. However, in the recent past we have seen a more innovative behavior by 

insurance companies, creating new products to cover previously uninsurable evolving risks. What these risks do have in common 

is that all of them have the potential leading to severe business interruptions, and therefore are traditionally covered by BCM 

approaches. Within this section we will have a brief look at some of these risks and the how these risks can be mitigated by 

insurance.  

3.1 Cyber Risks 

Cyber Risk is one of the current hot topics within the insurance industry. Based on the fast development of global networks, these 

risks will continue to grow in terms of severity and frequency. Based on a lack of historical data so far the insurance industry is 

focussing on risk engineering techniques to assess and price the risks. This approach is following very closely on what an 
organization is doing in the areas of IT security and BCM. While most of the Cyber Risks coverage granted deal with 3rd party 

liability, business interruption coverage are only available with substantial limitations. This mainly based on the fact, that 

potential damages are hardly predictable and the above mentioned lack in claims experience. Therefore dealing with Cyber Risks 
in the area of organizational resilience insurance is so far a rather limited risk mitigation technique and only in conjunction with a 

proper BCM System an adequate solution to cover cyber risks properly. However, we see a fast development of the insurance 

industry in the area of cyber risks, so it can be expected, that capacities grow and coverage granted improve, becoming a 

adequate solution for business interruption insurance based on cyber events.  

3.2 Supply Chain Risks  

Coming along with the globalization, supply chain risks dramatically increased in the recent past. Not only organizations actively 

moving its supply chain around the world are effected by supply chain disruptions. This based on the fact, that all suppliers and 

service provider are somehow involved in this global supply chain. Many risks leading to a supply chain disruption can be 

covered by traditional (contingent) business interruption insurance. But risks such as volcanic ashes affecting air traffic 

traditionally have been uninsurable risks. As in the area of cyber risks, the insurance industry has developed some products which 
go beyond usual coverage, but are still no commodities but customized products. Therefore risk engineering again has a vital part 

in underwriting these risks. Coverage is just fine business interruption due to supply chain failure, but for the time being rather 

expensive. Therefore only exposed organizations will purchase this type of coverage which does not help moving forward and 

providing commodities to the market. However, as in the case of cyber risks, BCM still has a vital part in dealing with 
interruption of business and services.  

                                                 
3
 Serge Tröger, Re/insurance and critical infrastructure, in; Integrative Risk Management: Fostering Infrastructure 

Resilience, Risk Dialogue Series,  Swiss Re, Centre for Global Dialogue 2012, p.101 
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

For the Post 2015 Framework for Disaster Risk Reduction insurance as a risk mitigation instrument should be considered more in 

depth. Especially as in Europe we see a lot of critical infrastructure provider going private which increases the pressure on cash 

flow and liquidity. While the (re-) insurance industry so far has been seen as a driver to increase risk management practices and 

resilience of organization, insurance and risk management should be seen as one integrated approach protecting organizations 

from a financial and operational perspective to assure its resilience in the long term.  

5. CONCLUSIONS 

The results of this paper can be summarized as follows: First there is an absolute need to integrate the insurance management 

more deeply in a holistic risk management approach, especially in the area of business continuity management. Second, the 

insurance industry is developing new products which can be used to mitigate evolving risks – again focusing on business 

interruption issues, which can support organizations in increasing their resilience against business critical incidents.  
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ABSTRACT: A case study was conducted using the 2012 and 2013 Colorado wildfires and the 2010 Haitian earthquake.  
Academics from universities that are part of the Department of Homeland Security Centers of Excellence and senior leaders 
within the Colorado Department of Homeland Security and Emergency Management were interviewed about the use of 
crowdsourcing during disaster operations.  The resultant data was analysed and the themes of control, verification, and usage 
emerged as key components of successful crowdsourcing operations.  The study revealed that in today’s society, we are globally 
connected through the Internet such that social media and disaster managers in all countries can benefit from the use of 
crowdsourcing.  This research provides value for the Hyogo framework for action and should be further studied and developed 
for the post 2015 framework for disaster risk reduction. 

Keywords: Crowdsourcing, Disaster Management, Social Media. 

1. INTRODUCTION 

On June 11, 2013, a massive wildfire erupted just north of Colorado Springs, Colorado.  Designated as the Black Forest fire, the 
flames destroyed 486 homes, consumed over 14,000 acres, claimed two lives, and resulted in insurance claims that totaled nearly 
$300 million US dollars (Pikes Peak Wildfire Prevention Partners 2013 p. 5).  Wildfire officials labeled this fire as a predictable 
disaster, meaning that they had been warning residents and fire officials that a fire in Black Forest was inevitable due to years of 
drought and a lack of preventative maintenance (cutting down trees to increase spacing, homeowners creating defensible spaces, 
etc).  Many lessons were learned after the fire was extinguished and one that is important to this research is the acknowledgement 
that communication between Emergency Operations Center (EOC) staff, firefighters, and citizens is critical and can be improved.   

On January 12, 2010, a 7.0 magnitude hurricane struck Haiti and resulted in the deaths of over 230,000 people (Heinzelman & 
Waters).  The economic damage was over $13 billion US dollars and close to 1.5 million people were displaced (Starbird & 
Palen 2011, p. 2).  And while this disaster was tragic, lives were saved and resources were provided to response organizations 
through the use of crowdsourcing.  It stands as an example of the effectiveness of crowdsourcing even in a country faced with the 
economic struggles and level of poverty found in Haiti. 

Crowdsourcing, or using the power of the Internet and social media to "virtually" bring together large groups of people in support 
of a cause or event, has successfully been used to help emergency responders during disaster management.  The purpose of this 
research is to describe themes and patterns about crowdsourcing during disaster operations using the Black Forest fire and 
Haitian earthquake as the bounds of the case in an effort to illustrate the case and report upon the themes discovered.  The 
specific research question under study is: “How can crowdsourcing techniques be utilized during disaster management in order to 
save lives and speed recovery efforts”?   

1.1 Methodology 

This collective case study examines the use of crowdsourcing during the Colorado wildfires and the Haitian earthquake.  A 
thorough review of the literature was conducted in preparation for data collection and to become familiar with the various events 
that occurred during these two disasters.  This literature review also explored the current, scholarly reports on the use of 
crowdsourcing during disaster management and was instrumental in the development of the research question under study.  
Following the literature review, a series of interviews were conducted with academics working in the “social media field” as well 
as senior executives at the Colorado Department of Homeland Security and Emergency Management.  The scholars are experts in 
the field of data analytics and work for American universities that are part of the Department of Homeland Security Centers of 
Excellence, specifically the Center for Visualization and Data Analytics (CVADA). Each interview lasted approximately 60 
minutes and participants were interviewed once.  The interviews allowed participants to discuss their experience with social 
media in general and crowdsourcing in specific during disaster operations.  The interviews and documents were coded and 
analyzed using an inductive, iterative process in order to discover patterns and themes.  Specifically, a holistic analysis uncovered 
general themes about crowdsourcing and how senior leaders in emergency management felt about this technology and how it can 
be further developed.  The tone of the ideas expressed by the interviewees began the development of the credibility and 
usefulness of the information (Creswell 1998, p. 63).  The resultant data was triangulated in order to strengthen the construct 
validity of the study (Yin 2014, p. 21).  Construct validity was further strengthened through the use of peer review of the final 
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study report.  Internal validity was developed through the use of pattern matching and the construct of a logic model.  External 
validity was strengthened with the use of community organization theory during the research design process, and reliability was 
established by following a specific case study research protocol (Yin 2014, p. 45). 

1.2 Theoretical Framework 

The Center for Health Promotion at the University of Toronto identifies community organization as a theory that helps members 
of a community identify shared problems and work together to find solutions.  A subset of this theory is social action, which is 
the empowerment of community members to solve the issues that are important to them (The Health Communication Unit 2003).  
This theory became very evident in the data analysis when the theme of victim control over the disaster emerged.   

2. RESULTS 

Several themes revealed themselves during pattern coding and suggest ways in which emergency managers can maximize the 
benefits from crowdsourcing during disaster operations. 

2.1 Control 

A key motivation in victims participating in crowdsourcing is their desire to have some manner of control over the disaster they 
are part of.  This theme showed itself to be very important and is critical in the successful use of crowdsourcing.  From within the 
impacted area, victims can provide disaster managers with real time information on the status of functions such as electricity, 
communications, food, water, damage, and other key bits of information.  While this information is critical for the disaster 
official to manage his or her disaster, it is a lot to ask of victims to provide this information while they are themselves trying to 
recover from the impact of the disaster, which raises the question of motivation.  It was discovered that during a disaster situation 
in which a victim has suffered, one of the ways for them to cope with the disaster is through the establishment of some form of 
control over the situation.  During a time in which an individual has no control over the devastation they have endured and they 
are trying to put the pieces of their lives back together, victims are motivated to provide information to emergency managers and 
responders with current information about the situation.  It is a way for them to actively participate and contribute to the recovery 
operations, returning a sense of control to a victim who has potentially suffered a loss.  It is this sense of control that provides the 
motivation for impacted individuals to provide critical information to disaster managers. 

2.2 Verification 

While data is coming to disaster managers from within the impacted zone, data can also come from individuals across the world.  
During the Haitian earthquake, volunteers from the United States and Canada translated reports from individuals impacted by the 
earthquake.  This information was sent to another group of volunteers outside of Haiti who mapped reporting trends such as lack 
of food, water, or electricity.  Just as important, these volunteers were able to map locations of violence that were occurring 
within the disaster area (Heinzelman & Waters 2010, p. 7 – 8).  During the Colorado wildfires, individuals sent in pictures of 
burned structures and information on fire location.  A tremendous amount of information was coming in to disaster managers and 
a critical, and time-consuming requirement was the verification of this information.  People want to help during a disaster and for 
all their good intentions, the simple truth is that sometimes the information they provide is inaccurate.  This could be because the 
geo location provided for burning structures is not accurate or because the information is delivered or analyzed hours or days late.  
Regardless of the reason, the information must be verified before it is acted upon and verification is an extremely time consuming 
process.  As one of the disaster managers interviewed said, verification is so important because if information identifies a request 
for assistance, it must be acted upon and a resource must be allocated to it.  However, before a resource can be dispatched, the 
information must be verified or resources will be wasted or go unused. 

2.2 Usage 

Ushahidi is an open-source mapping tool used during the Haitian earthquake.  Originally designed for Kenyans to report 
incidents of violence using social media tools, it has become a valuable tool that collects data, provides imagery and geo location 
data that can populate an incident response map, and has evolved well past its original design (Heinzelman & Waters 2010, p. 4 – 
5).  And while Ushahidi is a valuable tool in the crowdsourcing toolbox, disaster managers have the ability to crowdsource data 
“simply” by monitoring social media feeds.  Simple is of course an understatement as the amount of incoming data can be 
overwhelming and as discussed previously, it takes a staff of trained individuals to sift through, verify, and allocate resources 
where needed.  An interesting pattern emerged during the interviews regarding resources.  We tend to think of resources as 
“things” such as food, water, bulldozers, ambulances, etc.  However, resources also include volunteers and donations and 
crowdsourcing is an excellent way to recruit and manage both.  The power of social media was demonstrated during the Haitian 
earthquake when $8 million US Dollars was received by the Red Cross in 48 hours (Gao, Barbier, & Goolsby 2011, p. 10). 
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3. DISCUSSION 

The themes of control, verification, and usage are essential to the effective use of crowdsourcing during disaster operations in an 
attempt to save lives and speed recovery efforts.  It is a tool that is currently available to disaster managers and does not require a 
tremendous investment in technology.  One of the questions asked to participants in this research was about the technology 
required to use crowdsourcing during a disaster.  The responses to this question were uniform in indicating that we truly live in a 
digitally connected world and the technology is already in the hands of people around the world.  During the Haitian earthquake, 
approximately 85% of the people had mobile phones with access to the Internet; that percentage was much higher for the 
Colorado wildfires (Heinzelman & Waters 2010, p. 7).  There is of course a requirement for cellular towers to receive and 
transmit the data, but the emergency managers in Colorado indicated that they are very quickly able to provide Cell on Wheels 
(COW) within hours of a disaster.  This system is so robust that one of the interviewees mentioned that residents in a rural 
community were greatly disappointed when the COW was removed as the system provided them with greater bandwidth than 
they normally had access to.  The essential requirement for effective crowdsourcing is an investment in trained volunteers who 
are able to quickly sort, analyze, and verify the incoming data.  Without this, crowdsourcing will not assist in recovery operations 
and can become a drain on resources. 

A challenge disaster managers face is the occasional information that is shared via social media but has not been verified.  An 
example of this occurred during the Colorado wildfires when civilian pilots overflew burned out areas and shared that 
information across various social media platforms.  This put a strain on the EOC staff as they had to field calls from victims who 
saw these pictures and wanted to know why they had not been notified by the city or county that their home was lost.  While the 
photos tended to be accurate, there were the occasional problems where it was difficult to identify the address of a home that was 
destroyed and without properly verifying the information, greater stress was put on victims who were already suffering and the 
EOC had to dedicate resources to address these reports.  As a senior leader within the Colorado Department of Homeland 
Security put it, disaster managers do not want to make operational decisions based upon unvetted intelligence.   

3.1 Abbreviations and Acronyms 

The Center for Visualization and Data Analytics (CVADA): Comprised of visualization sciences at Purdue University and data 
sciences at Rutgers University, these institutions are part of the Department of Homeland Security Center of Excellence and 
provide the scientific basis and technology to analyze massive amounts of data to detect security threats (DHS). 

Cell on Wheels (COW): A cellular towel mounted on a truck that is able to quickly deploy to an impacted site and provide 
reliable voice and high speed data when regular cellular towers have been degraded or destroyed. 

Emergency Operations Center (EOC):  Central command and control facility charged with managing disaster operations. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

This research supports the Hyogo Framework for Action with direct application to the following priorities for action: a) Use 
knowledge, innovation and education to build a culture of safety and resilience at all levels, and b) Strengthen disaster 
preparedness for effective response at all levels. 

The framework states that “Disasters can be substantially reduced if people are well informed and motivated towards a culture of 
disaster prevention and resilience, which in turn requires the collection, compilation and dissemination of relevant knowledge and 
information on hazards, vulnerabilities and capacities” (United Nations 2005, p. 9).  This research supports the key activity of 
information management and exchange.  Much of the current literature on crowdsourcing during disaster operations focuses 
either on the technical aspects of crowdsourcing or the operational aspects of disaster management.  This research synthesizes 
both of these aspects.  The purpose of this research also supports the key activity of public awareness, as crowdsourcing is an 
excellent tool for collecting, analyzing, and disseminating information to disaster managers and victims. 

The framework also states “At times of disaster, impacts and losses can be substantially reduced if authorities, individuals and 
communities in hazard-prone areas are well prepared and ready to act and are equipped with the knowledge and capacities for 
effective disaster management”.  This research supports the key activity of strengthening policy, technical and institutional 
capacities in regional, national and local disaster management with a focus on human and material resources.  This research can 
also be used to open a dialogue between key stakeholders in disaster management operations (United Nations 2005, p. 12). 

Based upon the themes discovered in research, further steps could be developed in public awareness and education in the Post 
2015 Framework for Disaster Risk Reduction.  This foundation seeks to develop a culture of prevention and an understanding of 
the risks that occur during disaster operations.  Increasing the knowledge base of crowdsourcing techniques at the local responder 
level could increase the efficiency of recovery efforts. 

5. CONCLUSIONS 

This research was undertaken in an effort to better understand the use of crowdsourcing during disaster operations.  Part of the 
reason that the Black Forest fire was chosen as part of the case study is due to my personal experience with the fire.  My house 
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was on pre-evacuation during the fire and was less than a quarter mile from the mandatory evacuation zone.  From 2012 – 2013, 
Colorado had four major wildfires that destroyed over 1,100 homes, killed eight civilians, and generated a cost of over $69 
million US dollars in fire suppression costs; this figure does not include property loss and insurance claims (Pikes Peak Wildfire 
Prevention Partners 2013, p. 25).  Disasters will continue to strike world populations and any tool that can help mitigate the 
effects of the disaster and reduce human suffering are worth considering.  Crowdsourcing has shown itself to be an effective tool 
in providing situational awareness for both victims and disaster managers and is an excellent method to recruit resources such as 
volunteers, donations, imagery analysts, etc., to help control the chaos that occurs during recovery operations.  Disaster managers 
should consider crowdsourcing certain aspects of their disaster as one more way to save lives and speed recovery efforts. 
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ABSTRACT: Trying to predict whether a crisis or emergency event is going to occur is a challenge, but attempting to do so
without a quantifiable scale makes the task a virtual mission impossible. A crisis scale is also needed to perform effective post-
crisis analysis. The extant scales, however, are inadequate. To address these issues, we developed the unified localizable crisis
scale, to fulfil prerequisites for effective emergency response and management. The latest development of this mathematically-
sound model exploits the use of a critical emergency surface and a scheme for predicting when and how events can lead to
emergency scenarios to improve forecasts about and responses to emergencies. Applicable to the measurement of any type of
emergency or crisis, be it a natural or human-made event, the scale also enables users to compare dissimilar crisis events. This is
of tremendous social value when, for example, the emergency responses to several regional or national emergencies need to be
managed in parallel. In such situations, emergency response management teams can use the scale to evaluate the magnitudes and
trajectories of the co-occurring emergencies, which will enable them to prioritize resource allocation and to take commensurate
managerial actions. The efficacy and efficiency of the crisis scale is illustrated with several examples spanning local to national
events.

Keywords: emergency scale, emergency management, risk management, policy, resilience & vulnerability.

1. INTRODUCTION

Suppose you are a government official or an NGO executive responsible for the allocation of resources during preparations for an
imminent emergency event. Although forecasting such events, including predicting their magnitudes, is among your duties, even
with the best risk management methodologies and tools available, assessing the magnitude of an event before it occurs is usually
limited to devising an estimate of the probability of damage multiplied by a variable that represents potential monetary damage.
In partial answer to the lack of such models, the unified localizable emergency events scale was devised. Among its benefits, the
scale permits variables to be added to such calculations while supporting a relatively simple calculation process to ensure that is
does not exceed normal human abilities to process complex data, especially during emergencies.

Alternatively, suppose that you need to simultaneously manage several crisis events, each of which requires resources that are
naturally always limited. How do you determine which, if any, event is an actual emergency or crisis? How do you compare
several dissimilar crisis events to identify the one that will inflict the most potential damage? How do you distinguish between
events that are real emergencies and non-emergency events incorrectly identified as “the real thing”? As a manager, you know
that emergencies bring individuals together from many different organizations representing correspondingly different
organizational cultures, and those differences can also include the use of another language by one or more of the organizations
concerned. You know that a common understanding is vital in managing emergency situations. Therefore, how do you clearly,
uniformly and unequivocally inform all concerned that a crisis is imminent or that one is developing? The early version of the
scale provided some answers. Features of the augmented scale make it possible to address this entire set of questions, using the
newly devised critical emergency surface and a scheme for predicting when and how events can lead to emergency scenarios to
improve forecasts about and responses to emergencies.

Unfortunately, there is no scale for the quantifiable description of emergencies (Table 1). Likewise, there is no decision support
model that can be relied on across a wide range of possible events. The extant scales (some of which originated in the 1800s) are
all predominantly subjective and qualitative, and as such, none meets the minimum requirements of an objective and quantifiable
tool. They include, for example, the 1805 The Beaufort Wind Scale (NOAA 2006); the 1931 Modified Mercalli Intensity Scale -
depicts shaking severity (State of California 2003); the 1935 Richter Scales for earthquakes (USGS 2006); the 1969 Saffir-
Simpson Hurricane Scale (NOAA 2013); the 1971 Fujita Tornado Scale (NOAA 2005); the 1999 Air-Quality Index (STAPPA
and ALAPCO 2006); Various perspectives on the definition of a disaster  are offered by contributors from six disciplines in
Quarantelli’s  book (1998). No contributor offers a quantitative universal scale by which a disaster can be quantified objectively
and accounts for the milieu where events occur. Gad-el-Hak asks "what is a large-scale disaster" in the introduction to a book he
edited and replies: "there is no absolute answer" (Gad-el-Hak 2008). While indeed there may be no absolute answer to the
question of what defines a disaster, we believe that our augmented unified localizable crisis scale proposed here provides a
method to quantifiably address Gad-el-Hak’s question.

The need for a unified crisis scale is vital not only for optimizing resource allocation tasks (van de Walle, Turoff et al. 2010;
Canós, Borges et al. 2013) It is an essential tool for facilitating clear communication and mutual understanding of the nature of
emergencies among the public (Lu and Yang 2011), government agencies, and responding organizations. It has been stated that
“50% of the problems with communication are due to individuals using the same words with different meanings. The remaining
50% are due to individuals using different words with the same meanings” (Kaplan 1997). The above studies also describe how
legislation still has not provided definitions of “disaster” or “emergency”, nor of the difference in impact and immediacy of
response.
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Table 1: Organizational pain points and benefits of a unified emergency scale

Organizational Pain Points Benefits of the Unified Emergency Scale

Inability to define and communicate an
emergency

Define and communicate an emergency to both professionals and lay people

Inability to formally quantify an
emergency or “size of disturbance”

Quantification enables comparison of both similar and heterogenic events. When more than one event
takes place at the same time, decision makers can optimize resources allocation (regardless of
subjective media attention).

Inability to formally quantify a
threshold for emergencies

Formally quantify and communicate thresholds (local, regional, global). Events below a threshold are
non-emergencies even if the media or political entities claim the opposite.

Inability to formally compare a
situation to a threshold and evaluate
trends.

Formally compare situations to threshold (local, regional, global) and calculate trends. If an event’s
trajectory is calculated to pass through the threshold then an emergency is imminent.

Sub-optimal allocation of resources or
reserves

Improved allocation of resources and reserves during and after one or more emergency events.

2. THE UNIFIED LOCALIZABLE EMERGENCY SCALE

It has been established that any crisis or emergency can be defined using three orthogonal dimensions: (a) scope (b)
topographical change and (c) speed of change. We assert that the intersection of the three dimensions provides a quantifiable
scale for defining emergencies. The scale provides a 3D surface for professional and advanced usage, which is convertible to an
equidistance numeric scale for public communications. Use of an equidistance numeric scale is universally viable: it does not
require meaning preservation in translation from one natural language to another as is the case with nominal scales; it reduces
misinterpretation by a laic audience, as is the case with logarithmic scales, such as the Richter scale.

Scope of change varies from small to humongous. The scale models it using a continuous variable with a lower limit of zero and
a theoretical calculable upper limit (equations 1.1 through 1.3). The parameters α and δ are localizable, while β is a constant
whose value was established empirically through experiments.
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Topographical change is treated as a continuum ranging between 0 and 1 that gives the estimated visual fractional change in the
environment. For example, if the volume of man-made structures, farming and natural vegetation and inanimate natural structures
occupied three cubic miles before a disaster, and only  two cubic miles after a disaster occurred, then the size of the topographical
change is 1-(2:3) = 1/3. Measuring deformations by means of differential Synthetic Aperture Radar (SAR) interferometry could
be a practical means to get such information quickly and reliably.

Rate of change (eq. 1.4) is define a dynamic process P = x/t = X(x, t, a, b, c, . . .) where x measures an environment, t is time
and a, b, c, etc. are external parameters representing factors affecting the environment. Local maxima, minima and inflection
points occur where the graph of a function P has a horizontal tangent. Such points can be either critical points or singular points,
which are large and sharp departures from a given state, where continuity and connectedness are not assured.
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The model satisfies all five roles of system science (Warfield 2003): it describes the physical world and portrays the results of
interactions among a few of its components; it proposes a generic design; it is a constituent of “science of complexity” as it
enlarges the domain of demonstrable results in the service of humanity; and, it is actionable, as it has both visual and linguistic
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clarity and it suggests clear courses of action for resolving emergencies. The model renders a concise minimal description of any
emergency. It addresses the challenge of vertical organizational incoherence as it identifies the right aggregated level to decision
makers at different organizational levels.

3. PROPER USAGE

The Unified Localizable Crisis Scale can be used to quantitatively define an emergency as any event whose level of disturbance
crosses a pre-assigned threshold. In other words, when the size of the disturbance becomes “significant” (per the model’s
parameters and formulae), the event is an emergency. The proposed model allows for a comparison among entirely different
crises across administrative regions, economies and cultures. Designed for flexibility, the model is easily adapted to the specific
circumstances of each client entity. As such, it can be fine-tuned by the client to match its requirements, including size of
population, size of economy, and myriad other factors.

Used correctly (figure 1), the Unified Localizable Crisis Scale is a tool that promotes rational decision making concerning such
issues as limited resource allocation and prioritization of attention and effort. The mathematical model has been developed and
tested with several different crisis events from the last decade. Then is has been implemented in software that is web-accessible
and free to use.

Figure 1: Progression of an Emergency

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION

It has been documented by this author and many others that news media headlines are often inaccurate and therefore misleading
the public and even worse, influence decision makers. “News sources found factual inaccuracy in 60 percent of Swiss newspaper
stories they reviewed, compared to 68 percent of US and 52 percent of Italian newspapers examined. The results show that
newspaper inaccuracy—and its corrosive effect on media credibility—transcends national borders and journalism cultures”
(Porlezza, Maier et al. 2012). The model and its implementation can help decision makers distinguish between real disasters and
those that appear in headlines only. Including such a consultation in any relevant organization’s standard operations procedures
will reduce waste of precious and scarce resources, as a minimum. Further, using the model wisely it is possible to evaluate the
level of disaster scenarios, compare them regardless of their nature, prioritize them and allocate adequate resources before a real
event materializes.

5. CONCLUSIONS

Emergency is a complex situation. No emergency event scale exists to objectively quantify an emergency event. We presented a
mathematical model for emergency events scale which can be used at all levels of organizations and geographical scope as they
prepare or respond to an event. The model is applicable to managing developing events as well as predicting if an event may
result in an emergency or not. First we identified underlying dimensions that exist in all emergency events. Then formulate those
into a mathematical model. Lastly, we validated the model against events that occurred in the past, whose outcome is known. We
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demonstrated the model’s soundness, robustness, and completeness using several recent events. Lastly, the mathematical model
has been implemented in software that is free to all and accessible via the World Wide Web. Takeaway for practice: deployed
and used correctly and wisely, the model can provide means of assessing and communicating existing and future emergency
situations. The model can provide predictions on the direction and magnitude of a situation, including assessing whether or not a
situation may result in an emergency.
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ABSTRACT: The objective of this study was to explore the response of Thai elderly during mega flood in Phutthamonthon 

District, Nakhon Pathom Province. This study used quantitative research method. People aged 60 years old over in three sub-

districts of Phutthamonthon area were collected. The samples were 238 cases who affected by flood during February to July 

2011. Data were taken from the survey of the impact of flood crisis and needs of the elderly in Phutthamonthon District, Nakhon 

Pathom Province. 

 

The study found that average period of flood was 45 days up to 60 days. Most elderly were female (69%) at the age of 70-79 

years (75%). The average level of flood was 1.5-2.0 meters (40%). It is also found that 53 percent of elderly responded by 

temporary migration while 47 percent of them remained in their flooded communities. Some elderly still lived in their house 

because they wanted to protect their belonging (63%). Even the government provided the flood relief centres but there were only 

one fourth of elderly (16%) decided moving to flood relief centre.  

 

It is indicated that most elderly who had children, relatives, or friends decided to move out easier than elderly who did not have 

any destination. This number can be the baseline data for the government to prepare enough flood relief centre. From the results 

of reasons of non-migration, the government should realize this Thai context because they are more likely to be at home and 

protect their properties without realizing about risk. Therefore, this study will be useful for the government for the preparedness 

and mitigation plan in the future. 

Keywords: Thai Elderly, Response, Mega Flood  

1. INTRODUCTION 
 In 2011, Thailand suffered its worst floods in more than half a century. More than 13 million people in 66 of 77 

provinces were affected by flood from July through December 2011 including Nakhon Pathom province, west of Bangkok. About 

76,416 households were affected by flood (Department of Disaster Prevention and Mitigation, 2011). In response to the disaster, 

the Royal Thai Government responses to the disaster with the overall of problem. They centralized flood monitoring and 

allocated extra flood-relief financial support to the affected provinces (World Bank, 2012). However, they do not specific 

especially households which have older people with limited mobility, chronic illness and stress. Understanding how older people 

response to flood, it will necessarily be on preparedness program for preparing and providing appropriate assistance to the older 

people including health, economic and social support to the elderly during flood. 

 
2. OBJECTIVE 

The objective of this paper was to explore the response of Thai elderly during mega flood in Phutthamonthon district of 

NakhonPathom province. 

 

3. DATA AND METHODS 
This study based on the quantitative research method. People aged 60 years and over in the Phutthamonthon 

district, NakhonPathom province of Thailand, were collected. The samples were 238 cases who affected by flood during 

February to July 2011. Data were taken from the survey of the “Impact of Flood Crisis and needs of the older people in 

Phutthamonthon district, NakhonPathom province”.  

 
4. RESULTS 

Table 1 presents the characteristics of older people who were affected by flood. Overall, most of the older people  in 

this study were aged 60-69 years. More than two thirds of older people were female (69%) with the age of 70-79 years (75%). 

Besides, more than a half of the older people (64%) were head of the household. When considering on the flood information of 

older people (table 2), it is found that more than two-fifths of older people (41%) among those who had faced a water crisis had 

average level of flood 1.5-2.0 meters and average period of flood was 45 days up to 60 days (Table 3). 
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Table 1: The number and percentage of older people by sex and age group 

 

Table 2: The number and percentage of household headship of older people  

 

 

Table 3: General information of flood 

Information of flood Number Percent 
Level of flood   

<0.50 M 18 7.6 

0.50 M.- 1.00 M 31 13.0 

1.01M-1.50 M 59 24.8 

1.51-2.00 M 97 40.8 

> 2.00 M 33 13.9 

Period of flood   

<30 days 14 5.9 

31-45 days 25 10.5 

46-60 days 100 42.0 

>60 days 99 41.6 

Total 238 100.0 

 

                               Age group Male Female Total 

 60-69 Number 43 76 119 

Percent 36.1 63.9 100.0 

70-79 Number 22 66 88 

Percent 25.0 75.0 100.0 

80+ Number 8 23 31 

Percent 25.8 74.2 100.0 

Total Number 73 165 238 

Percent 30.7 69.3 100.0 

                  Household Status 
                   Number Percent 

Headship    152 63.9 

Headship’s couple 34 14.3 

Dweller 48 20.2 

Others 4 1.7 

Total  238 100.0 
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In regards to response of older people to flood, only half of elderly (53%) decided to migrate temporarily to another 

place. However, a slight higher percentage of elderly aged 70-79 (58%) and 60-69 (51%) decided to migrate compared with 

elderly aged 80 and above (48%) (Table 4).  

 

 
Table 4: The number and percentage of older people who response to flood  

Age group  Migration Non-migration Total 

60-69 Number 61 58 119 

 Percent 51.3 48.7 100.0 

70-79 Number 51 37 88 

 Percent 58.0 42.0 100.0 

80+ Number 15 16 31 

 Percent 48.4 51.6 100.0 

Total Number 127 111 238 

 Percent 53.4 46.6 100.0 

 
 When focusing on older people who still lived in their house during flood (table 5), several reasons were found in this 

study. The commonly mentioned reasons by elderly were they wanted to protect their belongings (63%).The second reason were 

they did not want to migrate to flood relief center (12%). It is notable that more than a tenth elderly reported they had money for 

staying in their own house (11%).   

 Among those elderly who moved from their own house, almost half of elderly (44%) moved to their 

children/grandchildren house while 17 percent moved to their relative’s house and flood relief center (16%) respectively (Table 

5).  

 

 

Table 5: The reasons for non-migration and destination of older people  

 Number Percent 

The reasons for non-migration   

wanted to protect their belonging 89 63.1 

do not have second home/do not have flood relief center nearby house 10 7.1 

do not want to move to flood relief center 17 12.1 

health problems 3 2.1 

can stay at home 6 4.3 

had money for staying 16 11.3 

Total 141 100.0 

The destination for migration   

relative’s house 21 17.2 

flood relief center 20 16.4 

children/grandchild 54 44.3 

friends/neighbours 9 7.4 

others 18 14.8 

Total 122 100.0 
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It is found that one third of older people (30%) effected by physical health during flood. Among those older people 

who had problems by the effect of physical health, more than two third of them were dermatitis (71%) while there were 16 

percent of older people had respiratory syndrome (table 6).  

 

Table 6: The number and percentage of older people who effected by physical health 

 
Diseases                      Number  Percent 

conjunctivitis 2 3.2 

respiratory syndrome (influenza, pneumonia) 10   16.1 

 dermatitis, skin disease 44 71.0 

salmonella 6 9.7 

Total 62 100.0 

 

5. CONCLUSIONS 
The finding of this study can be the baseline information of Thai elderly in Phutthamonthon District, Nakhon Pathom 

Province for the government to provide preparedness program. It is indicated that most older people who had children, relatives, 

or friends decided to move out easier than elderly who did not have any destination. Some older people still lived in their house 

because they wanted to protect their properties. Even the government provided the flood relief centres, only few elderly decided 

to move to flood relief centre. Furthermore, the results indicate that the government should realize the Thai context because they 

are more likely to be at home and protect their properties without realizing about risk. Therefore, this study will be useful for the 

government for the preparedness and mitigation plan for the elder people in the future. 
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Abstract:  

Increasing safety and decreasing casualties and citizens’ financial damages in unforeseen disasters, such as earthquake are among 
the goals of the urban crisis master plan. Determining and developing emergency transportation net to access to the survivors and 
victims of the disasters in search and relief operation is a part of the plan. Tehran as a megalopolis, with 700 square km and more 
than 8 million people (above 11 million in work hour) requires efficient crisis management a set of preventing plans to manage 
the risks. Cities in different ways have been affected by natural disasters, but urban planners must prepare plans for 
overcrowding, effective relief operation, emergency transportation net, evacuation… in advance.in the article, we try to introduce 
emergency transportation net for the situation after occurrence of crisis and the response operation.  

Keywords: Emergency transportation net, critical routs, relief operation, vulnerability, crisis management.  

Source: Center for Research on the Epidemiology of Disaster (UN-ISDR), 2011.  

 

1. Introduction  

The correlation between biological fates of human beings and the natural and artificial environment surrounding them is now 
generally considered one of the very serious issues, especially in urbanism. City and urban environment is the most outstanding 
symbol and expression of human desire for civil and social life. 

What is a city? For an economist, city is some means for economy enhancement and has necessary qualifications for physical and 
potential assets. For a politician or a planner, city is a place for network connections or roads, infrastructures and dynamics and 
for the work force and emigrants to the city is a safe shelter and a source of livelihood.  

For city planners and investors in the development segment, city turns to houses and residential dynamics and physical assets. 
For a citizen, city is more like a physical and cultural field which in addition to all the mentioned items is a place for political 
freedom and a source for cultural and intellectual power that all can suddenly be endangered by storms, high sea waves, 
monsoons, volcano eruptions or earthquakes. 

Cities can be considered development, innovation, glory and citizen interaction promotion motors. While cities only hold 1 

percent of the earth surface, they are homes to half of the population of the world and in near future are going to hold two thirds 
of all the population of the earth. Urban areas around the world consume 75 percent of global energy and are responsible for 
producing 75 percent of the greenhouse gases. At the moment 1 billion people live in cities which are vulnerable to earthquakes 
and another 1 billion live in cities facing climate risks and changes such as storms and other climate dangers.  

Source: Center for Research on the Epidemiology of Disaster (UN-ISDR), 2011 

 

Last year was one of the highest ranking years concerning casualties of natural disasters. According to the mentioned report, in 
the year 2011 we had 373 natural disasters which killed more than 300.000 and affected more than 200 million people, and the 
loss is around 110 billion dollars. 75 percent of the disasters happen in developing countries and 92 percent of the casualties also 

happen in these countries and is the reason to 55.4 percent of economic losses. In developing countries, 13.4 of GDP are spent for 
the disasters, but in developed countries it is just 1 percent of the GDP. 

The mentioned report emphasizes, the key point, that measures related to vulnerability reduction and other risk and danger effects 
must be put under consideration, especially in developing countries. There’s no doubt that we should act today, otherwise we are 
going to see more and more disasters especially in societies which lack integrated urban and environmental planning.  
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The endangered megalopolis of Tehran which spreads more than 700 square km and has a population of over 8 million 
(population in daytime is over 11 million) needs a chain of municipal plans and programs. The correlation between these plans  
and their mutual effects in intermediate and local macro level can be put under consideration as a logical necessity. In addition to 
relations and activities happen in the city, other factors like buildings, roads, spaces and structures also constitute a cit y. In other 
words, city life and its structures affect each other. Municipal plans and programs determine the correlations between activities 

and city structural factors. The people and their activities, as “primary factors” give life to structural factors of the city. The plans 
necessarily determine the total framework of activities, limits, difficulties and facilities.  

Growing trend of urbanization has brought opportunity and prosperity for most of the people; but of course it is true only in those 
cities that are well planned and programmed and infrastructural services and facilities in which have grown parallel to the fast 
growth of the cities. But on the other hand, increases in natural disasters along with the increase in the density of the cit ies plus 
timeworn infrastructures can toll the bells of danger.  

Major parts of the population of the earth are in areas affected by potentially dangerous natural disasters. Cities in different ways 
have been affected by natural disasters, but urban planners must prepare plans for overcrowding, effective relief operation, 
emergency transportation net, evacuation… in advance.  

Finally, challenges resulting from fast and irregular growth in most of the cities, overcoming backwardness in some cities and 
expansion of informal sectors and role of the cities in two important issues of prevention and facing climate change reveals more 
than before the necessity for formulating strong integrated plans. 

2. Problem Definition 

When a strong earthquake happens, the situation in the cities becomes abnormal and there’s a possibility for the followings: 

Current Situation: the dead, casualties, the homeless, fire, vital networks being out of order, demolition of the buildings and 
property, hunger, thirst, cold/heat, traffic and transportation network blockade, assault and looting, wandering animals and 
vermin. 

Needs: life primary requirements (water, food, hygiene, light, heat), communication, phone, transportation emergency network, 
means of transportation, security, search and rescue groups, cure, emergency settlement locations.  

An Emergency Transportation Net is one of the major requirements to provide easy access to victims of the disasters and 
accidents and enhances the speed of search and rescue operation, emergency settlement and supplying the primary equipment of 
life. 

The mentioned considerations more than before shows the importance of preparing and formulating a comprehensive plan for 
city disasters management in order to enhance safety and decrease life and financial loss regarding the unexpected events and  

accidents (earthquakes) which is one of the major factors in comprehensive planning of effective city disasters management, 
identifying and providing an emergency transportation network. 

In disasters and accidents which lead to heavy losses, the road nets are worth a lot in help and rescue. That’s why the 
transportation network is one of the vital and primary veins, and functions fundamentally.  

Freeways and highways inside the city play an important role in providing the emergency transportation network. The spatial 
structure of Tehran is in a form that even makes the planning of a new transportation system difficult. A city with high density, 

vast distribution, vocational areas in whole city and frequent commuting which makes the public transportation system 
ineffective even in the normal situations.  

At the moment, traffic in Tehran transportation network on morning rush hours is more than its capacity which practically makes 

all the major roads, high ways and city routs to function on the crucial level (D to E). Certainly vast occurrence of disaste rs on 
rush hours in Tehran causes a lot of problems for the rescue operations in Tehran. 

3. Right Problem Definition (Goals) 

Search, rescue, help and accident control at the time of the earthquakes, should all be done simultaneously. A lot of organizations 
are responsible for these. City and province disasters management headquarters, medicinal and hospital centers, Red Crescent, 

fire department, disciplinary force and the police, water, electricity, gas and telecommunication organizations should have fast 
access to the road networks at the times of the disasters so that they can easily reach the damaged areas.  

So, planning and assigning responsibilities and scope of action for each of the above organizations in all levels of the disasters 
management chain (prevention, alertness, encounter and recovery) is very important. 
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3-1 Maintaining and providing competency and performance of the emergency response operation done by special groups 

(rescue groups) 

After the earthquakes, because the bridges and roads demolish and there are debris and rubbles from the buildings, and also 
because of the uncontrolled movements of personal cars, the road networks block. On the other hand, the proper, effective and 
required emergency response operation, from collecting information to search and rescue, firefighting and establishing security, 
first aids, distribution of necessary items etc. all need the road network to act properly. In other words, no roads should be 
blocked or disturbed by personal cars. In order to maintain the efficiency of the roads, providing effective network systems, ease 

of travel in urban traffic network, it is recommended that there be an emergency roads network system so the emergency 
response operation to be done smoothly and fast. Of course planning for emergency transportation network system in Tehran is in 
its primary levels and still under study. 

3-2 Responsibilities and roles for providing and maintaining emergency routes network 

To provide and maintain the performance of the emergency routs network before and after the earthquake, in a program 
systematized by the related organizations, the following responsibilities and roles should be determined and coordinated: 

3-2-1 Role of alertness in reinforcing and establishing emergency routes network systems before the disasters   

Comprehensive and systematized planning in the following fields which are the result of team and group work of the responsible 
organizations is necessary before the disasters: 

To establish emergency response and disasters management centers which are considered inputs to the studies concerning plan of 
emergency routes network (Tehran prevention and disasters management organization, deputy of transportation and traffic and 
organizations responsible and caretaker of disasters management). 

To assign the emergency routes (Tehran mitigation and disasters management organization, deputy of transportation, deputy of 
urban services, traffic control center, technical and urban municipal deputy of Tehran). 

To formulate, enhance and reinforce plans and programs of those roads and bridges networks which are allocated to the 
emergency roads network, after they have been assessed for their vibration resistance (deputy of transportation and traffic and 
technical and civil municipal deputy of Tehran).  

To establish accurate parking control systems in normal hours in roads allocated to emergency affairs.  

To establish a control and public relations system (to tell the people) about the availability of the personal cars to the routes 
allocated to emergency affairs, after the occurrence of the earthquake (traffic department, office for issuing the license and plan 
for traveling of the rescue vehicles, deputy of transportation and traffic, and traffic control center). 

Establishing a system to guide and distribute the information about the emergency routes network (traffic control center, deputy 
of urban services, cleaning the routes which are covered with debris, deputy of transportation and traffic). 

4- The roles and assignments to maintain the emergency transportation network after the earthquake 

Given the attitude of disasters management towards group and team work, prediction of the assigned and natural responsibiliti es 

of the responsible organizations in all of the levels is only practical and applicable in the framework of the comprehensive 
planning and programming of the disasters management. 

To follow the regulations concerning the disasters, to start controlling the availability of roads to personal cars and removing 
these vehicles from the roads allocated to emergency affairs (traffic department). 

To gather information about the fundamental damage of bridges, roads and debris of the ruined buildings on the roads allocated 
to emergency affairs (traffic control center, deputy of transportation). 

To prioritize and order the emergency response of the special group to collect the debris and clean the routes (Tehran Mitigation 
and disasters management organization). 

To inform all of the disasters management and emergency response centers about the usable network of emergency routes 
(prevention and disasters management organization along with the traffic control center).  

To collect debris of facilities and fallen bridges on the roads which are allocated to emergency affairs (section of urban se rvices 
and the related organizations).  

620



4 

 

To repair and restore the damaged facilities along the roads which are allocated to the emergency affairs (deputy of transportation 
and traffic – deputy of urban services). 

To control the availability of the roads allocated to the emergency affairs to personal cars (traffic department- deputy of 
transportation and traffic). 

To manage the smooth movement of rescue vehicles on roads allocated to emergency affairs (traffic control center).  

5- The fundamentals of planning an emergency transportation network 

The following items should be considered in selecting the roads which constitute the emergency transportation network: 

- The possibility of immediate connection of these roads to the transportation network outside the city, airport and 

railroads and there should be adequate spaces beside them to store the goods which are to be sent.  
- At the time of the disasters, these roads should not be blocked and they should have enough width (at least 14 to 15 

meters) so that the emergency evacuation of refugees and travel of emergency vehicles become possible (figure 1). 
 

 
 

Figure 1: the width of the route for emergency evacuation 

 

Traffic control center, deputy of urban services, cleaning the routes which are covered with debris, deputy of transportation and 
traffic 

Tehran prevention and disasters management organization, deputy of transportation and traffic and organizations responsible and 
caretaker of disasters management 

Traffic department, office for issuing the license and plan for traveling of the rescue vehicles, deputy of transportation and traffic 
and traffic control center 

 

- To the extent possible, there must be no geotechnical dangers (such as surface faulting, landslide and gravel falling, 

ground sag) around these roads. 
- Emergency roads should not be steeped more than 8 percent so that the heavy and light rescue and supporting vehicles 

can travel easily along them.  
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- The radius of the turns along the roads should be enough for the fire engines and rescue vehicles.  

- Although the above items are necessary for selecting roads located in emergency transportation network, if there are 

cases in which a part of the route cannot meet the needs, in order to come close to the required limits as much as 
possible, factors like correcting and reinforcing of the route or assigning an alternative detour should be put under 
consideration. Doing so sometimes requires notable time and cost and therefore different parts of the emergency 
network should be prioritized in advance and then the required measures should be planned and implemented.  

Also it is necessary to pay attention to the following items along the routes which constitute the emergency transportation 
network: 

- It is forbidden to build high rise buildings, dangerous and inflammatory facilities like gas stations, warehouses for 

chemical and flammable materials, installing big commercial billboards and the like near these routes and in case such 
things were there beforehand, their vibration resistance should be assessed and reinforcements should be done, if 
needed.  

- For the pylon not to fall on the road at the time of the earthquake, it is better to install high voltage cables under the 

ground to the extent possible. Also the street lights, pedestrian bridges, boards and other facilities located along the 
route should have proper vibration resistance.  

- There must be locations for rescue helicopters landing and takeoff so that the injured could be transported fast.  

- To the extent possible the necessary measures to manage transportation at the time of distress (such as installing 

cameras in the city, drawing lines, installing boards and special traffic signs, providing necessary means to limit or 
block the access and removing the disturbing vehicles and establishing needed detours) should be dealt with 
beforehand. 

- To assess the competency of the routes and the measures of transportation management by periodical maneuvers.  

 

6- Explaining the method to plan a network 

In 1381, Tehran disaster prevention and management organization in cooperation with the center for transportation studies, 
embarked on primary studying and identifying the transportation and traffic network. Following them, the JAIKA study team, 
while doing the studies on the comprehensive master plan study on urban seismic disaster prevention and management, (at the 
same time as revising the mentioned plan), put forward the following items and recommended a comprehensive plan for Tehran 
emergency transportation network: 

- In the plan JICA recommended, the main government offices in the nation level, become the emergency response 

centers and the routes between these offices in the city are considered the primary choice of the emergency network.  
- One of the important factors in selecting these routes is to prioritize and determine the degree of importance of the 

network and the transporting routes, based on the presence of the critical or de-escalation sources along the routes.  

Although selecting the shortest route is important, it is not necessarily the safest. Therefore assigning and recommending the 
following levels is worth noticing and necessary for providing an emergency transportation network: 

6-1- recommendation of three levels of emergency transportation network system. 

The emergency transportation network system consists of three network levels which matches the rescue actions timetable 
according to the following: 

 Main emergency routes 

These routes connect the national, provincial, urban, regional and sub-regional disasters management centers, and also 
the airports and shipping ports to the transportation groups. To establish this network, according to the data and the 
required information, all the emergency response centers must be properly identified and classified on the base map.  

 Emergency detours 
These routes connect together all emergency response centers allocated to search and rescue, firefighting, providing 

security, emergency routes and medical parts. Given the data and the needed information, all the emergency response 
centers must be properly identified and classified on the base map. 

 Small emergency routes 

These routes connect the identified centers for storing water and distributing food, water and the necessary goods. 
According to the data and the needed information, all the centers for storing and distributing the necessary goods 
should be identified and classified on the base map,.  
The emergency routes network must be selected from the current routes network and their width must be more than 15 
meters so that the dangers and detour and side road losses would be diminished to the extent possible. 
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The emergency routes network should not be absolutely private. The usage limit of these routes must be coordinated 
according to the competency of all emergency response groups. Otherwise, the allocated routes network cannot  be 
used during the first three days of the disasters and earthquake. This amount of time is the limit that the complete 
emergency response action faces. 
 

6-2 Dangerous, vulnerable and population centers 
The density of the population plays a key role in the speed of the rescue operation and travel in the emergency 
transportation network. Normally, the more the density of the population, the less the speed.  

 

Speed reduction rate Speed of night time 
evacuation 

Speed of daytime 
evacuation 

Rate of population density in 
square meter 

Normal speed 3.6 Km/h 5.4 Km/h m2/persons 1.2 

Less than 30 percent Km/h  1.1 1.6 Km/h m2/persons 3 

Less than 10 percent 0.3 Km/h 0.5 Km/h m2/persons 4 

 

Figure 3: comparison between population and the speed of evacuation 

Source: the Comprehensive Master Plan Study on Urban Seismic Disaster Prevention and Management for the Greater Tehran 
Area, Tehran Disaster prevention and Management Organization, 1379 

 

6-2-1 population centers 

In every accident, neighborhoods and residential areas are vulnerable to human loss. Therefore in performing the rescue 
operation and in order to give services, it is necessary to have access to these areas.  

6-2-2 vulnerable parts of the city 

In this analysis, those centers need firefighting services, are put under consideration. Examples of these centers include: 
residential centers and dangerous areas. 

6-2-3 dangerous centers 

Dangerous centers include centers in which in case of accidents, the dimension of the primary and secondary loss is very high . 

These areas are place to keep and distribute flammable materials like gas and other oil products (such as gas station, gas pumps, 
gas distribution centers) or they are keeping and using place of chemical and other dangerous materials.  

 

7- How much to use GIS in determining the emergency transportation network 

To examine and determine the use of the primary access network needs a huge amount of information and also the possibility of 
this information to be updated needs to be done easily. In addition to that, the results of the analysis should be handed fast and 
easily so that the various needs would be met. The possibility to share the information and use of the information banks provided 
by the GIS is also another reason to use the GIS system. GIS1 is a collection of hardware, software and detailed graphical 
information. 

 

 

                                                             
1 Geographic Information System 
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Data Base & CAD Base and how to manage them 

All the geographical and descriptive data (maps) which are collected from the city is systematized in GIS and the required output 
(Data Base & CAD Base) is given in forms of digits. The routes network which is under analysis can be a network with an 
accuracy of one thirty thousandth to 0ne ten thousandth.  

7-1 the method of analysis 

The analysis of the data can be done in two levels. In the first level, we begin with determining the routes base network. Then, the 
data files of disaster management, emergency response (such as ministries, disaster management centers, firefighting, etc.), 
population and dangerous centers are provided software, like Arc view and Network Analyst. In the second level, first, using the 
prepared plan in the software, the shortest routes between the emergency management centers (critical and de-escalation) and all 
the population centers are assessed. Then, the assessed shortest routes between the said centers are prioritized; so a specified 
value is given to each one of the determined routes between one management center and one population center (based on the 
population of that center comparing to the population of other centers). Next, summing all the routes, the value of the connections 
consisting these routes is determined on the routes network. This trend is also done for the routes between critical, de-escalation 

and dangerous centers and this will be the criterion for the estimated danger of each one of the dangerous centers. This way, at 
the end of the second level, the primary routes are determined. These primary routes constitute a network of passageways which 
are usually 30 percent of all the passageways. 

 

8- Conclusion and offering corrective techniques  

As mentioned before, Tehran seismic disaster prevention and management organization, in cooperation with Japan international 
cooperation agency embarked on preparing the comprehensive master plan study on urban seismic disaster prevention and 
management for the city of Tehran. In this study, the emergency transportation comprehensive plan was primarily checked and 
the necessity of which was offered in forms of applicable steps. 
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The plan JICA proposed for the emergency transportation network: 

8-1- the first step 

To identify disaster management centers/the main transportation knots for the main emergency routes (the most important 
required data and information is given by the caretaker and responsible organizations).  

A- National level: Ministry of the Interior and all organizations which are the caretaker and responsible for disaster 
management 

B- Provincial level: Provincial disaster management center (offices for unforeseen incidents) 

C- Urban level: Tehran disaster prevention and management organization 

Towards Qazvin, Karaj 

Towards Save 

Towards Emam Airport, 
Qom, Esfahan 

Towards Ghamsar 

Emergency routes 

network 

Primary Emergency 

routes 

Secondary emergency 

routes 

Main routes 

 

Figure 2:  Tehran Emergency Passageways Network 

Source: the Comprehensive Master Plan Study on Urban Seismic Disaster 

Prevention and Management for the Greater Tehran Area, Tehran Disaster 

Prevention and Management Organization, 1379 
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D- Regional level: Regional disaster management center or regional departments (Regional disaster management 
headquarters) 

E- Sub regional level: Sub regional offices 
F- Airborne knots: current and new international airports 
G- Public relations: radio and TV stations and news agencies 

 

8-2-the second step 

Identifying emergency response centers for emergency detours 

Firefighting/ search and rescue/ providing security 

Firefighting stations, Red Crescent stations, disciplinary force offices, military garrisons  

Medical and hygiene centers 

Ambulance centers, hospitals, hygiene centers, blood centers, medication and medical equipment centers  

Emergency routes: 

Traffic department (GIS data), traffic control center, deputy of transportation and traffic, deputy of urban services and private 
companies responsible for collecting the debris 

Autopsy services, identification, shrouding and burial: legal medicine and cemetery (Behest Zahra) and identification 

Structure inspection/ providing temporary settlement: responsible organizations like the municipal and urban Red Crescent 
societies 

Collecting and cleaning the debris: 

Deputy of urban services and associated private companies, debris collecting contractors and debris dumping locations 

1. Vital lines: water 
Water purifying stations and tanks along with the emergency recovery centers 

2. Vital lines: gas 
All the recovery and emergency response centers 

3. Vital lines: electricity 
All the recovery and emergency response centers 

4. Vital lines: communications 

All the recovery and emergency response centers 
The data and the information for the identified facilities can be obtained from the responsible organizations  
 

8-3- the third steps 
Identifying the necessary goods centers for the small routes 

 Wholesale bazaars and food storing places (grains, vegetables, meat, etc) 

 Other goods wholesale keeping 

 Railroad stations 

 Regional bus stations 

 Regional railroad stations 

 Metro stations 

 Evacuation: regional evacuation zones (proposed by JAIKA for the city of Tehran), urban, regional and sub-

regional services 
 

8-4- the fourth step 
The analysis of the shortest route possible (route finding) is done to estimate the least amount of time, so all 
the identified centers on all the levels of emergency routes would be connected to each other. The emergency 

routes proposed by JAIKA are selected from the approximate amount of travel on routes and the routes 
between centers which are based on route selecting methods.  
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The points which must be reviewed on three levels proposed by the disaster management center on the issue 
of emergency routes network proposed by JAIKA are as follows: 

 The center identified from the first, second and third steps must be reviewed and revised as soon as 

the emergency response plan finalizes 

 The JAIKA identified centers must be replaced according to the final plan 

 The shortest route analysis must be done for the new centers so that the three levels of the 

emergency routes network would be finalized 

 Vibration resistance of all the bridges on the selected emergency routes must be assessed and if 

necessary a reconstruction, reform and reinforcement program must be done for the vulnerable 
bridges 

 Routes repair and enhancement plan is suggested in the following vulnerable zones: 

 Extending the narrow routes 

 Preparing the shock absorbers in order to reduce the effect of the road dangers 

 To enhance reinforcement measures and reconstruct the vulnerable buildings which are by the road 

 

9- Conclusion 

Most of the cities of Iran do not own a proper urban transportation network and disasters like a high Richter earthquake can cause 

vast damages, high human losses and also destroys this network. If the urban transportation network demolishes and blocks, there 
will be a delay in reaching the damaged locations and commencing the help operation. So, for the help, search and rescue 
operations to speed up, it is so necessary to plan and make the emergency traffic network operational.  

Tehran owns a 356.2 km long transportation network and almost more than 2 million people cross the portals around the city. 
This network now just covers 1.1 million people during the morning rush hours, which is the actual reason for heavy traffic in 
most of the main routes and parts of the freeways. It is obvious that in case of emergencies during the rush hours there will be 
disasters in the transportation network, and firefighting, search and rescue and other emergency operations face serious problems, 
therefore in order to avoid such situations it is necessary to plan and predict the emergency routes network. Investment in 
subjects related to risk reduction is no longer a choice or proposition, but a necessity all countries of the world should use. 

 

 

 

Sources: 

1. Tehran Disaster Management Organization, Japan International Cooperation Agency, Seismic Micro Zonation of 
the Greater Tehran Urban Area, Tehran, 2001. 

2. Tehran Disaster Management Organization, Japan International Cooperation Agency, the Comprehensive Master 
Plan Study on Urban Seismic Disaster Prevention and Management for the Greater Tehran Area in the Islamic 
Republic of Iran, Tehran, 2004 

3. Center for Research on the Epidemiology of Disaster (UN-ISDR), 2011 
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ABSTRACT: The valuable role that science has to play in disaster preparedness and risk reduction has been 
highlighted in the discussions on the development of the HFA2. However, there are usually many factors that 
limit how effectively science is able to inform policy and practice. Understanding these limiting factors and 
how they might be overcome requires a broad interdisciplinary view. Here, we are taking an international 
comparative approach to observe the use of science, and what this might mean for future policy 
recommendations, in different contexts: the US (in the management of flooding and wildfires) and south Asia 
(in earthquake risk reduction activities). Our preliminary findings highlight (i) the need for a participatory 
approach with stakeholders engaged early in the science-policy process, (ii) the need to understand the role of 
political, social and cultural processes and their implications for the way in which scientific knowledge is 
generated, used and shared (iii) the need to ensure that the provision of scientific knowledge and the 
development of new research supports wider resilience and technical capacity building, (iv) the need for 
greater consideration of the way in which new scientific research dovetails with existing DRR projects and (v) 
the need for more coordination and interaction between research projects, particularly when resources are 
often limited. Here, we will present a preliminary framework for our collaboration that will build on these 
findings and engage decision makers at all levels.  

Keywords: interdisciplinary research, DRR, comparative public policy, earthquakes, urban flooding, wildfires 

1. INTRODUCTION 

Within the priorities for action that underpin the strategic goals in the Hyogo Framework for Action (HFA), the anticipated role 
of science and scientists is clear, in particular, with respect to risk assessment, loss estimation, space-based observation, early 
warning and forecasting (Priority 2). However, more generally, is the importance of information sharing and cooperation, and 
cross-disciplinary networks (Priority 3) and developing technical and institutional capacity for effective disaster management 
(Priority 5). The role that science must play after 2015 has been emphasised in the post-2015 consultation process, e.g. in the 
Chair’s Summary of the 4th Global Platform for Disaster Risk Reduction (DRR), hereafter referred to as the Chair’s Summary 
2013, and the Report of the UNISDR Scientific and Technical Advisory Group (Southgate et al., 2013). The four key 
recommendations for moving forward presented by Southgate et al. (2013) are: encourage science to demonstrate that it can 
inform policy and practice (R1); use a problem solving approach to research that integrates all hazards and disciplines (R2); 
Promote knowledge into action (R3); and science should be key to the Post-2015 HFA (R4). 

The interdisciplinary and collaborative research presented here seeks to explore the implications of these recommendations. We 
take a comparative approach – both with respect to different hazards (earthquakes, flooding and wildfires) and geographic 
context (south Asia and the United States). The following sections outline, first, the rationale for this perspective, second, 
descriptions and preliminary findings from our respective involvement as researchers in DRR activities at the national, 
organizational and local levels across very different geographical, cultural, and socio-economic scales, and third, an integration of 
the preliminary findings in response to the four key recommendations described above.  

2. DEVELOPMENT OF THE COLLABORATION AND RATIONALE FOR OUR APPROACH 

The overarching research question on which our collaboration is based is this: how is science used to make decisions for DRR 
from the international to local scale, what does this mean for future policy recommendations and what can be learned by 
comparing between hazards, disciplines and geographic contexts? Given the complex terrain this question takes us into, both 
scientific and policy perspectives are required. 

Our research collaboration brings together different perspectives: that of a social and policy scientist (Lindquist) and a 
seismologist (Sargeant). Lindquist is working with local and regional stakeholders at multiple levels of governance, including the 
primary state agency responsible for DRR, local agencies and interest groups on the two predominant hazards in the region: 
wildfires and the wildland-urban interface, and urban flooding. Sargeant is working with a wide range of stakeholders (including 
local researchers, humanitarian and development organizations, national NGOs, and UN organizations) in central and south Asia 
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on projects with a strong focus on ensuring that scientific information and research have a positive impact on increasing 
resilience to earthquakes.  

The authors met at the 2011 General Assembly of the European Geosciences Union (EGU), and stayed in regular contact and 
developed the collaboration informally, e.g. by organizing an EGU side meeting in 2012 that brought together international 
scientists from various disciplines to share their experiences of working at the interface between science and decision making for 
DRR (‘Sharing Stories - Natural hazards and social sciences: findings from the field’). Points raised in the discussion included 
the need for strong arguments to persuade researchers to collaborate across the physical-social science divide, the challenges for 
scientists around identifying and reaching the right audience, and the importance of identifying and understanding the needs of 
decision makers. The group agreed that greater understanding amongst scientists of the decision making process is important.  

3. THE USE OF SCIENCE IN DISASTER RISK REDUCTION ACTIVITIES: CASE STUDIES AND 
PRELIMINARY COMPARATIVE FINDINGS  

Working independently, the authors are conducting DRR in two very different regions of the world. This section details the two 
discrete local cases, earthquakes in Bangladesh and Nepal, and wildfire and flood risk in the semi-arid region of southwest Idaho, 
in the Western United States.  

3.1 Earthquakes in South Asia 

The geographic focus here is Bangladesh and Nepal. Bangladesh is a seismically active region with a history of large damaging 
earthquakes. Despite their relatively frequent occurrence in the 18th, 19th and early 20th century, there have been no earthquakes 
greater than around magnitude 7 since 1930. Since that time, the population of Bangladesh has risen significantly and the main 
cities of Dhaka and Chittagong now have populations of approximately 16 million and 7 million, respectively. A variety of 
organizations and groups are engaged in earthquake DRR activities including the Bangladesh Ministry of Disaster Management 
and Relief and UNDP (collaborating through the Comprehensive Disaster Management Program) and a range of national and 
international NGOs such as the NARRI (National Alliance for Risk Reduction and Response Initiatives) consortium. 

The involvement by Sargeant in Bangladesh has been in designing and facilitating an earthquake risk management training 
course for staff from NARRI in 2011-2012. The aim of the course was to increase the use of earthquake information in 
operational decision making. Ensuring that the scientific information used in the training was consistent with what is being used 
by CDMP and making it useful was a priority. To do this, the structure and content was co-designed by Sargeant, with staff from 
Concern Worldwide and the International Rescue Corps. A mixture of relatively informal lectures (basic aspects of earthquakes 
and their impacts, risk and the CDMP scenarios), focus groups and practical exercises was used. By the end of the week, the 
participants had considered the potential impact of an earthquake on different aspects of their operations (rural and urban 
contexts, programs and systems), and how this impact might be reduced.  

Nepal also has a history of damaging earthquakes. Numerous organizations are involved in earthquake DRR including the 
National Society for Earthquake Technology (NSET) and the Nepal Risk Reduction Consortium (NRRC). The NRRC brings 
humanitarian and development partners together with financial institutions in partnership with the Government of Nepal. 
Sargeant’s work here is part of Earthquakes without Frontiers (EwF), a 5-year (2012-2017) transdisciplinary research project in 
the Alpine-Himalayan belt (with focus on Nepal and Bihar, Kazakhstan and China). The nature of the transdisciplinary process in 
each place is strongly context dependent and EwF’s activities in Nepal build on existing relationships with key stakeholders. 
Recent activities in Nepal (led by Dr Katie Oven from Durham University) have included focus group discussions facilitated by 
the earth and social scientists from the EwF team to explore how science is currently being used here in decision making for 
earthquake DRR, and how EwF’s activities can support this process. The groups included scientists, DRR practitioners, staff 
from UN organisations, donors, and engineers and urban planners. The content of the discussions is currently being analyzed but 
all of them highlighted the complexity of the decision making environment with respect to how science is commissioned, shared, 
used and understood. In regard to the recommendations in Southgate et al. (2013): 

R1: The Bangladesh example shows that while it is possible to demonstrate what informed the design of the training and how it 
was implemented, how this then informs day-to-day decision making in the longer term within different organizations is less easy 
to demonstrate (and may be beyond the role of science and the scientist). 

R2: Both examples highlight that navigating the local context, working across disciplines and building the necessary relationships 
with potential stakeholders to define the problem and work towards a solution, requires sustained engagement and can take a long 
time (years). 

R3: Sharing and disseminating scientific information and translating it into practical methods should be done with a good 
understanding of what scientific information is currently available and what barriers exist that prevent that information from 
being accessed or shared. 

R4: Scientists have a vital role to play in DRR but we are one actor among many, and the evidence we can provide is only one 
element that will help a decision to be made or an action taken. The complexity of the decision making process and the context in 
which it occurs often makes it difficult to provide evidence of what impact science was applied to policy and practice. One might 
ask whether decision makers should also provide evidence of what information has informed key decisions.     
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3.2 Flooding and Wildfires in Boise, Idaho 

The geographic focus for the US case study is on the Boise River Basin (BRB), and the multiple resource management and policy 
network stakeholders and their efforts to make or influence policy in the region. Situated in Southwest Idaho, the Boise River 
Basin represents a complex and dynamic environment. The Basin includes approximately 4,100 square miles of land. Flowing 
from the mountains through urban and rural areas, subdivisions and agricultural land, as well as federal lands, the Boise River is a 
highly managed basin, with multiple dams and diversions, and is regarded as a highly desirable amenity and ecosystem service 
provider for the region. It is also a very polarizing construct in that the diverse interests engaged in decision making in regard to 
the river do not share the same values, perceptions, and constituents. Although actual decision and policy making is in the hands 
of a few agencies (US Army Corps of Engineers and US Bureau of Reclamation, for example), it is estimated that up to 300 
different interests and groups are engaged in using, supporting, and attempting to influence the decisions associated with the 
Boise River. The wildfire policy network, located primarily in the populated Ada and Canyon counties, however, is much 
smaller, with an estimated active interest population of 75 organizations, with a more diverse decision making structure. 

The BRB case study applies a policy network approach to DRR in the flooding and wildfire hazard domains. Four main factors of 
the two networks have been identified and compared: type and frequency of hazard, size and type of network, interactions of 
network members, and the role of uncertainty and the impact of climate change within each network. From the perspective of the 
use of DRR science, uncertainty and climate change impact is of interest here. Uncertainty, as to the probability of future hazard 
events, was not prevalent in the wildfire policy network. There is a general consensus among stakeholders about the high 
probability of wildfires in the region every season.  Ongoing research by the author on wildfires and risk perception of residents 
in the wildland-urban interface suggests that even though many newer residents have had so direct experience with these fires, 
they are well aware of the risk associated with where they chose to live. The lack of flooding frequency in the region has had the 
opposite impact on the flooding network, to the extent that there is significant trust in the major agencies to manage future 
flooding events, in spite of indicators that these agencies may be faced with more extreme situations in the future, as a result of 
more vulnerable residents and development in the floodplain as the urban area expands.  

Related to the concept of uncertainty is how the potential impact of climate change as a factor for policy making may vary across 
policy networks (Berkhout 2011). It may be of significance to one network, but relatively ignored in another. Climate change has 
been widely accepted as having a probable impact on wildfires in the future, based on trends and climate science. This increased 
risk relates to changes in precipitation, the advancement of drought and soil degradation, the introduction of non-native grasses 
which are less tolerant of wildfires and the changing ecosystem in general in the semi-arid West.  However, in the flooding policy 
network there has been little mention of climate change as a factor, in spite of increased awareness of the issue and similar 
warnings as to higher probable risk resulting from a changing climate. This may be a reflection of the more immediate and 
physical manifestation of wildfires and their link to climate change, as articulated in the science and media, as opposed to the 
more ephemeral link between a flood and the impact of climate change far up stream at the headwaters. In regard to the four key 
recommendations from the Southgate report: 

R1: Both cases in the Boise area involve the use of science and the engagement between science and policy, although the balance 
is different. While engagement in the case of wildfires is more frequent and interactive, science is used infrequently; however, 
science is generally the key to supporting the rationale for policy change in regard to risks from urban flooding. Both cases rely 
heavily on predictions, and probability of risk and disaster, and aligning policy in response to the risk. 

R2: The wildfire policy network is relatively inclusive of multiple disciplines, such as planning and the policy sciences, and 
hydrology, most problems associated with flood risk mitigation are solved by “hard” or infrastructure solutions, rather than 
policy or behavioral solutions.  

R3: In the case of the wildfires, there is significant effort expended on education and knowledge transfer as a means to mitigate 
against these events. On the other hand, the urban flooding problem is rarely mentioned or considered outside the domain of the 
few major stakeholders involved with flood risk management.  

R4: Science, as shown through the illustrations provided here, is but one factor in the larger information and advocacy efforts by 
stakeholders. In regard to the post-2015 discussion, understanding this reality will be even more critical.   

3.3 Integration and Comparing Cases 

Our preliminary findings from these activities highlight some common issues that are summarized in the abstract. In terms of the 
specific recommendations put forward by Southgate et al. (2013) this section outlines our preliminary assessment of the 
commonalities and differences across our two research projects: 

R1: Our collective findings suggest that there is a significant activity in regard to decision making that science has absolutely no 
impact on. In addition, context is critical at the decision level, as science may be just part of the wide range of information that 
decision makers have to process in order to make decisions. How do we increase relevancy of science in this situation? Increased 
understanding of the decision context and the competition among information types and sources may influence change. 

R2: While problem solving is critical to the use of science, the process of defining the problem, and linking associated solutions, 
is inherently political and bound to specific organizational perspectives and culture. Further, while science can contribute to 
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defining the problem (trends in climate change or wildfires, or earthquake risk for examples) the problem itself may not be a 
scientific one. Both of our studies illustrate the impacts of the lack of agency coordination and capacity, for example.  

R3: There are identifiable efforts at all sites to promote the transition of knowledge to action. This is not, however, a clear cut or 
linear process.  How science converges, is shared, and goes through the system may not be a transparent process, or it may not 
happen at all because of a lack of communication and sharing, or mistrust among agencies or stakeholders. Where science does 
meet the system may also be at different points in the process and through different means, which suggests a need for more 
strategic science engagement. Our cases suggest that translating science into practical methods is a challenge as we need to first 
understand what we can influence under certain conditions. For example, structural versus non-structural risk mitigation 
measures and alternatives are both supported by science, but we need to understand what people can or are willing to actually do, 
and what agencies and governance bodies can actually do and how science fits into these constraints and opportunities.  

R4: In regard to the final recommendation, of science as the key to post-2015 DRR efforts, our collective experiences suggest 
that this perspective places too much emphasis at the scientist’s door. If science is only part of the larger decision making process 
(and not the most important factor at that, under some conditions), is this asking too much?  This recommendation also raises 
concern in regard to how we measure the use of science. What is the evidence of the impact of science? How do we measure 
decision learning through science? What is the relationship between evidence and decision making? Science is routinely useful 
yet are we focusing too much on the product at the expense of the process? These are questions that need to be raised in the 
broader post-2015 DRR discussion. 

This assessment is coloured by several factors related to our relative positions in the field and how we are engaging with DRR 
processes. The individual disciplinary perspectives influence our observations in a collaborative setting. Sargeant, for example, is 
in the position of a scientist engaged in DRR implementation, while Lindquist is positioned more outside the process as an expert 
contributor to the process. This is a case of experiential versus observational participation. Related to this dichotomy is the 
relative time in the “field,” as one researcher (Sargeant) is farther along in regard to the research effort. Moving forward, these 
factors will help link theory with practice as the collaboration evolves and contributes to the discussion of what is beneficial to 
both the broader research community and to the local/individual decision maker, which have very different needs and capacity. In 
this regard, these small scale contextual projects can coalesce and inform the post-2015 dialog.  

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The research presented here is based on the assumption that the successful implementation of HFA at the sub-national level, in 
regard to DRR science, will be impacted by contextual constraints. By applying an interdisciplinary and comparative approach to 
understanding the factors that may limit the use of science at the local level we are addressing concerns raised in the post-HFA 
consultations. According to the Chair’s Summary 2013, the way forward to HFA2 includes an emphasis on implementation, 
enabled local action, and “a clear recognition of a central role for science”. The discussion and conclusions from the research 
presented here focus on these three significant factors as identified through the post-2015 process. As an added dimension, we 
also emphasize a necessary interdisciplinary approach to addressing these issues.  

Our individual activities are strongly related and aligned to what the HFA and post-2015 efforts are attempting to achieve in 
regard to DRR and how science supports this. These activities are converging, conceptually, through our collaboration by 
allowing us to reflect on the broader process and future directions as we witness and assess DRR in action across multiple cases. 
Additional examples of DRR at these and other sites will provide much needed contextual examples of implementation, with 
specific attention on the decision process and role of science. One potential next step from the collaboration is to integrate the 
findings and develop a process oriented conceptual model or framework. 

5. CONCLUSIONS 

Our collaborative and comparative perspective has already revealed insight into post-2015 DRR science implementation at the 
sub-national level, in spite of challenges in developing and sustaining long-distance, international, interdisciplinary research 
collaboration. In order to reduce the geographic friction, the authors recently submitted a US National Science Foundation 
proposal to support planning and field trips. If funded, the authors will develop a strategy for acquiring future funding and 
continue on their individual and collaborative efforts in regard to the issues discussed here. The authors anticipate leveraging the 
new US-UK research relationship which has been established to streamline and support international collaborations between the 
two countries.  
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ABSTRACT: In order to improve the resilience of a society there is a need for understanding and reliably evaluating 
vulnerabilities. Preparing structures, infrastructures, and entire communities for hazards is complicated by the fact that any given 
site may be subject to multiple hazards. A wide range of hazards can potentially affect the functioning of social and economic 
systems. In this paper, we concentrate on blasts and earthquakes as events representative of man-made and natural disasters. To 
illustrate resilience in a multihazard setting, we will demonstrate, perhaps counter-intuitively, that designing structures for higher 
seismicity or rehabilitating seismically vulnerable existing structures does not necessarily translate to having structures that are 
more resistant to blast effects. The performance of a structural system under different hazards may depend on overlapping 
qualities, but ultimately involves different measures as well. For instance, while ductility and deformation capacity are important 
measures of resistance to extreme seismic ground motions, strength can play a significant role in resisting blast effects. 

Past building explosions have demonstrated that most casualties were due to building collapse rather than the initial blast. 
Preventing progressive collapse in structures is a gravely important problem for society, particularly in light of recent terror 
attacks. This paper will relate the design and rehabilitation requirements for natural hazards to progressive collapse resistance of 
structures subjected to man-made hazards. The results can be used to determine in which regions structures are more susceptible 
to progressive collapse due to terror attacks and prioritize structures for rehabilitation. Such an understanding is required to 
effectively allocate limited resources to enhance the resilience of a society. Having identified structural vulnerabilities, a 
framework will be presented to help answer the following questions: Are resilient societies attainable and can the associated costs 
be justified? Are the goals of resilience against extreme multihazards uniquely and strictly defined? 

Keywords: Progressive collapse, multihazard, blast, earthquake, resilience. 

1. INTRODUCTION 
Resilience is defined as the ability to prepare and plan for, absorb, recover from, or adapt to actual or potential adverse events 
within and across the built environment, social, economic, and ecological domains (National Research Council, 2012). In the 
aftermath of adverse events, the primary metrics for resilience of structures and infrastructure are the time to recovery, collapse 
resistance (preventing mass casualties), extent of damage and repair costs, and social and environmental impacts. Structures and 
infrastructures are currently designed and evaluated for multiple hazards independently. There is no consideration to explicitly 
design and evaluate for multiple hazards in a uniform approach. To overcome this issue, one approach is to use uniform hazards 
(say in terms of the mean recurrence interval) in design and evaluation of structures and infrastructures to achieve uniform 
resilience for multiple hazards, as is shown below:  

Table 1: Hazard-performance matrix 

    
Time to recovery 

(Consequence in terms of extent of damage and repair costs) 

Hazard 
Years ≡  

No Collapse 
(Extreme) 

Months 
(High) 

Weeks 
(Medium) 

Days  
(Low) 

Extreme     

High     

Medium     

Low     

- FR and Haz Facilities = First responders and Hazardous faculties 

- Account for variation of hazards in future  

In order to minimize the likelihood of large casualties due to natural and man-made hazards affecting structures and 
infrastructures, they need to be designed or rehabilitated to resist partial and total collapse. This is due to the fact that trauma 
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caused by the collapse of buildings is the primary cause of deaths and injuries in most earthquakes (Coburn and Spencer, 2002). 
Similarly for response to blasts, the majority of the 168 fatalities during the 1995 bombing of the Murrah Federal building were 
due to the partial collapse of the structure and not to direct blast effects (Unified Facilities Criteria, 2009).  

2. PROGRESSIVE COLLAPSE RESISTANCE 
As a step to achieve resilience, structures and infrastructure should be designed, evaluated, or rehabilitated such that they satisfy 
requirements such as those shown in Table 1. This in turn requires a realistic understanding of the state of structural resistance 
under extreme loading conditions. In order to gain focus, the hazards (including extreme conditions) in this paper are limited to 
seismic ground motions and blasts, representative of natural and man-made events. To illustrate resilience in a multihazard 
setting, let us identify structural characteristics important to resist collapse under these conditions. For seismic ground motions, it 
has been known for decades that the structural deformation capacity and ductility are the primary characteristics of importance 
(Sozen, 1981). This is consistent with the current practice for design of new structures and rehabilitation of existing ones against 
seismic ground motions (ACI 318, 2011, ASCE 7, 2010, and ASCE 41-13, 2014). In design of new structures, if a structure is 
designed as ductile (special), it can be designed for lateral loads that are 3/8 times those for an ordinary structure. In order to 
resist collapse following loss of columns (say due to blasts), however, the strength of the structure to redistribute gravity loads 
can become very important (Sasani and Sagiroglu, 2010). For instance, consider a frame structure whose vertical load carrying 
capacity following loss of a column is such that a static column removal brings the system on the verge of yielding. If the 
structure has 5% damping in the first mode and 5% strain hardening, and its strength is dropped by only 30%, its maximum 
displacement under a sudden loss of the column will increase by more than 300%. This can be used to determine in which 
regions critical structures are more susceptible to progressive collapse due to terror attacks and prioritize their rehabilitation. Such 
an understanding is required to effectively allocate limited resources to enhance the resilience of a society. 

3. RESILIENCE 
While the previous section was focused on structural collapse resistance as an important metric of resilience, the approach and 
the multihazard view can be applied to all resilience metrics and all hazard levels. Furthermore, while this paper is focused on the 
structural aspects of resilience, the risks associated with other aspects can be addressed in a similar overarching framework. In 
order to evaluate and in turn enhance the state of resilience of a society or a community for the relevant multiple hazards, the 
following steps needs to be conducted: 

1. Evaluate the risks to individual components of each subsystem (for instance a bridge within the transportation system 
or a power plant within the electric grid). Considering Table 1, the risk can be expressed in terms of the time to 
recovery, as well as the cost of repair for different levels of hazards. 

2. For each subsystem and for each level of multiple hazards, identify the time to recovery, collapse likelihood, the cost of 
repairs, as well as the social and environmental impacts as metrics of resilience. Each one of these metrics can be 
quantified as continuous or for simplicity as a discrete quantity. For instance, the cost of repairs can be a continuous 
quantity, while the social impacts can be quantified as a discrete value taking the following: low, medium, high, and 
extreme. 

3. The outcomes of the previous step can be represented in the following multi-criteria decision-making (Trikaus and 
Hanne, 2005) tool shown in Fig. 1. 

 

Fig. 1: Representation of resilience metrics with continuous and discrete axes for a subsystem and a specific multihazard level 

633



 

3 
 

 

In Fig. 1, a value for the cost can be found by adding up the costs of repair of all the components of the subsystem. For some 
other metrics, such as the time to recovery and social impact, beyond the component analyses, there is a need for sub system 
evaluation. For instance, if in a community there are several hospitals and only one of them may require a rather long time to be 
repaired and functional, the remaining hospitals can still provide the required service within the required recovery time for the 
hazard level of interest, thus satisfy the required time to recovery and keep the social impacts low.  

Having identified the current state of resilience for all subsystems (including but not limited to water supply and distribution 
systems, power plants and electric grid, and sewage plants and networks; facilities related to safety and security; transportation 
and communication systems; and essential government buildings) and for multiple hazard levels, decisions need to be made by 
the society or the community as to what subsystems' resilience is not acceptable. Then the question becomes what amount of 
resources they are ready to provide for improving the resilience of those subsystems. Having identified the available resources 
and the subsystems whose resilience is not acceptable, different options for enhancing the resilience state can be identified, 
represented in Fig. 1, and decided upon. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
This study can be considered in the context of disaster risk reduction at two levels. From the specific structural engineering point 
of view, a uniform multihazard approach can be used and the important structural characteristics relevant to resilience metrics 
must be properly identified in order to optimize the use of limited resources in enhancing resilience. From a general point of 
view, it can help answer the following question: Are resilient societies attainable and can the associated costs be justified? In fact, 
the author believes that this question should perhaps be restated as: Given the available resources of a community or society, how 
can they most effectively improve resilience? This is a question that each community and society can and should answer based on 
their resilience state, resources, and objectives. That is, in addition to the need for resilience goals and objectives being adaptable 
to environmental and hazard changes, these should be also adaptable to societal priorities to the extent a community and society 
can make informed decisions to improve their resilience within their means. This avoids making resilience goals and objectives 
uniquely and strictly defined for all, leaving communities with the sense that: “We cannot achieve resilience.” Instead, provide 
them with an adaptable framework and options they can choose from.  

5. CONCLUSIONS 
In the context of structural engineering and use of a uniform multihazard approach, the importance of identifying proper 
structural characteristics to achieve resilience metrics is shown. Specifically, the importance of structural strength to redistribute 
gravity loads following loss of a load bearing element is demonstrated. 

Regarding resilience in general, an approach is presented to help communities achieve resilience goals based on their resources. 
The approach lends itself to developing an adaptable framework to allow societies and communities to make their own decisions 
about the goals and objectives of improving their resilience, to the level which they see as meaningful and achievable.  
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ABSTRACT: The Common Risk Model for Dams (CRM-D), developed as a result of collaboration between the U.S. Army 
Corps of Engineers and the U.S. Department of Homeland Security, is a consistent, mathematically rigorous, and easy to 
implement methodology for security risk assessment of dams, navigation locks, hydropower projects, and similar infrastructures. 
The methodology provides a systematic approach for evaluating and comparing security risks across a large portfolio. Risk is 
calculated for an attack scenario (a specific adversary using a specific attack vector against a specific target) by combining 
consequence, vulnerability, and threat estimates in a way that properly accounts for the relationships among these variables. The 
CRM-D can effectively quantify the benefits of implementing a particular risk mitigation strategy and, consequently, enable 
return-on-investment analyses for multiple mitigation alternatives across a large portfolio. Recently, refinements have been made 
to the methodology to characterize the complexities of the adversary threat and the ability to interdict their actions. When first 
developed, CRM-D focused on a highly-capable international terrorist. Recently, it has been extended to include additional 
adversary types distinguished by a wide-range of capabilities. In addition, the methodology has been extended beyond target 
defenses to consider the role of local and national defenses in mitigating risk to manmade threats. A methodology for 
characterizing these defenses was developed as well as expert estimates for the probability an adversary could penetrate them. 
This comprehensive methodology provides a rigorous way to consider risks to dams across a large portfolio and is extensible to 
other types of critical infrastructures. This paper discusses various features of the CRM-D methodology as well as findings and 
lessons learned resulting from its implementation. 
 
Keywords: Vulnerability, Threat, Conditional Risk, Portfolio Risk 

1. INTRODUCTION 

The Common Risk Model for Dams (CRM-D) methodology integrates outputs from three separate models: consequences, 
vulnerability, and threat. Modelling is a natural choice to estimate outcomes of complex physical and economic processes, such 
as consequences from attack, but it is equally important for estimating vulnerability and threat—variables that require more 
subjective input from subject matter experts (SME). It is prohibitively costly and time consuming to elicit expert judgments on 
vulnerability and threat for every scenario and to repeat the elicitation process every time a new scenario is introduced or old 
scenarios are modified. Therefore, modelling expert judgement is crucial when developing risk estimates to support return on 
investment (ROI) analyses, because the impact of potential risk mitigation alternatives needs to be assessed quickly.  
 
The vulnerability and threat models are based on data elicited in a way that makes it possible to apply elicited SME judgment to 
any set of attack scenarios. The elicitations were conducted to estimate risk from an attack by a highly capable, transnational 
adversary groups. Elicitations in support of estimating risk from other types of adversaries are currently under development. 
Because the adversaries’ capabilities and/or intent are likely to change with time, elicitations should be repeated every few years 
or as deemed appropriate. 

2. CRM-D OVERVIEW 

CRM-D incorporates commonly used risk metrics that are designed to be transparent, simple, and mathematically justifiable. The 
model also enables comparisons of calculated risks to assets and systems within and across critical infrastructure sectors. 
The model/methodology take into account the unique features of dams and navigation locks and provide a systematic approach 
for evaluating and comparing risks from adaptive threats across a large portfolio. 
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At the most basic level of analysis, risk is estimated for an attack scenario, which is defined as (1) a specific adversary (e.g., a 
highly-capable transnational terrorist group), (2) attacking a specific target (e.g., the main impoundment structure of a specific 
dam), and (3) using a specific attack vector (e.g., a cargo van loaded with explosives). Risk is defined as “expected of loss”, 
which is a function of three variables: threat (T), vulnerability (V), and consequences (C): 
 
 R = f (T, V, C) (1) 
 
Threat is defined as the probability of an attack scenario being attempted by the adversary, given the attack on one of the targets 
in the portfolio under assessment, or P(A); vulnerability—as the probability of defeating the target’s defenses, given that the 
attack is attempted, or P(S|A); and consequences—as the expected consequences of the attack, given that the target’s defenses are 
defeated, C. Because of how CRM-D estimates these three variables, it is appropriate to calculate risk as their product:  
 
 R = P(A) × P(S|A) × C1 (2) 
 
CRM-D also defines “conditional risk,” or RC, as risk for the attack scenario, given that this scenario is chosen:2 
 
 RC =  P(S|A) × C (3) 

 
 
The consequence and risk metrics currently considered in the CRM-D are loss of life and total economic impacts. The sum of all 
the risks for all the attack scenarios under consideration is termed “portfolio risk.” Minimizing portfolio risk subject to available 
resources is often the focus of risk managers. 

3. VULNERABILITY 

CRM-D uses a layered defense model to evaluate the vulnerability of a target to a specific attack by a specific adversary. The 
defensive layers protecting a given target could potentially include national defenses (e.g., national counter-terrorism activities), 
local defenses (e.g., local law enforcement capabilities to detect and respond to potential attacks), and target defenses (e.g., onsite 
security systems and protective measures). The methodology for producing vulnerability estimates that account for target 
defensive layers is described in detail in Seda-Sanabria et al. (2011).   
 
An attack is considered “successful” if every defensive layer is breached and the attack reaches the target. Therefore, for the 
conceptual attack scenario shown in Figure 1, P(S|A) can be determined using the following expression: 
 
 P(S|A) = P(S|A)L1 × P(S|A)L2|L1 × P(S|A)L3|L1,L2 (4) 
 
where P(S|A)L1 is the probability of successfully breaching the first layer given the specific attacker under consideration attempts 
this attack, P(S|A)L2|L1 is the conditional probability of successfully breaching the second layer given that the attacker has 
successfully breached the first layer, and P(S|A)L3|L1,L2 is the conditional probability of successfully breaching the third layer 
given that the attacker has breached the first and the second layers.  
 

1  The functional relationships among the variables are accounted for by estimating P(A) as a function of the other two variables, 
but there is no stochastic relationship because P(S|A) and expected consequences are estimated as point values, and not random 
variables. This justifies the use of the product function (Cox, 2008). 

2  Note that the risk metric in Equation 2 is also conditional—on the attack within a portfolio under assessment. The “conditional 
risk” metric is further conditioned on the particular attack being chosen.  
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Layer 1

Layer 2

Layer 3

Target

P(S|A)L3|L1,L2

Probability of successfully breaching
the third layer given that the attacker has successfully 

breached the first and the second layers

P(S|A)L2|L1

Probability of successfully breaching
the second layer given that the attacker has 

successfully breached the first layer

P(S|A)L1

Probability of successfully breaching 
the first layer given that the attacker attempts 

the attack
 

 
Fig. 1: Conceptual Model of Layered Defenses 
 
Each layer is defined by its defensive attributes. For a national defensive layer, these can be the characteristics of relevant 
programs and activities implemented at the national scale, such as the security screening conducted at airports; for a local 
defensive layer, these can be the level of participation by local law enforcement agencies in intelligence information sharing and 
their prevention/response capabilities; and for the target defensive layers, these can be the characteristics of site security measures 
such as vehicle barriers, access control systems, security force, etc. 
 
There are a relatively small number of combinations of defensive attributes that are typically implemented as target defensive 
layers at dams and related facilities. These commonly employed configurations are called layer defensive configurations, or 
LDCs. Because of the small number of LDCs, it is feasible to elicit probabilities of success for each reference attack vector 
against each LDC for each type of attacker under consideration. The vulnerability estimate for a given LDC reflects SME 
judgments about how well the defensive attributes of that LDC would perform against a particular attacker using a particular 
attack vector, based on the attacker’s capabilities and intent and the attack vector’s characteristics.  
 
Probabilities of success against individual LDCs are combined into a P(S|A) for a scenario as shown in Equation 4. The 
probability of success against a layer is conditioned on which layers have already been breached, since some layers can degrade 
attackers’ capabilities in various ways. Further, P(S|A) incorporates the possibility that some layers may or may not be 
encountered (e.g., response forces may or may not arrive in time to engage the adversary before the attack succeeds). The process 
for estimating P(S|A) in light of these factors is discussed in detail in Morgeson et al. (2013). 

4. THREAT 

Modelling threat from goal-oriented, adaptive adversaries is fundamentally different from modelling potential hazards associated 
with forces of nature. Adversaries evaluate potential attacks based on criteria that are important to them and then choose the 
attack that accords best with their objectives. When the adversary decision criteria change, their choice may change as well. 
Unlike consequence or vulnerability estimates, a threat estimate for an attack scenario depends not only on the characteristics of 
that scenario, but on the characteristics of all attack scenarios that the adversary is choosing from.  
 
To account for these concepts, the CRM-D includes a Probabilistic Adversary Decision Model (PADM), which is composed of 
two sub-models: the Adversary Value Model (AVM) and the Attack Choice Model (ACM). The decision model is probabilistic 
because no aspect of the adversary’s future decision process can be known with certainty.  
 
4.1 Adversary Value Model  
This model quantifies expert judgment about how adversaries evaluate the relative attractiveness of attack scenarios based on 
scenario characteristics that the adversary is likely to take into account. These features, related to the adversary capabilities and 
intent, reflect the various expected benefits, costs, and risks associated with each attack scenario. The AVM also quantifies the 
underlying uncertainty about the value system, which stems from the differences of opinion among experts and the uncertainty of 
each individual expert about the attacker value system. 
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4.2 Attack Choice Model 
This model uses the estimated adversary value system to calculate P(A) for any set of attack scenarios and to perform ROI 
analyses for risk mitigation alternatives. To enable P(A) calculation, attack scenarios in the portfolio need to be formulated in 
terms that the AVM can accommodate. This involves using the CRM-D consequence and vulnerability models to estimate the 
values for loss of life, total economic impacts, and the probabilities of defeating the national/local and target defenses for every 
scenario in the portfolio. These variables are used as proxies for the adversary perceptions of these variables. 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The 2005 World Conference on Disaster Reduction (Hyogo, Japan), which gave rise to the “Hyogo Framework for Action 2005–
2015”, promoted a strategic and systemic approach to reducing vulnerabilities and risks to hazards—both natural and man-made. 
It established five priorities, four of which the CRM-D directly or indirectly addresses: (1) ensure that disaster risk reduction is a 
national and local priority with a strong institutional basis for implementation; (2) identify, assess and monitor disaster risks and 
enhance early warning; (3) use knowledge, innovation and education to build a culture of safety and resilience at all levels; and 
(4) reduce underlying risk factors. CRM-D accomplishes this by providing a framework that can be implemented locally at each 
dam to address security concerns, and nationally using the risk results from individual dams to conduct dam portfolio analyses. 
Furthermore, the CRM-D framework can be implemented across sectors. It provides the ability to monitor and assess risks and 
uses the information obtained to implement risk mitigation options that reduce the underlying risks. CRM-D also supports the 
Hyogo framework goal of creating and strengthening nationally integrated disaster risk reduction mechanisms among federated 
sectors or involving national systems that owned and operated by a diverse set of stakeholders. 

6. CONCLUSIONS 

The Common Risk Model for Dams (CRM-D) is a consistent, mathematically rigorous, and easy to implement method for 
security risk assessment of dams, navigation locks, hydropower projects, and similar infrastructures. This methodology, the 
implementation of which represents collaborative efforts between the U.S. Army Corps of Engineers and the U.S. Department of 
Homeland Security, provides a systematic approach for evaluating and comparing security risks across a large portfolio.  
 
Risk is calculated for attack scenarios as a function of consequences, vulnerability, and threat. Vulnerability estimates are elicited 
as probabilities of successful attacks. The elicited estimates can then be used to estimate the vulnerability of a target protected by 
any combination of the generic security configurations against any of the reference attack vectors for the adversary groups under 
consideration. The CRM-D also incorporates a probabilistic adversary decision model to estimate the probability of each attack 
scenario in the set given that one of the scenarios in the set is attempted. The CRM-D can effectively quantify the benefits of 
implementing a particular risk mitigation strategy and, consequently, enable return-on-investment analyses for multiple risk 
mitigation alternatives across a large portfolio. 
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ABSTRACT: In 2007-08, fitness facilities contributed $872.9 million to the Australian economy and provided savings in direct 

health care costs estimated up to $107.9 million through their positive impact on physical inactivity and associated diseases (1). 

In 2011-12, more than 4.3 million Australians participated in sport and physical recreation at indoor sports or fitness facilities (2). 

However, research across Queensland (3) and in Victoria (4) showed low compliance with emergency plans and safety practices 

in fitness facilities. The aim of this study was to analyse emergency plans and procedures in fitness facilities in Australia. A 

nationwide online risk management survey of fitness professionals (n=1178, mean age=39.9), and observational audits at 

randomly selected regional and metropolitan fitness facilities (n=11) in New South Wales, South Australia, Victoria and 

Queensland were conducted.  The findings indicated that most of the fitness professionals (68.1%) rated the emergency 

evacuation plans and other emergency procedures in their facilities as extremely/very good (n=640). Yet, more than one fourth 

(27.4%) of fitness professionals were somewhat aware (n=152), or very unaware/not at all aware (n=49) of the emergency 

evacuation plans and other emergency procedures in their facilities. The observational audits showed that most of the fitness 

facilities did not clearly display their emergency response plans (73%, n=8), emergency evacuation procedures (55%, n=6) or 

emergency telephone numbers (91%, n=10). Many fitness facilities (36.4%, n=4) did not have an appropriate first aid kit 

accessible by all staff. Our study shows a lack of emergency preparedness in many fitness facilities in Australia. Emergency 

response capability is crucial for fitness facility managers to satisfy their duty of care to manage risks of medical emergencies and 

disasters such as fire, explosion, and floods. Our study has implications for policy development and education of fitness facility 

managers to improve emergency plans and procedures in fitness facilities in Australia. 

Keywords: fitness facilities, risk management, emergency preparedness, emergency response plan. 

1. INTRODUCTION 
There is scientific consensus that the climate is changing (9). These changes will have consequences in Australia such as more 
frequent and more extreme natural events including storms, cyclones, floods and bushfires. These events cause great financial 
and emotional hardship for individuals and communities, and require a significant coordinated response by the State and other 
entities to help the community to cope and recover. The flooding across Australia in 2011 was one of the greatest natural 
disasters in Australia's history. Cyclone Yasi, which hit Queensland in February 2011, was a very large tropical cyclone classified 
as a Category 5 that had a severe impact on all businesses in the Central Queensland region, either directly or indirectly (1). The 
Commonwealth have adopted and promulgated the Prevention, Preparedness, Response and Recovery (PPRR) model as a 
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comprehensive approach to risk management in responding to incidents or disasters by the States and Territories (5).  Australian 
emergency management agencies (10) and businesses (12) have been utilising the PPRR model in managing emergencies and 
disasters. 
 
The PPRR model was developed more than three decades ago in 1978 as a Comprehensive Emergency Management (CEM) 
system that originated in the work of the State Governor`s Association in the United States (11). The PPRR model has been 
criticized for its reactive and forced approach to categorising treatment options into one of its elements that must follow the same 
order (5). In contrast, the modern day proactive and more flexible approach to managing risks comprises five steps: (a) 
establishing the context, (b) risk identification, (c) risk analysis, (d) risk evaluation, and (e) risk treatment with the most viable 
and appropriate option based on a cost-benefit analysis that involves the dynamics of the socioeconomic and psychosocial 
systems (16).   
 
A disaster can be described as the resultant of a community`s failure to cope with a natural hazard that it faces (4). In 2005 the 
Hyogo Framework for Action has endorsed Disaster Risk Reduction (DRR) as an integrative system to identify, manage and 
reduce the risk of disasters and the adverse impacts of natural hazards while improving preparedness for adverse events (17).  In 
this respect, while managing natural disasters should be part of a proactive risk management approach that aims at controlling the 
source of a risk, emergency response and planning undoubtedly remains a crucial element in minimising the risks of natural 
hazards to prevent them from turning into disasters.  
 
1.1 Emergency Plans  
 
Under Work Health and Safety (WHS) Regulations section 43, persons conducting a business or undertaking at a workplace must 
ensure that an emergency plan is prepared and maintained for the workplace to be implemented in the event of an emergency. 
The emergency plan should provide emergency procedures, testing of the emergency procedures, and information, training and 
instruction to relevant workers in relation to implementing the emergency procedures. According to the Emergency Plans Fact 
Sheet that provides general guidance as to the Emergency Plans under WHS Regulations, the types of emergencies to plan for 
may include fire, explosion, medical emergency, rescues, incidents with hazardous chemicals, bomb threats, armed 
confrontations and natural disasters (13). Emergency plans, or a summary of key elements of emergency plans should be readily 
accessible by workers or on display in the workplace. Workers must be adequately trained in emergency procedures and the 
arrangements for information, training and instruction of workers must be set out in the emergency plan.   
 
Provision of first aid equipment and facilities is also covered under WHS Regulations in section 42 that must be accessible by all 
workers for the administration of first aid. Workplaces must have adequate number of workers or persons trained to administer 
first aid at the workplace. The contents of the first aid kits and considerations for the installation of automated external 
defibrillators (AEDs) are outlined in the First Aid in the Workplace Code of Practice (14). Failure to meet these WHS 
requirements is an offence with penalties starting from $6,000 for an individual to $30,000 for a body corporate.  
 
1.2 Emergency Plans in Fitness Facilities 
 
The international industry recommendations pertaining to the emergency plans in fitness facilities deal with medical emergencies 
and suggest that all fitness facilities must have appropriately developed written emergency policies and response plans that are 
regularly revised and practiced at least once every 3 months, and have an AED available for use by trained personnel as part of a 
Public Access Defibrillator (PAD) program according to the health status of the client population to minimise the risk of harm 
and death from exercise-related adverse events (3). In Australia, all fitness professionals are required to have current Apply-First-
Aid certificate that includes CPR and AED training before they can obtain their Certificate 3 and 4 in Fitness and Personal 
Training. Registered health/fitness professionals also have to have current Apply-First-Aid certificate.  
 
Over the last decade the demand for fitness services offered by fitness facilities has significantly increased that aligns with the 
Government`s preventive health strategy to cope with the detrimental effects of inadequate physical activity. In 2007-08, fitness 
facilities contributed $872.9 million to the Australian economy and provided savings in direct health care costs estimated up to 
$107.9 million through their positive impact on physical inactivity and associated diseases (6). In 2011-12, more than 4.3 million 
Australians participated in sport and physical recreation at indoor sports or fitness facilities (2). However, research in Queensland 
(15) and Victoria (7) showed low compliance with emergency plans and safety practices in fitness facilities. The aim of this study 
was to analyse the utilisation of emergency plans and procedures in fitness facilities in Australia. 

2. METHODS 

2.1 Instruments 

Data were collected using a nationwide online survey and an observational audit developed and conducted as part of the 
Australian Fitness Industry Risk Management (AFIRM) Project (LP120100275) that was funded by an Australian Research 
Council Linkage Project Grant in conjunction with Fitness Australia and Sports Medicine Australia.  

640



 

3 
 

 

The online survey was developed based on primary research using nominal group technique (focus groups conducted nationally, 
n=58), which included 45 items on a 6-point Likert scale and administered over seven weeks from 6 May 2013 to 21April 2013 
through social media and direct e-marketing (8). All data were maintained anonymous with no IP addresses of the respondents 
collected.  Overall, 1178 fitness industry professionals (mean age=39.9) who were mostly registered with the industry peak body 
(95.2%) participated in the national survey. Survey items related to emergency plans and procedures were included in this study. 

The observational audit was developed in a checklist-style and consisted of 83 items under six main sections to assess the health 
and safety conditions of fitness facilities.  The audits were conducted by five members of the AFIRM Project team in a total of 11 
regional and metropolitan fitness facilities in Queensland, New South Wales, Victoria and South Australia. The nine audit items 
under the “Emergency Situations” section were included in this study. Each item was answered by ticking the corresponding 
“Yes” or “No” box.  

2.2 Data Analysis 

All data were analysed using descriptive statistics with IBM SPSS Statistics 20. Data cleaning and recoding of some of the 
demographic industry profile variables was undertaken prior to analysis to better reflect the distribution of responses. The 
percentage, frequency and cross-tabulations of responses to each of the Likert items were calculated by combining the responses 
at the upper (positive) and lower (negative) end of the scale. 

3. RESULTS 
Our findings showed that most of the fitness professionals (68.1%) rated the emergency evacuation plans and other emergency 
procedures in their facilities as extremely/very good (n=640). Yet, more than one fourth (27.4%) of fitness professionals were 
somewhat aware (n=152), or very unaware/not at all aware (n=49) of the emergency evacuation plans and other emergency 
procedures in their facilities (Table 1).  
 
Table 1: Responses to Survey Items Related to Emergency Plans and Procedures 

Survey Items   n               M (SD)                95% CI 

How aware are you of the emergency evacuation plans and other emergency 
procedures in your facility? 

 

 

902          4.95 (1.198)         [4.88, 5.03] 

How would you rate the emergency evacuation plans and other emergency 
procedures in your facility? 

940           4.78 (1.105)        [4.71, 4.85] 

  
Note. The questionnaire items were answered on a 6-point Likert scale. The closer the mean value to 6, the stronger is the agreement with the 
particular item. CI = confidence interval; M = Mean; n = Number; SD = Standard deviation. 
 
 
The observational audits showed that most of the fitness facilities did not clearly display their emergency response plans (73%, 
n=8), emergency evacuation procedures (55%, n=6) or emergency telephone numbers (91%, n=10). Many fitness facilities 
(36.4%, n=4) did not have an appropriate first aid kit accessible by all staff (Figure 1). 
 
 

 
  
 Fig. 1: Results of observational audits for Emergency Situations 
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
The Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and Communities to Disasters (Hyogo 
Framework) was developed and adopted after the World Conference on Disaster Reduction that was held from 18 to 22 January 
2005 in Kobe, Hyogo, Japan (17). The Hyogo Framework aims at substantial reduction of disaster losses, in lives and in the 
social, economic and environmental assets of communities and countries by achieving three major strategic goals: (a) the 
integration of disaster risk reduction into sustainable development policies and planning; (b) development and strengthening of 
institutions, mechanisms and capacities to build resilience to hazards; and (c) the systematic incorporation of risk reduction 
approaches into the implementation of emergency preparedness, response and recovery programmes. Our study shows a lack of 
awareness of emergency preparedness in many fitness facilities in Australia despite the WHS legislation that regulates emergency 
plans and procedures at workplaces. In this regard, our work supports the implementation of the Hyogo Framework by 
identifying the need for strengthening emergency preparedness in the community for effective response to natural and man-made 
disasters in the communities. The gap between policy and practice should be addressed in the Post 2015 Framework for Disaster 
Risk Reduction in developing sector wise strategies. 

5. CONCLUSIONS 
The findings of our study show that fitness facilities in Australia are not well prepared for emergency response. Emergency 
response capability is crucial for fitness facility operators to satisfy their duty of care not only to manage risks of medical 
emergencies, but disasters such as fire, explosion, or floods that can have a huge impact on the continuity of a business and 
recovery of the community.  Getting a business ready for a natural disaster should include developing an emergency plan that 
starts by establishing the context of the organization with regard to the relevant laws, regulations, code of practices and industry 
best practices that should be followed by the assessment of risks to select the most viable and effective treatment strategies to 
manage hazards. Our study has implications for industry peak bodies and the government agencies to develop policies to educate 
and help fitness facility managers develop and adopt emergency plans as part of a comprehensive risk management program. 

6. REFERENCES 
1. Atkinson, B. (2011, January  6). All central Qld businesses affected by floods. ABC News. Available: http://www.abc.net.au  
2. Australian Bureau of Statistics (ABS). (2012). Sport and Recreation: A Statistical Overview. Australia, 2011-12 [4156.0]. 

Available: http://www.abs.gov.au    
3. Balady, G. J., Chaitman, B., Driscoll, D., Foster, C., Froelicher, E., Gordon, N., . . . Bazzarre, T. (1998). Recommendations 

for Cardiovascular Screening, Staffing, and Emergency Policies at Health/Fitness Facilities. Circulation, 97(22), 2283-2293 
4. Basher, R. (2008). Disaster Impacts: Implications and Policy Responses. Social Research, 75(3), 937 
5. Cronstedt, M. (2002). Prevention, Preparedness, Response, Recovery - an Outdated Concept? Australian Journal of 

Emergency Management, 17(2), 10  
6. Deloitte Access Economics & Fitness Australia. (2012). Fitness Industry Workforce Report: 2010 - 2020. Available: 

http://www.fitness.org.au 
7. Finch, C., Donaldson, A., Mahoney, M, & Otago L. (2009). The safety policies and practices of community multi-purpose 

recreation facilities. Safety Science, 47, 1346-1350 
8. Keyzer, P. Coyle, I.R., Dietrich, Norton, J.K., Sekendiz, B., Jones, V. and Finch, C.F. (2014). Legal risk management and 

injury in the fitness industry: The outcomes of focus group research and a national survey of fitness professionals. Journal of 
Law & Medicine. In Press 

9. Lambeck, K. (2010).The Science of Climate Change. Available: http://www.climatechange.gov.au 
10. Lewis, C. (2006). Risk Management and Prevention Strategies. Australian Journal of Emergency Management, 21(3), 47 
11. National Governor`s Association. (1979). Emergency Preparedness Project Final Report. DCPA, Washington DC  
12. Queensland Government. (2014). The PPRR risk management model. Available: http://www.business.qld.gov.au  
13. Safe Work Australia. (2012a). Emergency Plans Fact Sheet. Available: http://www.safeworkaustralia.gov.au 
14. Safe Work Australia. (2012b). First Aid in the Workplace Code of Practice. Available: http://www.safeworkaustralia.gov.au 
15. Sekendiz, B. (2012). Emergency preparedness in the health and fitness facilities in Queensland. Journal of Science and 

Medicine in Sport, 15, Supplement 1(0), S109-S110 
16. Standards Australia. (2009). AS/NZS ISO31000:2009:  Risk management-principles and guidelines. North Sydney, NSW.  
17. UNISDR. (2005). Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and Communities to 

Disasters.  Available: http:// http://www.unisdr.org/we/inform/publications/1037 
 

 

 

 

642



 

1 
 

 

Flash floods and their effects on the development in Al- Duqm area, Sultanate 
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ABSTRACT: Flash floods in hot deserts are characterized by high velocity and low duration with a sharp discharge peak 
(Ashour, M, 2002). Although most of Oman lies within the dry belt; it experiences some torrential rainfall, which causes floods in 
main valleys. Large sediment loads may be carried by floods threatening settlements in the wadis, people who are living there. Al-
Duqm area is considered as an economic development area in Oman but sometimes affected by torrential floods. These wadi 
channels may pose a potential flood risk for the development, particularly those on flatter land. The extreme spottiness of rare 
heavy rainfall is well known to people within the area, precludes any efficient forecasting. A big problem inherent in the opening 
up of the study area to modern development is one of perception.  

The impacts of flash floods have become much more serious, causing many of socioeconomic problems such as: loss of human 
life, loss of livestock, and damage of infrastructure. The aim of this article is determination the areas which could be threatened by 
flash floods, to give an understanding of the causal factors to mitigate the flood hazard on the infrastructure of Al-Duqm area. GIS 
and remote sensing techniques are used to extract wadi networks, basins area and spatial analysis of the study area to determine 
the area under varying flood conditions. The results of morphometric parameters and flood data indicate that the study area need 
construction some protection dams which could be proposed at the upstream of some major wadis, such as Wadi Jurf and Nafun, 
whereas the reservoir or dam shall serve as an attenuation reservoir which delays the peak flow.  

Keywords: Flash Flood- Dams- Hazard mitigation- Arid land 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Duqm development area is located in the Wilayat of Duqm 
on the south-east coast of Oman. The coastline of Wilayat 
Duqm is approximately 170 km of length, with the 
northern boundary lying between Nafun and Sidera, and 
the southern boundary being for about 120 km south of 
Ra's al Madrakah (Fig 1). The Industrial Development 
Zone has an area for about 400 km2 according to final 
report of Environmental Impact Assessment (EIA, 2011). It 
has been subject to an investigation into the preferred types 
of land use such as Industry, Residential, Major Utilities, 
and others land uses, whereas the total project area was 
computed for about 1700 km2.  

The study area is seasonally subjected to flash floods. 
These floods could be cause infrastructure disasters, and 
may be inherent in the opening up of the study area to 
modern development is one of perception. The 
development provides refined drainage on the site, which 
includes wadi realignment and creation of new wadis. This 
supplements proposals for the formalization of urban run-
off.  

This article aims to estimate flash flood hazards in Duqm 
development area and create risk zone map for the areas 
which could be threatened by flash floods in the study area. 
It  will  be  use  GIS  and  RS  techniques  to  extract  stream  
network from digital elevation model (DEM), and analyse 
geological settings and climate conditions to understanding 
of the causal factors of flood hazard and their influence on 
the infrastructure. Fig (1) Location of Duqm Industrial area, Oman  
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2. GEOLOGICAL SETTING 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. CLIMATE CONDITIONS 

Wilyat Al Duqm is classified climatically as arid to hyper arid. Average temperatures can range from 21 C during the winter to 
36 C in the summer. Humidity generally remains above 60% and below 80% throughout the year, and a very low average 
monthly rainfall (Table 1). However, high intensity storms, capable of producing significant run-off and recharge, occur 
infrequently at irregular times of year. These storms are usually associated with tropical cyclones and low pressure systems 
which move eastwards across Oman. There are two main climatic influences at Duqm, the winter and summer monsoons (EIA, 
2011). The winter monsoon is characterised by a relatively gentle and variable, dry wind that predominantly blows from the 
north-east to east. The vigorous summer monsoon is stronger than during the winter.  

The extreme events can cause increased rainfall and run-off, flooding of low lying land from the sea and there could be a risk to 
development if long term and large scale erosion of the beach, dunes and wadis occurs. Since 1876, 78 cyclonic storms have been 
recorded in the northern Arabian Sea of and 33 of total hit the Southern Arabian coast. Of these, perhaps eight were severe storms 
i.e. cyclones, with sustained winds >64 knots, but since wind speed was not reported until the introduction of more sophisticated 
weather satellites in 1973, it is not possible to give a more certain number than this (Wilson, 2007). 

Table (1): Mean maximum rainfall at Duqm Station between 1990 and 2013 
Month Jan. Feb. Mar. Apr. may Jun. Jul. Aug. Seb. Oct Nov. Dec. Average 

Max (mm) 162.1 20.3 41.9 191 5.1 42.9 84.8 170.9 0 33 70.1 27.9 70.1 
Source: Agricultural Research Centre and climatic data at Beaumont. SQU AIMS (2010) 

 

The study area comprises exposed geology that ranges from 
the  Permian  to  the  Quaternary  periods  (Fig  2).  The  Late  
Permian basement sequence is formed by the Huqf and 
Haushi geological groups. These formations are largely 
present to the north and west of the Duqm area and consist of 
hilly rock outcrops. The oldest rock sequence is the Huqf 
group which originated from sedimentary rocks overlain on 
an igneous rocks basement. The Huqf Group comprises five 
Late Proterozoic and Cambrian formations, in which two 
major sedimentary cycles can be defined as follows: Igneous 
rock overlaid marine deposits that form a silicified surface; 
and the second cycle started with the marine deposits of the 
Shuram Formation comprising a thin bedded silty shale and 
limestone layer in the middle and flat pebble beds on top. 
This cycle ends with formation of sedimentary carbonate 
rock, breccias and sandstone. 

The outcrop lithology of study area consists of mostly of 
sedimentary rocks which are more affected by fluvial and 
coastal floods and geomorphological processes., Tertiary 
sedimentary cover which distributed in southern part of 
Duqm, and the Cretaceous formations are found in northern 
part, while Quaternary deposits consists of fluvial and 
sabkhas deposits are distributed in wadi beds and along the 
coast line in the study area (Fig 2).  

Structure geology of Duqm area is very important. These 
faults were created by tensional forces such as volcanic and 
tectonic movement. It may be helped to discharge floods and 
charging the groundwater (EIA, 2011). The main Faults have 
a predominant NE-SW orientation in the main stream of Wadi 
Jurf,  and  Wadi  Saay  and  parallel  of  the  coast  line  in  the  
northern part of Duqm, consequently northern east of Duqm 
area may be more influenced than others (Fig 2).  
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4. HYDROLOGIC SETTINGS 

The fluvial system at Duqm is very important due to large parts of the area are subject to overland flows and flooding during 
rainfall events across the wadi catchment areas. The catchment areas of the wadis noted in the study area are large (Table 2), 
which shows that the areas outside of the Duqm area have a strong influence on fluvial flows.. Duqm is in a relatively high risk 
area. In June 2007, the strongest cyclone to have been recorded in the Arabian Sea area, cyclone Gonu, affected the coastline of 
northern Oman. During its traverse of the central Arabian Sea it reached category 5 (i.e. super cyclonic storm) with sustained 
wind speeds up to 280 km/h. Historical rainfall data shows that maximum rainfall values of about 509 mm yr-1 (in the year 
1963), 269mm/mo (in May 1963), and 185 mm/24 hours (in Nov 1966) (Wilson, 2007). The recent cyclone event (cyclone Phet) 
affected the area in June 2010. It is necessary to estimate the runoff volume and peak discharge of each basin which affected on 
Duqm area. 

Table (1): Mean maximum rainfall at Duqm Station between 1990 and 2013 
Basins A. Sidrah Nafun Jurf Dhanaqir

t 
Dunqart Saay Saki 

Area (km2) 38 59 275 1277 136 453 253 1500 
Rainfall 1000m3/year 2660 4130 19250 89390 9520 31710 17710 105000 

Drainage density 5.2 4.7 4.3 5.8 5.4 4.8 5.1 5.6 
Runoff Coefficient  10.8 9,7 11.1 15 13.8 14.3 12.2 15.8 

Runoff 1000m3/4 hour 110 235 1345 4475 405 2136 1970 6318 
 

5. DATA AND METHODS 
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The methodology of this article will be concentrated to estimate 
runoff and flood hazard in Duqm area. The first step is 
determination drainage networks and basins using remote 
sensing and GIS (Fig 3). Digital elevation model (DEM) is 
considered the best data to extract the actual basins and wadi 
networks (Rinaldo et al. 1998; Maidment 2002; Ozdemir and 
BIRD, 2008). Whereas the second step are calculation the total 
rainfall volume, runoff coefficient, and runoff volume which is 
related to basins area and drainage density. The following set of 
equations can be used to estimate runoff coefficient, and runoff 
volume.  

The Soil Conservation Services Method (SCS) will be used in 
the study area to compute some variables such runoff coefficient 
and runoff volume. Equations of SCS are the best for arid areas 
because they have the most variables which are used to estimate 
runoff. 

1.05 0.0053R A

Where V is the surface runoff volume, P is the total rainfall 
depth, C is runoff coefficient, A is the basin area upstream the 
point of interest, and R is the reduction factor that depends on 
basin area  

(2) (1) 

Where C = runoff coefficient, D = drainage density km/km2, P = 
the rainfall depth mm, S = the average land surface slope, G = 
an integer number representing the surface geology, Lt is the 
total length of all the ordered streams, and A is the area of the 
basin (Linsley, R. et al 1982). 

(3) 
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5. RESULTS AND DISCUSSION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. CONCLUSIONS 
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The study shows that there is a big variation among basins area in 
Duqm. Basins area ranged between 38 km2 in Wai A basin and 
1500 km2 in Wadi Zaki basin, while the area in Wadi Jurf basin 
for about 1277 km2. The area variation reflected on drainage 
density, runoff coefficient, and runoff volume. Tab. (2) and Fig 
(4-B) show that the runoff coefficient in the main basin in the 
study area is related mostly to huge basins which had high values 
of drainage density, and usually have had more rainfall. The 
values ranged between 9.7 in Wadi Sidrah and 15.8 in Wadi Saki. 
Runoff amount ranged between 110 in Wadi A and 6318 in Wadi 
Saki (1000 m3). These values related to local relief, outcrop 
lithology, slopes, and runoff coefficient Fig (4-A). 
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The flash floods are concentrated predominately along the main channels especially in the mountainous area of the 
investigated basins which are characterized by steep slope and narrow channel; the risk in these areas is strongly distributed 
in industry area around the main streams of Wadi Jurf and service area around the main stream of Wadi Saki which had high 
network orders and huge area Fig (5), while moderate flood hazard distributed in Wadi Saay and Wadi Dhanaqirt.  The study 
area needs more studies in details for flood hazard as soon as possible. The results of morphometric parameters and flood 
data indicate that duqm area need construction some Protection dams which could be proposed at the upstream of some major 
wadis, 

646



 

1 

 

 

The innovation of global desertification risk governance from China’s 

practice 

Peijun SHI 
1,2,3

, Lianyou  LIU 
2,3

 , Guoyi HAN
1,4

 

1
 State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 

100875, China. E-mail: spj@bnu.edu.cn 

2
 Key Laboratory of Environmental Change and Natural Disaster of Ministry of Education, Beijing Normal 

University, Beijing 100875, China. E-mail: lyliu@bnu.edu.cn 

3
 Academy of Disaster Reduction and Emergency Management, Ministry of Civil Affairs & Ministry of Education, 

Beijing 100875, China.  

4
 Sweden Stockholm Environment Institute. E-mail: khanordos@gmail.com 

 

ABSTRACT: Global desertification risk governance has made some progress, but still faces the situation of "partly controlled but 

whole worsen". However, the practice of preventing desertification in China reveals that desertification in China is under control 

and some areas have improved markedly. China's success is rooted in that government attaches great importance to ecological 

construction; put the prevention and control of desertification as the core mission of ecological construction; adhere to the 

construction of the Great Green Wall (including north, northeast, northwest of China region); pay attention to the sand source 

control；keep co-governance between governments and local peasants, herdsmen; adhere to the path of ecological construction --

"Industrialization of Ecological Construction, Ecologization of Industrial Construction ","Most areas focus on ecology, small 

areas focus on production". China's strategic countermeasures to prevention desertification risk should integrate global climate 

change with combating desertification together, strengthen the unity of carbon-sinks and discharge reduction, properly master the 

relationship of artificial harness and ecological self-recovery, through alliance of government governance, companies and social 

investment, improve the mechanism of who governs who uses.It could be valuable for the prevention and control of 

desertification in the world. 

Keywords: desertification, risk governance, Industrialization of Ecological Construction, Ecologization of Industrial Construction. 

1. Implications of Sandy Desertification Change in China 

Sandy desertification is the outcome of long-term interaction between natural and social-economic factors (1). The sandy 

desertification areas in northern China, lie in dry sub-humid, semi-arid, arid and hyper-arid climatic zones from northeast to 

northwest, could be affected positively or negatively by changes in climate. Human disturbance and control practices can 

intensify or successfully reduce the degree of regional sandy desertification (2). At present, however, quantifying the exact 

impact of climatic and human factors on sandy desertification remains a major scientific challenge. 

1.1 Drying and Warming Trends in the Sandy Desertification Areas 

Rainfall Contrast between Northeastern and Northwestern China   Forced by the East Asian monsoons, precipitation in 

China exhibits high variability and significant regional differentiation (3). Based on data from 533 rain gauge stations, long-term 

drying trend was observed in the north of China since 1961. However, there is significant regional contrast in precipitation trends 

(4). The arid regions of northwestern China have experienced some more rainfall, with an increase rate of 6.8 mm per decade, 

especially in winter and spring. By contrast, the semi-arid and sub-humid regions of north China and northeast China are 

receiving less and less precipitation, with a decrease rate of 10.0 mm per decade, mainly in summer.  

The increase of rainfall in northwest China, have resulted in rising lake levels and increased vegetation cover on desert margins 

(5), and thus could have reduced soil erosion by wind and sandy desertification. But with the drying in north and northeast China, 

significant increases of drought areas are found. Over the past several decades, northern China has experienced several severe 

drought extremes (6-7). The severe drought in the late 1990s resulted in frequent outbursts of sand and dust storms in 2000 (8). 

Drought induced wind erosion, blown sand drift, sandy desertification and sand and dust storms integrate as the most prominent 

natural disaster chain in northern China. 
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A Fast Warming Trend in the North of China   Strong warming occurred throughout China in the past five decades, and the 

north of China exhibited the fastest warming rate (9). According to measurements from 537 meteorological stations, the average 

temperature increasing rate is 0.41°C per decade in north and northeast China, and 0.38°C per decade in northwest China. The 

temperature has increased by about 2°C since 1961, this would have increased potential evapo-transpiration (PET) by some 150 

mm year–1 which surpassed the increase of precipitation in the northwest arid regions (10). Thus warming may have actually 

exacerbated desiccation of soils in the north of China.  

Decrease of surface wind in Northern China   Near surface wind is the direct driving factor of soil erosion and sandy 

desertification. Based on observation data from 150 meteorological stations, the annual mean wind speed (MWS) in northern 

China was 2.8 m s-1 in the last 50 years. The MWS was 2.9 m s-1 in the 1960s, 3.1 m s-1 in the 1970s, 2.7 m s-1 in the 1980s, 

2.6 m s-1 in the 1990s, and decreased to 2.5 m s-1 after 2000. Calculated annual mean potential sand transport flux was 29.8 t m-

1 a-1 over the last 50 years, with a maximum of 61.7 t m-1 a-1 in the 1970s, and a minimum of 11.8 t m-1 a-1 after 2000. Strong 

wind days, and maximum wind also showed declining trends over broad areas of China (11). It is generally recognized that 

desertification rehabilitation after 2000 may be attributed at least in part to the decrease of wind speed and sand transport (12).   

The key questions are whether the recently observed drier northeast China and wetter northwest China have as a whole 

intensified or mitigated sandy desertification, and how much of the fast warming trend and decrease of surface wind in the north 

of China has been induced by rapid urbanization and land use change instead of global climate change (13). To understand the 

impact of climate on sandy desertification better, we also need to pay more attention to anthropogenic influences of urbanization 

and land-use change on climate, especially in the arid, semiarid and dry sub-humid areas (14). 

1.2 Human Proactive Responses Played the Main Role 

Growing Population Pressure on Land    China is the world’s most populous country, with a mean population density of 141 

per square kilometer, about 3 times more than the worldwide average. Divided by the Hu Huanyong Line  (or Heihe-Tengchong 

Line) from northeast to southwest, population distribution of China has sharp regional differences (15). In the southeastern areas, 

94% of the country's population inhabit within 43% of the country's land area. Population density in the northwestern areas is 

relatively low, with 39 per square kilometer in the semi-arid, and 8 per square kilometer in the arid areas (16). Nevertheless, the 

population pressure on China's desertification areas has exceeded the population supporting capacity threshold of 20 per square 

kilometer in semi-arid land and 7 per square kilometer in arid land, which was proposed by UN in 1977 (17).  

The growth of population depending on the resources of drylands is the most dramatic process of social change associated with 

desertification. With implementation of the one-child policy since the 1970s, population growth rate in China has decreased from 

20‰ to about 5‰ at present. However, due to a relatively loose fertility policy for ethnic minorities and the western development 

policy, the northwestern regions had a faster population growth rate (13.2‰) than the overall growth rate of China (11.7‰) in the 

past 3 decades. Despite China's various efforts to slow population growth by reducing fertility, due to the large population base, 

population continually increased by 36.9% from 1982 to 2010, and over 5 million people live in the arid and semiarid areas.   

Significant Rural Depopulation   In the past 3 decades, China's rapid urbanization led to significant rural depopulation, the 

proportion of rural population decreased from 79.4% in 1982 to 50.3% in 2010. Over the same period, rural population had an 

absolute reduction and its proportion decreased from 78.1% to 55.0% in the northwest arid and semiarid areas. Although the 

relation between population dynamics and desertification is complex and nonlinear, demographic variables remain imperfect 

indicators of risk to biodiversity, soil erosion and sandy desertification. Under high human pressure and population growth, 

substantial human-induced environmental changes would have occurred in the past and continue in the future. But rural 

depopulation may release direct pressure and disturbances on dry land and may be a contributor to desertification rehabilitation. 

Overgrazing on grassland still exist  Since 1949, the number of livestock in northern China has exbited increasing trend. In 

2008, the grassland area was 236.8 million ha and the total forage reserves were 136.16 million ton in 264 pastoral counties. The 

actual livestock burden was 276.8 million sheep units, exceeded the rational carrying capacity by 33.6% (18). Grassland 

degradation is normally related to stocking pressure. The highest stocking density is in the subhumid area with 400-500 mm 

annual rainfall, where sandy desertification often occurrs from blowouts. 

 

 2. The Government Purchased Vegetation Construction in Sandy Desertification Area 

China is a country with only 7% of the world’s arable land available to feed 22% of the world’s population, while in the face of 

frequent flood, drought, and blown sand disasters. So the government has attached great importance to disaster reduction and 

combating sandy desertification. In 1958, the Central Committee and the Sate Council jointly held the first sand control planning 

meeting in Hohhot, drafted the desert control plan and put forward the call of "March to the desert", thus launched a massive 

campaign of desert transformation and governance. From 1959, comprehensive investigation on sand and gobi deserts was 
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carried out, and long-term field observation and experiment stations were set up to explore engineering and vegetative control 

techniques of blown sand hazards.  

After the United Nations Conference on desertification in 1977, the Chinese government has taken more proactive actions to 

prevent and control sandy desertification. Five key forestry and sandy desertification control programs have been successively 

launched, including the Three North Shelterbelt Development Program (3NSDP, from 1978 to 2050), the Conversion of 

Cropland to Forest Program (CCFP, since 1999), the Natural Forest Protection Program (NFPP, since 2000), the Sand Source 

Control Program in the vicinity of Beijing and Tianjin (SSCP, since 2001), and the Grazing Ban for Grassland Restoration 

Program (GBGRP, since 2003). By the end of 2010, overall central government investment in these five key programs amounted 

to 385.9 billion yuan (RMB). With the development of China's economy, substantial increase of future investment in ecological 

construction and desertification control could be expected. 

 Over-cultivation, overgrazing and overcutting were blamed to be the main factors triggering desertification processes in China. 

Through 34-year construction in four successive stages since 1978, 26.5 million hectare afforestation area has been accomplished 

by the 3NSDP, and forest coverage rate in the project area increased from 5.1% to 12.4%. With prevention and control of 

desertification as main objective, 1.6 million hectare windbreak and sand fixation forests were established by the fourth stage 

project (2001-2010), during which, desertification began to reverse in the three-north areas, and the expansion trend of Mu Us 

and Horqin sandy lands achieved full reversal. 

The "Grain for Green Programme" (CCFP), which pays farmers to plant trees rather than crops since 1999, is a turning point of 

Chinese policy on agriculture and forestry. It is the ecological construction project with the largest amount of investment, the 

most extensive coverage, the highest degree of public participation. By the end of 2009, 9.3 million ha of cropland was converted 

into forest land, the area of tillage farmland significantly decreased in the farming-pastoral ecotone. Soils in the semi-arid areas 

possess high vulnerability to erosion by both wind and water, the large-scale ecological restoration should have played a positive 

role in reducing soil loss and sand desertification.  

From 2001 to 2010, forest area increased by 14.0 million ha through the first stage of NFPP, and timber production reduced by 

220 million m3. Over 6.0 million ha of cropland was returned to forest through SSCP. From 2003 to 2010, 518.7 million ha of 

grassland was protected with fence construction through GBGRP, 12.4 million ha of severe degraded grassland was reseeded, 

and the average vegetation coverage in the project area increased from 59% to 71%. Biodiversity, and soil organic matter 

increased, the ecological functions of grassland for soil and water conservation, windbreak and sand fixation were obviously 

enhanced.   

Great Motivation of Ecological Industrial Engineering on Sandy Desertification Control  To prevent and control land 

desertification, maintain ecological safety and promote sustainable development, the Sand Prevention and Control Law (SPCL) 

of the People's Republic of China came into force in 2002. It is required that the State Council and the people's governments at or 

above the county level located in desertified regions shall incorporate plans for prevention and control of desertification into the 

national economic and social development plan, guaranteeing and supporting endeavors to prevent and control desertification. 

Units and individuals investing in prevention and control of desertification could be exempted from all kinds of taxes.  

Implementation of the SPCL promoted the enthusiasm of the whole society on desertification control. Numerous green industries 

have been introduced into prevention and control of desertification and formed a multi-source investment mechanism. In Kubqi 

sand desert, Elion Resources Group has achieved remarkable ecological and economic benefits by integrating technologies of 

drought resistant afforestation and sand industry development. Through alliance of company peasant household, state-owned 

companies private companies, industries eco-bases, a new mode of green desert economy, including desert ecology, natural 

pharmacy, organic fertilizer and new materials, has been created. More than 5000 km2 of shifting sandy land has been afforested 

and over 10000 km2 under initial control. As the world's largest desert green economy enterprise, Elion proved that the new way 

of combining desertification control with scientific and technological progress, and the development of ecological industries had 

been effective in China, and could be valuable implications for the prevention and control of desertification in the world. 

 

3. China’s Remarks from the way for Prevention and Control of Desertification 

China's success is rooted in that government attaches great importance to ecological construction; put the prevention and control 

of desertification as the core mission of ecological construction; adhere to the construction of the Great Green Wall (including 

north, northeast, northwest of China region); pay attention to the sand source control；keep co-governance between governments 

and local peasants, herdsmen; adhere to the path of ecological construction --"Industrialization of Ecological Construction, 

Ecologization of Industrial Construction ","Most areas focus on ecology, small areas focus on production". China's strategic 

countermeasures to prevention desertification risk should integrate global climate change with combating desertification together, 

strengthen the unity of carbon-sinks and discharge reduction, properly master the relationship of artificial harness and ecological 

self-recovery, through alliance of government governance, companies and social investment, improve the mechanism of who 

governs who uses. It could be valuable for the prevention and control of desertification in the world. 
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H.N. Le Hou érou, Climate change, drought and desertification. Journal of Arid Environments, 34: 133–185 (1996). 

Y. Jiang, Y. Luo, Z.C. Zhao, S.W. Tao, Changes in wind speed over China during 1956–2004. Theoretical and Applied 

Climatology, 99:421–430 (2010). 

X.M. Wang, F.H. Chen, Z.B. Dong, The relative role of climatic and human factors in desertification in semiarid China. Global 

Environmental Change, 16, 48–57 (2006). 

E. Kalnay & M. Cai, Impact of urbanization and land-use change on climate. Nature, 423, 528-531 (2003). 

L.M. Zhou, et al., Evidence for a significant urbanization effect on climate in China. PNAS, 101, 9540–9544 (2004). 

H.Y. Hu, The distribution, Regionalization and Prospect of China's Population. ACTA GEOGRAPHIC SINICA, 45, 139-145 

(1990).  

M.L. Ge, Z.M. Feng, Population Distribution of China Based on GIS: Classification of Population Densities and Curve of 

Population Gravity Centers. ACTA GEOGRAPHICA SINICA, 64, 202-210 (2009). 

FAO (Rome), UNESCO (Paris), WMO (Geneva), World map of desertification at a scale of 1: 25 000 000-Explanatory notes 

(FAO, Rome, 1977). Prepared for United Nations Conference on Desertification, Nairobi, 29 Aug - 9 Sep 1977. 

B.Xu, et al., Monitoring and evaluation of grassland-livestock balance in pastoral and semi-pastoral counties of China. 

Geographical Research, 31: 1998-2006 (2012). 

650



 

1 

 

 

How to manage emerging cascading disaster risks: gap analysis in 

resilience frameworks and indicators 

Mika Shimizu
1
 

1
Disaster Prevention Research Institute Kyoto University, Japan.  E-mail: shimizu@imdr.dpri.kyoto-u.ac.jp 

ABSTRACT: The emerging cascading disaster risks will greatly impact on our resilient society and represent an ultimate 

challenge to local-to-global disaster risk management, which requires coordinated efforts of government, civil society and the 

private sector. The presentation will target at policy community and business leaders and address critical questions for this 

challenge: (1) how are emerging cascading disaster risks related to issues of resilience at global to local levels? (2) How 

could/should these issues be identified and addressed at global to local levels? (3) How does existing resilience frameworks and 

indicators address this challenge? What are the sufficiency and gaps? (4) What kinds of additional factors are needed to consider 

to identify and address existing and future gaps? 
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1. INTRODUCTION 

Disaster risks and the resulting disasters are rapidly evolving in response to a complex set of local to global “drivers” including 

globalization, urbanization and climate vulnerability, which are increasingly changing in structure, scope, severity and impact. 

These emerging disaster risks are relevant to risk “linkages” and “multiplier effects” and will greatly impact on our resilient 

society from local to global levels. These emerging cascading disaster risks represent an ultimate challenge to local-to-global 

disaster risk management and require coordinated efforts of government, civil society and the private sector. As such, it is 

critically urgent to consider how to manage these emerging cascading disaster risks. 

 While it is required for policy community and business leaders to adequately capture characteristics and impacts of emerging 

cascading disaster risks, critical questions may be raised: how these risks are relevant to resilience (generally speaking, the 

capacity to cope with difficulties and change, but the presentation will get into more details)? How resilience frameworks and 

indicators can provide directions in managing these risks?  

The presentation will address the above questions and more specifically seek for the following questions: (1) how are emerging 

cascading disaster risks related to issues of resilience at global to local levels? (2) How could/should these issues be identified 

and addressed at global to local levels? (3) How does existing resilience frameworks and indicators address this challenge? What 

are the sufficiency and gaps? (4) What kinds of additional factors are needed to consider to identify and address existing and 

future gaps?  

2. Background 

The concept and understanding of what constitutes a disaster, and how it is defined, is constantly changing. Historically disasters 

were characterized in terms of a “site” specific expected probability of occurrence and a general assessment of the most likely 

individual impacts.  This characterization was in large part responsible for the mantra that “all disasters are local.” Subsequently 

it was recognized that disasters were far more “systemic” in nature i.e. they had a much greater impact over a much broader area 

through an interrelated complex of factors i.e. a “network” of events and impacts. Thus, many disaster risks, driven by 

globalization, urbanization and climate vulnerability, are “cascading” in nature i.e. the impact on one network may cascade into 

an impact on several networks resulting in what is a “network of networks” disaster. 

Given the natures and structure of cascading disaster risks, including their dynamic, complex and uncertain characteristics (global 

to local change), and as demonstrated in the Tohoku Disaster which articulated the vulnerabilities of linked and interacting risks 

and their significant and multifaceted implications for and across policy issues and sectors, there is an critical need to manage 

emerging cascading disaster risks with often limited resources. Possible pathways to the resolution of this challenge include 

adopting a more inclusive, balanced and systematic approach and renewing policy formation processes, which is critically 

relevant to issues of resilience  at global to local levels. 

3. Essence in Analysis 

Although there is plethora of studies on resilience and disaster risk management, few studies provide an overarching analytical or 

structural framework for the inclusion of resilience into public policy and disaster management. Especially given natures and 

structure of cascading disaster risks, incorporating resilience into systems and subsystems in entities at multi-levels is critical; not 
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only resilience within local communities, but also local and national governments, international organizations, NGOs/businesses, 

policy systems, and more importantly, resilience within the “linkages” among different entities are required. 

In thinking about the overarching framework for the inclusion of resilience into public policy and disaster management, it is 

important to focus on core components of cross-scale interactions or linkages (central coordination, function/boundary analysis, 

synthesis, and continuous assessment) and of processes (constant change and adjustment; interactions of parts and resource 

management).  To specify these linkages and processes in disaster risk management, major relevant factors and some relevant 

metrics are provided in Tables 1 and 2.     

Table 1: Cross-Scale Interactions (Linkage) Factor 

Major Factors  Metrics  

Time Scale 

 

 

 

 

 Quick and timely response 

 Prioritize pre-disaster management and link it to post-disaster 

management 

  Link short-term, mid-term and long-term impacts and goals 

Institutions  Link financial, operational and decision-making institutions:  

(i) within central government 

(ii) between national and local governments   

        (iii) among government, business, and civil society 

        (iv) between national and international stakeholders  

Expertise   Link multidisciplinary experts engaging in disaster  management and 

public policy beyond disciplines 

Disaster Risks  Comprehensive views for natural disaster risks 

 Comprehensive views for social, economic and technological 

disaster risks 

  Comprehensive views for impacts of disaster risks   

 
Table 2:  Process Factors 

Major Factors Metrics  

Policy Formation 

Process 
 Consistent approach (from Analysis, Evaluation, Planning, 

Implementation through  Renewal)  

 Sub-sector policy integration 

Disaster 

Management 

Process 

 Comprehensive approach (from Mitigation, Planning/Preparedness, 

Response, Recovery, Adaptability through Sustainability)   

Knowledge 

Production 

Process 

 Integrative approach (Integrate Data and Information, Knowledge, 

Experiences and Lessons Learned into Operational Information and 

Actionable Policies )  

 

In analyzing existing resilience indicators in disaster management, overall it is recognized that most of them focus on community 

resilience and different parameters such as age, population, education and health coverage. These kinds of indicators are valuable 

to look at general overview for explaining the state of resilience at specific site. However, these parameter based indicators are 

limited especially given natures and structure of cascading disaster risks and their possible impacts. In light of cascading disaster 

risks, it should be noted that (1) most of existing resiliency parameters adopt an inductive approach which focus on particular 

community characteristics and lack processes and mechanisms that actually lead to strengthen resilience, and  (2) most of them 

focus on individual parameter and do not focus on the sum or processes which allow to cover “linkages” of multi-sectors and 

separate systems. 

To fill in the gaps a framework which focuses on linkages of multi-sectors or linkages of systems and subsystems should be 

considered. This kind of framework may provide a continuum of resilience especially from local to national levels, and in more 

broader view, from individuals to global levels which can contribute to strengthening local community resiliency thorough 

enhancing linkages between/ among multi-sectors or systems(subsystems) or system-subsystem. 
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The diversity and impact of complex disasters has been highlighted in the Hyogo Framework of Action (HFA) 2005–2015, which 

emphasized the risk multiplying interaction of natural, human induced and technological hazards and their interaction with an 

ever more complex set of physical, social, economic and environmental vulnerabilities. Thus, while related problems have been 

identified in HFA, these issues have not operationally been addressed in the implementation of HFA. On the other hand, disaster 

risks are getting more and more cascading every year, and the risk linkages and multiplier effects poses serious structural 

challenge in terms what to do in preparing for future disasters.  Therefore there is a critical need the successor Framework to the 

HFA to more operationally address the relevant issues by incorporating operational frameworks and indicators focusing on 

linkages and processes in the Framework.   

5. CONCLUSIONS 

To overcome challenges resulted from cascading disaster risks and effects, addressing linkages of different time-frames, 

institutions, stakeholders and knowledge is critical. Furthermore, the high level of uncertainty with respect to future risks requires 

process for continual learning. These factors should be counted in frameworks and indicators in light of resilience and disaster 

risk management. Overall, ensuring operational continuum by managing limited resources (financial, human and knowledge) and 

complimenting or strengthening each entity’s weakness throughout the disaster chain is an overarching requirement. 
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Background 

Within the context of 60 years of armed conflict, Colombia, South America, 

consistently ranks either first or second in highest numbers of internally displaced 

persons (IDPs) of any nation. Colombia’s 5.7 million IDPs in 2013 represent 12% of 

Colombia’s population, 16% of all IDPs globally, and 91% of IDPs in the Western 

Hemisphere. In 2010/2011, Colombia experienced severe flooding, primarily in the 

northern departments (states) that displaced an additional 2 million persons. Trauma 

signature (TSIG) analysis was applied to examine the psychological stressors in relation 

to forced migration due to armed conflict, displacement due to natural disaster, and 

“double displacement” for conflict-displaced persons who were forced to relocate due to 

the flood waters. 

 

Methods 
TSIG analysis – presented in compare/contrast format for conflict vs. disaster 

displacement - consisted of creation of a hazard profile, a matrix of psychological 

stressors, and a “trauma signature” summary for affected populations within categories 

of exposure to hazards, losses, and changes. TSIG analysis is defined as “an evidence-

based method that examines the interrelationship between population exposure to a 

disaster, extreme event, or complex emergency, and the inter-related physical and 

psychological consequences for the purpose of providing timely, actionable guidance for 
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effective mental health and psychosocial support (MHPSS) that is organically tailored 

and targeted to the defining features of the event.”  

When examining a disaster event or complex emergency, TSIG analysis looks at 

exposures of the affected populations to empirically documented risk factors for 

psychological distress and mental health disorders. The assumption is that each 

“extreme event” exposes the population to a novel constellation of “forces of harm.” In 

turn, forces of harm are subcategorized into exposures to hazards, losses, and 

changes. Once defined, the disaster’s unique “signature” of exposure risks may serve 

as a key predictor of needs for disaster behavioral health support. Unlike the current 

post hoc case study conducted several years after the 2010/2011 floods in Colombia, 

when TSIG analysis is performed in “real time,” as a disaster is unfolding, results can be 

used to guide the immediate, on-scene MHPSS response. 

 

Findings 
 Differentiating displacement due to conflict from displacement due to 
natural disasters. Populations of persons displaced due to armed conflict and human 

rights abuses must be differentiated from populations displaced by natural or human-

made disasters. Both types of displacement are subsumed under the United Nations 

definition of IDPs, and the Internal Displacement Monitoring Centre (IDMC) in Geneva, 

Switzerland, together with the Norwegian Refugee Council, monitors both types of 

displaced populations simultaneously – and separately. 

According to the IDMC, more than 33.3 million persons were displaced by armed 

conflict (in 2013) while an estimated 32.4 million people in 82 countries were newly 

displaced by disasters (in 2012). Clearly, the number of disaster-displaced persons is 

dauntingly large. As a recent example, 3.6 million Syrians were internally displaced due 

to armed insurgency in 2013, while 3 million persons were abruptly and acutely 

displaced when Super Typhoon Haiyan pummeled the Philippines in November 2013.  

Conflict-displaced and disaster-displaced populations differ fundamentally in 

terms of the events that precipitate displacement. While natural disasters are non-

intentional “acts of nature,” armed conflict involves intentional, human malevolence and 

harm. Conflict-induced displacement is a human-perpetrated act. Massive internal 
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displacement due to violence, extortion, and human rights violations can be described 

within a disaster classification scheme as an intentional anthropogenic (human-
generated), armed-conflict disaster that escalates to a protracted complex 
emergency/humanitarian crisis. 

Most disaster-displaced persons are able to return to their homes within days or 

months to repair or rebuild once the natural disaster threat subsides. However, conflict-

displaced persons usually cannot return home because their communities of origin are 

controlled, and frequently occupied, by the armed actors who forced their expulsion. 

Disaster-displaced persons temporarily vacate their homes due to pre-impact disaster 

threat, or hazardous conditions during impact, or post-disaster devastation. However, 

unlike conflict-displaced persons, these individuals and families have not been 

dispossessed of their property and driven from their communities; they can return when 

the physical hazards subside. 
Duration of displacement is another point of divergence. Disaster-related 

displacement tends to be transient and time-limited. In contrast to the relative brevity of 

disaster displacement, for more than 90% of nations where IDMC maintains 

surveillance of conflict-displaced IDPs, the agency describes the situation as 

“protracted.” 

Colombia case example (Table 1). As an on-point example, Colombia has 

experienced both types of displacement simultaneously. Conflict displacement has 

occurred unceasingly for decades. However, much more acutely, in 2010 and 

2011,deluging rains caused extensive river and “overland” flooding and triggered 

mudslides for a period of more than eight months. An estimated 1.5-2.2 million 

Colombians were displaced due to this prolonged flooding disaster. Fortunately, by 

2013, almost all had successfully returned to the communities they had vacated to 

escape the floods. According to IDMC tabulations, the majority of the two million 

persons who were routed by the floods were counted as persons displaced by a “natural 

hazard-induced disaster.” However, a proportion of these flood-displaced persons had 

been previously displaced due to the armed conflict. When the floodwaters receded, 

these “doubly-displaced” individuals were able to return to their communities of 

resettlement, but not to the rural communities of their childhood from which they had 
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been expelled. No longer flood-displaced, they resumed their precarious status as 

conflict-displaced IDPs. 

 
Concluding Comments 

Conflict displacement is distinguished from disaster displacement in terms of 

types and severity of trauma exposure (human-generated vs. natural), time frame 

(protracted vs. relatively brief duration), trajectory (multiple phases vs. abrupt 

departure), ability to return and resettle, degree of loss, disruption of family and 

community networks, ongoing threats, and existence of supportive programs (for victims 

of armed conflict vs. flood victims). Exposure to trauma and loss is the reality for both 

conflict-displaced and disaster-displaced citizens. However features such as human 

causation and irrecoverable loss of lands and community uniquely define forced 

migration for victims of armed conflict. 

 

Table 1: Trajectory of Internal Displacement for Conflict-Displaced 
     vs. Disaster-Displaced Persons in Colombia, South America 
 
Phase of Displacement Type of Displacement 

Conflict Displacement Disaster Displacement 
 Duration Psychological 

Stressors 
Duration Psychological 

Stressors 
Pre-expulsion Prolonged Major:  

+++ 
Very Brief Minor 

+ 
Expulsion Brief Major:  

+++ 
Brief Major:  

+++ 
Migration Brief Moderate:  

++ 
Brief Major:  

+++ 
Initial adaptation to 
relocation 

Moderate Major:  
+++ 

Moderate Major:  
+++ 

Long-term resettlement Very 
prolonged 

Very Major: 
+++++ 

None or  
Brief 

None or Minor 
+ 

Return Rarely occurs None or 
Major: 

+++ 

Prolonged Moderate:  
++ 
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Background 
The 2010 Deepwater Horizon “BP” oil spill was a mega-disaster characterized as 

the petroleum industry’s largest-volume marine oil spill in history. Following a “wellhead 

blowout” that destroyed the drilling platform, 4.9 million barrels of petroleum flowed into 

the Gulf of Mexico over 87 days and the spill expanded to cover 68,000 square miles of 

sea surface. Yet, despite the expansive scope of the event, systematic surveys of 

affected coastal populations found only modest effects on mental health and substance 

abuse. 

In terms of disaster classification, the Deepwater Horizon spill may be 

characterized as a non-intentional anthropogenic (human-generated) technological 
disaster involving a hazardous materials spill (petroleum and dispersant 
chemicals) that generated severe ecological impact. Human-generated 

technological disasters have the potential to create significant risk for psychological 

distress and a range of mental health disorders equaling or exceeding the effects 

produced by natural disasters. Adding to the fact of human causation, the investigation 

by the Presidentially-appointed National Commission on the BP Deepwater Horizon Oil 

Spill and Offshore Drilling determined that the spill was wholly preventable.  

Given the anthropogenic nature, the scale, and the magnitude of this event, the 

disaster behavioral health consequences of the Deepwater Horizon oil spill were 

anticipated to feature prominently among the public health effects. Supported by 
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earmarked “behavioral health” funding from BP, the Substance Abuse and Mental 

Health Services Administration (SAMHSA) and the Centers for Disease Control and 

Prevention (CDC) set out to document the mental health and substance abuse effects 

using large, representative samples of coastal residents in the oil spill-affected states of 

Louisiana, Mississippi, Alabama, and Florida. Surprisingly, findings were modest and 

equivocal, prompting the authors to conclude that the behavioral health impact of the 

spill was not as “widespread” as expected throughout the spill-impacted Gulf coast. 

 
Methods 

Trauma signature (TSIG) analysis was applied to examine the psychological and 

mental health effects of the Deepwater Horizon oil spill. TSIG analysis is defined as “an 

evidence-based method that examines the interrelationship between population 

exposure to a disaster, extreme event, or complex emergency, and the inter-related 

physical and psychological consequences for the purpose of providing timely, 

actionable guidance for effective mental health and psychosocial support (MHPSS) that 

is organically tailored and targeted to the defining features of the event.”  

When examining a disaster event, TSIG analysis looks at disaster survivors’ 

exposures to empirically-documented risk factors for psychological distress and mental 

health disorders. Consistent with the Disaster Ecology Model, which forms the 

theoretical base for TSIG analysis, the assumption is that each disaster exposes the 

affected population to a novel constellation of “forces of harm.” In turn, forces of harm 

are subcategorized into exposures to hazards, losses, and changes. Once defined, the 

disaster’s unique “signature” of exposure risks may serve as a key predictor of needs 

for disaster behavioral health support. Unlike the current post hoc case study conducted 

several years after the Deepwater Horizon oil spill, when TSIG analysis is performed in 

“real time,” as a disaster is unfolding, results can be used to guide the immediate, on-

scene MHPSS response. 

 
Findings  

TSIG analysis examines both the distinguishing features that set a disaster event 

apart as well as the presence and degree of severity of known risk factors for 
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psychological distress and mental health consequences. More than most disaster 

events, in the case of the Deepwater Horizon oil spill, it was possible to dichotomize 

exposures into those that were present or absent, “in play” or “not in play.”  

Defining features. Distinguishing characteristics of this disaster event included: 

corporate culpability, large spill volume, protracted duration, coastal contamination from 

petroleum products, severe ecological damage, initial disruption of Gulf Coast industries 

and tourism, extensive high-intensity media bombardment, rapid economic reparation 

for damages, accelerated cleanup operations, designated funding for disaster 

behavioral health, and orchestrated promotion of Gulf Coast tourism and products. 

Risk factors for psychological consequences: present and prominent 
(Table 1). Five dimensions of this event predicted the potential for significant mental 

health consequences: 1) expansive scale and prolonged duration, 2) multiple exposure 

effect, 3) preventable human causation, 4) prolonged negative media publicity, and 5)  

uncertain future health effects. 

Expansive scale and prolonged duration. The Deepwater Horizon disaster was 

the petroleum industry’s largest volume marine oil spill.  

Multiple exposure effect. Research clearly indicates that multiple high-intensity 

impacts are more stressful than an encounter with a singular event. Exposure to prior 

adverse experiences or traumatic events appears to sensitize people to react more 

negatively following subsequent trauma. The multiple impact effect of the Deepwater 

Horizon spill was especially notable due to prior exposure of the region to Hurricane 

Katrina in 2005 and the concurrent impact of the most pronounced global economic 

crisis since the 1930s extending from 2008 throughout the entire duration of the spill. 

Preventable human causation. The Deepwater Horizon explosion and oil spill 

represented a cataclysmic failure of human technology. Human negligence, lack of 

foresight, cavalier disregard for predictable risks, and corporate culpability were 

prominently on display. Such hallmarks of a human-generated disaster magnified the 

psychological reactions. 

Prolonged negative media publicity. The coverage of the event was extensive, 

ever-present, and protracted. The Deepwater Horizon spill maintained “top story” status 

for 14 consecutive weeks, an unparalleled feat in the annals of disaster journalism. 
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Uncertain future health effects. Scientists have begun to examine the range of 

possible health consequences of significant exposures to the chemical constituents of 

petroleum and dispersant products and aerosols, including various forms of cancer, 

neurological disorders, and special susceptibilities for persons with genetic 

polymorphisms. Ongoing surveillance will be critical to monitor the health status of Gulf 

residents, especially the cleanup workers. 

Risk factors for psychological consequences: absent or minimal (Table 1). 
The litany of definitive psychological risk factors described above was counterbalanced 

by the relative absence of other prominent predictors of mental health distress and 

disorder and the presence of protective factors that are known to buffer psychological 

consequences. 

First, some prominent disaster risk factors that strongly predict psychological 

distress and impairment were not present in the Deepwater Horizon oil spill. Coastal 

residents did not experience significant onshore spill-related mortality or severe injury, 

or shortages of survival needs. Second, the nature of the disaster allowed the 

infrastructure of coastal communities to remain intact. There was no loss of homes, 

population displacement, destruction of the built environment, disruption of vital services 

(health care, schools, utilities, communications, transportation) or loss of social 

supports. Third, the disaster response was swift and exemplary. Fourth, substantial BP 

financing was rapidly made available to underwrite losses, pay for the cleanup efforts, 

and support Gulf Cost economic recovery. In some respects, the Gulf Coast emerged 

stronger and revitalized. 

 
Concluding Comment 

Not only did Gulf Coast populations display remarkable resilience in the face of 

daunting challenges, the behavioral health impact of the Deepwater Horizon spill 

appears to have been blunted by the absence of major evidence-based risks for 

psychological distress and disorder, the exemplary response, and the massive infusion 

of economic resources.  
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TABLE 1: 
Deepwater Horizon Oil Spill:  
Psychological Risk Factors for Gulf Coast Residents: Present vs. Absent 
 
Types of 
Exposure 

Present and Prominent Absent or Minimal 

Hazard Human-generated hazardous materials 
event 
Preventable human causation  
Expansive scale, scope, duration 
Exposure to hazardous materials 
Multiple impact event  
(Katrina, economic crisis, BP oil spill) 
Contamination of Gulf waters, 
coastlines, beaches 
Damage to machinery, equipment 
Extreme ecological damage 
Witnessing harm to wildlife, 
vegetation, habitat, ecosystems 
Current, future health fears  
Negative media publicity 
 

Severe, life-changing injury 
Single or multiple injuries to loved ones 
Witnessing harm to other humans 
Fear of life threat for self or loved ones 
Fear of injurious harm for self or loved 
ones 
Evacuation/sheltering 
Need for rescue 
Entrapment 
Exreme fear or panic reactions 
Exposure to undetectable hazards 
 

Loss Short-term severe impact on Gulf 
economy 
Impacts on specific Gulf Coast 
industries (e.g. tourism, fishing) 
Family economic hardships 
Job loss or reduced income  
Fears regarding economy  
Short term loss of access to 
beach/coastal recreational areas 
Small number of episodes of self-harm 
 

Mass mortality 
Single or multiple deaths of loved ones 
Traumatic bereavement 
Complicated grief 
Separation from loved ones 
Long-term negative economic impacts 
Long-term family economic hardships 
Loss of home 
Loss of basic necessities 
Loss of vital services 
 

Change Fears regarding stigma 
Fears regarding changes to lifestyle 
 

Displacement 
Loss of critical infrastructure 
Structural destruction 
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ABSTRACT: Within urban development research, the benefits derived from so-called ecosystem services (ES) should be taken 
into account. To valuate ES, different methods are applicable, such as Cost-Benefit Analysis or Geographical Information System 
(GIS) based approaches. In 2012, the World Resources Institute published a manual for businesses to account for ES called 
Ecosystem Service Review (ESR). Therein, a five-step process is illustrated. To achieve an integrated evaluation for cities, 
EIFER conducts a modified ESR in Singapore. The expected outcomes are both qualitative and quantitative values, displayed 
either in GIS or as tables for decision-support. 
Keywords: Ecosystem Service Review, GIS-based assessment, Urban Development 

1. INTRODUCTION 
In the past years, research topics like urban sprawl, ecosystem services and sustainable food, water and energy supply gained 
interest in the light of a changing climate. With regard to a continuously increasing number of people in fast expanding cities, so-
called urban services and ecosystem services may see limitations and need to be subject to further examination. By now, more 
than half of the population lives in cities and urban areas which account for about 3 % of the global land area, making them the 
main consumers of ecosystem services. The term Ecosystem Services (ES) refers to “the benefits people obtain from ecosystems” 
(MA 2005). That is, the environment supplies the inhabitants of cities with: 

Provisioning Services 

e.g. food, water, raw materials and energy 

Regulating Services 

e.g. carbon sequestration, climate regulation, 
air and water purification, waste 

decomposition 

Cultural Services 

e.g. scientific discovery, recreation, eco-
tourism 

Supporting Services 

e.g. nutrient cycle, primary production, soil formation 

Fig. 1: Four types of ecosystem services. The supporting services underlie each of the other categories as the basic services that 
ecosystems can supply. 

Considering urban design and safety, flood management or air quality improvement are challenges to be tackled. Besides these 
technical aspects, the supply side of food, water and energy is crucial in urban environments. This means that the aforementioned 
resources are usually provided by the surrounding areas. While cities are dependent on global ecosystem services for survival, 
they also largely benefit from internal urban ecosystem services (Bolund and Hunhammar (1999)). ES provision can be 
substantial within urban areas as they host a number of ecosystem processes, which deliver services for human well-being. Such 
locally generated ES include air quality regulation or recreational opportunities. Continuing ecosystem degradation and loss of 
agricultural and natural landscapes will exert greater pressure on the urban environment to provide such ecological, production 
and cultural functions. Climate change mitigation and adaptation as well as resilience are thus further topics to be merged into the 
concept of sustainable (urban) development. 

The TEEB Manual for Cities (TEEB - The Economics of Ecosystems and Biodiversity (2011)) highlights the analyses of ES as 
vital for sustainable cities. Therein, a valuation approach that includes monetary, quantitative and qualitative values is described. 
To perform such a valuation, a set of methods (e.g. Cost-Benefit Analysis, SWOT Analysis, GIS-based approaches) may be used. 
One of the basic steps is the Ecosystem Service Review (ESR) established by the World Resources Institute (WRI). In 2012, the 
WRI set up a concept on how to proceed in a valuation for businesses (World Resources Institute (WRI) et al. (2012)). Originally 
developed for the corporate sector, this ESR enables the identification of priority ES on different spatial scales and the 
subsequent determination of risks, opportunities, costs and benefits of measures to address ES. 

2. PROCEDURE 
Singapore has consistently placed great emphasis on environmentally-friendly urban development. The Green Plan 2012 
(Ministry of the Environment Singapore (2002)) already sets targets in the categories of waste management, air quality, water 
supply and human well-being amongst others that should be reached within the upcoming decades and is further evolved into the 
Sustainable Development Blueprint. Moreover, the Housing and Development Board started the Greenprint program which 
includes several ecosystem services. This framework should foster green urban development and is targeted at three levels: 
building green neighborhoods, upgrading to green flats and forming green communities (Government of Singapore 2012). While 
Singapore´s resource management and conservation efforts are already rather extensive compared to other global cities, the 
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integration of the urban ecosystem service concept within an ESR can be further enhanced. EIFER is going to conduct a modified 
ESR, as described below (see Figure 2). 

 
Fig. 2: Comparison of Ecosystem Service Reviews, a) the original framework set for Corporate ESR (WRI 2012), b) Adaption of 
the ESR approach for cities (EIFER 2012), c) Inclusion of methods and tools for an Urban-ESR (EIFER 2014) 

3. RESULTS 
Most research projects considering ecosystem services are often concerned with only one or few ecosystem services (Haines-
Young and Potschin, 2010). EIFER chose an integrated approach across all four types of ES in Singapore. Aside from a 
qualitative analysis of priority ecosystem services, a localized quantitative assessment of benefits for inhabitants and environment 
will be conducted. The expected results are: (1) a qualitative identification of priority urban ES, (2) quantitative analyses based 
on indicators, (3) a localization of ES in the study area and (4) a quantitative assessment of costs, benefits, risks and opportunities 
as well as (5) analysis maps and set of indicators for decision-making processes. 

The first step of an Urban ESR includes the conduction of interviews or questionnaires in order to prioritize the most important 
ES. The questionnaire used in this case study is based on a translation of the quite difficult-to-use and extensive excel 
spreadsheets from the WRI into a more accessible online questionnaire. In the process, 40 different institutions were contacted, 
among them the universities of Singapore, several ministries and NGOs. In total, seven questionnaires returned completely filled 
giving a quota of 17.5 %. 

Table 1: Overview on the prioritized ecosystem services in Singapore (derived from questionnaire) 

Categories Prioritized Ecosystem Services 

Provisioning Services Food 

 Fresh Water 

Regulating Services Air quality regulation 

 Waste water treatment 

Habitat Services Habitat 

Cultural and amenity Services Aesthetic quality 

 Recreation 

The evaluation of the questionnaire return led to seven main ecosystem services that should find regard in the modelling process. 
The ES stem from each type of ecosystem services which underlines the integrated approach of this concept. In the following 
section, the connection between the prioritized ES and the already ongoing programs and label in Singapore is highlighted for 
further discussion. 

3.1 Investigation of indicators and factors underlining the local green program and label 

The prioritized ES correspond to several initiatives taken in the Greenprint program in Singapore (Government of Singapore 
2012). The provision of food is represented by the initiatives of Community Engagement as well as the Landscaping and 
Greenery program while fresh water provision corresponds to the Water Conservation aspect. The regulating services air quality 
regulation and waste water treatment are regarded as parts of the Adaptation and Mitigation of Climate Change and Waste 
Management respectively. The habitat service is best described in the Community Gardening program while the cultural services 
of aesthetic quality and recreation fall into the aspects of Greener Living, Landscaping and Greenery and Community Gardening.  

664



 

3 
 

 

This comparison again shows the close connection between different aspects and programs since Community Gardening and 
Landscaping and Greenery cover at least two different ES. One significant program relates to the greening of rooftops and also 
vertical greenery of facades. This is the most prominent example for the complementarity of ES as it leads to cooling of 
buildings, increased habitats, increased pollination within a city, rainwater retention and – as in the case of Singapore – often 
offers recreation options as well as urban gardening opportunities. 

3.2 Localization of UES in the city 

Evaluating spatially explicit indicators offers insight into the current provision of urban ecosystem services, specifically 
identifying urban areas in Singapore with low and high provision of ecosystem services. Through the use of the Integrated 
Valuation for Ecosystem Services and Tradeoffs (InVEST) tool, which was developed by the Natural Capital Project, the 
assessment of ecological production and subsequent economic valuation is enabled. InVEST consists of several open source 
models to map and evaluate ecosystem services through ArcGIS.  

EIFER made use of several InVEST models, namely carbon sequestration, habitat risk assessment, aesthetic quality, nutrient 
retention and recreation value. We chose to present two different ecosystem services namely positive natural aesthetic quality and 
habitat risk assessment. These ES correspond to the types of cultural and habitat services. 

The model on Aesthetic Quality in general is able to analyze the quality of a viewshed using impacting point features coupled 
with population distribution and a digital elevation model. It depends on the focus of the project to use either positive or negative 
impact point features, e.g. tourist attractions, monuments or construction sites. In this case, the impact points were chosen to 
represent a positive aesthetic quality from natural objects, i.e. national parks, heritage trees and skyrise greenery. The first map 
gives an overview on the distribution of these point features for further analyses (Figure 3). The second map is the representation 
of the rasterized assessment of the so-called positive natural aesthetic quality in Singapore (Figure 4). 

  

Fig. 3: Overview Map of Singapore containing Park 
Connector Loops, building stock, natural areas and skyrise 
greenery 

Fig. 4: Positive natural aesthetic quality in Singapore derived 
from national parks, heritage trees and skyrise greenery. 

Aside from existing habitat areas, the Habitat Risk Assessment (HRA) for Singapore also contains so-called stressors (e.g. 
airports, ports, city centers or suburbs and waste disposal or treatment sites. These stressors are calculated with a buffer and 
afterwards given a risk factor for the overlapping analyses with the habitat sites. The map below shows the results of the 
calculation. Due to the buffering of the stressor layers, the highest risk appears around those areas of explicit stress to habitats 
(represented by red cells). On the other hand, the green cells show the risk to habitats under more peripheral influence of the 
stressor layers. Thus, the green cells indicate low habitat risk. 
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Fig. 5: Assessment of habitat risk in Singapore using airports, city centers, ports and waste disposal and treatment sites as 
stressors for habitat areas. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
In general, the assessment of ecosystem services in cities is one way of valuating the benefits of ecosystems for the city’s 
inhabitants as monetarized values as well as non-monetary benefits. The concept of an Ecosystem Service Review (ESR) as used 
here, forms a basis that fits to the concept of critical infrastructures and specifically addresses the sectors of energy supply, water 
and food supply, urban development and air pollution. Besides, disaster risk management is regarded during the steps of scenario 
building and a SWOT-analysis and is part of the ecosystem service type of regulating services. Since the concept of the ESR 
includes social, economic and ecological factors, it is most suitable for the framework for disaster risk reduction to include 
people’s quality of life. 

5. CONCLUSIONS 
The ESR is a general framework for the assessment of the benefits that people derive from ecosystems. This concept was 
established for corporate units but may be transferred to cities and regions as well. EIFER conducted such an adapted approach 
by using GIS-based applications for the calculation of a set of prioritized ES in Singapore. The top 7 services identified represent 
all types of ES and are analyzed in an integrated manner.  

Until now, the steps 1 to 3 are carried out using a web-based questionnaire and GIS-based toolbox applications in InVEST. The 
focus was set on two detailed models on aesthetic quality and habitat risk assessment that represent several factors of ES, types of 
ES and programs established by the Housing and Development Board of Singapore. 

The approach includes social, economic and ecological factors and is a reasonable starting point for further analyses. Criticism 
must be addressed to the resolution of the modelling, the feature types and the small number of participants in the questionnaire. 
It is foreseen to continue the project in order to enhance the quality of the outputs. 
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Towards Extreme Consequence Accidents in Energy Sector: Are they 
expected based on historical observations? 
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ABSTRACT: Accidents in the energy sector occur as a consequence of the exposure of people and their socioeconomic activities 
to, among others, man-made hazards. In this context, extreme events are generally the cause of most of the consequences in the 
total historical observation. Therefore, it is of great interest to assess the probability level of such events in the context of risk 
assessment. But, is an extreme event statistically likely given the historical observations? Accurately estimating the probability of 
such an extreme event is complicated by the large fluctuations in the empirical distribution’s upper tail. In this study we present a 
generic methodology based on Bayesian analysis to verify the consistency of the extreme event by comparing it against historical 
observations of accidents in the energy sector. The methodology proposed here is then applied to three test cases for different 
energy chains and country groups (e.g., OECD, non-OECD), to estimate the worldwide historical probability of observing the 
extreme event since 1970. The results are robust to conditioning on global variations, such as in technology and economic 
development. Finally, the method proposed here could serve to test the consistency of both qualitative and quantitative risk 
models, such as, for example, for maximum consequence scenarios based on stakeholder’s decision.   

Keywords: Extreme Values, Bayesian Analysis, Accident Risk, Energy Sector. 

1. INTRODUCTION 

Accidents in the energy sector occur as a consequence of the exposure of people and their socioeconomic activities to, among 
others, man-made hazards. As in other fields, frequent accidents in the energy sector have minor consequence than less frequent 
or even rare accidents. The latter, also called extreme events have very low probabilities, but produce very large consequences 
(e.g., Eckle and Burgherr, 2012). Thus, strongly affecting the human health, the environment, but also having strong impact on 
the economy and/or energy policy, such as, for example, in the case of the Fukushima event. 

Extreme events are generally the cause of most of the cumulative consequences in the total historical observation. Therefore, it is 
of great interest to assess the probability level in the context of risk assessment, or in other words, understand if an extreme event 
is statistically likely given the historical observations. Accurately estimating the probability of such an extreme event is 
complicated by the large fluctuations in the empirical distribution’s upper tail.  

In a recent paper, Clauset and Woodard (2012) introduced a methodology based on a combination of semi-parametric models of 
tail behaviour and a non-parametric bootstrap in order to assess the statistical expectation of an extreme event based on the 
historical observations. In this study, we move towards a fully probabilistic approach based on Bayesian analysis (e.g., Eckle and 
Burgherr, 2012). From the latter we model uncertainty at a probability level of 1%. Therefore the maximum consequence event is 
considered expected by the historical observation if it lies within the uncertainty range defined by the Bayesian model. 
Furthermore, we test the aforementioned method by applying it to datasets extracted from PSI’s Energy-Related Severe Accident 
Database (ENSAD), see for example Burgherr and Hirschberg (2014). The method proposed here could serve to test the 
consistency of both qualitative and quantitative risk models, such as, for example, for maximum consequence scenarios based on 
stakeholder’s decision made. 

2. DATA 

2.1 ENSAD Database 

The database ENSAD, see Burgherr and Hirschberg (2014), comprehensively covers energy related severe accidents worldwide. 
There exist numerous databases and risk analyses which cover accidents in different energy chains stages in energy production 
(e.g., FACTS (http://factsonline.nl/)). However, none of them takes a comprehensive view of the risk along the entire energy 
chain. In ENSAD, data on all energy-related accidents is collected and classified into energy chains and into activities within 
those chains. In addition, information on location, accident type, and consequences is extracted to achieve a comprehensive 
global coverage of severe accidents. 

ENSAD has been developed using a wide variety of sources, which includes commercial and non-commercial information 
sources, ranging from specialized databases to technical reports, journal and newspaper articles, websites, etc. The ENSAD 
database uses seven criteria to distinguish between severe and smaller accidents (e.g.,  Burgherr and Hirschberg, 2014), which 
refer to a minimum number of, e.g., fatalities, injuries, etc. In this study we focus on the analysis of accidents causing fatalities, ≥ 
5 to be considered severe in ENSAD terms, since fatalities generally comprise the most reliable indicator with regard to the 
completeness and accuracy of the data (e.g.,  Burgherr and Hirschberg, 2014). 
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In this study, the number of fatalities is taken into account as a measure for the severity of an accident in the time period 1970-
2008 and for three testing cases, which are Coal (incl. Lignite) accidents in the OECD country group, Natural Gas and Oil 
accidents in non-OECD countries. 

2.2 Severity Distribution 

In Figure 1 the numbers of accidents as a function of the fatalities are shown. In all cases most of the accidents caused between 5 
and 50 fatalities. The latter is a sort of threshold from which the three testing datasets behave differently. For example, in Coal 
OECD (Figure 1a) the tail distribution shows a first cluster of fatalities between 50 and 100 and then a long gap towards an 
extreme event, while in Oil non-OECD (Figure 1c) the distribution shows a longer tail with two major gaps towards the extremes 
at 2700 and 4386 fatalities. 

 

 

 

 

 

 

 

 

 

 

 

 

As described above, the aim of this study is to check if the observed extreme event could be expected based on historical datasets. 
Therefore, in order to test the proposed methodology, the most extreme event (in terms of consequences) has to be eliminated 
from each dataset (red bars in Figure 1). In Coal OECD the extreme event, an explosion in a mine in Turkey in 1992 caused 272 
fatalities (Figure 1a). In Natural Gas non-OECD, the maximum consequence event, due to an extraction accident in China in 
2003, is recognized at 243 fatalities (Figure 1b). Finally, in Oil non-OECD, the extreme value, due to the collision of the tanker 
Victor with the Ferry Dona Paz off the Philippines in 1987 resulted in 4386 fatalities (Figure 1c). 

3. METHOD 

Bayesian inference is an alternative to the classical statistical inference (e.g., O'Hagan, 2003). A Bayesian analysis combines the 
information in the data represented by the entire likelihood function with prior knowledge about the parameters, e.g., fatalities, 
which may come from other data sets or a modeler’s experience and physical intuition. Parameter estimation is made through the 
posterior distribution of the parameter of interest given the observed data, which is computed using the Bayes’ Theorem (e.g., 
O'Hagan, 2003). The latter consist in the product of a likelihood function and a priori distribution of the parameter of interest 
normalized by a constant, which scales the posterior so that the area under the posterior probability distribution function equals 
one, i.e. make it proper meaning that it must converge (e.g., Eckle and Burgherr, 2012). However, the estimation of this 
normalization constant is commonly not easy due to the size of the parameter vector of interest. Therefore, Markov Chain Monte 
Carlo (MCMC) methods are commonly used (e.g., Eckle and Burgherr, 2012), since these algorithms sample values of the 
parameters from the posterior distribution without computing the normalizing constant. 

In Bayesian analysis the a priori distribution describes what is known about the parameter of interest, e.g., fatalities, before 
observing any data. Therefore, it contributes to the epistemic uncertainty, since intrinsically describes the lack of knowledge on 
the parameter of interest. The likelihood describes the process-giving rise to data in terms of unknown parameter of interest. It 
contributes to the random variability of the parameter of interest, and thus describes the aleatory uncertainty. However, in this 
case, the common subjective choice of the likelihood function would also contribute to the lack of knowledge and, thus, be 
source of epistemic uncertainty.  In order to avoid, or at least reduce, the latter, we introduced an a priori analysis of the observed 
dataset. Since the likelihood is described by a probability distribution, the a priori analysis consists in searching for the best (in 
terms of goodness-of-fit) function (model) that fits our dataset. In this study, the best fitting model is sought through the Bayesian 
Information Criterion (BIC), e.g., Schwarz (1978), on a group of possible right skewed models that are commonly used in hazard, 
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Figure 1: Number of accidents per fatality in the ENSAD database for the time range 1970-2008. In red the observed extreme 
accidents removed in order to check their expectation based on the rest of the dataset. a) Coal OECD; b) Natural Gas non-OECD; 
c) Oil non-OECD. 
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risk assessment and survival analysis. Furthermore, only models described by a maximum of three parameters (location, shape 
and scale) are considered. This choice is made in order to avoid overfitting due to a high number of parameters in the model. 

Table 1: Bayesian Information Criterion (BIC) score for Coal OECD, Natural Gas and Oil non-OECD. The best fitting 
distribution in all cases is the Inverse Gaussian (IG). For result comparison also the Log-Normal (LOGNO) distribution is 
considered separately as likelihood function. 

Distribution Coal OECD Natural Gas non-OECD Oil non-OECD 

Inverse Gaussian 109 95 370 

Logit 153 130 505 

Reverse Gumbel 137 121 465 

Generalized Pareto 146 111 400 

Log-Normal 114 100 379 

Weibull 124 105 407 

In all considered datasets the Inverse Gaussian (IG) distribution is the most suitable, in BIC terms, model to be used as likelihood 
function in this study, see Table 1. In fact, the lower the BIC score is the better the model is fitting the data.  

According to the Bayes’ Theorem, an a priori distribution for the parameter of interest, e.g., fatalities, has to be defined. Since in 
all cases, no prior information is available, non-informative very broad prior distributions are used. Therefore, the posterior 
distribution would be mainly influenced by the data (if sufficient), since the a priori distributions are weak (e.g., Eckle and 
Burgherr, 2012).  In general, for both IG and LOGNO, for the location parameter the prior is defined as a normal distribution 
with mean 0 and standard deviation 0.01. For the shape parameter the prior is defined as a gamma distribution with shape and 
rate both equal to 0.001.  

4. RESULTS 

The Bayesian model is assessed for a given risk indicator. In fact, the aim of this case study is to analyse if a maximum 
consequence event can be expected based on the historical observation in statistical terms (p ≥ 1%). In order to do this, the 
expected fatality exceedance at 1% of the accidents is taken into account as risk indicator. Therefore, if the observed extreme 
value falls into the uncertainty range of the 1% exceedance accident indicator, it would be considered as statistically likely, and if 
not, as statistically unlikely. In Figure 2 the results for Coal OECD, Natural Gas and Oil non-OECD datasets are shown. For 
these datasets result for the two likelihood functions, IG and LOGNO are shown. 
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Figure 2: Maximum Consequence Observed (green triangle) in comparison with the Consequence exceeded in 1% of the 
Accidents (red point = mean) including uncertainty range (red bar). Inverse Gaussian and Lognormal probability distributions are 
considered as likelihood function according to Table 1. a) Coal OECD; b) Natural Gas non-OECD; c) Oil non-OECD. 
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In case of Coal OECD and Natural Gas non-OECD datasets (Figure 2a and 2b, respectively), the maximum observed 
consequence, for both considered likelihood functions, lies within the uncertainty range, meaning that it is expected based on the 
historical dataset. However, in case of Oil non-OECD data (Figure 2c), the observed maximum consequence is located outside of 
the models uncertainty range, meaning that the event is statistically unlikely. This event was a collision of the tanker Victor with 
the overloaded passengers Ferry Dona Paz off the Philippines in 1987 that caused 4386 fatalities, which is a very unlikely 
accident as it is shown in Figure 3, where the significant p-level is reduced to 0.1% for the Oil non-OECD dataset. In this case, 
the extreme event is lying within the uncertainty range for both IG and LOGNO distributions. 

 

 

 

 

 

 

 

 

 

 

5. CONCLUSIONS 

In this study we propose a fully probabilistic approach to assess if the maximum observed consequence is coherent with the 
historical observations. A Bayesian analysis is performed for the observed dataset, without the maximum observed consequence, 
in order to statistically consider both epistemic and aleatory uncertainty in the model as well as to avoid modelling issues in 
presence of only few data. In addition, an a priori analysis of the dataset is carried out in order to reduce the subjectivity in the 
choice of the likelihood function, as part of the Bayesian model, using an information criterion. Results on the testing datasets 
show the powerfulness of the proposed approach. In conclusion, the developed and tested method, which is based on Bayesian 
inference, allowed verifying that an observed/expected maximum consequence event is statistically likely based on historical 
observations. 
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Figure 3: Maximum Consequence Observed (green triangle) in comparison with the Consequence exceeded in 0.1% of the 
Accidents (red point = mean) including uncertainty range (red bar) for the Oil non-OECD dataset. Inverse Gaussian and 
Lognormal probability distributions are considered as likelihood function. 
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Abstract 

This paper presents the quantitative seismic loss assessment of an industrial plant and compares it to the real losses 

observed during the Emilia, 2012 earthquake. The procedure implemented comprises the individual assessment of each 

component of the seismic risk that is: the seismic hazard at the site, the seismic vulnerability of the structures and the 

evaluation of the losses corresponding to the onset of specific damage levels. The assessment is performed by means of 

the FRAME@Risk software suite, an AXA MATRIX Risk Consultants tool developed in collaboration with the 

University of Naples Federico II, allowing the global computation of seismic risk on probabilistic basis. The case study 

analysed is a plant for the production of medical devices located in Mirandola (MO), close to the epicentres of the 20th 

and 29th May 2012 earthquakes. Most of the buildings are precast reinforced concrete structures designed for 

gravitational loads only, which were heavily damaged during the Emilia earthquake and, in some cases completely 

destroyed. The comparison between the estimated losses and the observed ones (adjusted losses after the claim process) 

is performed at both the global plant and the individual buildings levels. This is believed to represent a first validation 

of the loss assessment procedure employed, encouraging the further development and application of the tool for 

earthquake induced loss estimations.  

     

     

1. INTRODUCTION  

The ultimate goal of risk assessment for industrial plants is to provide elements for a rational decision-

making, as a fundamental part of the risk management process, including the definition of acceptable risk 

levels and the implementation of mitigation strategies. To this aim, probabilistic seismic risk assessment and 

performance-based earthquake engineering (Cornell and Krawinkler, 2000) represent the state-of-the art 

approaches for computing seismic risk on sound quantitative basis.  

Quantitative seismic risk assessment requires the explicit computation of its three components, namely 

the seismic hazard, the vulnerability and the exposure terms. The seismic hazard represents any physical 

effect, direct and induced, caused by seismic events and capable of having adverse effects on human 

activities. Therefore, it is purely a product of natural processes and pertains to the behaviour of the ground 

apart from any effects on the built environment. The seismic vulnerability is, on the contrary, the component 

of risk not attributable to the hazardousness of the site but to the physical environment. In the simplest terms, 

it represents the susceptibility of the physical environment to be damaged by seismic events of a given 

intensity. Finally the exposure term takes into account the location, consistency, quality and quantity of 

assets and activities that may be affected directly and indirectly by the seismicity of the site. Therefore, it 

represents an economic, in the broadest sense, quantification of the potential losses.  

Seismic hazard and vulnerability are linked together by a cause-effect relationship and their joint evaluation 

allows to obtain a probabilistic description of the damage due to seismic events. This is expressed by 

Equation (1), reporting the annual probability of failure Pf, that is the annual probability of reaching or 

exceeding a predefined conventional damage state DSi.  

    [      ]  ∫  [         ]
  

    (  )  (1) 
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In the previous Equation, im represents the so-called intensity measure, that is a parameter directly 

correlated to the ground shaking at the site of interest (e.g. the peak ground acceleration, PGA) and     (  )  
is the probability of observing a given level of the ground shaking intensity measure at the site. It is obtained 

from the so-called hazard curve,  (  ), that is a relationship providing the annual probability of exceedance 

of any ground shaking intensity at a given site. The  [         ] term represents the so-called fragility 

curve, that is the probability that the structure reaches or exceeds certain predefined damage conditions, DSi, 

(from the slight damage to the complete collapse), at increasing seismic intensities. The exposure finally 

allows to translate the above terms into a probability of observing or exceeding a given level of losses and, 

therefore, represents the consequences of earthquakes, termed as the seismic risk.  

One major issue related to the seismic risk assessment of industrial plants is the computation of the 

fragility curve of the structure under investigation. In fact, dealing with a number of buildings usually 

ranging, depending on the size of the plant, from tens to hundreds, a detailed approach to seismic fragility is 

unfeasible both in terms of costs and time
1
. Similarly, approaches aimed to assess vulnerability at a large 

scale (e.g. catastrophe modelling) are, in general, unable to capture the specificities of the individual 

building. 

For these reasons a software tool named FRAME@Risk (Fragility-based seismic Risk Assessment 

MEthod), making use of literature-based fragility curves, has been developed within the agreement between 

AXA Matrix Risk Consultants and the Department of Structures for Engineering and Architecture of the 

University of Naples Federico II, Italy (Petruzzelli and Iervolino, 2014). The tool enables to estimate the 

seismic risk in a user-friendly, yet quantitative, manner, accounting for the seismic hazard, the structural 

fragility and the occupancy of the building.  

The FRAME@Risk software was used to assess the expected loss for a real case study plant stricken by 

the 2012 Emilia, Italy earthquakes. The main objectives of the analysis are to verify the accuracy of the 

results of such a tool in real cases comparing the predicted structural damage to the one observed during the 

visual surveys, as well as the estimated expected losses to the adjusted losses, defined at the end of the 

insurance claim process. 

 

 

2. THE FRAME@RISK SOFTWARE SUITE 

FRAME@Risk is a software suite composed of different tools developed in Mathworks MATLAB® 

environment, with the following purposes: (i) performing a rapid evaluation of seismic losses worldwide 

applicable; (ii) providing an inventory of existing fragility functions that can be easily managed and 

expanded; (iii) allowing the comparison and manipulation of fragility curves and the identification of the 

most suitable to describe the seismic performance of a specific structure or structural type.  

In particular FRAME@Risk software is composed by the following modules (Fig.1): 

 The Main tool allows the input of the data required for assessing the hazard and selecting the 

fragility curve suitable for the case under investigation and further it provides the output. 

 The Manager tool enables to manage fragility curves defining new fragility curves according to a 

given taxonomy
2
, collapsing or expanding the existing taxonomy. 

 The Comparison&Conversion tool allows to handle the fragility curve inventory, comparing 

fragilities, computing statistics, converting intensity measures and managing damage states 

according to which a fragility curve was defined. 

 The Filter tool is used to perform search queries and selecting a subset of fragility curves from the 

inventory. 

 The Loss module allows to input exposure data and to estimate the expected losses. 

                                                 
1
 A detailed assessment of the seismic fragility would require a deep knowledge of the structures under investigation 

(e.g., Petruzzelli et al., 2010) and the analysis of structural models through closed-form (in the simplest cases) or 

numerical (in the general case) methods (e.g., Calvi et al., 2006). 
2
 A taxonomy is the collection of those parameters that allow us to distinguish one building from another and to classify 

them under homogeneous classes of structures. Such parameters are also those mainly influencing the seismic behavior 

of structures. 
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Figure 1. FRAME@Risk software suite   

 

Currently FRAME@Risk includes worldwide and local studies for what concerns the hazard, providing 

both hazard maps and hazard curves (e.g., Giardini et al., 1999; Stucchi et al., 2011). Regarding the 

fragilities, the FRAME@Risk inventory is made of about 600 fragilities, continuously updated as new 

international projects or scientific studies becomes available (e.g. Crowley et al., 2014). Regarding loss 

definitions, existing data from past earthquakes (e.g. Dowrick and Rhoades, 1993 and 1995) and data 

provided by AXA MATRIX Risk Consultants are currently employed in the tool. 

The tool allows two alternate approaches depending on the available hazard at the site and reflecting in 

different outputs:  

 

 A scenario assessment, providing the conditional probability of equalling or exceeding a given 

damage state DSi, for a given “scenario” ground motion intensity measure im=IM, that is  [   
      ]. The Loss Assessment module provides, therefore, the expected loss given the scenario, 

 [    ]. 

 A full probabilistic assessment providing the annual probability of equalling or exceeding a 

particular damage state (Eqn. 1). For this assessment FRAME@Risk employs the whole hazard 

curve at the site and provides the (annual) unconditional expected loss, for any given seismic 

intensity at the site,  [ ]. 
 

In the simplest case of a scenario assessment, the expected loss, given a value of the intensity measure 

at the site,  [    ], can be computed as it follows: 

 [    ]  ∑  [     ]   [         ]
 

   
  (2) 

OUTPUT
FRAME Main module CODE-BASED SPECTRA

elastic spectrum according to Italian, 
European or US building Code

LOSS ESTIMATES due to PD and BI
• expected loss for a given earthquake

scenario:

• annual expected loss: 

INPUT
SITE LOCATION
geographical coordinates

HAZAR CURVE
• provided by the tool;
• defined by the user.

Manager tool

MAIN FUNCTIONS:
• define a new fragility curve; 

according to taxonomy;
• collapse and expand taxonomy;
• open/modify existing curves.

MAIN FUNCTIONS:
• compare fragility curves;
• convert IMs;
• manipulate limit states;
• compute statistics.

Comparison&conversion tool Loss module

MAIN FUNCTIONS:
• choose damage-to-loss

functions;
• compute losses due to  PD 

and BI.

Fragility filter tool

MAIN FUNCTION:
• filter fragilities according to 

the selected taxonomy.

EXPOSED VALUES
of building, 
machineries&equipment
and stock

 |E L IM

 E L

FRAGILITY CURVE
• chosen from the database
• computed ad-hoc

FAILURE PROBABILITIES
• probability of exceedance of a given IM 

(“scenario” assessment):

• failure probability (“Full probabilistic” 
assessment): 

 |iP DS ds IM

 iP DS ds
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In the previous Equation,  [     ] is the expected loss given that the structure is in the i-th damage state 

   , also known as “consequence function” (relating the structural damage to the monetary loss), n is the 

number of damage states considered and  [         ] is the conditional probability that the structure is in 

the aforementioned damage state, given the scenario intensity measure   . The latter can be computed by 

simply subtracting the conditional probabilities of exceeding two consecutive damage states.  

The expected degree of damage to any class of property at risk (building, B, machineries and equipment, 

M&E, and stock, STK ) is expressed by associating, to any damage state, a fraction of the replacement cost of 

the entire property, that is a mean damage ratio, Dri. Under this hypothesis, the conditional annual expected 

property loss can be computed, in the case of drift-sensitive non-structural components and contents
3
, as in 

the following Equation:  

 [    ]        {         }  ∑      [         ]
 

   
  (3) 

where     is the expected damage ratio for the i-th damage state over the n considered. 

Developing fragility curves for each possible nonstructural component is not practicable for the 

purposes of insurance loss estimation and in general there is insufficient data to develop such fragility curves 

on empirical basis, for all the components that it is likely to observe in industrial buildings. In addition, 

because of the usual large number of individual items of equipment or stock at a given site, in most of the 

practical applications, it is unfeasible to find a damage ratio for each item of an industrial site.  As such it 

may be better collect the available data for group of items rather than individual items. For such reasons non-

structural elements have been subdivided in simple classes of relative earthquake vulnerability, labeled 

“robust”, “medium” or “fragile” depending on the susceptibility of the content to be damaged by a given 

earthquake (Dowrick and Rhoades, 1993 and 1995). In the FRAME@Risk software, different damage ratios 

are, therefore, assigned to non-structural components and contents, depending of their vulnerability class. 

 

3. THE EMILIA 2012 EARTHQUAKE SEQUENCE 

On 20th May 2012 at 2:03 am UTC a magnitude 5.9 earthquake hit the Emilia Romagna Region, in the 

Northern Italy. The epicenter was located between Finale Emilia and San Felice sul Panaro at about 36 

kilometres north of the city of Bologna at a depth of 6.3 kilometres.  

A magnitude 5.8 earthquake struck the same area nine days later, on 29th May, causing additional 

damages, particularly to buildings already weakened by the 20th May shock. The epicenter was located in 

Medolla at a depth of about 10 kilometres. 

The mainshock of the 20th May was followed by four relevant aftershocks with magnitude between 4.8 

and 5.1 within a few days: two events with M 5.1, one with M 4.9 and one with M 4.8. Eleven events with 

magnitude between 4.0 and 4.5, plus several other minor earthquakes, occurred in the same area from 20th to 

23rd May (Fig. 2a). The seismic sequence covered a large area extending in the E-W direction for a length of 

nearly 40 km, between the localities of Mirandola and Ferrara (Fig. 2b). 

 

                                                 
3
 Non-structural components and building contents can be defined as either drift- and acceleration-sensitive, depending 

on their failure mechanism. Drift-sensitive components are generally attached to the building structure at multiple 

locations, therefore, they deform according to the deflection of the building. Examples are ceiling-high partitions, 

piping and facades. The risk of damage to these components is usually related to the inter-storey drift of the building 

and in such a way on the damageability of the building itself. In contrast, acceleration-sensitive components, if located 

on the ground, are mostly independent from the response of the building. Examples of acceleration sensitive 

components are heavy mechanical-electrical component items and, more in general, building contents including storage 

racks.  

For the sake of brevity, in Equation (2) only the case of drift-sensitive components is addressed. However, losses due to 

the failure of acceleration-sensitive components are assessed in FRAME@Risk by directly relating the conditional 

expected loss, given the earthquake intensity measure,  [    ], to the probable ground motion at the site.   
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Figure 2. Emilia 2012 sequence. Left panel: histogram reporting the number of events per day (vertical bars) and the 

cumulative distribution of events since 20th May (back dotted line); Right panel: map of the earthquakes and 

aftershocks locations. Stars indicate earthquakes larger than magnitude-5.0; squares indicate quakes between magnitude 

4.0 and 5.0; larger circles indicate quakes between magnitude 3.0 and 4.0; and small circles indicate those quakes 

smaller than magnitude 3.0. The orange markings are all the quakes since 19th May; the red ones indicate earthquakes 

in the last 24 hours, as of 30th May (INGV, 2012a). 

 

The consequences of these events were 27 casualties, about 400 injured, 15,000 homeless and severe 

consequences in terms of direct and indirect losses (13.2 billion Euros of property damage and business 

interruption estimated by the Italian Department for Civil Protection). 

The stricken area is characterized by the presence of cultural and historical heritages and it is one of the 

most industrialized Italian centres. In fact, as resulting from field surveys (Magliulo et al., 2012, Parisi et al., 

2012, Spanò and Brizzi, 2012), severe damages were observed after the earthquakes in typical industrial 

structures, especially precast concrete ones. More than half of the existing precast structures suffered 

significant damage (Magliulo et al., 2013), mainly due to: (i) loss of support of structural horizontal elements 

due to friction connections (Fig. 3, left panel) or inadequate mechanical connection (Fig.3, central panel; (ii) 

collapse of the cladding panels due to the failure of the panel-to-structure connection (Fig. 3, right panel); 

(iii) column failure caused by: loss of verticality due to rotation of the foundation element (Fig.4, left panel), 

plastic hinge development (Fig.4, central panel) or shear failure (Fig.4, right panel).  

 

   

Figure 3. Damage to precast industrial buildings. Left panel: loss of support in the beam-to-column friction connection; 

central panel: failure of mechanical connection; right panel: failure of vertical cladding panels (courtesy of ReLUIS, 

www.reluis.it; Parisi et al., 2012) 
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Figure 4. Damage to column in precast industrial buildings. Left panel: loss of verticality due to foundation rotation; 

central panel: plastic hinge development; right panel: shear failure due to lack of horizontal reinforcement(c) (courtesy 

of ReLUIS, www.reluis.it; Spanò and Brizzi, 2012)  

 

The high damages observed can be related, from the one hand, to the subsoil composition of the Po 

valley, made of soft alluvial soils, which caused the most of the seismic energy released by the Emilia 

earthquakes concentrated in the low frequency range. This caused large acceleration and displacement 

demands to structures characterized by similar (low) natural frequency of vibration, such as large-span, 

simply-supported precast buildings. On the other hand, the affected area was included in the national list of 

seismic zones only in 2003 and the New Italian Building Code (CS.LL.PP., 2008), enforcing seismic design 

for all the structures of the Italian territory, became mandatory for ordinary structures only from the 1st July 

2009. As a consequence, the majority of the existing structures in the affected area were designed only for 

gravity loads and, in industrial precast reinforced concrete structures, friction connections were largely 

employed.  

 

4. CASE STUDY ANALYSIS  

The case study presented in this paper is an industrial plant dedicated to the production of medical 

devices, located in Mirandola (MO) at about 6 km from the epicenter of the 29th May 2012 main event of the 

Emilia earthquake. The plant suffered major structural and non-structural damages, leading to significant 

economic losses and about three months of interruption of any production activity. The plant was composed 

of twelve buildings, the oldest of which was built in the 1966. It is worth noting that eleven out of twelve 

buildings were not designed to withstand horizontal seismic action. The maximum horizontal acceleration 

registered at the site in the two main events of the Emilia 2012 sequence was equal to 0.3 g (INGV, 2012b). 

As summarized in Table 1, buildings were classified, depending on their use, in three main categories, 

namely production, warehouse and offices. For each building, geometrical (e.g. number of floors, height, 

plan and elevation dimensions) and mechanical (e.g. material, load resisting system, detailing, irregularities, 

etc.) characteristics were collected during the field survey, together with a detailed description of the 

observed damage. Values of building and contents were estimated on the basis of typical construction costs 

in the area and indications provided by the plant management. The total property exposed values of the plant, 

including buildings, machineries and equipment and stock have been estimated in about 100 million Euros. 

The buildings composing the plant were reinforced concrete precast structures, except for two buildings 

dedicated, respectively, to offices (Bld. 1) and warehouse (Bld.11), which were cast in place reinforced 

concrete structures. Large part of the production took place in Bld. 2 and Bld.6, that were also those which 

have suffered the major structural damages. In fact, these two buildings were characterized by significant 

elevation irregularities and lack of connection detailing, which leaded to structural collapse due to column 

failure or loss of the vertical support for the structural horizontal elements. It is worth noting that Bld.5, built 

in 2011, is the only that was seismically designed; in fact recent Bld.7 and Bld.9, were designed respectively 

in 2002 and 2003 according to pre-2003 codes, which did not required to account for seismic forces. 

As it can be observed from Table 1, while the exposed value related to buildings is almost uniformly 

distributed over the structures composing the plant (it is mainly dependent on the building dimensions), large 

part of the value related to machineries, equipment and contents is concentrated in two buildings only. In 
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fact, about 46% of the total value of machineries and equipment is located in Bld.6, and the 42% of total 

stock value in Bld.9.  

On the basis of the information collected by means of AXA MATRIX knowledge forms for industrial 

buildings, which ranges from general building characteristics, such as the construction material and the year 

of design, to structural details influencing the actual seismic behavior of industrial buildings, e.g. the 

connection between structural elements, a specific fragility curve was associated to each building of the plant 

by the FRAME@Risk software tool. In particular, the fragility database and the detailed taxonomy 

implemented in the tool allowed to employ fragility functions specifically computed for Italian precast 

buildings (e.g. Bolognini et al., 2008) with different details in terms of joint, reinforcement, structural 

regularities, and cladding characteristics. As a result, the major structural damages were estimated by 

FRAME@Risk for those buildings that actually encountered them.  

 

 
Table 1. Characteristics of the case study plant. Fragility curves employed in the assessment are derived from the 

literature or from AXA MATRIX fragility functions for homogeneous classes of buildings (“AXA_CLASS”). Exposed 

values are reported, building by building, in relative terms, i.e. as a percentage of the total value (of building, 

machineries&equipment and stock) for the whole plant.  

 

Building characteristics 
Building and content/equipment vulnerability 

(from FRAME@Risk inventory) 
Building exposed value   

[% of the total plant value] 

name material 
design 

year 
fragility curve 

vulnera-

bility 

class 

Building 
Machineries 

&Equipment 
Stock 

Bld.1-Offices  Cast in pl. r.c. 1990 AXA_CLASS_RC-MRF-MR-NC Medium 7,58% 0,6% 0,0% 

Bld.2-Production  Precast r.c. 1983 BologniniEtAl2008_FW10_type4//ND-IRR Fragile 12,6% 45,5% 2,9% 

Bld.3-Production  Precast r.c. 1983 BologniniEtAl2008_FW4_type1//D-IRR Robust 5,3% 19,3% 1,2% 

Bld.4-Production  Precast r.c. 1990 BologniniEtAl2008_FW4_type1//D-IRR Medium 5,0% 17,9% 1,1% 

Bld.5-Warehouse  Precast r.c. 2011 BologniniEtAl2008_FW4_type4//D-REG Robust 12,7% 0,6% 8,7% 

Bld.6-Production Precast r.c. 1977 BologniniEtAl2008_FW10_type3//ND-IRR Fragile 15,1% 5,2% 7,2% 

Bld.7-Production Precast r.c. 2002 BologniniEtAl2008_FW10_type1//D-IRR  Fragile 9,7% 3,3% 3,5% 

Bld.8-Warehouse Precast r.c. 1982 BologniniEtAl2008_FW10_type3//ND-REG Robust 6,7% 0,3% 9,5% 

Bld.9-Warehouse Precast r.c. 2003 BologniniEtAl2008_FW4_type3//D-REG Robust 15,3% 0,7% 42,1% 

Bld.10-Warehs. Precast r.c. 1993 BologniniEtAl2008_FW4_type2//D-REG Robust 3,3% 0,7% 18,5% 

Bld.11-Product. Cast in pl. r.c. 1966 AXA_CLASS_RC-MRF-LR-NC Medium 2,6% 5,7% 0,9% 

Bld.12-Warehs. Precast r.c. 
1972-
1981 

BologniniEtAl2008_FW10_type3//ND-REG Robust 4,2% 0,2% 4,5% 

 

In order to compute the loss expectancy accounting for non-structural damage to machineries, 

equipment and stock contents, the building occupancy class and the content/equipment vulnerability class 

(fragile, medium or robust) were defined for each structure of the plant. In this way, a consequence function 

was associated in FRAME@Risk to the specific building and its relative contents. Subsequently, Equation 

(2) was computed for each single building, with specific reference to the maximum earthquake intensity 

measure registered during the Emilia 2012 sequence. Loss estimates from FRAME@Risk are reported in 

Figure 5 for building, machineries&equipment and stock, as a fraction of the total value.  

It can be noticed that, due to their high vulnerability, Bld.2 and Bld.6 led to an expected loss of about 

10% of the total building value. The high vulnerability of Bld.2 is also the responsible for an expected loss to 

machineries&equipment of about 18% of the total value of equipment in the plant. Conversely, relatively 

low levels of losses are expected for buildings 5, 9 and 10, as a consequence of the recent design of their 

structures and of good structural characteristics and maintenance.  

 

This case study reveals a clear example of an “unlikely” location of activities and contents among the 
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structures of the plant. In fact, except for the stock in Bld.5, large part of the exposed values were placed in 

the most vulnerable structures. Locating production activities to buildings characterized by a lower 

probability of sustaining major structural damages would have led to losses significantly lower than those 

experienced. 

 

Figure 5. Estimated expected losses for building, machineries&equipment and stock, normalized with respect to the 

total value of the specific component at risk (i.e. stock-related damage to Bld.1 is normalized by the total value of stock 

in the whole plant). On the x-axis buildings IDs and construction years are reported. 

 

Although a comparison of the expected losses obtained through a probabilistic approach with the losses 

deriving from a single real event is hardly feasible, as a general result it can be observed that FRAME@Risk 

provides, for the whole building portfolio, an average loss equal to the 25% of the total building value, with 

respect to an average adjusted loss of about the 20% (including debris removal for collapsed buildings). 

A building-by-building comparison between FRAME@Risk estimates and adjusted losses is presented 

in Figure 6, in terms of building loss to building value ratio. The comparison is made with specific reference 

to the buildings, due to the availability of adjusted loss values for this component only.  

As it can be observed from the Figure above, a good coherency between estimated and adjusted losses 

was obtained. Moreover, a tendency in overestimating the losses, particularly evident for structures subjected 

to minor to null damage (e.g., Bld. 3, Bld.4 and Bld. 9) emerges. This could be related to several factors: (i) 

the probabilistic nature of the assessment, (ii) the conventional definition of damage states, (iii) the adoption 

of a specific fragility curve and damage-to-loss function. While the first two points of the previous list are 

intrinsic in the approach, the last one is strictly related to the uncertainty in assessing structural and non-

structural characteristics.   
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The only cases in which an opposite trend (underestimated expected losses) emerged, were Bld.10 and 

Bld.2. The former was a warehouse dedicated to the storage of raw materials, with very low exposed values 

and losses (see Fig.5), which behaved, during the earthquakes, worse than it was reasonable to expect from 

its structural typology and characteristics. The latter, was the building in which the largest part of the 

production took place and the one that experienced the complete collapse. In this case, a unique damage state 

occurred (the complete collapse) and (almost) the total exposed value was actually lost. In a probabilistic 

approach this could have been taken into account through the choice of fragility curves providing an almost 

unitary probability of probability of reaching the collapse. Nevertheless, this “almost deterministic” choice is 

hardly feasible in a predictive assessment of the seismic risk.  

 

 

5. CONCLUSIONS 

In this paper a case study from the Emilia Earthquake 2012 has been presented, with the aim of comparing 

the direct loss estimations performed throughout the FRAME@Risk software against the loss adjusted after 

the claim process. The analysed case study is a plant for the production of medical devices located in Emilia 

area, which suffered large losses in the event of the May 20 and 29 sequences due to the high vulnerability of 

its buildings (mainly cast-in-place and precast reinforced concrete buildings designed for gravitational loads 

only). The assessment of expected losses due to the largest ground motion intensity felt at the site during the 

earthquake sequence was performed accounting for structural and non-structural damages, including those to 

machinery and equipment and stock contents. 

The application of the FRAME@Risk software tool showed the capability of the software in guiding 

the association of a specific fragility curve to a given structure, on the basis of the taxonomy collected on 

field, and in addressing the major deficiencies among the buildings of the plant. In particular, in the case 

study, the more vulnerable buildings were also those most exposed, i.e. those where large part of the 

production took place. This is believed to be a fundamental information useful to the stakeholder’s decision 

making, allowing to relocate or undertake countermeasures to reduce the impacts of a potential earthquake 

event. Good coherency between the expected losses estimated by the procedure and the real losses was 

observed, with a tendency in overestimating the observed loss for a given scenario earthquake was observed, 

that is almost intrinsic in a probabilistic approach and more pronounced for structures that have experienced 

minor damages. This is believed to represent a preliminary test for the validation of both the loss functions 

and the methodology implemented in FRAME@Risk for earthquake induced loss estimations. Nevertheless, 

the success of this analysis is related to the knowledge level that has been possible to achieve about the 
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structures under investigation and the availability of fragility curves suitable for describing the seismic 

behaviour of structures. Moreover, due to the availability of adjusted losses for building damage only, the 

comparison was not performed for damages to machineries, equipment and contents, which may represent a 

further development of this study. 
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1. Introduction 

This paper is based on the hypothesis that although fire safety measures are implemented in the archives 
of Swiss art museums, there is need of continuous improvement. Accordingly this paper aims at situation 
awareness for the personnel involved in fire safety. This does not only include the management and fire 
safety officers in art museums, but also architects and planners. To determine the actual situation, a 
structured questionnaire was sent to all Swiss art museums (n=185). The return rate amounted to 41.6%. 
Due to this relatively high return rate, it was possible to perform a significant analysis. 
 

2. Results 

2.1 General Information and Risk Perception 

The analysis has shown that in almost 40% of all art museums there are insufficient archive areas 
available, which may be detrimental to the systematic order and storage of items. Likewise, 40% of all 
museums have stated that they have to outsource works of art for conservation or temporary storage. 
Outsourcing however, introduces additional risks such as climatic fluctuations, improper handling of the 
items, transport damage or burglary and theft. 
 
The structural layout differs greatly from one building to the next. In approximately 50% of the cases the 
archives are located in the basements. The remainder are above ground or on a higher level. These 
different room locations of archives lead to a variety of risks.  
 
Of all the risks identified, fire has been classified as the highest risk level, followed by accidents during 
transport and technical failures of other systems. If the different risks are classified into groups "Incidents 
and accidents" these rank higher than "Criminal acts" and "Natural phenomena". 
 
In the planning and operating of archives, the risk of fire deserves special consideration, according to the 
individual awareness and assessment of the personnel who were interviewed. On the other hand, the 
museums that participated consider the probability of a fire in archives as "rare" to "near impossible".  
 
The survey shows that the majority of the Swiss art museums (76.9%) have a comprehensive fire safety 
concept in place, which, however, is not regularly checked.  
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2.2 Preventive Fire Safety 

Regarding preventive fire safety, the survey has revealed that the Swiss art museums have a high 
standard relating structural fire safety, generally exceeding standard requirements. In most art museums 
the entire building and especially the archives are monitored by fire detectors and/or air sample smoke 
detectors. It can therefore be concluded that the participating art museums have a very comprehensive 
fire safety standard in place. The archives in most of these museums, however, have not invested in any 
automatic fire extinguishing systems. 
 
2.3 Risks of Indirect Fire Effects 

In almost one third of the art museums surveyed the archives neighbouring rooms were not considered 
with the same respect to the archive areas. The present paper examines in how far such a spatial 
arrangement may increase the risk of fire in archives when fire breaks out in an adjoining room.  
 
The paper examines the effects of a car (truck) fire in the incoming goods area on an adjoining archive. 
The simulated car fire has shown that during the progress of the fire, the interior wall of the adjoining 
archive heats up significantly (see Fig. 2). This thermal increase leads to a heat transfer into the adjoining 
archive, which in turn has a direct effect on the room temperature (see Fig. 1) and the relative humidity in 
the archives. According to experts, such climatic changes have a negative impact on the cultured assets 
stored in the archive. 
 
Fig. 1: Temperature distribution in the incoming goods area and in the archive (temperature range 

20 – 320 °C) 

Situation after 15 min (maximum thermal power reached) 

 

Situation after 60 min (end of fire) 
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Situation after 120 min (cooling down) 

 

Source: FDS Simulation model 
 
Fig. 2: Surface temperature on the adjoining wall to the incoming goods area (from the archive 

perspective) 

Wall temperature after 60 min 

 

Wall temperature after 90 min 

 

Source: FDS Simulation model 
 

3. Conclusions 

To sum up, we can state that in general fire safety in archives of Swiss art museums has both a high 
value and standard. However, the survey has revealed new insights regarding indirect dangers 
(secondary effects) for archive areas with respect to fire in adjoining rooms or areas. Concerning this 
matter there is additional need for research and awareness for architects and planners, especially 
regarding the arrangement/design of rooms with a high risk of fire and adjoining areas to archives. 
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ABSTRACT: In this paper we present an application for mobile devices that supports crowdsourcing of information in a disaster. 

The application is designed as a two-way-communication channel between administration and affected population. On the one 

hand administration bodies are able to inform the local and affected population but the latter are also able to record and collect 

their observations and information on damage, injured people and needed help. 

However, the application in itself does not bridge all gaps and meet all obstacles in a crisis. We identified six major issues or 

problem areas that are crucial in effectively integrating crowdsourced geographically related information into crisis-management. 

Keywords: Crisis Mapping, Crowdsourcing, Mobile Application, Volunteered Geographic Information. 

1. INTRODUCTION 

In case of a crisis it is crucial to have accurate and the most up-to-date information. Search and rescue (SAR) teams are only in 

rare cases immediately where damage has happened after a hazard or similar event. It usually takes invaluable time to get them 

on site. But the crowd is always there. The affected are on site and share one thing in common: best local knowledge. If they are 

provided with tools to help them collect their local expertise into a central storage system this crowd-sourced information is 

crucial to SAR teams. Many occasions have shown lately that crowd-sourced information has helped to save lives. 

Location-based services (LBS) in general allow information processing with respect to three dimensions: space, time and 

semantics/content. Due to the widespread use and penetration of mobile devices such as smartphones and tablets LBS are ready 

to be used not only for leisure applications but also for the participation of lay people in crises. 

In this paper we present our first experiences with the design and development of a mobile application to include the local 

population in the process of gathering the most current information in the event of a crisis or disaster. The application enables 

users to mark, locate and describe happenings, observations and other objects or instances they consider worth recording on a 

map. 

2. SCENARIO 

As research has proved in many recent crises social media were channels through which the local population shared the most 

current information. In an emergency time is crucial in saving lives. Professional disaster responders may not always be there to 

help but the crowd is always there. This fact implies a high potential to support the professional disaster responders with accurate 

and current information. This information can be collected through a public platform and be stored, processed and visualized 

through an online website. The website includes a map that shows the recorded observations with different symbols according to 

their individual category (cf. Fig. 3-4). 

Recent studies show that the number of mobile subscriptions is increasing and the share of smartphones is around 65% (Ericsson 

Mobility Report, 2014). This means that the vast majority of people have access to the mobile internet and are able to share 

information via their mobile devices. 

As there are a lot of different types of crises (Dunn Cavelty, Giroux, 2011), a mobile application should be able to be used in any 

of these. It serves as a means of crowd-sourcing relevant information by laypersons. 

3. TECHNICAL ARCHITECTURE AND IMPLEMENTATION OF A MOBILE APPLICATION 

The application “SwissEventMap” we developed meets the requirements that were introduced in section 2. It takes advantage of 

the location information that is provided by a standard mobile device and is accessed via HTML5 capacities. As such the 

application can be considered as a location-based system application. 
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From a technical point of view one challenge is the enablement and support of the variety of both mobile operation systems and 

devices. In order to meet this requirement the application was designed as a HTML5 application with CSS3 (hybrid approach) as 

mentioned before. In the backend data is stored in a MongoDB-Database (noSQL database). 

        

Fig. 1-4: Screenshots of the mobile application “SwissEventMap” on an iPhone 5 (available from http://sem.see--you.ch) 

The application runs in a standard (mobile) web browser and is therefore operation system independent. This keeps the 

development expenses low and also makes it possible to use the application on different devices – from smartphone via tablet to a 

desktop computer as mentioned before. 

Data management for location-based services requires rather large datasets to be inserted, updated and removed. The handling of 

such datasets can be done by employing a streamlined framework. In this case Django was used. 

In order to ensure a daily use of the application a RSS-News reader was integrated into the solution. This supports a regular, daily 

use of the application in order to ensure that it can be handled and is well-known in a crisis. The application also allows for the 

filtering of events and provides an interface to the database. This openness supports the analysis of the data in other systems like 

geographic information systems (GIS). It also makes it possible to integrate this crowdsourced data into other platforms that SAR 

are familiar with and use. 

4. CHALLENGES 

In the management of a crisis, administration has lost its monopoly in terms of information distribution. Social media often 

bypass the official information channels and provide more recent information than official channels. This fact has the potential to 

raise the question of trust and may even provoke confusion and uncertainty among the affected population. It is therefore crucial 

that authorities use social media and establish this channel as an information platform in times of non-crisis. 

In reference to the post 2015 framework for disaster risk reduction we identified six problem areas that challenge the presented 

approach (Herzog et al., 2014): The first is the availability of the necessary technical infrastructure. In most cases there is little 

redundancy in telecommunication infrastructure networks. In cases of heavy traffic or blackout the telecommunication 

infrastructure may not be available as needed. 

The second challenge is the social reach: while radio and TV are established communication channels, internet and social media 

are not in the entire community. 

The third challenge is the quality of information. With any kind of crowd-sourced information the question arises how 

trustworthy the collected information is and what techniques and approaches are applied to ensure the quality of the information. 

The fourth challenge is legal uncertainty: there are liability issues that are not yet solved. What if emergency responders act on 

crowd-sourced information and fail? Who takes the blame, who is responsible? etc. 

The fifth challenge is the cost of innovation: to introduce new technologies and their concepts and integrate them into existing 

processes is time-consuming and expensive. Authorities tend to postpone and delay such efforts. 

The sixth challenge is the problem of institutional adaptation: Traditional crisis communication is a top-down approach and the 

traditional attitudes within authorities are rather conservative. This leads to a lot of resistance to the introduction of new 

technologies and approaches. 

However, for the future the integration of social media and geo-tagged information by lay people should not be ignored and must 

be taken advantage of to ensure the most effective crisis management. Although there still are gaps and challenges we see this 

approach as a contribution to the first three and the fifth priority actions of the Hyogo-Framework. The application fosters the 
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vision of preparedness for a local or even national disaster. It enhances early warning and uses knowledge, innovation and 

education to build a culture of safety and resilience. Finally it strengthens disaster preparedness for effective response at all 

levels. 

5. CONCLUSIONS 

Crowdsourced-based crisis management is not predictable. Its inherent characteristics are a network-based organism in contrast 

to a top-down organized mechanism. Tools that take advantage of modern technologies can be implemented and offered yet there 

remain some issues that are located on a more context-specific layer that must be individually or rather nationally tackled. 

However the collaboration of both NGOs and administrative bodies along with representatives of academia, media and 

infrastructure promises a strong network to manage crises more effectively (Roth & Herzog , 2014) . 
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1. INTRODUCTION 

In 2011 the Swiss NGO DRR Platform was established with the mandate to enhance quality of DRR services and agreed to shape 

the Swiss DRR policy from a NGO perspective.  

DRR is an increasingly important topic for many Swiss NGO, which implement stand alone and DRR mainstreaming projects. In 

order to assess progress and impact of the platform a baseline assessment was carried out that was complemented by a peer 

review among different projects in Vietnam, Haiti and Ethiopia.  

The peer review will contribute as well to position the Swiss NGO and support a policy dialog related to the formulation of the 

post 2015 frameworks such as the Hyogo Framework of Action (HFA 2) as well as the Sustainable Development Goals.  

2. METHOD 

Peer Exchange is a method based on field visits by two or more teams of people. One team starts – as the host – and calls on 

another team of people with experience in the respective field of activity to visit their projects and provide professional feedback. 

The setting for the peer review among Swiss NGO’ started with a desk day in which all participants presented their projects to 

each other and questions for the following 1-2 day field visits were collected. The last day critical and positive feedbacks to the 

visited projects were provided. The groups concluded then by listing good practices, which the group would recommend to scale 

up. 

Table 1: Peer review method and peer review program as used by the Swiss NGO DRR Platform 

 

 

3. SELECTED GOOD PRACTICES  

The peer reviews were conducted end of 2012 and beginning of 2013 among the Swiss NGO in Ethiopia Caritas Switzerland and 

its partner ADCS, HEKS and its partner OSHO, Solidar, the Swiss Red Cross and HELVETAS Swiss Intercooperation 

participated in Vietnam HELVETAS Swiss Intercooperation, Caritas Switzerland and the Swiss Red Cross as well a local 

implementing partners  Challenge-to-Change, the Association for the Empowerment of Persons with Disabilities, the Cao Bang 

Community Development Centre and the Vietnam Red Cross participated; last but not leastand in Haiti the Terre des hommes, 

Caritas Switzerland, the Swiss Red Cross, HELVETAS Swiss Intercooperation and HEKS, as well as a representative of the SDC 
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participated at the peer exchange. In the following, there is a selection of recommendations, selected good practices and risk 

which were especially highlighted:  

Ensure Adequate Funding for Ecosystem Services 

Interventions such as greening watersheds or stabilizing slopes or dunes through reforestation bring direct and immediate 

environmental benefits to a region or community. They also, however, benefit downstream communities who may be affected by 

flash floods or who rely on ground water extraction during dry periods. The benefits of such ecosystem services are often, 

however, not compensated by those who may benefit from them. In order to ensure adequate funding for such services, new and 

more sustainable financing mechanisms need to be developed and made available and accessible to local communities. 

Develop Applications which Can be Replicated with Peoples’ Own Resources 

Bounce back better is an important principle applied by the Swiss NGO community in the reconstruction of earthquake- and 

hurricane/typhoon-safe housing. Using norms and standards defined at international and national levels helps guarantee an 

improved housing standard, preventing loss of life and assets in future events. However, while NGOs put effort into transferring 

technical know-how for better planning and implementation, the lack of financial resources will often only allow a certain portion 

of a community to benefit. A challenge is thus to develop multi-hazard resistant houses, that can be replicated with limited 

financial resources. 

Scale-up Tested and Proven Experiences through Enhanced Co-ordination 

Many good practices and technical solutions are applied in projects but they often remain at a micro-scale. Good practices are not 

being replicated at scale. More strategic partnerships and co-ordination with state or multilateral organisations with more 

leverage would ensure better scaling-up of effective measures. Locally owned practices, good documentation and co-ordination 

efforts are preconditions for scaling-up. 

Ensure Infrastructure Maintenance through Ownership 

Maintaining DRR intended assets such as dams or water drainage systems seldom rank as a priority for governments or, 

sometimes, even communities. Poorly maintained infrastructure, however, only serves to increase risk as people start to feel more 

secure if they are “protected” by a concrete wall or buffer. Ensuring ownership and having a long-term commitment to such 

facilities by a community-based organisation or skilled partner is a must. 

Don’t Overburden Marginalised People by Adding New Tasks 

Involving vulnerable and marginalised people in labour intensive activities is often challenging. Beneficiary selection is often 

guided by targeting the most  vulnerable households. But single headed households with small children, widows with no family 

support and disabled people face extreme challenges to survive in countries with poor social protection services. New labour 

intensive livelihood opportunities may in such instances be a false promise, as time and the skills needed to realise opportunities 

cannot be mobilised. Marginalised households may have no alternative but to replace income poverty by time poverty, but this in 

turn translates into reduced care for the sick, the elderly and children. This cannot be a goal of development projects. 

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The peer review was the way to collect voices from the field for the policy work of the Swiss NGO DRR Platform. This tasks 

was as well very much asked for by the staff based in the “field”, who think this is the most important added value. The key 

messages out of the peer review was that the next framework should: 

Focus More on Community Level and Vulnerable People 

Disasters concern everyone, but affect the vulnerable most. Taking this into account, the post-HFA framework needs to put 

women, men and children at the centre of attention and action, with a special focus on strengthening the resilience of people 

living in informal settlements and those communities in fragile and conflict-affected situations. To be more effective, the post-

HFA framework needs to find ways how to more closely co-operate with civil society and their representatives to address the 

major shortcomings of the current system and to lead to a more bottom-up approach. 

Bring the Different Communities Together 

Within the DRR NGO community there is a strong consensus to promote a more integrated approach, i.e. to bring the different 

communities of climate change, environmental and disaster risk reduction together and integrate these domains to ultimately 

strengthen the resilience of families, communities and nations. 
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Provide incentives for risk informed development 

New financing mechanisms need to be developed in order to slow down the path of ever increasing risks. Public and private 

actors need to be incentivized to make risk informed decisions. Those incentives can rank from subsidies for eco-system 

protection and maintenance to tax reduction for those actors investing in prevention.   

 

5. CONCLUSIONS 

The peer review allowed exchange among practitioners of Swiss NGO beyond their institutional border and to conclude on some 

selected good practice and provided ideas how to tackle disaster risks in a specific context. Common reflections helped to define 

policy positions as well as to identify risks of own projects. 

 Nevertheless most practice remained locked in their context and cannot be formulated a standardized practices, which can be 

scaled up to other places.  Risk reduction at local level is to a large extend defined by an intensive work with the culture, 

geography, social and political structure on the spot. Generic lesson learned are most probably maybe even dangerous.  

. 
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APELL: Turning Global Disaster Risk Reduction Aspirations into Local Level Action  

 
Session number: 1520 

Timing: Monday 25 August, 1:30-3:00 pm 

 

Background: 

Almost 30 years ago, in December 1984, one of the most disastrous technological accidents known to 

the world occurred in Bhopal, India, killing more than 3,000 and injuring over 170,000. Although much 

progress has been made in industrial safety management and emergency preparedness in the past 30 

years, technological accidents still occur frequently with tragic consequences. Further, the globalisation 

of manufacturing and supply chains has resulted in technological hazards being present in communities 

that had not previously faced similar risks. As industrial operations shift towards the developing world, 

promoting cooperative risk awareness and risk reduction will take on ever increasing relevance for 

countries, companies and communities. 

The critical need to raise preparedness for disasters at all levels has been highlighted in the Hyogo 

Framework for Action (HFA), a 10-year international plan that details the work required across sectors 

and actors to reduce disaster losses around the world. Disaster impacts and losses can be substantially 

reduced if authorities, industries and communities are well prepared. One of the five strategic objectives 

of the HFA is therefore to strengthen disaster preparedness at all levels. However, one of the main 

challenges of the HFA is converting national policy into local action (Editorial, IJDRR, 4, 1-9, 2013). 

The Awareness and Preparedness for Emergencies at Local Level (APELL) programme can respond to 

this challenge.  

Since 1986, the United Nations Environment Programme (UNEP) has been leading the APELL 

programme, developed through a private-public partnership to improve community level disaster risk 

reduction efforts. The partnership included UNEP, other international organisations, the governments of 

Canada, China, France, Sweden, the United States of America and others, and the chemical industry. 

Implemented through a locally focused multi-stakeholder approach that counts on cooperation among all 

key stakeholders, APELL has been successfully implemented worldwide. Its aim is to guide a process 

for preparing for emergencies in communities, in transport, in mining, in port areas, and communities 

subject to multi-hazard risks and thus support local efforts to build resilience in the face of technological 

hazards and multi-hazard risks. 

APELL is a tool that allows a community to improve its resilience and reduce vulnerability through an 

approach that involves authorities, industry and local population. It aims at building local level capacity 

for preparedness through increasing the local community’s understanding of potential hazards, creating 

a shared safety culture based on a locally defined vision of success and establishing community-owned 

actions for coordinated emergency preparedness planning.  Because the process is locally owned, takes 

into account the specific circumstances for reducing potential disaster losses and empowers the local 

community it ensures the sustainability of the community awareness and preparedness efforts. 

In 2014 UNEP, in collaboration with an expert group consisting of other international organisations, 

government agencies, academia, independent experts and local level APELL practitioners, has developed 

a 2nd edition of the APELL guidance document. The revised methodology builds on the APELL step-

wise approach, provides guidance on the state of the art in community awareness and emergency 

preparedness, elaborates on the key underlying success factors for APELL, outlines the tangible results 

achieved to date in implementing APELL around the world, and presents case studies from APELL 

implementation around the world.  

The technical session aims to present a proposed approach for transforming the global ambitions of the 

HFA into local level action in particular within the scope of addressing technological hazards and 

associated challenges. Presentations will consist of the revised guidance on ‘Awareness and 

Preparedness for Emergencies at Local Level- A Process for Improving Community Preparedness for 

the Risks of Technological Accidents at the Local Level’  and present specific challenges and 

opportunities of applying its elements by different stakeholder groups.   
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Objectives:  

 Make the link between local level efforts to prepare for technological hazards and global policy 

processes (Hyogo Framework for Action, Sustainable Development Goals) 

 Present a proposed approach for transforming the global ambitions of the HFA into local level 

action in the scope of addressing technological hazards; 

 Address the need to consider technological hazards and associated challenges within global 

Disaster Risk Reduction strategies;  

 Describe experience of local level emergency preparedness initiatives in different country 

contexts (administrative, regulatory, vulnerability); 

 Discuss challenges and opportunities for capturing success and measuring progress for local 

level initiatives.  

 

Outcomes: 

The session will lead to: 

 Improved understanding of the linkage between local level efforts within the framework of 

global policy processes; 

 Appreciation of APELL as a practical tool that can support the community level implementation 

of the DRR ambitions promoted by HFA; 

 Strengthened consideration for addressing technological accidents as part of global initiatives;  

 Improved understanding of the challenges, opportunities and success factors relating to local 

level emergency preparedness initiatives in different contexts;  

 Identification of opportunities for measuring success in reducing community vulnerabilities and 

improved resilience. 

 

Speakers: 

 Mr. Timothy Gablehouse, President, Colorado Emergency Preparedness Partnership (USA) 

 Mr. Jinsong Zhao, Head of Chemical Engineering Department, Tsinghua University, Beijing, 

China 

 Mr. Giuseppe Damiano, Director, RAPID LA, Peru; 

 Ms. Torill Tandberg, Director, Department for Industry, Products and Hazardous Substances, 

Directorate for Civil Protection, Norway 

 Mr. Chayadhana Chaimongkol, Global Coordinator of Emergency Response, BASF 

 

Moderator: 

Ms. Elisa Tonda, Head, Business and Industry Unit, United Nations Environment Programme, Division 

of Technology, Industry and Economics (DTIE) 
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ABSTRACT: This presentation will look at the use of mobile technology, focused primarily on human behavior and how to 

influence adoption and effective use of these technologies. Mobile technology offers significant possibilities for preparedness, 

alerting, and response.  We will discuss the practical lessons learned from Hurricane Sandy in terms of mobile technology use 

and its resilience. The specific capabilities and role of the mobile phone as a personal safety device will be described, as will the 

value of these devices for special needs and vulnerable populations. We will conclude with a discussion of areas for further 

research and innovation. 

Keywords: Technology, Disasters, Preparedness 

 

1. INTRODUCTION 

During 2014 it is expected that the number of mobile phone subscriptions will reach parity with the global population of 7.2 

billion people. A significant portion of the global population now has direct access to immediate communication and information 

via a mobile device, or is within the family or social network of someone who does. In emerging countries, cell phones have 

become ubiquitous devices, and ownership of smart phones is growing (Pew, 2014). As explored in our past workshops at IDRC 

in 2010 and 2012, mobile technology offers significant possibilities for preparedness, alerting, and response. We continue to see 

innovations in technology, as well as increased understanding of how people adopt and use mobile devices (Haataja, et al, 2011). 

Recent large-scale disasters affecting communities with high levels of technology adoption, such as the area affected by 

Hurricane Sandy in 2012, can highlight both the benefits and limitations of mobile technology. The growing ubiquity of 

this technology comes with the challenge of using it effectively to support an active, practical and adaptive approach to 

preparedness, risk communication, and situational awareness for both individuals and authorities. There continue to be technical 

challenges and research gaps that impact the effectiveness of mobile devices in improving personal preparedness and safety.  

Recognizing the potential of the mobile phone as a safety device is essential, by device developers, service providers, authorities, 

and, most importantly, the individual user of this ubiquitous device. 

 

 

2. HUMAN BEHAVIOR AND MOBILE PHONE USE 
 

The mobile phone has justifiably been described as the digital version of the Swiss Army Knife.    Mobile phone usage has 

increased due to the high usability of this hand held device. Originally it was the ability to make and receive phone calls with 

others from any locations that encouraged adoption of mobile phones, the untethering from the physical landline. Passing through 

many stages of development the phones use is less that of the archetypical telephone and more that of a small personal computer, 

allowing texting, photography, engaging in social media, shopping for and purchasing goods and services, participating in 

meetings from a distance, note taker, text reader, way finding through GPS, acting as a conduit for entertainment, and can 

influence just about every aspect of a person’s life. The need for a separate watch, camera, calculator, personal calendar, 

flashlight, dedicated GPS, paper maps, dictionary, newspaper or book are disappearing as these and many more capabilities are 

now resident in one’s phone.  Indeed, one of the less often used functions of the cell phone can be the actual act of telephoning, 

as so many other avenues of staying in touch have been developed, though for family contact phone calls can remain important 

(Wei, et al, 2006). All these capacities, captured by a single device one holds in their hand, can have the drawback of overuse and 

overreliance or dependency. Less face to face time occurs as individuals prefer to tailor their engagement with others through 

multiple brief contacts. Life for the very young growing up today will vary greatly from the experiences of their parents, and 

grandparents. Whether this is a direction for good or ill time will tell. Looking at these devices as tools, especially at times of 

emergency, suggests they can be a boon to society. 

 

3. MOBILE PHONE USE IN MAJOR DISASTERS 
 

There are practical lessons to be learned from Hurricane Sandy in terms of mobile technology use and its resilience. On the night 

of October 29, 2012, a post tropical cyclone struck the most densely populated segment of the eastern seaboard of the United 

States (Blake, et al, 2013). Starting as a tropical storm in the Caribbean on October 22, 2012, the storm intensified, reaching 

hurricane force and aimed for the populous northeast, home to 50 million inhabitants. As the storm approached, it intensified to 
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hurricane strength and its large size produced a new classification, Superstorm Sandy. Though loss of human life, approximately 

117 deaths, was less than in prior major storms affecting the region, the physical and economic damage was major, totaling $65 

billion (USD), with lasting impact on individuals, families and businesses. Sandy arrived at a time when personal technologies, in 

particular mobile phones, would play a major role in the disseminating information in conjunction with the Web and social media. 

But the storm’s impact also demonstrated the fragility of the technological infrastructure, and how dependency on technology 

without backup plans can impact individual response.  

 
In the days leading up to Sandy, social media, email, and text message alerts were utilized by authorities to communicate both 

preparedness advice, evacuation information, and the storm’s progress up the coast.  FEMA, the National Hurricane Center, and 

the National Weather Service provided regular updates. Government officials, such as New Jersey’s Governor Chris Christie, 

maintained an active presence in both traditional broadcast media as well as social media (e.g., Twitter) before, during, and after 

the storm. 

 
For many affected by Sandy, mobile phones were a key lifeline, assuming that a power source was available to charge the phone.  

FEMA utilized an SMS-based service to share the location of shelters that did not require an app or smartphone. Social media 

found heavy usage in all periods during Sandy.  For those without power or mobile phones, clearly social media was not an 

option.  Power and communications lines were downed in many areas by the wind or fallen trees.  Cell towers not damaged in the 

storm, but without battery or generator backup were also offline, resulting in many communications “dead zones”.  In one New 

Jersey township (Lawrenceville), the emergency management office hand delivered photo-copied versions of material that was 

being sent out by email, in order to reach neighborhoods without communication services. Broadcast radio and television, for 

those who had power, remained a key source of information. 

 

Throughout New Jersey, many roads were blocked by fallen trees or flooding.  Some towns and neighborhoods were effectively 

isolated. Information on road closures was delivered for those with internet or mobile phone access, via social media, news sites, 

police sites, and the state department of transportation, as well as by word of mouth for those without access.  

 

Mobile phones are useful during an emergency such as hurricane Sandy. If the phone can be charged, and the cell network 

remains operational, communications can be maintained for purposes of sending and receiving messages, calls, and internet. If 

the cell towers are not functioning, but charging the phone is possible, certain functions of the phone can be used, such as the 

flashlight, apps, camera, and FM radio. 

 

4. THE SPECIFIC CAPABILITIES AND ROLE OF THE MOBILE PHONE AS A PERSONAL SAFETY 

DEVICE 

 
Though the majority of cell phones used globally are not “smart phones”, it is expected that the number of more capable devices 

will only grow. Even widely sold, low cost feature phones intended for developing markets (typically more than 250 million units 

sold) contain features such as built-in flash lights, alarm clocks, text messaging and basic web browsing (Lauttamus, 2010). Open 

source platforms for smart phones, such as the new USD$25 Firefox phone promise advanced capabilities for the masses. It is not 

so much a case of the “Haves and Have Nots” when it comes to smart phone technologies, but a more forward looking model of 

“Have Now and Have Later’s.”  

 

Mobile phones are not only useful for communications, but provide a variety of utility and entertainment functions.  But these 

devices have as yet largely untapped potential for aiding personal health and safety, and also search and rescue.  Table 1 lists 

many functions and possible applications of phone-based information to monitor an user’s activity and well-being during crisis 

situations, ideally via an app located on the phone itself, and with privacy and security awareness opted-in to and trusted by the 

end user.  Such an app could tailor information presentation and guidance for the end-user, and could provide alerting of 

authorities to a user’s location, health or safety status during an emergency or disaster. Even without specialized apps, a mobile 

phone can provide useful information to search and rescue personnel (Powers, 2014). 

 

5. PERSONALIZATION 
 

Surveys of mobile phone use clearly indicate that personalization is a viable and active, element of how people customize and 

adapt their technology to personal needs and requirements (Sullivan et al, 2009). An excellent example of the potential 

personalization offers is the work of Smith, et al (2006) in which smoke alarms that incorporated the voice of a parent as the 

alerting signal were more effective at waking sleeping children than the standard buzzer alarm. Any alarm system that will 

support customization of the cue and message shows promise for improving user responding.  
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Table 1. Features of Mobile Phones Useful for Safety 

User Activity Based on Phone Status User Activity Based on Phone Sensors User Activity Based on Inference 

1. Is user making a phone call? 

2. Is the user receiving a phone call? 

3. Is the user writing a text message? 

4. Is the user reading a text message? 

5. Are the SMS messages waiting to be 

read? 

6. Are there voice mail messages? 

7. Are their email messages? 

8. Is the battery low? 

9. Does the phone have a connection to 

the network (also, how strong is the 

signal)? 

10. Location based on cell or AGPS. 

 

1. Is the phone in motion 

(accelerometer)? 
2. Is there sound/noise in the vicinity of 

the phone (microphone)? 

3. Is there light / illumination near 

the phone (possibly via camera/light 

sensor)? 

4. Precise GPS position 

 

1. Verified identity of user via 

biometrics (photo, voice, fingerprint) 

2. Verified identity via behavior patterns 

(keyboard entry of pin or passcode) 

3. Mental state of user (voice analysis, 

usage patterns, completion of simple test 

tasks) 

4. Physical State of user (response to 

signals, movement detection, image 

analysis) 

5. Smart longitudinal analysis of the 

user's phone usage for baseline behavior, 

and then looking for abnormal variations 

from the baseline automatically  

 

 

 

6. THE VALUE OF THESE DEVICES FOR SPECIAL NEEDS AND VULNERABLE POPULATIONS 
 

People with disabilities of various kinds with differing degrees of impact on their mobility are able to remain connected to family, 

friends and agencies providing assistance at or prior to most emergencies. Use of a mobile phone functions as a handy way to 

provide a sense of security during uncertain times. The mobile phone is able to act as a guide when reaching a point of safety, 

light the way, magnify text too small to read, and with built-in accessibility supports can provide access to information (Kane, et 

al, 2011). 

 

7. AREAS FOR FURTHER RESEARCH AND INNOVATION 

 

Improvement in battery life is one of the biggest challenges to extended use of a phone when no power source is available. An 

extra battery pack can be used to extend the usability of your phone with the exact duration depending on the size and capacity of 

the battery.  This could mean the difference in being reached or calling for assistance at a time of an emergency, especially during 

events when no reliable power source is available to provide charging. Solar battery sources will power your phone but access to 

light is necessary.  The reality of disasters strongly suggests that power solutions must be developed to enable mobile phones to 

conserve power while maximizing opportunities for quickly recharging from a variety of sources, whether external batteries, 

solar power sources, or hand-cranked generators. 

 

For the times when mobile networks are knocked out of service, a significant challenge and opportunity is to develop a means to 

make mobile phones useful tools. Clearly, some functions and apps remain useful without network connections, but novel means 

of using alternate, and innovative, connectivity pathways should be explored.  Transient devices moving through a region without 

connectivity could act as couriers, collecting messages to be sent, and then transmitting them once in a region with connectivity 

established. Alternately, messages or information from an authorized device could be “pushed” to phones without mobile 

connectivity using technologies such as WiFi.  The challenge is to provide the “disaster” adaptability to devices so that these, and 

yet to be developed, alternate connectivity strategies can be implemented and enabled. 

 

Apps are a tremendous toolbox for adapting mobile phones to meet a variety of user needs.  A significant area where apps are 

proving valuable is in meeting the needs of people with disabilities, and the burgeoning area of health and fitness apps should be 

explored for potential use in well-being during and after disasters.   

8. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

A key goal of the Hyogo Framework is to demonstrate and promote actions that “Use knowledge, innovation, and education to 

build a culture of safety and resilience at all levels.”  Mobile technology, by its very ubiquity, has already impacted global culture 

in far-reaching ways. While mobile technology already provides immense value for many in terms of emergency 

communications and alerts, more remains to be done. Standards, device and infrastructure resilience, basic functions, and support 

for those with disabilities are among the areas that should receive focus in the post 2015 framework. 
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9. CONCLUSION 

The promise of mobile technology needs to be matched by improvements, both in devices and infrastructure. But more 

importantly, a focus must be placed on improving awareness and motivation to use mobile technology for personal preparedness 

and safety. Humans have gravitated toward using mobile devices in their daily lives, and now the challenge is to make these 

devices effective and usable tools before, during, and after disasters.  Given that mobile phones typically are always with the user 

and never leave their side, the first step, in a series, to reach this goal has been accomplished. Mobile technology developers, app 

developers, researchers in learning and behavior, and experts in preparedness and risk, will need to work together to maximize 

the potential benefit. 
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ABSTRACT: Ensuring food security in Bangladesh has been amongst the country’s greatest challenges and 

priorities since gaining independence (Faisal & Parveen, 2004; BCAS, 2010). The unique combination of socio-

economic and environmental factors, including climate change, is likely to exacerbate the existing risks of food 

insecurity, especially in the densely populated Ganges–Brahmaputra Delta. The agriculture and fisheries sectors are 

particularly threatened in the southern coastal regions and the situation is likely to be aggravated due to increasing 

salinity intrusion (Islam et al., 2011). In this context, the present study aims to provide estimates and determinants of 

food insecurity in the rural delta with a particular focus on investigating the impact of soil salinity. The study makes 

use of the data from the most recent 2010 Household Income and Expenditure Survey (HIES) and focuses on nine 

administrative districts (zilas) - all of which are located in the Khulna and Barisal administrative divisions and form 

part of the tidally active delta. The methodology applied follows the approach suggested by Smith and Subandoro 

(2007) and uses two key indicators of food insecurity, i.e. calorie availability and household expenditure on food 

items. The preliminary results show that salinity intrusion has a significant positive effect on household food 

insecurity. However, this impact becomes statistically insignificant when household’s wealth quintile is accounted 

for. The results further suggest that education, household size and whether or not household has been receiving 

remittances, are all significant predictors of food security in the study area. Given the geographical 

interconnectedness of the issues under investigation, the results are likely to be of interest to researchers and policy 

makers working on other delta regions and beyond. 

Keywords: food security, salinity, climate change, Ganges Brahmaputra delta 
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1. INTRODUCTION 

Food insecurity risks in Bangladesh have been widely documented and constitute an enduring challenge to the 

national and local policy makers (Faisal & Parveen, 2004; Younus et al., 2007; Akter & Basher, 2014). Together 

with natural hazards, the growing spread and level of salinity in the area are likely to continue to contribute to an 

increasing risk of food insecurity. Adedin et al. (2012) highlighted that increased salinity intrusion is associated with 

environmental degradation and ill health. In addition, it has a direct negative effect on crop production, including 

rice. A study by the World Bank reported that increased salinity causes a reduction of around 2 million metric tons 

in rice production and has a negative effect on overall food grain production (World Bank, 2000a). In the context of 

climate change and the environmental vulnerability of the southwest coastal region, there is growing concern that 

households, in particular those from the poorest segments of the society, would need to develop additional coping 

strategies in order to mitigate the current and predicted food insecurity risks.  

While there is general recognition that salinity can have a 

negative effect on food security outcomes (World Bank, 

2000b; Abedin et al., 2012) there has been little systematic 

research undertaken in order to investigate to what extent 

regional salinity intrusion impacts household food security 

in the Ganges Brahmaputra Delta. In addition, given the 

well-established associations between food security and 

households’ socio-economic characteristics in other 

geographical settings (Hatloy et al., 2000; Martin et al., 

2004; Sraboni et al., 2014) it is important to investigate 

their effects on food security in the context of the study 

area. By undertaking this analysis, the objective of the 

present study is not only to contribute to the existing body 

of literature but also to make concrete policy 

recommendations aiming at reducing the burden of food insecurity in the coastal Ganges Brahmaputra Delta as part 

of the poverty alleviation efforts.  

2. BACKGROUND 

Bangladesh faces high risks of disasters, which are expected to be exacerbated by climate change. In addition to 

natural hazards, such as cyclones, earthquakes and floods, silent threats such as those which are slow onset, include 

soil, groundwater and river salinity, arsenic contamination and droughts (Abedin et al., 2012). A recent research 

report by Jahiruddin and Satter (2010) highlighted that in the coastal area of Bangladesh soil salinity increased 

substantially over the last four decades. While in 1973, around 833 thousand hectares where affected by salinity, in 

2009 the affected area exceeded 1056 thousand hectares. An older body of evidence shows that between 1973 and 

2000 in Bagerhat district, the area affected by salinity increased by 16 per cent (Abedin et al., 2012). Salinity 

intrusion has particularly important consequences for the livelihoods of rural households engaged in agricultural 

activities. A study conducted by Haider and Hossain (2013) found that salinity intrusion has a significant negative 

effect on farmers income, expenditure and employment opportunities. As such, salinity is likely to affect, at least 

indirectly, households’ access to food and adequate calorie availability. 

In addition to the impact of soil salinity, households’ wealth and other socioeconomic characteristics have been 

proven to impact food insecurity outcomes in both developed and developing world. In Bangladesh, the analysis of 

secondary data from the most recent 2011 Demographic and Health Surveys (DHS) reveals that households in the 

highest wealth bracket (based on the quintile distribution of their assets) are considerably less likely to suffer from 

food insecurity compared to poorest households. Based on the indicator of frequency of skipping meals, 82 per cent 

of women in Bangladesh responded that they never had to skip a meal, while only 56 per cent of the poorest females 

were in the same situation (NIPORT et al., 2013). Given the risk of food insecurity linked to salinity intrusion, 

farmers in the coastal Ganges Brahmaputra Delta have had to adopt innovative strategies resulting in changing 

cropping patterns. According to a recent study investigating changing livelihood strategies in the costal delta region, 

70 per cent of interviewed farmers from Patuakhali district stated that their shifts to different crop production was 

motivated by the potential for increased food security (Islam et al., 2011).  

Figure 1 The study area in coastal Bangladesh. 
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3. DATA AND METHODS 

The present study makes use of the most recent 2010 Household Income and Expenditure Survey (HIES) data as 

well as soil salinity data extracted from a high resolution map of soil salinity published by the Soil Resource 

Development Institute (SRDI). The study considers a sample of 973 households, all located in the nine districts of 

the coastal Ganges Brahmaputra delta across Khuna and Barisal divisions. In terms of food insecurity indicators, the 

study follows the approach proposed by Smith and Sunderbano (2007) and considers two key indicators of food 

security, i.e. percentage of household expenditure on food and calorie availability at the household level. The 

methodology used involves descriptive statistics, standard statistical tests, such as ANOVA, chi-square and 

Bartlett’s test as well as logistic regression modelling. Standard postestimation tests are used in order to assess 

model fit and predictive power.   

4. STATISTICAL RESULTS 

The preliminary results of statistical analysis (Table 1) confirmed that soil salinity has a significant negative impact 

on households’ food insecurity. The unadjusted model (model 1) suggests that one percent increase in the salinity 

area increases the odds of households’ food insecurity by 0.63 per cent. This effect remains significant when 

controlling for other household characteristics, such as religion, education and age of household’s head and engaged 

in agricultural activities. However, it is interesting to observe that the effect loses its statistical significance when 

household’s wealth is controlled for.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 Determinants of food insecurity in the rural Ganges Brahmaputra delta. 
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5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The findings of the present research complement the current Hyogo Framework for Action and yield important 

implications for the Post 2015 Framework for Disaster Risk Reduction. In the context of the Hyogo Framework for 

Action, the study highlights the importance of investing in socio-economic factors which can contribute to disaster 

preparedness. More specifically, income generation and income diversification initiatives should be given priority 

and socially equitable monetary risk-sharing mechanisms established. This is particularly important in the context of 

current debates pertaining to the development of the Post 2015 Framework for Disaster Risk Reduction. 

6. CONCLUSIONS 

This study had two main objectives. First, to assess the impact of soil salinity on household food insecurity. Second, 

to investigate the associations between households’ socio-economic characteristics and food insecurity. The results 

of the analyses allowed the confirmation of both the hypotheses. However, while the results of the unadjusted model 

showed that significant association exists between salinity intrusion and household food insecurity, this association 

loses statistical significance when controlling for household wealth. This implies that households’ wealth is likely to 

be the most important determinant of households’ food insecurity in this region. The study has important policy 

implications. It suggests that while soil salinity remains an important influencing factor of household food 

insecurity, investments in strategies to reduce income inequality and pro-poor initiatives should be prioritized in this 

delta region which is highly vulnerable to the impacts of climate change.  
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ABSTRACT: This paper aims to present a comprehensive overview of how retreat has been and can be approached and applied 
as a climate change adaptation strategy. The academic literature on climate-related managed retreat is examined to understand 
retreat ‘best practice’ thus far for two forms of retreat: realignment and resettlement. Focusing on resettlement, a case study of 
Manila, Philippines examines how resettlement as a climate change adaptation strategy has been and could be conducted using 
key informant interviews with resettlement actors. Best practices from the literature include fostering trust between governments 
and other stakeholders, providing fair compensation for moving populations, and maintaining communication between 
stakeholders. In Manila, resettlement actors acknowledge that environmental concerns are being considered in current 
resettlement policies and practices, however climate change resettlement is only just starting to be considered.  

Keywords: resettlement, managed retreat, climate change adaptation, Manila 

1. INTRODUCTION 

Climate change exacerbates environmental risks and hazards globally, leaving those who are threatened to consider increasingly 
drastic adaptation options. One of these adaptation options is migration, an effective strategy for at risk populations to lessen their 
climate-related vulnerabilities. Climate-induced migration, hereby referred to as retreat, is a contentious issue that sparks many 
ethics and citizen rights debates. This presentation will offer a comprehensive overview of how retreat has been approached and 
applied as a climate change adaptation strategy. First it examines the two forms of managed retreat used globally: realignment 
and resettlement. Next, a case study on Metropolitan Manila, Philippines demonstrates the potential employment of resettlement 
as climate change adaptation in a coastal megacity. The conclusions extract common best practices amongst the retreat literature 
and compare these to the existing resettlement policies and practices in Manila to understand if managed retreat is a feasible 
climate change adaptation strategy for Metro Manila.  

2. LITERAURE REVIEW 

The Intergovernmental Panel on Climate Change’s Second Assessment Report (Biljsma et al, 1995) proposed three response 
strategies to sea level rise: protect, retreat, and accommodate, which stand as the foundation for retreat research today 
(Alexander, Ryan & Measham, 2011; Apine, 2011; Klein, Nicholls, Ragoonaden, Capobianco, Aston & Buckley, 2001; Klein, 
Nicholls & Mimura, 1999). Retreat works to evacuate land at risk and has been practiced for centuries, for example by rural 
riverine communities in Mozambique responding to seasonal river fluctuations (Artur & Hilhorst, 2012). Managed retreat 
schemes are not a new technique either, used in recent decades on behalf of communities and ecosystems in response to 
development pressure and erosion (Alexander, Ryan & Measham, 2011). The acknowledgement of climate change has initiated 
new investigations into the best methods for applications of this strategy. 

2.1 Managed Retreat 

There are two main forms of managed retreat discussed in the literature: realignment and resettlement. Managed realignment 
involves pulling human settlements back from at-risk zones and restricting or forbidding development in these areas. Further, it 
controls the degradation of the risk zones, often through the use of soft measures like salt marshes (Roca & Villares, 2012). 
Realignment is considered an option for less urbanized communities that have the space to move back, as seen in the Ebro Delta 
of Spain (Ibid). Government policies used to implement realignment range from permitting development on the condition that it 
is abandoned if necessary to creating a buffer zone between coastlines and communities (Mycoo & Chadwick, 2012); Klein et al, 
2001). The key strategy to implementing realignment is government compensation for moving populations through the purchase 
of land and homes within risk areas (Alexander, Ryan & Measham, 2011; Apine, 2011). The greatest challenge to realignment 
strategies thus far lies in the proposal that homeowners relinquish their land decades before projected consequences take effect 
(Alexander, Ryan & Measham, 2011; Apine, 2011; Roca & Villares, 2012). Alexander, Ryan & Measham (2011) concluded that 
for managed retreat to succeed, home owners needed to feel involved in the process and well compensated through a scheme that 
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was transparent, fair, and just. 

The concept of resettlement is undefined in the academic literature (as the term used in a climate change retreat sense), and was 
often paired with other words to specify certain forms of resettlement. McDowell (2013) discussed planned resettlement where 
communities were moved to a second location as a result of the construction or implementation of a climate change adaptation 
project. Similarly, Johnson (2012) referred to voluntary resettlement as climactically vulnerable populations moving under their 
own terms and conditions that were established beforehand. Thus, while the academic literature does not define resettlement in 
the adaptation context, it can be understood as the facilitated movement of populations from one location of high environmental 
risk to another of lower risk. Currently, climate-forced resettlement discussions are linked to small island nations of Tuvalu and 
Kiribati (Birkmann, 2011; Locke 2009; Mortreux & Barnett, 2009). The Kiribati government intends to relocate populations from 
smaller islands to main ones while Tuvalu is seeking to move its citizens to Australia and New Zealand (Locke, 2009). While the 
discussions are intensifying, the adaptation strategies have not yet been implemented and research remains focused on public 
perceptions of relocation and the incentives and challenges relating to movement (Locke, 2009; Mortreux & Barnett, 2009).  

2.2 Resettlement in Manila 

The Philippines is at extreme risk from intensifying climate change and natural disasters. This is especially evident in the capital 
Manila, which is positioned on an alluvial plain and surrounded by three flood risks: river, coast, and lagoon (Porio, 2011). These 
risks combined create the need for immediate adaptation strategies to protect vulnerable populations. Existing and proposed 
protection projects in Manila, including the Metro Manila Wastewater Management Project (MWMP) and the Pasig-Marikina 
River Channel Improvement Project (PMRCIP), suggest new or improved engineered adaptation structures, also know as hard 
measures, to reduce urban threats (DPWH, 2013, DPWH, 2011). These measures are examples of Manila’s already firm grasp on 
engineered adaptation strategies, meaning that soft adaptation strategies like managed retreat are less prevalent in the coastal 
megacity. 

Metro Manila has well-established resettlement practices and policies to relocate informal settlements that emerged during the 
rapid urbanization of the city over the past several decades (DPWH, 2013, DPWH, 2011; Shatkin, 2004). In the past, resettlement 
in Manila has been implemented by the government for a number of reasons, including insecure land tenure, private interest in 
occupied land, and small-scale environmental concerns (e.g. settlements producing river pollution which obstructs river flow) 
(Shatkin, 2004). This resettlement process is known to be controversial, highly politicized, and inadequately implemented, often 
with devastating outcomes for those being relocated. Resettlement in response to flooding and anticipated climate threats has 
been conducted on a small scale in Cavite City (Sales Jr., 2009) and Marikina City (Porio, 2011), Manila, Philippines. In both 
cases, the strategy is mentioned as but one of several response options, without any in-depth discussions of logistics, policy, or 
effectiveness.  

3. METHODOLOGIES 

3.1 Secondary Data Analysis 

Extensive literature on retreat and resettlement relating to climate change and environmental hazards were compiled and 
analyzed. Similarities between existing projects, their challenges to implementation, and recommended best practices were 
drawn. Literature regarding managed retreat was examined in depth to understand how the strategy has been approached and 
applied thus far as climate change adaptation.  

3.2 Key Informant Interviews 

Case study data was collected through key informant interviews with actors operating in some capacity with current resettlement 
schemes in Manila. In an effort to capture the political complexity surrounding resettlement, actors in both ‘top-down’ and 
‘bottom-up’ roles were interviewed. International and national-scale actors (top-down) include national and city-wide 
governments as well as international adaptation donor organizations (e.g. World Bank, Australian Development Bank, AusAid). 
Local government units (LGUs) and non-governmental organizations (NGOs) (e.g. Habitat for Humanity, Christian Aid) form 
the local and municipal-scale (bottom-up) perspective. Question themes surrounded past and current uses of resettlement for 
environmental or climate reasons, the possibility of using resettlement for climate change adaptation moving forward, and current 
and anticipated challenges to implementing managed retreat. Results were also used to validate findings from resettlement 
documentation for Manila, and compared to the best practice recommendations drawn from the academic literature. 
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4. PRELIMINARY RESULTS 

The research discussed here addresses Priority Action 1 of the Hyogo Framework for Action: to ensure that disaster risk 
reduction is a national and local priority with strong institutional basis for implementation. In the Manila case study, interviews 
with resettlement actors in Manila ranged from international aid agency staff to local government units within Metro Manila, 
providing a range of perspectives on the potential use of and challenges to managed retreat in the coastal megacity. This not only 
offer insight into the political complexity of the process, but it reveals the various priorities, concerns, and goals of international, 
national, and local scale resettlement actors as well.  
 
From the literature it can be understood that populations are rejecting retreat initiatives because they are unfamiliar with the 
strategy and they are attached to their current locations. To facilitate successful retreat projects, decision-makers must provide 
fair compensation for lost property and/or significant incentives to move, build trust amongst communities, governments, and 
other stakeholders, and ensure transparent communication with communities regarding the projects.  
 
In Manila, environmental concerns like riverine flooding and congested waterways are entering the sphere of resettlement 
projects, as evidenced projects such as the Pasig Marikina River Channel Improvement Project and Metropolitan Manila 
Wastewater Management Project. While these topics are being considered, they have yet to play a significant role in justifying 
cause for resettlement projects. Further, most of Manila’s resettlement decision-makers interviewed have not yet conceded that 
they have engaged in “climate change relocation", however, numerous actors interviewed suggested this may become necessary 
in the future, particularly if Manila's chronic flooding intensifies under climate change. 
 
A limitation to the literature on climate-related retreat is that it remains in its infancy. Most papers on the topic have been 
published in the last 5 years, demonstrating that this adaptation option, and the challenges that accompany it, are an emerging 
field of increasing importance. Current research demonstrates the need to make retreat or resettlement a ‘no regrets’ adaptation 
strategy for stakeholders, a highly context- and geographically-dependent challenge. 

Moving forward, further research is needed as new retreat policies and programs develop, to establish the validity of the current 
prescribed process improvements and measure retreat’s effectiveness as an adaptation strategy over time. Climate projections and 
increasing climate related events, paired with adaptation strategies and further research and implementation of retreat will create 
sustainable and successful retreat strategies for developed and developing nations. 

5. CONCLUSIONS 

The intensifying impacts of climate change are pushing communities at risk to explore increasingly drastic adaptation measures. 
Managed retreat, in two different forms, is a less common strategy that has gained momentum in recent years. Research on 
proposing and implementing retreat in both environmental and development contexts has identified strategic techniques for 
improvement. These techniques include fostering trust between governments and other stakeholders, ensuring compensation is 
appropriate and valued by moving populations, and maintaining a constant dialogue between all stakeholders throughout the 
retreat process. 

While Manila’s resettlement priorities acknowledge environmental hazards, they have yet to reflect concerns regarding climate 
change and its intensifying impacts. At this time, Manila has a resettlement infrastructure that could facilitate managed retreat as 
a climate change adaptation strategy, but is not currently conducting nor considering managed retreat strategies.  
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ABSTRACT: One characteristic of the Japanese port management system is that all ports are managed by local governments. 
The national government is not directly involved in port management, confining itself to mandating basic policies for port 
construction and management or technological standards for facilities. The power of the national government is limited because it 
entrusts port management to port authorities, although port management and operations seriously impact the national interest. 

On the other hand, Japan experienced two great earthquakes in 1995 and 2011, both of which devastated major ports, forcing 
Japan to face challenges related to its port management system. The author verified the changes in logistics for marine container 
shipments through a simulation using a sacrifice model by presuming damages from earthquakes that are expected to occur in the 
future. It was found that approximately 40% of all the marine container shipments in Japan would need to be handled by healthy 
ports as backup, and that the volume of marine container shipments to be handled by the backup ports would nearly double. 
However, in reality, the backup ports are not capable of accepting that much cargo volume, nor are they large enough to allow the 
calling of large ships. Therefore, the author proposed three possible scenarios. The first scenario was to improve the capacity of 
each backup port, the second was to improve the capacities of several backup ports to form domestic hub ports while conducting 
feeder transport with other ports, and the third was to promote international coordination with foreign ports. National government 
needs to urgently decide which scenario should be the most practical for port logistic backup established before another large 
earthquake occurs. Japan’s challenges have much in common with those faced by port management abroad. This paper 
contributes to the risk management by foreign ports. 

Keywords: port, operation, government, disaster 

1. INTRODUCTION 
The Great Hanshin and Awaji Earthquake (1995) and the Great East Japan Earthquake (2011) disrupted the functioning of local 
governments and ports in the stricken areas. Since the local governments bore responsibility for operating these ports, they spent 
a considerable time on restoring them. Meanwhile, the distribution of goods was redirected to unaffected ports. 

Besides Japan, it is anticipated that large-scale natural disasters may occur at various places in the world, and larger earthquakes 
may cause more serious damage in Japan. Given current progress in the horizontal and vertical specializations of the global 
economy, any stoppage in the port functions in Japan seriously damages the economic activities of many other countries. 

In this study, the authors use the case of Japan as an example and propose that it is vital for the central government to bring about 
changes in the operational authorities of Japanese ports, so as to implement immediate backup scenarios and restoration services 
in the event of such large-scale natural disasters. This is because local governments face constraints under such circumstances 
and find it difficult to redirect the functioning of stricken ports. 

2. OUTLINE OF THE OPERATION SYSTEM OF JAPANESE PORTS  
In Japan, 126 ports are fulfilling important functions and are classified in three. There are five “international strategic ports,” 
which serve as bases for an international sea cargo transport network and efficiently link the international network with the 
domestic sea cargo transport network. Eighteen “major international ports” function as a hub of an international maritime 
transport network, whereas  103 “major ports” have great importance to the national interest including those serve as hubs of an 
international or domestic maritime transport network. One characteristic of the Japanese port management system is that all ports 
are managed by local governments, such as prefecture and Municipality, which is formed based on the Local Autonomy Law. 

The current port management system is set out in the Port and Harbor Act, which was enacted under the supervision of the 
General Headquarters of the Allied Powers in Occupied Japan (GHQ) in 1950. Table 1 describes the division of roles between 
the national government and port authorities based on the Act. The national government is not directly involved in port 
management, confining itself to mandating basic policies for port construction and management or technological standards for 
facilities. Port management is entrusted to port authorities (local governments). 
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Table 1: Major Roles in Port Management 

National government Port Management Bodies (Local Governments) 

Policy formulation for the development and administration of 
nationwide ports 

Formulation of port development/management plan 

Establishment of necessary laws and regulations Construction and maintenance of port facilities 

Providing advice and guidance on port administration and 
operation to port management bodies 

Permission for and restrictions on facility use in port 
management districts (marine districts, land districts) 

Financial assistance for port management bodies in relation to 
port construction projects 

Leasing and management of port facilities 

Implementation of port construction projects (Limited to 
projects under the direct control of the national government) Setting and collection fees for use of port facilities 

Improvement and maintenance of shipping channels outside 
the port area 

    

Marketing and promotion of ports 

Surveys and research concerning port technology Establishing conditions for providing port services 

3. PORT MANAGEMENT DURING DISASTERS  
The Great East Japan Earthquake of March 2011 completely destroyed ten major international ports, mainly on the Pacific side in 
the Tohoku Region. Although local port authorities should have restored port functions as soon as possible, they appropriated the 
limited human resources, equipment, materials, and financial resources available at the time to provide relief to affected residents. 
As a result, only port personnel worked on restoring the ports. Such policies were natural and in accordance with the spirit of the 
Local Autonomy Law, as described in Table 2, stipulating “tasks in the autonomous and comprehensive performance of local 
public administration.” In terms of port management and operations, however, it is necessary to apply the following three lessons 
as a hedge against another major disaster. 

Table 2: Role of Local Government and National Government according to the Local Autonomy Law 

Local/National Role according to the Local Autonomy Law 

Local 
Governments 

The task of a local government shall be to promote the welfare of its residents, for which purpose it shall carry out a wide 
range of tasks in the autonomous and comprehensive performance of local public administration. 

National 
Government 

In order to accomplish the purpose of the preceding paragraph, the role of the National Government shall in the main be to 
attend to: matters relating to its position as a nation in the international community; matters concerning basic rules on 
national activities or local autonomy that should be standardized nationally; or matters concerning policies and programs 
to be implemented on a national level or from a national viewpoint. 

3.1 Lesson 1: Devising an essential backup system  
Unaffected ports on the Japanese seaside operated as backups took over the logistical functions from the affected ports on the 
Pacific side. Because it takes anywhere from a few months to a few years to restore damaged ports, it is essential to develop a 
backup system through cooperation among ports. 

3.2 Lesson 2: Loss of functions of a port management body  
As mentioned earlier, immediately after the 2011 earthquake, port authorities (local governments) appropriated the limited 
human resources, equipment, materials, and financial resources available to them for relief operations of affected residents, 
leaving the restoration of ports to port personnel. Although these policies are based on the Local Autonomy Law, they resulted in 
these bodies neglecting port management functions. A comparison of infrastructure clearing operations for roads versus those for 
ports clearly reveals that roads, which are directly controlled by the national government, were rapidly cleared in the aftermath, 
whereas ports took several months to clear. 

The fundamental problem is that the Port and Harbor Act does not anticipate that a port authority (local government) will neglect 
its functions in times of disaster. To avoid the possibility that port authorities will become functionally paralyzed and fail to 
fulfill their management functions, alternative measures should be introduced, such as regional port management, port 
management by other port authorities, or management by the national government, and the restoration of devastated ports should 
be managed by other bodies. 

3.3 Lesson 3: Financial problems caused by the annual accounting system and complex ordering procedures  
The national government and local governments use an accounting system that requires them to include the expenditure for a 
purchase to be made in the following year in the budget for the current fiscal year. In addition, to order construction or supplies, 
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they have to follow complex procedures, including gathering price estimates and issuing public notices, which take several 
months. Beyond these procedures, for restoring a disaster-stricken area, the national government has to assess the damage so that 
the order reflects the extent of the damage, thus magnifying delays. Among the ten major international ports affected by the 
earthquake of 2011, Hachinohe Port was the first to be restored, but the restoration was not completed until August 2013, two 
years and five months after the earthquake. Restoration work on the other ports is still underway. 

 4. DEFECTS IN THE PORT OPERATION SYSTEM   
The arguments in the previous sections show that the current port operation system, designating the local governments as port 
authorities, has the following defects: 

4.1 Limitations of port management and operations by local governments bordering the sea  
The Port and Harbor Act enacted in 1950 allows only localities bordering the sea to participate in the establishment of port 
authorities. Since the ports of local governments bordering the water suffer the greatest consequences in the event of a tsunami, 
these local governments should not be charged with port operations. 

4.2 The disconnect between the port management system and the spirit of the Local Autonomy Law  
According to the Local Autonomy Law, a local public body’s function is to “promote the welfare of its residents, for which 
purpose it shall carry out a wide range of tasks in the autonomous and comprehensive performance of local public 
administration.” The most urgent mission of the disaster-afflicted local governments is the rescue of its residents, and thus, they 
tend to leave port operations until later. Therefore, it is prudent that organizations not covered by the Local Autonomy Law, such 
as the national government and prefectural governments, should take charge of operating the ports, instead of the local 
governments. 

4.3 Risk of breakdown in port management and operations 
The Port and Harbor Act does not anticipate that a port authority might cease to function under certain trying circumstances. To 
avoid the possibility that port authorities (local governments) could become functionally paralyzed, alternative plans should be 
introduced, such as allowing port management by other port authorities, or charging the national government or even state and 
county governments with port management. 

5. IMPACT OF FUTURE LARGE-SCALE NATURAL DISASTERS  
The Nankai Trough Earthquake, which may occur in seas close to Japan in the future, will be particularly devastating to the ports 
located in the Pacific area of the mid-western part of Japan. To put the lessons of the Great East Japan Earthquake to good use, 
the authors verified which ports will be able to serve as backups to the afflicted ports should the Nankai Trough Earthquake occur. 
To do so, the authors presumed marine container cargoes, which would be carried from one storage area to another for long-
distance ground transportation, as targets. The authors used the Sacrifice Model for estimation. Although other types of cargo are 
also included in long-distance ground transportation (e.g., bulk cargoes such as fabricated cars), the authors did not use them in 
our estimation. The authors assumed that the transportation routes for these cargoes would be changed in proportion to the 
availability of container cargoes. 

5.1 Simulation results 
According to the simulation results, the Bay of Tokyo, the Port Mizushima, Port Hiroshima, and ports along the Sea of Japan will 
serve as alternatives and handle 7.4 million twenty-foot equivalent units (TEU) (about 42% of the total in Japan) of marine 
container cargoes. The authors also assumed that transshipments at the Port of Busan and the Port of Shanghai would increase to 
twice their normal amounts. 

5.2 Risk management scenario 
The ports that serve as backups to the ports destroyed by the earthquake will have to operate more than the double of their normal 
cargo quantity. Thus, the backup ports will have to accept cargo amounts exceeding their operation capacity. Moreover, the Port 
of Busan, the Port of Shanghai, and the Port of Singapore, where transshipments will expectedly increase, will receive increased 
cargo amounts. Notably, for the Port of Busan this amount will increase by 1 million ton per month, exceeding the present 
amount of 0.36 million ton/month (2011) by almost 1 million ton per month. Therefore, the authors propose that Japan must 
urgently prepare a credible backup system should a major earthquake strike in the future. 

5.2.1 Scenario 1: Overall support provided by backup ports 
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The backup scenario also calls for improving the facilities’ capacities for the moorage of large ships and the increased handling 
of marine containers. Considering the current capacities of the backup ports and the high investment needed to expand them, it 
will be very difficult for the backup ports to handle the 40% increase in marine container cargoes. In addition, it will be very 
difficult to bring about the changes needed in terms of anchorage sites for large ships using the world seaways. 

5.2.2 Scenario 2: Deciding on domestic hub ports as backups and collaboration with feeder transportation  
In this scenario, the port areas in northern Kyushu will serve as hub ports, and a collaboration system by feeder transportation 
with the other unaffected ports is planned. It is difficult to change essential seaways used by large ships because it would affect 
the operation patterns of large ships all over the world. However, it will be possible to collect cargoes at the current anchorage 
sites or change operation patterns by reducing the number of anchorage sites. 

5.2.3 Scenario 3: International cooperation among the Port of Busan, Port of Shanghai, and other ports  
This scenario promotes an international cooperation system that allows transshipment of Japanese cargoes at the Port of Busan, 
Port of Shanghai, and other ports. In Europe, the Port of Copenhagen and the Port of Malmö have been already integrated 
internationally. This scenario needs the sanction of the Japanese government, so that a policy of international port collaboration 
may be adopted. However, to make an international agreement with the Port of Busan, which is a competitor of Japanese ports, 
the government has to change its current policy to promote such international cooperation, and this may involve a national risk. 

5.3 The best scenario 
Which scenario is the best for Japan? All the scenarios present some common conditions: The backup ports will receive increased 
amounts of cargoes and exceed their capacity, and it is likely that they will not be able to operate efficiently. Furthermore, the 
backup ports do not have adequate piers for mooring large ships. The best scenario may be selected by a process of elimination. 
Scenario 1 requires a change in the current seaway routes, but accomplishing this is practically impossible. Scenario 3 is too risky 
because international cooperation among ports may not be in Japan’s best interests. Therefore, from the aspect of physical 
geography, the authors considered Scenario 2 to be the most realistic. 

6. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
In this study, the authors use the case of Japan as an example and propose that it is vital for the central government to bring about 
changes in the operational authorities of Japanese ports, so as to implement immediate backup scenarios and restoration services 
in the event of such large-scale natural disasters. 

7. CONCLUSIONS 
To put the lessons of the Great East Japan Earthquake to good use, the authors verified the port operation system followed by 
local Japanese governments and concluded that should a major large-scale disaster strike, local governments (that currently serve 
as port authorities) will be constrained in managing ports and getting them to function normally as soon as possible after the 
disaster. Thereafter, the authors considered three simulated scenarios that showed how backup ports would have to handle the 
distribution of increased marine container cargoes after such an event. Our results clarified that in the event of a large-scale 
natural disaster, ports operated by the local governments would be at high risk of breakdown, and the amount of increased 
cargoes sent to the backup ports would comprise almost 40% of the total marine container cargoes in Japan, which would largely 
exceed the current capacity of backup ports. 

Therefore, the authors concluded that to manage these risks, the central government would have to allow changes in the 
organizations operating the ports, namely, other bodies (and not local governments) should be entrusted with the management of 
ports. Further, the central government should also prepare backup functions for the afflicted ports by forming hub ports in the 
northern Kyushu area. It would be prudent to implement the needed changes immediately. Moreover, port authorities throughout 
the world would do well to plan for such contingencies using the examples and scenarios presented in this study. 
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ABSTRACT: This research examines the associations between Chinese cultural beliefs of adversity, income recovery, 

and psychological status among the Wenchuan earthquake survivors. The relationship between positive Chinese 

cultural beliefs of adversity and life satisfaction was also mediated by income recovery. This research highlighted 

the importance of examining both positive and negative aspects of psychological status among disaster survivors 

and adopting different methods to work with different aspects of their psychological status. 

Keywords: Chinese cultural beliefs of adversity, depression, life satisfaction, disaster survivors, China. 

1. INTRODUCTION 

The survey conducted in 2012 with 304 survivors of the Wenchuan earthquake, examined the associations among 

Chinese cultural beliefs of adversity, income recovery, and psychological status. The mediating effect of income 

recovery on the relationship between Chinese cultural beliefs of adversity and psychological status was also studied. 

1.1 Cultural Beliefs of Adversity and Psychological Status of the Wenchuan Earthquake Survivors 

Chinese disaster survivors of the Wenchuan earthquake, with the endorsement of more positive Chinese cultural 

beliefs of adversity, were likely to have better capacity to overcome the effects of disasters and display better 

adjustment and more positive psychological outcomes. Research showed that Chinese cultural beliefs of adversity 

significantly influence the psychosocial adjustment of Chinese adolescents experiencing economic disadvantages 

(e.g., Shek, 2004 & 2005; Shek et al., 2003) and the life satisfaction of older Chinese people (Huang & Wu, 2012).  

1.2 Income Recovery and Psychological Status of the Wenchuan Earthquake Survivors 

The Wenchuan earthquake was expected to affect the survivors’ income in several ways. First, the earthquake might 

have destroyed the survivors’ income resources, such as farmlands and rental houses. Second, the earthquake might 

have resulted in the closure of factories or companies, making the survivors lose both jobs as well as income. Third, 

the earthquake might have killed or injured the survivors’ family members who are the family’s main income 

earners and thus result in the loss of survivors’ income. Given the importance of income to people’s various needs 

(Diener, Sandvik, Seidlitz, & Diener, 1993; Veenhoven, 1991), we can reasonably infer that income loss would be 

positively associated with disaster survivors’ negative psychological outcomes and income recovery would be 

positively associated with their positive psychological outcomes. 

1.3 Mediating Effect of Income Recovery 

Based on the theory of reasoned action by Fishbein and Ajzen (2010) and Ajzen and Fishbein (1980), human 

behavior is guided by three kinds of considerations: beliefs of the likely consequences of behavior (behavioral 

beliefs), beliefs of the normative expectations of others (normative beliefs), and the beliefs of the presence of factors 

that may influence performance of the behavior (control beliefs). With positive Chinese cultural beliefs of adversity, 

disaster survivors were more likely to have intentions to overcome the effects of disaster and take action accordingly 

to recover and thus report a higher degree of income recovery. By contrast, with negative Chinese cultural beliefs of 

adversity, disaster survivors were likely to have fewer intentions to overcome the effects of disaster by themselves 

and accordingly report a lower degree of income recovery. 

2. METHOD 
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2.1 Procedure 

Participants in the research were aged 18 or above who survived the Wenchuan earthquake in Sichuan. The survey 

was conducted in five communities, all located in the most severely affected areas. A face-to-face interview 

approach using a questionnaire written in Chinese was adopted. The anonymity and confidentiality of replies were 

emphasized to encourage honest responses.  

2.2 Measurements 

 Psychological status was measured by two variables: life satisfaction and depression. Life satisfaction was 

measured using the five-item Satisfaction with Life Scale (SWLS) designed by Diener, Emmons, Larsen, and 

Griffin (1985). The Chinese version of the SWLS translated by Shek (1998) was utilized. Depression was measured 

using the 10-item Center for Epidemiologic Studies Depression Scale (CES-D). The Chinese version of the 10-item 

CES-D translated by Wong (2009) was used.  

  The scale of Chinese cultural beliefs of adversity was adopted from the studies by Shek et al. (2003) and Shek 

(2005). The scale had nine items, such as hardship increase stature; whether a life is good or bad depends on fate; 

and where there is a will, there is a way.  

  Income recovery was composed of two items, including 1) my current income is higher than that of the pre-

earthquake and 2) I have good income status relative to pre-earthquake. The respondents were asked to indicate their 

degree of agreement with each item on a five-point Likert-type scale ranging from 1 (strongly disagree) to 5 

(strongly agree). 

Control variables included earthquake impacts, social support, financial status, health, age, education, marital 

status, sex, religion, and ethnicity of disaster survivors.  

2.3 Data analyses 

Prior to data entry, all questionnaires were checked for completeness. Before data analysis, all data were checked for 

entry errors. Correlation analyses were first conducted to determine whether Chinese cultural beliefs of adversity 

and income recovery were associated significantly with life satisfaction and depression. For a better estimation of 

the effects of Chinese cultural beliefs of adversity and income recovery on life satisfaction and depression, 

regression analyses were performed, controlling for other variables.  

3. RESULTS 

Of the 304 respondents, 29.6 percent were male. With respect to marital status, 81.3 percent were married, 4.9 

percent single, 12.5 percent widowed, 0.3 percent separated, and 1.0 percent divorced. For the convenience of 

further analyses, the widowed, single, separated, and divorced were combined into one response category. 

Regarding the respondents’ ethnicity, 61.2 percent were Han, 38.5 percent Qiang, and only 0.3 percent Zang. Qiang 

and Zang were combined into one response category for further analyses. For religion, 25.7 percent did not have 

religion, 15.1 percent were Buddhists, 1.3 percent Christians, and 57.9 percent folk religion. Buddhism, Christian, 

and folk religion were combined into one response category for further analyses. 

  Correlation analyses show that age, years of formal education, financial strain, earthquake impact on income, life 

threaten by earthquake, religion, Chinese cultural beliefs of adversity, and income recovery are correlated 

significantly with life satisfaction. Ethnicity, self-perceived health, age, financial strain, earthquake impact on 

income, injury or death of relative or friend in the earthquake, injury or death of family member in the earthquake, 

life threaten by earthquake, social support and income recovery are correlated significantly with depression.  

  Regression analyses indicated that age, years of formal education, financial strain, life threaten by the earthquake, 

Chinese cultural beliefs of adversity, and income recovery are associated significantly with life satisfaction. Self-

reported health, age, financial strain, life threaten by the earthquake, and social support are associated significantly 

with depression. These findings also indicated that the relationship between Chinese cultural beliefs of adversity and 

life satisfaction was mediated by income recovery. 

 

4. DISCUSSION 
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  The finding on the relationship between life satisfaction and positive Chinese cultural beliefs of adversity 

supported the assertions of the multicultural model of the stress process (Slavin et al., 1991), which indicated that 

culture has an important function in defining the problem and behavioral options in the stress and coping processes. 

The finding was also consistent with previous research (Huang & Wu, 2012; Shek, 2005; Shek et al., 2003) and thus 

extended the literature on Chinese cultural beliefs of adversity to Chinese disaster survivors. 

Income recovery was associated with life satisfaction and also mediated the relationship between positive Chinese 

cultural beliefs of adversity and life satisfaction. These findings not only confirmed the importance of income in 

people’s lives, but also supported the theory of reasoned action (Ajzen & Fishbein, 1980; Fishbein & Ajzen, 2010), 

which implies that with more positive Chinese cultural beliefs of adversity, disaster survivors might make more 

efforts to recover by themselves and thus reported a high degree of income recovery. However, income recovery 

was notably not just a personal matter but was also affected by social factors such as job availability. Caution should 

be taken and survivors should not be blamed for not exerting efforts to recover by themselves.  

This research has also showed that the variable of Chinese cultural beliefs of adversity was not associated with 

depression in the correlation analysis, and income recovery was not associated significantly with depression in the 

regression analysis. Perhaps people’s life satisfaction had stabilised over extended periods of time (Pavot & Diener, 

1993; Diener, 2000), and depression was relatively momentary or situational because CES-D only intends to 

measure people’s mood in the past two weeks. Thus, depression was likely to be more related to relatively 

situational factors such as social support than to relatively stable factors such as Chinese cultural beliefs of adversity 

and income recovery.  

  This research has some limitations. First, the respondents were from five earthquake-affected communities, and the 

sample was not randomly selected. The generalizability of the findings was thus limited. Future studies may apply 

random sampling and include research participants in more areas to improve the generalizability of the findings. 

Second, this study was a cross-sectional study that prohibited a conclusion on the directionality of relationships. 

Future studies with a qualitative or a longitudinal design with repeated surveys may be used to establish causal 

relationships. Third, this study only focused on Chinese cultural beliefs of adversity, income recovery, and life 

satisfaction and depression of disaster survivors. Income recovery was only measured using two items. Future 

studies may include more elements of psychological status such as PTSD and anxiety reaction as well as more 

components of income recovery such as business restoration to develop a better understanding of the present 

research topic. Fourth, this study applied a self-reported measure that might reflect some patterns of reporting biases 

or personal bias, such as the biases related to social desirability. Future studies with other measures should be 

conducted. Fifth, the study was conducted four years after the Wenchuan earthquake, and the psycho-economic 

impacts of the earthquake on the survivors might have been ameliorated by time and maturity factors. Nevertheless, 

this sample and phenomenon were not frequently studied. This study could thus be regarded as pioneering in nature, 

given that few studies have examined the relationships among Chinese cultural beliefs of adversity, income recovery, 

and both life satisfaction and depression among the Wenchuan earthquake survivors.  

5. IMPLICATIONS 

The findings of this research have several implications. First, the findings of this research showed that the correlates 

of disaster survivors' life satisfaction differed from those of regression. This implies that social workers and other 

professionals working with disaster survivors should pay attention to both positive and negative aspects of survivor 

psychological status and adopt different interventions to enhance survivor life satisfaction and reduce their 

depression. Second, the positive association between positive Chinese cultural beliefs of adversity and life 

satisfaction as well as the mediation of income recovery over the relationship between cultural beliefs of adversity 

and life satisfaction imply that encouraging Chinese disaster survivors to develop a more positive perception of 

Chinese cultural beliefs of adversity may not only enhance their life satisfaction, but also be helpful to their income 

recovery. Social workers may collaborate with other professionals to encourage or cultivate disaster survivors to 

hold positive cultural beliefs of adversity and help them debate against the negative cultural beliefs of adversity to 

promote their income recovery and life satisfaction. Third, the positive association between income recovery and life 

satisfaction implies that strategies can be adopted to facilitate income recovery of disaster survivors to promote their 

life satisfaction. For example, asset-based policy through individual development accounts suggested by Sherraden 

and Page–Adams (1995) may be implemented to help disaster survivors strengthen individual financial management 

capacity to facilitate income recovery and enhance their life satisfaction. 
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ABSTRACT: Desertification remains as a serious problem despite commitments from the international 
community even after the ratification of UNCCD in 1994. Caused by daily livelihood activities for basic needs 
of local people, the problem becomes worse year by year under increasing demographic pressure to land 
resources and ecosystems in the Sahel, West Africa. The difficulty of desertification control is that it is to deal 
with while maintaining the causes. It suggests the necessity to innovate practical techniques effective both for 
desertification control and local livelihood improvement. We innovated ‘fallow-band system’, which reduced 
60 - 70 % of wind erosion and increased 50 - 75 % of crop yield, without cost, materials and labour. The 
technique was extended to more than 400 households in 75 villages, 23 districts and 5 regions in Niger. During 
the extension phase, we demonstrated a modification of conventional extension method, by incorporating a 
component technique of social network survey. It was useful to identify and visualize the network of 
information and confidence, key persons (opinion leaders) and vulnerable households in a commune. 
Together with local people, we also designed a practical technique ‘lines of Andropogon’, which is effective 
for soil erosion control, water harvesting and income generation, by utilizing indigenous knowledge and local 
resources. Through the process of collaboration, we surely confirmed that local people work as partner to 
innovate practical techniques useful for desertification control and livelihood improvement. 

Keywords: Desertification, Africa, Local knowledge, Practical techniques, Soil erosion 

1. INTRODUCTION 
Desertification is one of the globally concerned problems with complex phenomena related to land degradation and poverty in 
sub-humid, semiarid and arid areas. Twenty years has past, since the ratification of the UNCCD in 1994. So far, there have been 
many efforts made by international organization, local government and NGOs, however, the problems still remain unsolved and 
become more serious year by year (UNDP, 2003; Easterly, 2006; Tollefson and Gilbert, 2012). Tollefson and Gilbert (2012) 
evaluated the achievement of desertification control as “F (fail mark)”. 

Why desertification have not been prevented and even became worse? It may be explained from its causes closely linking with 
poverty. As defined in UNCCD (1994), the causes of desertification are both climatic factors and human activities (Geist, 2005; 
Zdruli et al., 2010). If the latter is carefully focused, the causes are the daily activities to support people’s livelihood and basic 
needs for survival, such as cropping, animal husbandry and gathering of fuel woods. Difficulty of desertification control is that it 
is to deal with while maintaining the causes. Phenomena of desertification are the combinations of accumulated causes and 
consequences at local level and human-scale under complex social-ecological environments. This fact suggests that solutions 
should be designed by the combination of the actions through livelihood activities of local people. 

In the presentation, we introduce some practical techniques for desertification control, such as ‘fallow-band system’ and ‘lines of 
Andropogon’ which is effective for soil erosion control and livelihood improvement, especially focused on the situation of the 
Sahel, West Africa. 

2. DESERTIFICATION IN THE SAHEL 
Sahel region of West Africa is one of the frontlines of desertification. Since 1960s, human impact has been drastically increased. 
Fig. 1 shows the satellite imagery of some villages in western Niger in 1966 and 2007. The entire land was converted to 
cultivation fields. Traditional fallow cultivation system, which maintained soil fertility and prevents soil erosion, is no more 
standing. Prolonged exposure of land surface accelerates soil erosion and, thus, the decrease of soil fertility. This vicious cycle is 
commonly happened in semi-arid West Africa. 
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Fig. 1: Changes of land use under increasing demographic pressure  

3. PRACTICAL TECHNIQUES INNOVASTED COLLABORATING WITH LOCAL PEOPLE  

3.1 ‘Fallow-band system’ for wind erosion control and crop growth improvement 
Design: Fig. 2 shows the design of ‘fallow-band system’ (Ikazaki et al., 2011ab). At the beginning of rainy season, the bands with 
5 m width and stretching from the north to the south are set at the interval of 30 m to 60 m in cultivated field. In each band, seed 
of pearl millet are not sown, weeding practice is not done and, consequently, a band with wild grasses and herbs is naturally 
established. The plants in fallow-band, left during dry season after crop harvest, captures top soils and coarse organic matter 
brown by seasonal easterly wind.  In the rainy season of next year, the position of the fallow-band is shifted on the windward.  

  

Fig. 2: Outline of ‘fallow-band system’ 

Wind erosion control: Setting the apparatus at the windward (A) and leeward (B), we monitored the top soil and coarse organic 
matter (OM) brown by wind during dry season (Fig. 3, left). The amount [A - B] gives the captured ones by the fallow-band. A 
single fallow-band prevented 74 % of soil loss and 58 % of OM loss (Fig. 3, right). 

 

Fig. 3: Effect on wind erosion control 
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Improvement of crop performance: The picture in Fig 4 (left) shows the difference of crop growth in the filed under continuous 
cultivation (right) and after one year fallow-band (left). This drastic effect was explained by the loss or accumulation of relatively 
fertile top soil and organic matter, i.e. nutrients for crop, by wind. Since the residual effect remains for three to four years, the 
grain yield from the entire cultivated field, including the one under continuous cropping and once placed under fallow-band, 
increases year by year as shown in Fig. 4 (right). Although the effect is not kept with the increasing trend, the result is attractive 
for local cultivators. 

 

Fig. 4: Effect on crop performance 

Supported by Japan International Cooperation Agency (JICA) and Global Environmental Forum (GEF), the technique has been 
practiced by 439 households in 75 villages, 23 districts and 5 regions in Niger, as of December 2012. Further effort of the 
extension is continued collaborating with local NGO. 

3.2 Improvement of extension system  
Improvement of extension method incorporated with social-network survey: As mentioned above, the extension of the technique 
looks successful. Follow-up survey in one commune called Fakara in Niger, however, revealed that the technique was practiced 
by the limited households, not by the entire commune (Fig. 5, circled area). To identify the reasons, we applied social-network 
survey to visualize the networks of information, the network of confidence, opinion leaders, and vulnerable people. The networks 
are unevenly distributed and some households are isolated. This fact is explained by the differences in ethnicity and timing of 
settlement. Even though a technique was introduced through a village chief, who is usually an access point of outsider’s 
intervention and which is commonly practiced in participatory approach for rural development, it is not disseminated to the entire 
commune. We, however, identified some opinion leaders, as indicated with arrow in Fig. 5, may become possible access points 
for the extension of techniques.  Current extension method is possibly modified by incorporating a component social network 
survey to improve the efficiency with feasible cost and labors. 

１km

Households in Gardje

Households in Finare

Households in Koma

Households in Winde Gaoude

Opinion leader 

Village 
chief

Area of households 
who accepted “fallow-
band system”  

Fig. 5: Network of confidence, village chief and opinion leaders, area of households who accepted ‘fallow-band system’ 
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3.3 Lines of Andropogon for water erosion control and income generation 

‘Line of Andropogon’ for soil erosion control and income generation: Soil erosion by water is also one of the major processes of 
land degradation. Some conventionally used techniques to reduce soil erosion by water, such as a stone band (diguette in French) 
and a contour ditch, are effective and scientifically rational. They are, however, not accepted and practiced by local people. It’s 
because of a cost, labor requirements and a limited effect for livelihood improvement (e.g. crop yield and income).  

Together with volunteered local people, we designed an alternative technique as shown in Fig. 6. Soil erosion is reduced by 
intercepting surface run-off water with the lines of local wild perennial grass (Andropogon gayanus) which are found everywhere 
in the Sahel. The plant is transplanted to the pit, which is known as an indigenous technique ‘Zai’, with manure. Manure 
application to the wild grass is new for local people and increases the harvest of straws. The straws are sold in local market for 
the materials of granary. The income from the straws sometimes reached to the grains for 1 to 2 months consumption. It is noted 
that the technique is also helpful for vulnerable people, such as elders and widows, who never have a land patch or compete with 
the others to collect wild Andropogon.  

● Andropogon (Andropogon gayanus)

- A wild perennial grass (local resource)

- Material of granary and housing
- Sold in local market (income source)

- Competitive in harvesting (less chance for vulnerable people)

● Zai (an indigenous planting pit)
- Indigenous technique originated in Burkina Faso
- Utilization of manures and simple tool (local resource)

- Improvement of nutrient and moisture conditions

● Planting along contour
- Soil erosion control
- Water harvesting and nutrient catch
- Improvement of household income 

(the harvest form 100 m line is equivalent 
to the grains for 1 – 2 months consumption)

 

Fig. 6: Lines of Andropogon with its beneficial effects 

4.  CONCLUSIONS 
Together with local people, we designed and demonstrated some practical techniques such as ‘fallow-band system’ and ‘line of 
Andropogon’. These are effective both for soil erosion control and livelihood improvement, with little input of cost, labor, 
materials and time, and with special consideration to vulnerable people. Conventional extension method may be modified by the 
incorporation of a component of social network survey. Entirely, we showed the possibility of co-design of practical techniques 
for desertification control and livelihood improvement at local level and human-scale.  
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ABSTRACT:  Turkey is in the ninth place in the world with regard to human losses in earthquakes, and on the fifth place in 

terms of the total number of people affected. Turkey’s first disaster law was written at 1959 which is first law about natural 

disaster. The main scope of this Law is to “provide a formal capacity for post-disaster interventions and to organize the relief 

operations”. Each governor was responsible for drawing an ‘action plan’ of relief operations to become effective immediately 

after a disaster. However, “there is a preparation for ‘tents and blankets operations’ rather than any form of a risk analysis, 

estimations of losses and a contingency plan for pre-disaster monitoring of forms of mitigation”. Turkey’s Disaster 

Management System was mainly focused on the post-disaster period and there were no incentives or legislations to encourage 

risk analysis or risk reduction approaches before the two catastrophic earthquakes in the year 1999. After these events Disaster 

Management System has been changed. In May 2009, with the Law No. 5902 Prime Ministry and Disaster and Emergency 

Management Presidency was established (AFAD). Since 2009, disaster risk reduction (DRR) is the priority of Turkey for the 

next term disaster management policies. Mitigation practices, planning at local and national level and more importantly 

increasing awareness and creating disaster resilient communities are the critical topics of DRR, which cannot be achieved 

overnight but by long-term strategic planning and correct vision. Turkey prepared new policies, project, strategies and action 

plans in order to approach disaster risk reduction issues systematically. At 2014, AFAD is working about more effective disaster 

management policy for all steps of disaster management cycle. 

Keywords: Disaster, Disaster Management, Risk Management, Turkey. 

1. INTRODUCTION 

Because of its geological and geographical structure, Turkey is highly prone to disasters such as earthquakes, landslides and 

floods, and therefore it has experienced many disasters throughout the history. Turkey is in the ninth place in the world with 

regard to human losses in earthquakes, and on the fifth place in terms of the total number of people affected. Turkey sees an 

average of one earthquake with a magnitude of 5 to 6 every year. A look at a seismic zone map reveals that 70% of Turkey’s 

lands and 76% of its industrial facilities are on first and second degree seismic hazard zones. On average, around 1000 people 

lose their lives and 9000 residences suffer damages in disasters every year. In Turkey, since 1950 almost 34,000 citizens have 

lost their lives only due to earthquakes. According to statistics from the last 60 years, direct and indirect economic losses caused 

by disasters correspond to 3% of the GNP. This shows the importance of disaster management for Turkey (AFAD-Strategic 

Plan). 

 

Turkey's Disaster Management System used to focus on the post-disaster period and there were no incentives or legislations to 

promote risk analysis or risk reduction approaches (Ergunay, 1996). Following disasters assert the importance of implementing 

an emergency response policy. Prime Ministry used to hold the responsibility when the incident exceeds the local abilities and 

turns into a national disaster but as it could be seen in Marmara Earthquake, the existing system was unable to cope with the 

situation. The emergency management system is questioned seriously subsequent to this national disaster and the need for 

developing a new structure which would provide the coordination among the institutions was accepted. There have been a 

number of attempts to ensure the coordination but assigning multiple institutions for disaster management caused ambiguity in 

terms of balancing authority and responsibility (Kadıoglu 2008, Erdogan 2006, Yılmaz 2003).  

 

In order to overcome this problem and to take necessary measures for an effective emergency management and civil protection 

issues, by the Act 29/5/2009 dated and No.5902 Establishment of Disaster and Emergency Management Presidency; General 

Directorate of Turkey Emergency Management under Prime Ministry, General Directorate of Civil Defense under Ministry of 

Interior, General Directorate of Disaster Affairs under Ministry of Public Works and Settlement were unified under single 

independent authority with the act adopted by the parliament, and Disaster and Emergency Management Presidency of Turkey 

(AFAD) established in 2009. 
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The presidency is responsible for conducting pre-incident works such as mitigation and risk management, preparedness, as 

well as incident works such as response and also post incident works such as recovery and reconstruction.  

 

As it is important to make rapid decisions in times of crisis, there should be a single leading institution which has the utmost 

authority and as being directly affiliated with the Prime Ministry, it should coordinate all kinds of disaster preparedness, rescue 

and relief efforts if the affected region extensive. In Turkey, AFAD is the leading institution. This leading institution should 

establish the coordination center and all relative institutions involved in the disaster response should operate under this structure 

and sustain the continuous flow of information about the disaster.  

2. DISASTER RISK MANAGEMENT SYSTEM AT TURKEY  

Disaster risk management and mitigation in Turkey became one of the most pressing issues in the agenda of the Turkish 

government because of the severe economic cost of the 1999 earthquakes. This milestone was followed by a series of regulatory, 

constitutional, and financial actions, and progress is still under way. 

 

AFAD has identified its vision as: “Being a leading and coordinating organization which offers a model that can be taken at 

the international level as being, based on sustainable development, risk-centered, efficient, effective and performing reliable 

service in the studies related to disaster and emergencies.” and its mission as “Building a disaster resilient society. ” 

 

Within the new administrative structure and legislation, AFAD works on disaster risk reduction (DRR) directly with the 

Planning and Mitigation Department and the Earthquake Department. It also conducts indirect disaster risk mitigation work 

through its Civil Defense, Response, and Recovery Department. In parallel with the rise of global interest in the concept of 

DRR, Turkey is well aware of the importance of risk reduction strategies. To this end, the country has adopted the Hyogo 

Framework for Action 2005–2015: Building the Resilience of Nations and Communities to Disasters (HFA) (UNISDR 2005) 

as a key guideline for national progress in DRR. 

2.1 National Earthquake Strategy and Action Plan  

National Earthquake Strategy and Action Plan (NESAP) another initiative worth mentioning is the establishment of a 

multistakeholder consultancy mechanism, the Earthquake Advisory Board, under AFAD. With the board’s support, the 

Earthquake Department prepared the National Earthquake Strategy and Action Plan that was launched in August 2011. 

 

NESAP is to constitute new earthquake-resistant, safe, prepared, and sustainable settlements so that physical, economic, social, 

environmental, and political harms and losses that may be generated by earthquakes are prevented or their effects reduced by 

empowering a society that is well prepared and resilient for reduction of seismic risk and capable of coping well in the face of 

earthquakes.  

 

The following three principal thematic groups have shaped the objectives, strategies, and actions of NESAP: 

• Learning about earthquakes; 

• Implementing earthquake safe settlement and construction; 

• Coping with the consequences of earthquakes. 

 

The periods for realization of the NESAP tasks have been based on the framework of short-term (2012–2013), medium-term 

(2012–2017), and long-term (2012–2023) durations. The types of action have been considered under four principal headings: 

cooperation and coordination, revision of legislation, institutional structuring, and capacity enhancement. In preparation of 

NESAP, the fundamental principle has been approved that these actions are permanent tasks for the designated agencies. Other 

considerations incorporated into NESAP are public-private collaboration and compatibility with the earthquake technical 

acquisitions of the European Union. 

2.2 National Disaster Management Strategy and Action Plan 

AFAD is also working on the preparation of the National Disaster Management Strategy and Action Plan. The document 

contains the short-, medium-, and long-term DRR objectives in line with the HFA. All government institutions dealing with 

disaster and emergency management, as well as the academic community and nongovernmental institutions, are involved in 

the preparation of this document, which will be finalized by the end of 2014. 

2.3 Education Plan for DRR 

AFAD is responsible for education, training, and awareness-raising activities in the field of DRR. The target groups of these 

activities are decision makers, national and local officials from directors-general to experts working on disaster and emergency 

management, nongovernmental institutions, and the public. 

 

A large part of the loss of lives and property in the disasters that have happened to date in Turkey are caused by lack of 

knowledge of how to prepare for and act during disasters. Since transforming disaster from a catastrophe that is dreaded with 

fear into a manageable phenomenon and instilling the mentality of capability /sufficiency in the public is possible with trainings 

delivered before disasters, the most important step to take for ensuring the survival of people in disasters with minimum loss 

is to prepare individuals and families for disasters through training. 
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Living with full knowledge of damages brought on by each type of hazard and being fully prepared for them is called creating 

a culture of disaster-sensitive living. At the foundation of creating a culture of disaster-sensitive living lies preparing the 

community through trainings. 

 

As of 2013, AFAD will launch out disaster awareness trainings followed by sensitization trainings under the name of “Disaster-

Prepared Turkey” with the purpose of informing our society about natural, technological and man-made disasters, protection 

from disasters and minimization of loss, so as to build a “culture of disaster sensitive living” at all levels of the society. On the 

other hand, in-service trainings will be organized for capacity building, with training programs implemented for personnel of 

public agencies and organizations. 

2.4 Generalizing Disaster Management Standards for DRR  

Building a society capable of coping with disasters is a governance process that can be realized through using all the power 

and resources of the society. Managing this process in the best way possible can only be achieved by developing standards and 

disseminating them. In this context, in terms of ensuring unity of language and practice at the national level in execution of 

disaster and emergency services, standards that should be complied with by public, private and civil society organizations and 

natural persons taking part in any and all phases of the disaster management process will be developed, and these standards 

will be supported and reinforced with legislation and training activities. 

 

Ensuring more efficient execution of risk reduction activities is possible by strengthening decentralized administration and 

generalizing risk reduction activities throughout the country as a standard. In this scope, AFAD standardization will be ensured 

in risk reduction activities through preparation of integrated disaster hazard maps, determination of risk management principles, 

updating of seismic hazard zones map and the Regulation on Buildings to be Constructed in Seismic Zones, and etc. 

2.5 Turkey National Response Plan (TAMP) 

TAMP; with its preliminary studies started in 2012 for the purpose of defining the roles and responsibilities of the service 

groups and coordination units that will take part in response works related to disasters and emergencies and identify the basic 

principles of response planning before, during and after disasters, TAMP finalized within 2013. 

 

TAMP is flexible, modular-structured and adaptable to all types and scales of disasters. TAMP is responsible for the planning 

and coordination of the public instutions and non-governmental organizations in the event of a local/national level disaster to 

minimize the loss of life and property by efficient resource management. 

3. THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION AT TURKEY 

AFAD, which was established to provide effective and efficient coordination before, during and after disaster and emergency 

situations by coordinating all related institutions including NGOs and private sector from one hand, has made its first strategic 

plan which covers the years 2013 – 2017. 

 

In the preparation of 10th Development Plan which will cover the years between 2014- 2018 ad hoc committee on disaster 

management is set up and completed its commission report. The DRR activities will integrate on the 10th Development Plan. 

 

National Earthquake Strategy and Action Plan (UDSEP 2012-2023) which was prepared at the national level will provide the 

fulfillment of short, medium, and long term actions.  Climate Change, Rural Development, Integrated Urban Development 

Strategy and Action Plans which was prepared at the national level with the activities of DRR and provide the fulfillment of 

Short, medium and long term actions. 

 

National Platform is established and effective operation of the platform will be provided. National mitigation and national 

recovery plans are going to prepare. Capacity building activities for DRR activities planning at the local level are carried out 

and activities which is created planning- guides will be conducted. 

4. CONCLUSIONS 

Turkey has developed substantial capacities in terms of addressing DRM regarding earthquakes, and also for emergency 

preparedness and response. Turkey can offer expertise in the subject of earthquake risk management (i.e. earthquake 

monitoring, building retrofitting, earthquake engineering studies, earthquake preparedness including search and rescue and 

rubble management) and recovery. 

 

More specific and applicable activity suggestions should take place in the Framework for Action. Especially the role of private 

sector and the NGO’s should be defined more clearly and the activity suggestions for their contribution to DRR should be 

raised. SME’s are one of most affected sector from the disasters and have an important role in the recovery period to get back 

to normal life. Regarding this, to make SME’s prepared for disasters and make aware them about the disaster risk management, 

goals and strategies should be defined and activities should be suggested.  

 

Especially the capacity building on technical issues such as hazard, vulnerability, risk analysis and risk-reduction and the 

authority of the local governments should be emphasized more. In addition to these, for better auditing local governments the 

legal regulations and auditing systems should be progressed. 
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Abstract: Every year seismic observatories record about two hundred earthquakes with epicentres in or around North 
Eastern Region which falls in seismic Zone V. Therefore, the safety of the built environment especially critical infrastructure 
like schools and hospital buildings during an earthquake disaster is of utmost importance.  
 
Assam State Disaster Management Authority therefore initiated an effort to undertake a Status Survey of Hospitals and 
Schools in the State. A multi hazard approach has been adopted to build the data base through a comprehensive field 
exercise to gain knowledge about the problem and deliver maximum benefit to cost ratio from the project. The objective 
includes survey of the status of vulnerability of schools and hospital buildings to possible hazards namely Earthquake, Wind, 
Fire and Urban Flood in Guwahati.  
 
A total of 685 schools consisting of 521 Govt. & 164 Private Schools and 54 hospitals have been surveyed under the project.  
The study reveals that around 5% of the schools are affected by floods, 10% are vulnerable to landslides, 34% with major 
structural vulnerability, 54% with minor structural vulnerability and 74% with non structural vulnerability. Regarding 
Hospitals, nearly 50% of the hospitals in the city either do not have DM Plans or have never conducted simulation drills. 
Further 23% of City Hospitals do not have structural drawings and 19% of hospitals are prone to major fire hazards. The 
data generated have been collated and quantified to map vulnerability and risk index for the schools and hospitals.  
 
Engineering analysis of highly vulnerable hospitals and school buildings have been carried out to draft out retrofitting 
solutions. The status report has produced structural and non-structural vulnerability index for schools with colour coded 
vulnerability index bar for individual schools. The exposure level and preparedness level of hospitals has also been studied 
and typical retrofitting solutions has also been proposed in the study. This status report will help the authority to plan and 
prioritise restoration, retrofitting work against multi-hazard vulnerability. 
 
Keywords: Seismic- Hazard, Vulnerability, Risk Assessment, Retrofitting Solution 
 
1. INTRODUCTION 

  
The safety of schools and hospital buildings during an earthquake disaster is of utmost importance. Among the various 
infrastructure / buildings providing services to the society, the school buildings have ethical and psychological priority over 
other buildings as they provide large assembly of much younger generation of the society and a large percentage of them are 
in primary, elementary level. They deserve higher protection against injury or loss of life.  It has been learnt from the past 
earthquake that the students in the schools are one of the most vulnerable population in any society. 
  
The hospitals and health care facilities are another important infrastructure, which are critical for post earthquake disaster 
management and recovery. The hospital buildings remain occupied round the clock by a high percentage of immobile and 
vulnerable occupants. Moreover, the hospital buildings contain highly sensitive and expensive installations and medical 
equipments and many of them are critical to life saving situation. Damage to these sensitive installations leads to high direct 
economic losses and paralyze the capacity to handle disaster. 
  
The Govt. of Assam through Assam State Disaster Management Authority (ASDMA) has initiated efforts to increase the 
seismic safety of school and hospital buildings in order to prevent damages and to protect the people from injury or loss of 
life.  
 
2. LESSONS FROM THE PAST 

 
During past earthquakes in India, a large number of school buildings have suffered serious damages or completely collapsed. 
During the Bhuj earthquake in 2001, a total of 1,884 school buildings collapsed and 11,761 suffered major to minor damages 
resulting in 1,002 fatalities as well as 1,146 injuries (Jain et al., 2002). The school and hospital buildings themselves were 
responsible for many deaths/injuries and seriously affected emergency medical response and disrupted the routine health 
care programs and educational processes. 
 
The health care system in most of the affected Kutch region also failed when it was needed most. About 167,000 persons 
were injured across the state and needed immediate medical attention. Hospital facilities were housed in seismically 
vulnerable structures and were badly damaged or destroyed in the earthquake. A large number of health care facilities were 
affected during the earthquake, causing serious hindrance in providing emergency medical services to injured and sick 
persons. The widespread damage to buildings and other structures resulted in not only deaths and injuries to patients and 
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service providers (doctors, nurses, and other supporting staff) but also significant loss of medicines, supplies, and other 
medical equipment.  
 
3. OBJECTIVES OF THE PROJECT 

 
Considering the past earthquake experiences, it is high time for understanding the safety status of the schools and hospitals 
primarily to earthquake. Efforts should be initiated by various competent authorities to develop / implement available 
earthquake-resistant construction and retrofitting technologies in a meaningful way to enhance safety of schools and 
hospitals on priority basis. In this context, ASDMA took up a project in collaboration with Assam Engineering College, 
Guwahati for assessing existing school and hospital buildings of  Guwahati city.  
 
While outlining the objectives there was a strategic consensus that, a multi hazard approach should be adopted to build the 
data base through a comprehensive field exercise to gain knowledge about the problem and deliver a maximum ‘benefit to 
cost ratio’ from the project. A status report about the hospitals & schools of the city will help the authority to plan and 
prioritise hospital & school safety and retrofitting work against multi hazard vulnerability.   
 
Status survey and assessment of existing hospital and school building structures area wise has been carried out to create 
inventory of such building data for entire Guwahati metropolitan area, followed by risk mapping matrix of school and 
hospital buildings of the city with indexing of the risk involved due to potential damage from multi hazard viz. earthquake, 
wind, fire and flood.  
 
The outlined objectives of the project are- 
 
A. To carry out rapid visual screening of existing hospital and school buildings – area wise in the city of Guwahati,  
B. To collate and quantify the parameters to map risk index from the collected data. 
C. To overlay the building map on various seismic hazard maps on GIS platform as supplement for generation of 

vulnerability map of hospital and schools in the Guwahati city.   
D. To carryout detailed engineering analysis of hospitals and school buildings identified as highly vulnerable and provide 

retrofitting solutions.  
 
4. METHODOLOGY FOR VULNERABILITY ASSESSMENT 

 
The methodologies available for assessment of common building structures are not always suitable for assessment of school 
and hospital building. The methodology adopted for the vulnerability assessment of schools and hospital buildings for 
Guwahati City  is based on a questionnaire developed by Lang et al. (2009).  
 
Lang et. al (2009) has developed this questionnaire based on a number of available manuals, guidelines and provisions 
which were mainly developed for the assessment of health facilities (PAHO 2000a, 2000b, 2006; FEMA 2003, 2004, 2005; 
WHO 2002, 2007; NRCC, 1993), to quickly assess the seismic vulnerability of schools and hospital buildings. This 
questionnaire has been largely adopted in the current study with modification to include vulnerability assessment for multi 
hazard.  
  
The assessment procedure is based on standardized questionnaires which consist of three different parts: 
 
Part 1: General Information (partly different for school and hospital assessment) 
Part 2: Structural Vulnerability  
Part 3: Non-Structural Vulnerability 
 
While Part 1 and Part 3 are customized to the particular differences of schools and hospitals and thus address different issues 
and questions, Part 2 is the same for both building types. It should be regarded that, especially in Part 1 of the questionnaires 
(general information) not all information required has been used for the calculation of the vulnerability, but the opportunity 
is utilized to carry out meaningful statistical analysis. With regard to the development of the questionnaires and the decision 
on the weighting scheme for each individual question, the following aspects have been considered. 
 
i. Multi-hazard approach: Multi hazard vulnerability is covered assessing the vulnerability of the building under 

earthquake, wind, flood and fire. Modification has been introduced to the questionnaire developed by Lang et al. 
(2009) earlier. Structural and non-structural vulnerability is addressed.  

ii. Separate Structural Vulnerability and Non-Structural Vulnerability: Structural and non-structural vulnerability are 
treated separately since they are not automatically connected (Lang et al. 2009).  

iii. Geographic features (i.e. topographic situation of the building or subsoil characteristics if critical) are addressed in 
the questionnaires. Issues related to vulnerability due to flood and location information viz. in or close to hill slopes, 
observed vulnerability due to possible rock fall affecting the schools / hospital building are recorded. 

iv. Simplicity: the questions are objective - either ‘YES’ or ‘NO’ eliminating the possibility of subjective influence of the 
surveyor or participants. . Some questions, which may not be applicable in the specific case, can be answered with 
‘NA’ (Not Applicable). The final decision on the questions has been done on learning-by doing basis and is considered 
to be an ongoing process (Lang et al. 2009). 
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v. Feasibility: Especially with regard to non-structural features of the building the surveyor may not be able to reliably 
answer certain questions since these require detailed technical knowledge or because certain installations of the 
building are not easily accessible. 

vi. Time limitation: The number of questions has been limited to a certain number so that long hours of interviews with 
hospital and school personnel are avoided.  

vii. Data Detail and comparability: The questionnaires try to avoid to be too detailed since this will lead to a multitude 
of building groups which can only be compared within one group.  

 
Altogether 685 schools consisting of 521 Govt. & 164 Private Schools and 54 hospitals have been surveyed under the 
project.  
 
The data generated have been collated and quantified to map vulnerability and risk index for the schools and hospitals. The 
status report has also produced non-structural vulnerability index for schools with colour coded vulnerability index bar for 
individual schools depending on eight parameters viz. Fire Fighting, Elevators, Non-structural Walls and In-fills, Ceilings, 
Emergency Exits & Escape Routes, Appendages, Movable Equipment, Open Space.  
 
5. FINDINGS OF THE STUDY 

 
The study reveals that around 5% of the schools are affected by floods, 10% are vulnerable to landslides, 34% with major 
structural vulnerability, 54% with minor structural vulnerability and 74% with non-structural vulnerability.  
 
Similarly, colour-coded non-structural vulnerability index for individual hospitals has been deduced, based on the 
parameters viz. O.T, ICU / CCU, corridors, emergency exits, fire hazards, oxygen line, electrical equipments, external falling 
hazards, and elevators. Nearly 50% of the hospitals in the city either do not have DM Plans or have never conducted 
simulation drills. Regarding structural vulnerability, majority of the hospital buildings are characterized by (a) plan 
irregularities, (b) inadequate bracings in both building directions, (c) heavy masses on the top of the buildings (like water 
tanks), (d) the susceptibility to develop ‘strong beam-weak column effects’ and (e) missing shear walls & related retrofitting 
/ strengthening measures.  
 
Analysis of the survey questionnaire shows majority of the Private Hospital suffer from lack of open space and more than 50 
% of the hospital have less than 20 % open space. The major concern in all the hospitals is the unsecured oxygen cylinders, 
which are likely to topple in the event of shaking due to earthquake, causing disruption of critical lifesaving facility. Almost 
all the hospitals are not securing the medicine and glass bottles in the almirah and open selves which need attention, for 
uninterrupted supply of medicine during post disaster situation.  

In order to carryout evaluation and develop retrofitting solutions for schools and hospitals, initial qualitative assessment of 
the structures, housing schools and hospitals has been carried out as corrective suggestion for the surveyed schools and 
hospital buildings. The initial qualitative assessment through status survey is followed by collection of necessary design 
documents like drawings, calculations, reports which are available with the schools and hospital authority. The Govt. schools 
were studied in details and the layout plans to the possible extent were redrafted / redrawn. This documentation was 
followed by structural assessment with the available data collected through detailed visual inspections and specific 
retrofitting solutions were suggested.  

Engineering analysis of highly vulnerable hospitals and school buildings have been undertaken to draft out retrofitting 
solutions. The status report has produced structural and non-structural vulnerability index for schools with colour coded 
vulnerability index bar for individual schools. The exposure level and preparedness level of hospitals has also been studied 
and typical retrofitting solutions has also been proposed in the study. This status report will help the authority to plan and 
prioritise restoration, retrofitting work against multi-hazard vulnerability.  

6. TANGIBLE GAINS 
 

The study has helped Government of Assam in the following ways: 
 
i) Database of vulnerable schools and hospitals of Guwahati City from multi-hazards perspective has been developed  
ii) Report is available for each school as well as hospital building of Guwahati City with their vulnerability status along 

with retrofitting solutions  
iii) Government of Assam has directed both Elementary & Secondary Education Departments to make an estimate of the 

fund requirement for carrying out the corrective measures to make the schools safe  
iv) Government of Assam has instructed concerned departments viz. Education & Health to take necessary steps to 

implement corrective measures in School & Hospital Buildings (Govt & Private) of Guwahati City 
v) Fire & Emergency Services has initiated checking of fire vulnerability school & hospital buildings of Guwahati City 

suggested in the report and also the compliance of fire-safety norms.  
vi) The district administration has taken necessary action for all the vulnerable schools and hospital buildings based on the 

findings of the reports 
 
 

723



7. CONCLUSION 
 

Knowledge Institutes across the State has enough capability to undertake Hazard Risk and Vulnerability Assessment 
(HRVA) for Schools & Hospitals and can help the State Government locally without engaging outside agencies making this 
technical project cost effective also.  
 
Government of Assam proposes to ensure an effective response & functional health care services and School Safety 
measures. In the next five years, the Government is attempting to make all Schools & Hospitals safer. This project for 
‘Status survey of all hospital & school building in Guwahati City and related retrofitting solutions’ is a step towards its 
mandate for disaster resilient school & hospital buildings. The on-going rapid urbanization and developmental activities in 
urban agglomerations mainly in district headquarters in the State, urgently requires assessment of safety status of Hospital & 
School buildings at District Headquarters in the remaining 26 districts. Similar project has already been undertaken at district 
level (cluster-wise)  
 
The concerned Departments viz. Education & Health, has appreciated the project deliverables and its usability as an 
administrative tool for disaster mitigation strategies. The said departments have also acknowledged their willingness for 
taking steps towards implementing case-specific retrofitting solutions for schools & hospital buildings.   
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Abstract 
The study assessed the vulnerability (V) of rural households to climate hazards in the mountainous area of Kwande Local 
Government Area, Benue State, Nigeria. Data on nine vulnerable factors namely slope, proximity to river, household’s size, 
household’s income, occupation of household’s head, major source of household’s domestic water supply, roads, schools 
and healthcare centers were collected from 50 households and were grouped into two exposure (E), four sensitivity (S) and 
three adaptive capacity (AC) factors. The 50 households were randomly sampled in three zones of the study area with 
minimum elevation of 630m namely Bawaan, Woikyor and Womomdo. Field measurement, questionnaire and focus group 
discussion (FGD) were employed for data collection. The nine (9) vulnerability factors were scaled on 1-7 vulnerability 
classes namely 1 (very resilient), 2 (resilient), 3 (at risk), 4 (vulnerable), 5 (significantly vulnerable), 6 (very vulnerable) and 
7 (extremely vulnerable). Data collected were analyzed using descriptive statistics and aggregation method. The results 
showed that erosion, flooding and landslide/mudslide are the major climate hazards based on frequency of occurrence 
whereas landslide/mudslide, flooding and erosion are the major climate hazards based on the cost of damage. The major 
vulnerable factors are healthcare centers (6.3), roads (6.2), schools (6.2), household income (6.1) and household occupation 
(6.1). Households are generally significantly vulnerable to climate hazards in the study area (mean V = 5.3), which varies 
from 4.8 to 6.2, with only 11 (22%) of the households with vulnerability scores below mean. The vulnerability scores of the 
three zones vary from 4.8 to 5.6 with mean regional vulnerability score of 5.3. Change in agricultural systems, relocation 
down slope and diversification of income sources are identified as the major adaptation strategies by rural households to 
climate hazards in the study area. 
 

Key words: Climate, hazards, vulnerability, exposure, mountains 

 

 

1.  INTRODUCTION 
Mountain systems account for roughly 20% of the terrestrial surface area of the globe and are found on all 

continents. They are usually characterized by sensitive and fragile ecosystems (IPCC, 1995). They are habitat to diverse 
plants and animal species and do provide ecological services to millions of households worldwide. The remoteness and 
inaccessibility of mountain and highland areas are major characteristics that make them very susceptible to climate and non-
climate stressors (IPCC, 1995). 

Vulnerability is fundamental in disaster risk management and climate change adaptation. Vulnerability is an 
important component of disaster risk equation. Without vulnerability, disaster posses to threat even in the presence of 
hazards events; and there cannot be a disaster if there is vulnerable population but there are no hazard events (Wisner, 
Blaikie, Cannon and Davis, 2004). Vulnerability assessment is crucial in climate change adaptation specifically in issuance 
of early warning systems, disaster response and recovery, and in prioritizing climate change adaptation strategies. The major 
objectives of the study are 1) to determine the major climate hazards, 2) to assess variation in the level of vulnerability 
among households and 3) to determine adaptation strategies by households to the climate hazards. 
  
2.  METHODS 
2.1 Study area 
 Kwande Local Government Area (LGA), is one of the 23 LGAs in Benue State, Nigeria. Kwande LGA is located 
between latitudes 6o 30I and 7o 03I N and longitudes 9o and 9o 40I E (Figure 1). Kwande LGA has a total area of 2, 300km2 
with total population of 180, 327 people (1991) and 248, 642 people (2006). It shares boundaries with Katsina Ala LGA, 
Benue State, in the north; Ushongo LGA, Benue State, in the Northwest; Taraba and Cross River States in the east and south 
and Republic of Cameroon in the Southeast. The LGA is characterized by highland and hilly terrain, especially along the 
boundary with Cross River State and Republic of Cameroun where the elevation is above 1000m above mean sea level in 
many places. Annual rainfall varies from 1200 – 1800mm and the mean annual temperature ranges from 23oC – 27oC. 
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Figure 1: Location of the Study area 
 

2.2 Vulnerability assessment 
In the study, vulnerability is defined, from the perspective of climate change adaptation, as the degree to which a 

system is susceptible to, and unable to cope with, adverse effects of climate change, including climate variability and 
extremes. Vulnerability is a function of exposure (E), sensitivity (S) and adaptive capacity (AC) (Parry et al., 2007). 
 
2.3 Data 

Data were collected from nine vulnerability factors. These include slope and distance to river (E) household size, 
household income, occupation of household head and sources of household water supply (S) health care centers, roads and 
schools (AD). Data were also collected on the major climate hazard events, their frequency of occurrence and cost of 
damage to property, and adaptation strategies of households to climate hazards. Climate hazards, in this study, include both 
climate-related and climate-induced events that threatened life, property and ecology which supports the livelihoods of 
households, and also vary among households. These include landslide/mudslide, flooding, rock fall, erosion, high 
temperature, drought, storms and cold spells.   
 
2.4 Data sources 

Data on the nine vulnerability factors were collected from households in Kwande LGA. The households used in 
the study are those living in the highland or hilly parts of Kwande LGA defined in the study as areas with minimum 
elevation of 630m above sea level. These highland and hilly parts comprised of Bawaan (A), Woikyor (B) and Womondo 
(C) areas referred to as zones (Figure 1). During a reconnaissance survey, a total of 101 households were identified in the 
three zones comprising 25 households in Bawaan, 38 househols in Woikyor and 35 households in Womondo respectively. A 
table of random numbers was used to select 50 households for the study comprising 14 households in Bawaan, 19 
households in Woikyor and 17 households in Womondo, using the surnames of household heads. 
 
2.5 Data collection 
 Data on the major climate hazards were collected using focus group discussion (FGD). The FGD comprised all 
household heads that are 50 years of age and have lived in the area for at least 30 years (1981 – 2010). Data on slope and 
distance to river were measured in the field and data on socio-economic characteristics, infrastructure and services and 
adaptation strategies to the climate hazards were collected using questionnaire. 
 
2.6 Data analysis 

The following process was adopted in the vulnerability assessment. The nine vulnerability factors were first 
mapped on a 1- 7 vulnerability scale ranging from 1 (very resilient), 2 (resilient), 3 (at risk), 4 (vulnerable), 5 (significantly 
vulnerable), 6, (very vulnerable) and 7 (extremely vulnerable). For the E and S factors, 7 and 1 reflect the maximum and 
minimum incidence or effects while for AD factors, 7 and 1 reflect the minimum and maximum incidence or effects. This is 
because V is directly related to E and S and inversely related to AD. In order to obtain approximate linearity of response for 
each factor, different response classes were then defined corresponding to different scoring of the factors raw values into the 
1 – 7 scale (Villa and McLeod, 2002). A guide by Tyubee et al. (2010) was used to design the response classes which were 
checked for quality control during reconnaissance survey. All the nine factors were not weighted because they were 
presumed to have equal contribution to household’s vulnerability in the study. Data were analysed using descriptive statistics 
and aggregation method. 
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3. RESULTS 
3.1 Major climate hazards 
 The result showed that erosion, flooding and landslide/mudslide are the major hazard events based on frequency of 
occurrence with recurring period every one 
hazardous events, with mean cost of damage (in Nai
respectively. 
3.2 Variation in the level of vulnerability of households to climate hazards
 The major vulnerable factors including household income, occupation, 
care amenities, roads and schools, are the major vulnerable factors, with 
household size is the least vulnerable factor having vulnerability score of 4.2
varied from 6.2 (adaptive capacity factors), 5.6 
economic factors contribute to households vulnerability compared to the physical factors
Variation of the level of vulnerability among the households
highest vulnerability scores (>6), 45 households
(2%) has vulnerability score of less than 5.0. Generally, 11 households (22%) have vulnerability scores 39 (78%) have 
vulnerability scores above 5.3 (Figure 2). The 
to climate hazardous events. 
 The high vulnerability scores of S and AD factors are related to the remoteness and inaccessibility limit access to 
infrastructure and services. The nature of primary occupation, major source of household livelihood and low income are also 
major drivers of household vulnerability. 
3.3 Adaption strategies of households to climate hazards
 A total of 22 households (44%) have identified change in agricultural system as major adaptation strategy, 14 
households (28%) accepted relocation down slope, 10 h
while 4 households (8%) opted for relocation upslope. 
  
Table 1: Vulnerability scores of the major factors
Vulnerability factors 

Slope 
Proximity to river 
Mean 

Household size 
Household income 
Occupation of household head 
Major source of domestic water supply 
Mean 

Health care center 
Roads 
Schools 
Mean 

 
 

 
Figure 2: Variation in the level of vulnerability among the 50 households in the study area.

flooding and landslide/mudslide are the major hazard events based on frequency of 
every one – three years. Moreover, landslide/mudslide, flooding and erosion are the major 

with mean cost of damage (in Naira) per event of >401, 000, 301, 000 – 400, 000 and 201, 000 

Variation in the level of vulnerability of households to climate hazards 
The major vulnerable factors including household income, occupation, source of domestic water supply, health 

care amenities, roads and schools, are the major vulnerable factors, with vulnerability scores above 6 (very vulnerable) 
household size is the least vulnerable factor having vulnerability score of 4.2 (vulnerable). The mean vulnerability scores 
varied from 6.2 (adaptive capacity factors), 5.6 (sensitivity factors) and 4.9 (exposure factors). The results suggest that socio
economic factors contribute to households vulnerability compared to the physical factors (Table 1). 

mong the households showed that only four households, representing 8%, have the 
households (90%) have vulnerability scores between 5.0 – 5.9 and only one househo

of less than 5.0. Generally, 11 households (22%) have vulnerability scores 39 (78%) have 
. The result suggests that majority of the households where significantly vulnerable 

The high vulnerability scores of S and AD factors are related to the remoteness and inaccessibility limit access to 
he nature of primary occupation, major source of household livelihood and low income are also 

Adaption strategies of households to climate hazards 
A total of 22 households (44%) have identified change in agricultural system as major adaptation strategy, 14 

households (28%) accepted relocation down slope, 10 households (20%) indicated change in the major livelihood source 
while 4 households (8%) opted for relocation upslope.  

Table 1: Vulnerability scores of the major factors 
Mean scores 

Exposure factors 
5.0 
4.8 
4.9 

Sensitivity factors 
4.2 
6.1 
6.1 
6.0 
5.6 

Adaptive capacity factors 
6.3 
6.2 
6.2 
6.2 

: Variation in the level of vulnerability among the 50 households in the study area. 

flooding and landslide/mudslide are the major hazard events based on frequency of 
, flooding and erosion are the major 

and 201, 000 – 300, 000 

of domestic water supply, health 
(very vulnerable) while 

he mean vulnerability scores 
The results suggest that socio-

four households, representing 8%, have the 
5.9 and only one household 

of less than 5.0. Generally, 11 households (22%) have vulnerability scores 39 (78%) have 
that majority of the households where significantly vulnerable 

The high vulnerability scores of S and AD factors are related to the remoteness and inaccessibility limit access to 
he nature of primary occupation, major source of household livelihood and low income are also 

A total of 22 households (44%) have identified change in agricultural system as major adaptation strategy, 14 
ouseholds (20%) indicated change in the major livelihood source 
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Table 2: Zonal variations in the level of vulnerability among households 
 
Zone Mean scores 

Bawaan 4.8 

Woikyor 5.6 

Womondo 5.4 

Regional mean 5.3 

 
4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
 Vulnerability is important component of disaster risk reduction and disaster Management. Mountainous areas are 
highly vulnerable to climate and non climate risks and hazards due principally to their remoteness, inaccessibility and the 
nature of occupation people living in those areas. Knowledge gaps identified in the study include capacity building on the 
indigenous knowledge on conservation practice and sustainable agriculture, research linking land use, livelihoods and 
vulnerability and spatial mapping of vulnerability. A wide range of research needs have been identified including 
instrumentation, satellite imageries, computer software for data analysis and climbing kits and wares. Post 2015 Framework 
for Disaster Risk Reduction should focused on non climate drivers of vulnerability particularly poverty and livelihood 
sources of households as well as sustainable management of mountain resources.  
  

5. CONCLUSION 
 The result of the study has shown that flooding and landslide/mudslide are the major climate events, based on 
frequency of occurrence and cost of damage, that affect the livelihoods of households living in highland and hilly areas of 
the study area. Households in the study area significantly vulnerable (mean V = 5.3) with socio-economic factors being the 
major drivers of household’s vulnerability. Majority of households prefer change in agricultural system and relocation down 
slope as adaptation strategies to the occurrence and impacts of the climate hazards. This is fundamental in disaster risk 
management and climate adaptation. Sustainable agricultural practices such as terrace farming, forestry and bee keeping 
should be encouraged and resettlement policy should also be developed as more areas should be put under protection.  
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The trend towards the Internet of Things: 

what does it help in Disaster and Risk Management ? 

T. Usländer1 
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ABSTRACT: According to the Gartners' hype cycle, the emerging Internet of Things (IoT) is close to the top of public awareness 

and expectations. However, looking beyond its use as a buzzword, there is a clear technological trend that will affect the amount 

and type of information that is available in Risk and Disaster Management. The seamless interconnection of devices to the Internet, 

being sensors of all types ranging from in-situ measurement devices, sensors on smart phones up to hyper-spectral cameras mounted 

on satellites, offers an enormous potential for the improvement in recognizing and assessing risks, for the targeted launch of 

preventive measures e.g. improved quality, preciseness and personalization of early warnings. The same is true for the decision 

support in disaster management. However, to exploit this potential, there is an urgent need to improve interoperability.  

Therefore, this contribution argues for an open, standardized approach of sensor-based global information management based upon 

international standards. It provides an overview about the relevant initiatives (e.g. GEOSS, European Research Cluster on the 

Internet of Things IERC) and standardization bodies (e.g. ISO, OGC) and their architectural approaches for the IoT. Furthermore, 

highlights and results of relevant projects will be presented, e.g. EO2HEAVEN in the domains of environment and health, TRIDEC 

for better decision support in tsunami early warning systems, and OpenIoT for an open source IoT software platform. The talk 

concludes with an assessment of the current user requirements and technological trends and a discussion of the next steps to be 

taken in order to exploit the potential of the IoT for the benefit of risk and disaster management improvement, however, also having 

in mind cyber security concerns.. 

Keywords: Internet of Things, standards, early warning, sensors, OpenIoT. 

1. THE EMERGING INTERNET OF THINGS 

“Your phone as quake detector” – this headline on the cover page of an ACM journal of July 2014 and the related article (Faulkner, 

Matthew et al (2014) boils the Internet of Things down to its essence. Sensor-equipped consumer devices coupled to the Internet, 

combined with professional seismic measurement devices and other observation sensors pave the way towards community sense 

and response (CSR) systems with unprecedented scale and detail. The significant role of Information and Communication 

Technology (ICT) in the development of early warning systems for geological disasters has been described by Wächter and 

Usländer (2014)  by mapping functions and characteristics of tsunami warning systems (TWS) to computing and communication 

capabilities of the underlying ICT infrastructures. The increasing use of the Internet in the last decades has already enabled the 

transition from far-field TWS to near-field TWS with reaction times of minutes instead of hours. While the upstream from sensor 

systems  benefits from the integration of physical and virtual seismic sensor networks with earth observations of sea levels, being 

in-situ or remotely from space, the downstream to target groups makes heavy use of Internet-based services such as electronic mail, 

Web portals in addition to TV and radio casting. We have now entered the era of ubiquitous computing relying upon the ubiquitous 

availability of Internet access, services and computing power.  

This emerging Internet of Things (IoT) is more than a buzzword. Although being close to the peak of public awareness and 

expectations and, hence, just entering the phase of disillusion, there is a clear longstanding technological trend that will affect the 

amount and type of information that is available in Disaster and Risk Management. The seamless interconnection of devices to the 

Internet, being sensors of all types ranging from in-situ measurement devices, sensors on smart phones up to hyper-spectral cameras 

mounted on satellites, offers an enormous potential for the improvement in recognizing and assessing risks, for the targeted launch 

of preventive measures e.g. improved quality, preciseness and personalization of early warnings. The same is true for the decision 

support in disaster management.  

Sensors of various types are indispensable tools in order to feed early warning systems with data about environmental phenomena 

and the features of interest that are relevant to assess given geo-hazards. Environmental sensing is getting ubiquitous as sensing 

capabilities are increasingly embedded in various types of objects, ranging from mobile phones, objects of daily use up to dedicated 

sensor platforms such as buoys or unmanned aircraft vehicles. Things are getting smart in the sense that sophisticated data 

processing and communication capabilities will be directly embedded into the sensors. These capabilities may be exploited in two 

ways: firstly, sensors with wireless communication and self-description capabilities may connect on local level with other sensors 

to form ad-hoc sensor networks. Secondly, sensor tasking may be used to request the execution of a “monitoring task” on the sensor 

level with configurable notification policies towards interested consumers, e.g. notification only when thresholds have been 

exceeded. CSR systems have to be integrated into systems-of-systems, not dedicated to a single region or task, but acting as service 

and information providers to other systems. However, to exploit this potential, there is an urgent need to improve interoperability.  
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2. SENSOR-BASED GLOBAL INFORMATION MANAGEMENT 

The interoperability between components in one CSR as well as the interaction between different CSR in a system-of-systems 

environment is determined by the degree of the standardisation of interfaces, data exchange formats and protocols. CRS shall enable 

an efficient and flexible exchange of information as well as the remote call and eventually reuse of their embedded functional 

components across system boundaries. Thus, there must be an agreement on information models and service interfaces - in the best 

case based on international standards. 

An essential element of such an IoT support is an “open geospatial service platform” (see Fig .1) which provides seamless access 

to resources (sensor data, information, services and applications) across organizational, technical, cultural and political borders. 

“Open” hereby means that service specifications are published and made freely available to interested vendors and users with a 

view to widespread adoption. Furthermore, an open service platform makes use of existing standards (e.g. International 

Standardization Organization ISO and the Open Geospatial Consortium OGC) where appropriate and otherwise contributes to the 

evolution of relevant new standards. There are various international initiatives aiming at mapping such service platforms to the 

Internet of Things. Two of them shall be mentioned here: GEOSS and the European Research Cluster on the Internet of Things 

IERC. 

 

Fig. 1 Open Geospatial Service Platform 

2.1 GEOSS 

GEOSS is an intergovernmental programme, coordinated by the Group on Earth Observations (GEO). GEOSS is a 10-year global 

programme that aims to provide to the broad environmental science and user community decision-support tools and support for the 

monitoring, analysis and modelling of various environmental phenomena through the integration of existing and future sources of 

EO information. The GEOSS work plan focuses on nine so-called societal benefit areas, among which are environmental topics 

but also the topic “reduction and prevention of disasters”. Interoperability arrangements ensure that the heterogeneous systems 

within GEOSS can communicate and operate. Data, information and service providers within GEOSS are guided by technical 

specifications for collecting, processing, storing and disseminating shared data, metadata and products. Interoperability 

arrangements in GEOSS are based on open standards, with a preference for formal international standards (Usländer, Coene and 

Marchetti, 2012). 

2.2 European Research Cluster on the Internet of Things IERC 

The aim of European Research Cluster on the Internet of Things (IERC) is to address the large potential for IoT-based capabilities 

in Europe and to coordinate the convergence of ongoing activities. The IERC will facilitate the knowledge sharing at the global 

level and will encourage and exchange best practice and new business models that are emerging in different parts of the world. In 

this way, measures accompanying research and innovation efforts are considered to assess the impact of the Internet of Things at 

global and industrial level, as well as at the organizational level (see http://www.internet-of-things-research.eu). Two IERC-related 

research projects are explicitly mentioned: firstly, the IoT-A (IoT Architecture) project, that proposed an architectural reference 
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model together with the definition of an initial set of key building blocks. Secondly, the OpenIoT project aiming at delivering an 

open source blueprint for large scale self-organizing cloud environments for IoT applications (see below).   

3. RESEARCH PROJECTS 

Various research projects in the domain of Disaster and Risk Management rely upon such open geospatial services and IoT 

paradigms and validate them in real-world scenarios. Here, we present three European projects of the 7th Framework Programme: 

EO2HEAVEN, TRIDEC and OpenIoT. 

3.1 EO2HEAVEN 

The objective of EO2HEAVEN (Earth Observation and Environmental Modelling for the Mitigation of Health Risks, 

http://www.eo2heaven.org ) is to contribute to a better understanding of the complex relationships between environmental changes 

and their impact on human health. The main result of the project is the design and development of a Geographical Information 

System based upon an open and standards-based spatial information infrastructure envisaged as a helpful tool for research of human 

exposure and early detection of potential health endangerments. For this reason, the project developed models to relate 

environmental data with exposure and health data. EO2HEAVEN examined different Earth Observation products, especially those 

resources available free of charge for the research community. In order to study the impact of human activity on health the project 

took advantage of the availability of this long time-series data combined with its great potential to detect and map environmental 

variables. For this purpose EO2HEAVEN also worked on the integration of remotely sensed and in-situ environmental 

measurements. The SII therefore facilitates the set-up of observation and decision support systems that rely upon the correlation 

and fusion of earth observation, in-situ and human health data. 

Throughout the life span of the project the stakeholder requirements from three different case studies have been assessed and the 

technical solutions proposed by EO2HEAVEN were evaluated through an iterative process, thus ensuring that the solutions can be 

applied on a wider scale. A first case study was developed in Dresden (Germany) addressing the environment effects on allergies 

and cardiovascular diseases. A second case study was located in south Durban industrial basin (South Africa) and also dealt with 

the pollution and respiratory diseases. The third case study was conducted in Uganda and investigated the impact of climatic 

variables on the outbreak of cholera. 

3.2 TRIDEC 

TRIDEC (Collaborative, Complex and Critical Decision-Support in Evolving Crises, http://www.tridec-online.eu/ ) focuses on the 

use of new technologies to enable intelligent information management in real time. The biggest challenge is constructing a 

communication infrastructure with interoperable services that makes it possible to efficiently find, merge, evaluate, and manage 

huge amounts of information and data that are growing dynamically, both in terms of number and size. Groups of decision makers 

located in different places are then able to cooperate in an environment that supports the decision-making process. This allows 

them to respond to looming natural disasters such as tsunamis at an early stage, and enables them to successfully carry out all 

phases of complex and critical operations such as deep drilling. The TRIDEC exhibit shows the latest developments in the area of 

intelligent data processing for crisis management systems. One example of this is an early warning system for maritime disasters 

resulting from leaks in deep water drilling. Such leaks are common in oil and gas drilling operations, and can potentially cause 

serious environmental damage. Another example is the tsunami early warning system currently being developed for the 

Mediterranean and northeast Atlantic. The ways in which these systems work will be shown in live demonstrations and films, and 

the sensors are on display at the trade show booth. Visitors at the booth will be offered the unique opportunity to make a globe 

oscillate and to assess the results in a seismological correct manner.   

3.3 OpenIoT 

OpenIoT (Open Source cloud solution for the Internet of Things, http://openiot.eu/) creates an open source middleware for getting 

information from sensor clouds, without having to worry about what exact sensors are used. OpenIoT explores efficient ways to 

use and manage cloud environments for IoT “entities” and resources (such as sensors, actuators and smart devices) and offering 

utility-based (i.e. pay-as-you-go) IoT services. OpenIoT will provide instantiations of cloud-based and utility-based sensing 

services enabling the concept of “Sensing-as-a-Service”, via an adaptive middleware framework for deploying and providing 

services in cloud environments.  

The OpenIoT middleware architecture comprises three main levels: the GSN-X to access and gather sensor-based information from 

various sources, the LSM (Linked Sensor Middleware) that processes sensor data and answers user and service requests based upon 

semantic technologies, and the tool level that aims at providing a user-friendly and flexible tool environment to bridge the gap to 

the end-user. 

As the OpenIoT platform is made available in an open source license at GitHub (https://github.com/OpenIotOrg/openiot) it may 

be easily used and tailored for Disaster and Risk Management projects around the world. The next step will be to enhance the 

platform by domain-specific features for various smart ecosystems, such as Smart City, Smart Grids or Smart Agriculture.  
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The Hyogo Framework for Action 2005-2015 expresses the strong need to develop and strengthen early warning systems that are 

people-centred as one of the priorities for action. As shown by the example of tsunami warning systems in Wächter and Usländer 

(2014), this goal has been widely addressed using state-of-the art Internet technology. Now the next step is to exploit the potential 

of the emerging Internet of Things that puts the capabilities of Internet-connected objects together with the capabilities of humans 

into the foreground.  

5. CONCLUSIONS 

The examples show that there is a huge potential in applying the next step of the Internet – the Internet of Things – to challenges 

of Disaster and Risk Management. Community sensing and response (CSR) will be the next functional and architectural level of 

such systems, assuming that the problem of interoperability may be solved and corresponding standards will be agreed upon. The 

OpenIoT open source platform may be used as both an experimental and operational platform. 

However, a powerful ICT infrastructure such as the Internet of Things can only solve part of the problem of early warning, or in 

general disaster and risk management. The human factor still remains important, too. Coppola (2011) stresses that “Early warning 

mechanisms must include public education, accurate risk perception, a communications system to relay the message, and an 

emergency management system to adequately coordinate the response”. Public safety from environmental dangers is one of the 

five key elements in Environmental Security that has to be considered “within and across national borders” (Landholm (ed.), 1998). 

According to Coppola (2011) there is a need for further action and the inclusion, training and education of end-users of various 

disciplines (e.g., geo-scientists, citizens, emergency organizations, environmental and security agencies) including their cultural 

context and risk perception in order to really exploit the potential of early warning systems and their underlying ICT capabilities.. 
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ABSTRACT: Today, over half of the world population live in urban areas and among them many live in the cities that are 
exposed to natural disasters such as earthquake, flood and landslide. These natural disasters are severe challenges for urban 
managers due to the fact that they imposed heavy loss and financial damages to the community. 
Tehran, the same as many world cities, located on several active faults, with high population, lots of economic and administrative 
centres and vulnerable buildings and structures, and is exposed to risk of earthquake.  
In order for this risk to be reduced, urban resiliency should be increased and community should be empowered. Lessons learned 
from previous earthquakes indicate that public awareness and information dissemination is a key factor in effective disaster risk 
reduction and its improvement can lead to urban resiliency. 
This research aims to review Tehran citizens' knowledge about earthquake, possibility of earthquake occurrence in Tehran and 
the actions that can be taken individually and collectively to reduce exposure and vulnerability to earthquake.In this research, 
with making use of questionnaire, data has been gathered from 390 citizens over 15 years old who were selected randomly as 
respondent. Analysis of field data demonstrates that 95.9% of respondents informed about possibility of occurrence of earthquake 
in Tehran but few measures have been taken regarding prevention and preparedness against earthquakes.  

Based on the findings of this research, public awareness development pursued and improved in order to change attitudes and 
actions of citizens’ against earthquakes. This will be discussed during this article.  

Keywords: Earthquake, Public Awareness, Urban Resiliency, Risk Reduction, Tehran. 

1. INTRODUCTION 

Today, occurrence of natural disasters is of severe challenges for urban managers. Since Tehran, the same as many world mega 
cities, located on several active faults, with high population, lots of economic and administrative centres and vulnerable buildings 
and structures, and is exposed to risk of earthquake, many measures have to be taken in order to reduce risks, to empower 
communities and to increase urban resiliency. 
According to the Hyogo Framework for Action 2005- 2015,   the starting point for reducing disaster risk and promoting culture of 
disaster resilience lies in the knowledge of the hazards and the physical, social, economic and environmental vulnerabilities to 
disasters that most societies face. Based on this, increasing reliability and availability of appropriate disaster – related information 
to the public and disaster management agencies in all regions from one hand and enhancing awareness of the importance of 
disaster reduction policies and facilitating and promoting the implementation of those policies from the other hand came among 
defined objectives. Also, utilization of knowledge, innovation and education for building a culture of safety and resiliency at all 
levels, identification, assessment and monitoring disaster risks and enhancing early warning were set as some of the priorities for 
action during 2005-2015. In addition to this, lessons learned from previous earthquakes indicate that public awareness and 
information dissemination is a key factor in effective disaster risk reduction and its improvement can lead to community 
empowerment and urban resiliency. 
In this research, with the aim to review Tehran citizens' knowledge on possibility of earthquake occurrence in Tehran and the 
actions that can be taken individually and collectively to reduce exposure and vulnerability to earthquake, data has been gathered 
by making use of questionnaire, from 390 citizens over 15 years old who were selected randomly as respondent. Analysis of field 
data demonstrates that 95.9% of respondents informed about possibility of occurrence of earthquake in Tehran but few measures 
have been taken regarding prevention and preparedness against earthquakes. 

2. KNOWLEDGE IS POWER& PRACTICE MAKES PERFECT  

Proverbs about knowledge and practice that says knowledge is power and practice makes perfect can be applied to measures 
related to mitigation and disaster risks reduction. According to UNISDR, a disaster resilience city is the one where people are 
empowered to participate, decide and plan their city together with local authorities and value local and indigenous knowledge, 
capacities and resources. One of the key factors that plays an important role in empowerment of citizens against disasters and 
earthquakes is public awareness and information dissemination which defined as the extent of common knowledge about disaster 
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risks, the factors that lead to disasters and the actions that can be taken individually and collectively to reduce exposure and 
vulnerability to hazards.Based on this, a field survey was carried out and demographic, knowledge, attitude and practice data 
concerning issues related to earthquake preparedness has been gathered through questionnaire from 390 citizens aged 15 and 
above who were living or working in Tehran.  

For descriptive information, frequency analysis and tabulation were made and relationship between information dissemination 
and awareness raising as independent variable for citizens' empowerment has been investigated and analyzed with Tehran 
citizens' interest in enhancing participation in disaster management and earthquake.  

3. RESULTS 

In this research according to Pearson correlation test, data analysis demonstrates that there is a very high positive correlation 
between information dissemination and awareness raising and citizen's interest in participation in earthquake disaster 
management (R=0.670, at 0.001 significant). This is a positive direct association which is meaningful. In other word information 
dissemination and awareness raising, increase citizens' interest in participation in natural disaster management. 

Based on the findings of this research, 95.9% of respondents heard about possibility of occurrence of Tehran devastative 
earthquake. In comparison between flood, drought and earthquake, 93.3% think that Earthquake is the most important natural 
disaster for Tehran.66.4% of respondent are worried or very worried about occurrence of earthquake, 23.1% somewhat concerned 
and only 10% are not worried of occurrence of Earthquake.  

 

 

 
 
 
 
 
 
 
 
 

Fig. 1: Shows percentage of respondents worrisome about occurrence of Earthquake in Tehran 

About the most important recourse through which respondent received information on preparedness against earthquake, 59.1% 
respond TV, 9.5% newspapers, 8.7% by radio and only 6.5% received information by internet and web although according to this 
research findings 74.4% of respondents have access to World Wide Web. 

Regarding actions that can be taken without any expenses for increasing level of preparedness against earthquake, percentage of 
respondent's activities have been demonstrated in Table 1. 

Table 1: Status of required measures against earthquake 
Measures required for citizens' preparedness Done Are to be done Not done/not able to do Not informed 

Meetings & receiving training material 

Talking with family on what to do in disasters 

36.5% 

  35.1% 

 

3.1% 

9.5% 
 

 42.3% 

  42.3%  

18.1% 

13.1% 

Developed family emergency plan 13.5% 16.4% 57.8% 12.3% 

Participation in DM training course 38.9% 16.1%          40.3% 4.7% 

Membership in emergency Voluntary group 18.2% 11.5%          55.3% 15% 

Preparation disaster supply kit 18.4% 23.4%          51.7%  6.5% 

Practicing self protection against earthquake    
39.4% 

23.6% 

42.1% 

13.3% 

17.8% 

17.7% 

         41.5%   5.8% 

Buildings non structural reinforcement           53.8%  4.8% 

Recognition of homes' safe and unsafe locations         33.6%  6.6% 
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Disasters can be reduced substantially if people are well informed about measures they can take to reduce vulnerability - and if 
they are motivated to act. Based on this, 50.5% of respondents believed that the amount of information disaster management 
responsible organizations provide to Tehran Citizens is not adequate for changing citizens attitude toward earthquake, 38.5% 
think the information received is somewhat adequate and 11% think they received enough information. Also, in this research 
according to respondents’ viewpoints, lack of appropriate information dissemination and public awareness on earthquake, 
cultural and religious beliefs, economic problems and lack of enough motivation are reasons for citizens not to be active enough 
against earthquake.  

4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

As The Hyogo Framework for Action 2005-2015: building the resilience of nations and communities to disasters, has been a key 
to increasing understanding, knowledge and developing approaches and priorities for reducing disaster risk and building 
resilience, therefore, in line with Hyogo Framework for Action priorities and general considerations regarding empowerment of 
communities and local authorities to manage and reduce disaster risks by having access to necessary information, building 
understanding, awareness and culture of safety and also identification, assessment, monitoring disaster risks and enhancement of 
early warning from one hand and according to outcomes of this research from other hand, Tehran Disaster Mitigation and 
Management Organization (TDMMO) in addition to other annual programs, planned following several programs in cooperation 
with other stakeholders in order to support implementation of the Hyogo Framework for Action: 
 

1. Producing TV program for earthquake awareness promotion in Iran in cooperation with Education Channel of I.R. Iran 
Broadcasting Organization (IRIB) and Japan International Cooperation Agency (JICA) in 2013, with the purpose to 
enhance the awareness and knowledge of earthquake by using the films produced through project and broadcasting of 
12 series of the 10 minutes episodes called " the Adventures of Parishan Family" with total duration of 120 minutes in 
March 2014. 

2. Producing 35 items of  ten seconds animation teasers with the messages for increasing public awareness on measures 
that have to be taken prior, during and after an earthquake and broadcasting through different channels and presenting 
through urban televisions from 2011 to 2014    

3. Preparing and finalizing basic concepts and preparation of an operation and management plan for earthquake disaster 
management Museum as a part public awareness measures envisaged in output 2 of TDMMO  ongoing joint project 
with JICA entitled "Capacity Building in Earthquake Risk Reduction and Disaster Management (from 2012- 2015)  

4. Improving early warning through establishment of Early Warning System as output three of the aforesaid ongoing joint 
project with JICA  

5. Receiving Sasakawa 2013 Award and Letter of Distinction for Disaster Management Team Formation Plan for Tehran 
Amaken Project which encourages residents and office workers to take part in disaster training to mitigate risk at home 
and in the work-place. 

6. Selected as one of the ten partner cities for Un- Habitat City Resilience Profiling Program (CRPP) in 2013  
 

The current HFA has substantively contributed to further disaster risk reduction, but the goals and priorities for action are still far 
from being achieved. Despite all efforts that planned to reduce earthquake risks, findings of this research demonstrate that most 
of respondents believed that the amount of information disaster management responsible organizations provide to Tehran 
Citizens is not adequate for changing citizens' attitude toward earthquake. This also has been emphasized in findings about 
citizens' required measures for preparedness against earthquake which displayed in Table 1. Since based on the Hyogo 
Framework for Action 2005- 2015,   the starting point for reducing disaster risk and promoting culture of disaster resilience lies 
in the knowledge of the hazards and the physical, social, economic and environmental vulnerabilities to disasters that most 
societies face, public awareness development pursued and improved in order to change attitudes and actions of citizens’ against 
earthquakes but still a post- 2015 framework for disaster risk reduction should focus on improvement of public awareness and 
information dissemination  which are elements that are still in need for further action.  

5. CONCLUSIONS 

According to the findings of this survey, information dissemination and awareness raising as a variable for citizens' 
empowerment, increase citizens' interest in participation in earthquake disaster management. Analysis of field data demonstrates 
that 95.9% of respondents heard about possibility of occurrence of Tehran devastative earthquake. In comparison between flood, 
drought and earthquake, 93.3% think that Earthquake is the most important natural disaster for Tehran.66.4% of respondent are 
worried or very worried about occurrence of earthquake, 23.1% somewhat concerned and only 10% are not worried of 
occurrence of Earthquake. Also, 50.5% of respondents believed that the amount of information disaster management responsible 
organizations provide to Tehran Citizens is not adequate for changing citizens attitude toward earthquake, 38.5% think the 
information received is somewhat adequate and 11% think they received enough information. These finding justifies why few 
measures have been taken regarding Tehran citizens' preparedness against earthquakes and lead us toward planning for 
improvement of public awareness against earthquake. This means that annual plans and programs should move toward 
improvement of public awareness and utilization of other potentials for increasing citizens' interest in participation in natural 
disaster management and preparedness. 
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ABSTRACT: Forest fires are a major cause of environmental degradation in the Mediterranean countries. Each year, hundreds of 

thousands of hectares are destroyed, leading to environmental, economic and social impact. This seasonal problem, permanent in 

specific European regions, requires the competent authorities to increase performance and organizational structures to ensure an 

effective response to protect people and properties. The implementation of real-time monitoring systems in firefighting 

helicopters can provide greater efficiency to fire monitoring and help decision-making. 

The key idea of the project is to increase efficiency in extinguishing forest fires, and therefore the protection of fire fighters and 

properties, by monitoring, measuring and sending relevant data of the fire in real-time, such as the geolocation of the fire front. 

Delivering this valuable information immediately to the Emergency Mobile Units considerably optimizes resource management 

in decision-making. In order to do that, the helicopter is equipped with a sensor suite consisting in a pointing gyro-stabilized 

platform (gimbal) with visual and infrared cameras, apart from inertial sensors, a touch screen for pilot interaction and a radio 

modem for data communication.  

One of the main objectives of the project was the implementation of a highly automated system that does not need a human 

operator to control it. That is why all the sensor data is processed on-board and automatically, using advanced computer vision 

and sensor fusion algorithms which require a minimal interaction from the pilot. Another benefit of the high level of automation 

involves a low bandwidth requirement for communication data link and no full data link availability, since the system is able to 

retransmit the relevant information. Also, the sent information, once it is transmitted to the Emergency Mobile Unit, is integrated 

into a GIS software platform that allows an easy visualization and post-processing of the forest fire information. Finally, the 

developed system was successfully integrated on a Bell helicopter and results will be shown of the tests performed in Spain with 

a real fire. 

Keywords: forest fires monitoring, fire segmentation, advanced pilot Human Machine Interface (HMI), remote sensing system, 

fire automatic geolocation, Geographic Information System (GIS) integration. 

1 INTRODUCTION 

The present work was accomplished between 2009 and 2012 in the framework of the MONIF project (“Monitoring and 

measurement of forest fires using helicopters”). This research and development project was led by FAASA Aviación S.A. 

(www.faasa.org), one of the most experienced Spanish companies devoted to forest firefighting using aerial means. FAASA 

currently operates in Spain, Portugal and Chile and owns more than 50 aircraft including helicopters of following manufacturers: 

Bell, Agusta-Westland, Schweizer and Kamov. MONIF was born out of the need for having an efficient firefighting mean able to 

provide valuable information on a real time basis, such as the position of the fire front, to the Emergency Mobile Units in forest 

fires scenarios. The use of aircraft in firefighting (both fixed and rotary wing) allows faster access when the fire is still in its early 

stage; hence they are ideal for the implementation of such remote sensing platforms. They are usually employed in two 

applications: direct support to extinction (e.g. carrying large quantities of water) or surveillance. 

FAASA then counted on with the experience of the Avionics & Unmanned Systems department of CATEC, the Center for 

Advanced Aerospace Technologies (www.catec.aero), managed by the Andalusian Foundation for Aerospace Development 

(FADA) as main technological partner to develop the finally implemented innovative solution. The system prototype consists of a 

precise remote sensing system, a computationally powerful on-board processing unit, an advanced Human Machine Interface 

(HMI), and a Geographic Information System plugin for the ground unit. Following section deepens in the description of the 

different subsystems finally implemented. 

2 SYSTEM DESCRIPTION 

The implemented system was conceived as a result of a deep requirements capture stage, keeping in mind some important factors 

and boundaries of the application. The fact of being an airborne system led us to take considerations related to airworthiness and 

restrictions derived from system integration on-board. The solution proposed should have a high level of autonomy, so that it 

could be operated by the pilot itself and not by a mission operator. Moreover the solution should provide relevant information out 

of the data acquired by the remote sensing system performing on-board post-processing of these data. The different sub-systems 

are described hereunder. 
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2.1 Remote sensing subsystem 

This ad-hoc manufactured payload is in charge of the data acquisition. It consists of a gyro-stabilized platform (gimbal) that 

integrated a suite of sensors: a pointing device (laser altimeter), an electro-optical high definition camera and a long-wave 

infrared (LWIR) camera (Fig. 1). The last one provides absolute temperature information of the objects in the scene (radiometric 

capability), which is of particular interest in forest fire applications.  

 

Fig. 1. Remote sensing system fixed on the laboratory test bench. 

2.2 On-board processing unit 

The on-board processing unit (Fig. 2) is the intermediate system between the remote sensing subsystems. This unit is able to 

manage the payload by commanding pointing instructions, camera zoom, focus or exposure time parameters varying, etc. It 

consists of a ruggedized embedded system that is able to perform real-time processing of the acquired data. Image processing is 

performed to filter thermal images by means of a segmentation process in order to extract the fire front and hotspots (Fig. 2). The 

on-board processing unit integrates an Inertial Navigation System (INS) that provides aircraft attitude and position. This 

information is used to automatically geolocate the acquired images for their georeferencing. A GPRS modem is also integrated as 

part of this subsystem for relevant data sending (georeferenced image (GeoTIFF), fire front coordinates) to a ground station for 

forest fire operations coordination. This high availability communication technology with low bandwidth requirements was the 

most cost-benefit technology for this application. 

    
Fig. 2. On-board processing unit (left), RGB, thermal and post-processed infrared images (right). 

2.3 Pilot Human Machine Interface (HMI) 

An advanced pilot HMI was designed and manufactured to provide remote control of the payload (Fig. 3). This touch screen 

interface enables remote commanding for the selection of the camera (RGB, infrared) to be displayed on the screen. A minimum 

pilot interaction is needed to control camera parameters and pointing to the fire. After image segmentation performed by the on-

board unit the best image is shown on the display for the pilot to confirm this image to be sent to the ground station server. The 

criteria for best image selection are: fire front size, fire temperature and fire position with respect to the image frame. 

 

Fig. 3. Developed Human Machine Interface (HMI). 

738



 

 

3 

 

 

 

2.4 Geographic Information System 

For situational awareness and planning of the forest fire extinction operations a Geographic Information System (GIS) plugin was 

implemented. This plugin is interoperable with ArcGIS (ESRI) GIS commercial products and through this software the 

information can be exported to Google Earth (.kml format). The plugin enables the automatic detection of new information stored 

in the ground station server and automatically downloads and loads them on the GIS display. This information contains 

georeferenced images and fire front coordinates. As shown in Fig. 4 images are directly overlapped on the GIS to provide 

valuable information to the coordination team. 

  
Fig. 4. Acquired information displayed on ArcGIS (left) and Google Earth (right). 

3 SOLUTION VALIDATION 

Once the different subsystems were integrated and validated using a ground based moving platform the development team 

proceeded to install each subsystem on the test aircraft, a Bell 412. The integration involved a certification process of the system 

as a minor structural modification of the aircraft reducing thus airworthiness requirements and certification costs. The remote 

sensing system was installed in an existing platform on a side of the helicopter, the on-board unit was integrated into the nose of 

the aircraft and the HMI was integrated directly inside on the pilot cockpit as shown in Fig. 5. 

   
Fig. 5. Remote sensing system (left), on-board unit (centre) and HMI installed in the Bell 412 test aircraft. 

The final stage of the project consisted on the flight tests with the purpose of validating the implemented solution. The results 

were completely satisfactory and the solution demonstrated to be a highly functional and efficient tool for forest fire monitoring 

while at the same time not demanding a high investment on additional infrastructure. Fig. 6 shows the operational concept of the 

solution proposed and finally developed.  

  

Fig. 6. Helicopters: a flexible forest fire monitoring system.  
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An overview of the images acquired during a flight test mission is shown in Fig. 7. It can be noted that the use of infrared 

technology in the implemented sensor suite involves an essential advantage in order to have situational awareness of fire behind 

smoke. 

 

Fig. 7. Image samples from RGB and infrared cameras. 

4 ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

Wildfires and forest fires are an important socioeconomic problem in Europe. Economic losses are linked to industry (forestry, 

timber industry, agriculture, tourism…), societal losses are linked to the environment, biodiversity, air and water quality, and 

flora and fauna. Prevention is important, but extinction is critical. The solution presented provides a substantial improvement 

compared to current forest fire monitoring methods which are based on pilot visual situational awareness, voice communications 

and manually introduced data at the Emergency Mobile Units.  

As stated in the Hyogo Framework for Action: knowledge, technology and expertise must assist in the enhancement capacity 

building for disaster risk reduction. The presented solution promotes the application of remote sensing, geographic information 

systems and communication tools for early warning, risk assessment and reduction, information sharing and efficient 

management. 

5 CONCLUSIONS  

This document presents the results and technological development description of an innovative airborne based solution for the 

monitoring of forest fires using helicopters. The added value of the solution lies in the improved method of fire detection and 

representation with a high level of automation and precision. This solution provides invaluable information for the Emergency 

Mobile Units to manage the forest fire extinction operations.  

As a further advance and following the technology trend in the field of aerial monitoring, the Center for Advanced Aerospace 

Technologies (FADA-CATEC) is currently working on the implementation of a Remotely Piloted Aircraft Systems (RPAS) that 

is expected to be on the state of the art for such applications. The Center has a broad range of RPAS, both fixed and rotary-wing, 

during the last years it has developed different RPAS subsystems including a flexible autopilot, an extensible application-driven 

ground control station and an on-board payload and mission management system. These technologies let us implement a wide 

variety of civilian applications for natural, environmental or war derived disasters. Furthermore the Andalusian Foundation for 

Aerospace Development (FADA) manages ATLAS Experimental Flight Center (www.atlascenter.aero), the first Spanish airfield 

with segregated airspace (1.000 km2) specifically devoted to the experimentation and validation of RPAS technologies. 
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Innovative tools in crisis management – Dependency of their success to 
enhance societal resilience from laws, policies, and institutional structures  

M. Vollmer1 

1Fraunhofer Institute for Technological Trend Analysis, Euskirchen, Germany. E-mail: 
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ABSTRACT: Changing hazards and vulnerabilities constantly require adaptations and developments in crisis management. 
Opportunities for improving crisis management capabilities, by new technical and non-technical solutions are strongly influenced 
by context factors such as laws, policies, or institutional set-ups. They have influence on whether or not new solutions are 
implemented in crisis management, and can moreover determine, if the solution actually improves crisis management 
performances, once it has been implemented, or if it even promotes negative secondary effects. Resilience of a society is thus 
strongly dependent on these factors. A general assessment of the current legal and political framework of EU crisis management 
has been completed, while relevant laws, policies, institutional set-ups, and their interrelations are now being analysed in depth, 
regarding the implementation of specific tools in crisis management. This work is conducted in the framework of the EU-FP7 
project “DRIVing Innovation in Crisis Management and European Resilience” (DRIVER), which aims firstly, at the 
development of a European test-bed enabling the benchmarking of new crisis management solutions, and secondly at the actual 
development of a portfolio of tools that improves crisis management at Member State and EU level. 

Keywords: Crisis management, resilience, governance, innovation, technology. 

1. INTRODUCTION 
Natural and man-made hazards, their variances and broad range of possible impacts on society, critical infrastructures, 
environment or economy, perpetually induce new challenges for crisis management. These challenges must be met by constant 
improvements and adaptations of the crisis management process, to ideally be able to cope with complex disasters in the best 
possible way at any time. New technical and non-technical solutions play a crucial role in this regard, providing strong 
opportunities for improving crisis management capabilities and thus societal resilience, while also bearing risks of negative 
secondary effects, induced e.g. by an enhanced complexity and dependency. New technical solutions in crisis management can 
concern all fields of crisis management, while especially new communication and mapping technologies are currently of high 
interest, as they provide essential opportunities to cover information demands. New non-technical solutions include for example 
training concepts, optimized management of spontaneous volunteers, or improved communication strategies. 

Improving crisis management means improving resilience, here understood as the totality of the resilience of civil population and 
the effectiveness of professional crisis management, plus the interplay of the two. While there are many different definitions, 
understandings and concepts of resilience, it has e.g. been defined as “The ability of a system, community or society exposed to 
hazards to resist, absorb, accommodate to and recover from the effects of a hazard in a timely and efficient manner, including 
through the preservation and restoration of its essential basic structures and functions” (UNISDR 2009). Whether new solutions 
are implemented in crisis management, if they actually strengthen resilience, as opposed to rather triggering negative secondary 
impacts or providing no real added-value, strongly depends on conditions such as relevant laws, policies, or institutional set-ups.  

2. PROJECT BACKGROUND & OBJECTIVES 
The Aftermath Crisis Management System-of-Systems Demonstration Programme, funded under the 7th Framework Programme 
of the EU Commission, consists of two phases: the phase I, a preparatory activity that was performed amongst others by the 
project “Aftermath Crisis Management System-of-Systems – phase I (ACRIMAS)1. ACRIMAS analyzed the European and UN 
Crisis Management landscape as well as current requirements and gaps. Further, solutions have been proposed ready for 
demonstration as well as a demonstration concept for the phase II, the actual demonstration activity.  

The phase II project “DRIVing Innovation in Crisis Management and European Resilience” (DRIVER, started in May 2014) 
aims firstly, at the development of a European test-bed enabling the benchmarking of new crisis management solutions, and 
secondly at the actual development of a portfolio of tools that improves crisis management at Member State and EU level. The 
DRIVER project is thus based on findings (amongst others) of the ACRIMAS project. 

As part of ACRIMAS, an analysis of the basic legal and political framework of EU crisis management has been conducted, 
including the identification of challenges on Member State as well as EU level. 

                                                   
1 www.acrimas.eu 
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A more in depth analysis of relevant laws, policies, and institutional structures, and their correlations with regard to the 
implementation of new solutions in crisis management is part of the DRIVER project as well as a herein embedded dissertation. 
The non-technological environment of potential tools is investigated, in order to define requirements for the experiments 
conducted in DRIVER, but also to provide evidence based recommendations for all actors involved in crisis management.  

Focusing on specific tools, which might be implemented in crisis management, the influence of laws, policies, and institutional 
structures on the implementation and diffusion of these tools is investigated. At the same time, also possible negative secondary 
impacts from new tools such as an increased interconnectedness and dependency of infrastructures, and the capability of laws, 
policies and institutional structures to minimize these negative impacts, is targeted. 

The results will feed into recommendations, and will be part of the portfolio of tools to improve crisis management at EU and 
Member State level, regarding specific requirements of laws, policies, or institutional structures to be considered or adapted when 
implementing specific tools in crisis management. They can thus also serve as guidance for involved institutions, such as 
governmental institutions, first responders, and technology companies or other institutions offering new crisis management tools.  

3. METHODS 

For the general framework on EU level that was investigated within ACRIMAS, main instruments, laws and regulations, relevant 
institutions and their roles and responsibilities have been described. For the Member State level, four case study countries were 
selected, aiming to cover important factors, such as governmental structures and their different characteristics, which have strong 
influence on the political and legal setup: a) Germany, b) Italy, c) Sweden, and d) Greece. The description resulting from a 
literature analysis was complemented by interviews conducted with relevant experts and stakeholders in the field of (aftermath) 
crisis management (Vollmer et al. 2012). 

For the current analysis within DRIVER, which is referred to specific crisis management tools, an intensive literature/ internet 
research will be conducted to derive a foundation of the basic relationships between new solutions in crisis management, 
resilience, and non-technological context factors such as laws, policies, and institutional set-ups. 

In order to reveal further relevant issues and possible intervention points, expert interviews are an essential source of information.  
The interviews (DRIVER/ dissertation) shall be conducted with stakeholders from governmental institutions (policy, law), 
companies providing technology for crisis management as well as (possible) clients of new solutions (first responders).  

In the DRIVER project, quantitative and qualitative performance indicators will be developed, in order to measure different 
factors and assess the added value of new solutions in crisis management. Relevant non-technological factors (different laws, 
policies, and institutional structures) shall thereby also feed into the development. The data collected with the performance 
indicators will be analysed with respect to the influence of these non-technological context factors on the performance results.  

4. (EXPECTED) RESULTS 
The investigation of the general legal and political framework of aftermath crisis management in the EU and the EU Member 
States within ACRIMAS has provided important insights into the institutional and political set-up, laws and regulations relevant 
in disaster response and recovery in the EU, including anticipated trends. Identified challenges in this regard include on EU level: 
The need for stronger intra EU coordination, especially concerning the division of responsibilities between the European External 
Action Service and the Commission. A basic challenge for EU cooperation is the fact that the political views regarding the future 
role of the EU in aftermath crisis management and also the ability to contribute differ among the Member States. On Member 
State level, an important field is coordination, which includes, amongst others, difficulties due to federal structures (which 
mirrors somehow the situation on EU level), different levels of equipment, infrastructure and knowledge, unclear chains of 
command, high levels of bureaucracy, different uses of terminology, and improvable media management. Conflicts of interests 
that form challenges include a skeptical attitude of Member States towards a strengthening of EU competences, influences of 
political goals on decisions to provide assistance or not, or insufficient critical reflections on past crisis management actions. 
Further challenges are financial restraints like the general economic situation of Member States, or the restriction that assistance 
is offered only under the condition that funding is provided (Vollmer et al. 2012). 

Regarding the current analysis of relevant laws, policies, and institutional set-ups with regard to the implementation of specific 
tools in crisis management, a systematic characterization of these factors will be provided, examining their specific roles, effects, 
and interrelations. Opportunities for action including possible consequences and interrelations will be presented.  

With regard to new technologies, barriers to accept, uptake and apply are seen in e.g. a lack of political interest, inadequate 
institutional mechanisms, and shortcomings in knowledge availability, technical capacity, standardization and funding (Basher 
2013). Institutional barriers to implement new technical solutions can be caused by competition and a lack of communication 
between sectors or departments (Basher 2013). Shortcomings in knowledge availability or expertise are especially relevant 
factors when non-experts have to deal with difficult technical information, for example probabilistic forecasts of hazard events. 
Thus, teaching and learning plays a crucial role to bridge the gap between expert and practitioner. Besides this, also factors such 
as world views, risk perceptions, or social structures play an important role that needs to be considered for the question, if/ how 
new technical solutions can successfully be transferred into usable techniques (ibid.). 
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Results will also be able to serve as guidance for involved institutions – governmental institutions, companies, first responders – 
to improve the implementation of new solutions in crisis management that can help to increase resilience, while at the same time 
minimizing the risk of negative secondary impacts decreasing resilience. Governmental institutions can thus check whether 
adaptations of e.g. laws or policies might be helpful, while companies and end-users shall benefit from knowledge on which and 
how non-technological factors should be considered in order to successfully implement and diffuse new tools in crisis 
management. The results shall also be able to give guidance on how to mitigate or reduce negative secondary effects with for 
example relevant laws or policies. While not expecting to derive only clear and exclusive solutions, pros and cons/ risks and 
opportunities for different alternatives of action will be elaborated and linked to different local backgrounds such as culture or 
systems of government (e.g. federalist vs. centralistic) in the EU. 

5. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 
Laws, policies, and institutional set-ups, which determine crisis management processes either directly, or in terms of their 
influence on the implementation of tools in crisis management, strongly influence the overall crisis management performance. 
Thus, resilience is highly dependent on these factors, and a specific elaboration of the roles and interconnectedness of these 
factors provide a relevant basis for decision making, addressing governmental institutions, first responders, and other crisis 
management organizations. 

The work is thus strongly related to Priority Action 5 “Strengthen disaster preparedness for effective response at all levels” of the 
Hyogo Framework for Action. The conducted work can especially support key activity (a) “Strengthen policy, technical and 
institutional capacities in regional, national and local disaster management, including those related to technology, training, and 
human and material resources”. Regarding the outlined work and relevance of such influencing context factors, the topic is also 
seen as important aspect for future activities, such as in the context of the Post 2015 Framework of Disaster Risk Reduction. 

6. CONCLUSIONS AND OUTLOOK: WORK IN PROGRESS 
After gaining an overview on the legal and political framework of EU crisis management in Phase I, relevant non-technological 
context factors (laws, policies, institutional set-ups) are now analysed regarding specific crisis management tools in Phase II. The 
portfolio of technical and non-technical tools for crisis management developed in DRIVER will thus be complemented by crucial 
information on context factors, which need to be considered to successfully implement these tools in crisis management 
processes. 

Concerning possible negative secondary impacts of implementing new (technical) solutions, a broad range of studies have 
already been conducted on the issue of complexity and dependency from technological systems, especially in the context of 
energy supply and interconnected critical infrastructures (e.g. Hellström 2007; Peters et al. 2008). However, these studies are 
complemented (in the dissertation) by investigations on technology dependency in the context of crisis management (e.g. the 
execution of a complex crisis management process during a major power or internet outage), and especially the influence of non-
technological factors on this issue. 
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Presentation	  1:	  ‘Understanding	  the	  role	  of	  the	  private	  and	  public	  stakeholders	  in	  slow	  onset	  
disaster	  resilience’	  	  

Dr	  Ksenia	  Chmutina,	  Loughborough	  University,	  UK	  
	  
With	  the	  growing	  rate	  of	  urbanisation,	  the	  damage	  caused	  to	  the	  built	  environment	  by	  natural	  

hazards	  is	  exacerbated	  by	  non-‐malicious	  man-‐made	  threats,	  such	  as	  informal/	  inappropriate	  urban	  
planning,	  poorly/	  un-‐regulated	  building	  codes,	  informal	  dense	  urban	  settlements,	  corruption	  etc.	  
The	  widespread	  risks	  to	  the	  safety	  and	  security	  of	  urban	  spaces	  and	  buildings	  are	  increasing	  because	  

of	  the	  lack	  of	  timely	  considerations	  of	  risk	  reduction	  measures	  and	  their	  implementation	  at	  the	  
appropriate	  stages	  of	  the	  design,	  planning	  construction	  and	  operation	  process.	  Thus	  it	  is	  important	  
for	  the	  numerous	  stakeholders	  involved	  with	  the	  construction	  industry	  to	  take	  some	  responsibility	  

for	  integrating	  Disaster	  Risk	  Reduction	  (DRR)	  activities	  into	  the	  planning,	  (re)	  design,	  construction	  
and	  operation	  of	  the	  built	  environment.	  However,	  while	  it	  is	  increasingly	  being	  recognised	  that	  a	  
collaborative	  multi-‐disciplinary	  approach	  is	  required	  in	  order	  for	  the	  disaster	  resilience	  framework	  to	  

be	  effective,	  it	  is	  fundamentally	  important	  to	  understand	  which	  stakeholders	  should	  be	  involved	  and	  
when	  they	  should	  optimally	  be	  involved.	  Based	  on	  the	  UK	  case	  study,	  the	  role	  of	  key	  stakeholders	  in	  
the	  integration	  of	  DRR	  activities	  in	  the	  ‘construction	  process’	  is	  evaluated.	  It	  is	  argued	  that	  there	  is	  a	  

general	  lack	  of	  consensus	  regarding	  the	  roles	  of	  stakeholders	  and	  their	  levels	  of	  participation	  
(particularly	  related	  to	  public	  and	  private	  sector	  inputs).	  The	  gaps	  in	  stakeholders’	  involvement	  in	  
emphasised	  and	  their	  impact	  on	  the	  effectiveness	  of	  slow	  onset	  disaster	  resilience	  framework	  is	  

discussed.	  	  
	  
	  

Presentation	  2:	  ‘Climate	  change	  adaptation	  (CCA)	  and	  disaster	  risk	  reduction	  (DRR)	  for	  slow-‐onset	  
hazards	  in	  the	  Hunter	  Region,	  NSW’	  
Dr	  Jason	  von	  Meding,	  University	  of	  Newcastle,	  Australia	  
	  
The	  city	  of	  Newcastle	  and	  the	  Hunter	  Region	  in	  which	  it	  resides	  has	  been	  subject	  to	  rapid-‐onset	  
hazards	  in	  the	  past,	  including	  earthquake,	  flood	  and	  bushfire.	  However,	  to	  date,	  significantly	  less	  
attention	  has	  been	  paid	  to	  the	  serious	  threats	  posed	  by	  slow-‐onset	  hazards,	  and	  the	  possibility	  of	  
long	  term	  vulnerabilities	  being	  exposed	  in	  the	  future	  and	  leading	  to	  catastrophe.	  This	  presentation	  
will	  contextualise	  the	  DRR/CCA	  dialogue	  in	  Australia	  and	  analyse	  local/regional	  and	  national	  
attempts	  to	  implement	  policy.	  The	  Australian	  political	  sphere	  is	  highly	  influential	  in	  how	  we	  
understand	  the	  evolution	  of	  policy	  and	  public	  perception	  and	  awareness.	  Although	  efforts	  have	  been	  
made	  at	  various	  levels	  to	  respond	  to	  evidence	  of	  risk,	  what	  we	  see	  in	  Australia	  is	  a	  wide	  range	  of	  
challenges	  to	  successful	  implementation	  of	  policy,	  and	  as	  a	  consequence	  a	  high	  degree	  of	  
fragmentation	  in	  DRR/CCA	  action.	  Based	  on	  evidence	  from	  the	  Hunter	  Region,	  NSW,	  this	  
presentation	  will	  examine	  the	  particular	  importance	  of	  slow-‐onset	  hazards	  in	  Australia	  and	  the	  
potential	  to	  establish	  a	  framework	  for	  integrated	  DRR/CCA	  policy	  change	  and	  implementation.	  	  
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Presentation	  3:	  ‘The	  role	  of	  local	  government	  in	  building	  resilience	  and	  reducing	  vulnerability	  to	  
slow	  onset	  disasters’	  
Dr	  Helen	  Giggins,	  University	  of	  Newcastle,	  Australia	  
	  
Within	  the	  Australian	  context,	  the	  role	  of	  urban	  planning	  and	  community	  level	  engagement	  in	  the	  
planned	  built	  environment	  usually	  falls	  under	  the	  jurisdiction	  of	  regional	  or	  local	  level	  Government.	  
With	  a	  predominantly	  coastal-‐based	  population	  along	  the	  eastern	  seaboard	  of	  Australia,	  the	  slow	  
onset	  disasters	  of	  coastal	  erosion	  and	  sea	  level	  rise	  have	  particular	  relevance	  to	  the	  wider	  
community.	  Yet	  there	  is	  still	  a	  strong	  sentiment	  of	  wariness,	  and	  even	  denial,	  by	  many	  to	  the	  
forward	  planning	  required	  to	  mitigate	  the	  potential	  harm	  caused	  by	  these	  types	  of	  disasters.	  In	  
particular	  how	  urban	  planning	  intervention	  may	  impact	  on	  future	  property	  prices	  of	  effected	  
homeowners.	  Local	  councils	  are	  often	  burdened	  with	  the	  role	  of	  communicating	  long-‐term	  resilience	  
strategies	  to	  the	  wider	  community	  and	  often	  face	  strong	  opposition	  to	  these	  strategic	  efforts.	  There	  
is	  significant	  potential	  for	  researchers	  to	  work	  with	  local	  government	  to	  help	  provide	  both	  improved	  
strategies	  for	  communication	  with	  impacted	  communities,	  and	  an	  improved	  slow	  onset	  resilience	  
framework.	  
	  
	  
Presentation	  4:	  ‘The	  significance	  of	  social	  media	  tools	  as	  powerful	  influences	  upon	  slow-‐onset	  
disaster	  theatres’	  
Dr	  Graham	  Brewer,	  University	  of	  Newcastle,	  Australia	  
	  
The	  meteoric	  rise	  of	  social	  media	  in	  terms	  of	  tools,	  readers,	  and	  contributors	  has	  changed	  societal	  
landscape	  irrevocably,	  and	  their	  use	  is	  now	  regarded	  as	  one	  of	  the	  most	  important	  indicators	  of	  
people's	  attitudes	  to	  topics	  ranging	  from	  pop	  stars’	  flirtations	  through	  to	  the	  future	  of	  humanity.	  The	  
ubiquity	  of	  their	  use	  is	  reflected	  in	  the	  seriousness	  with	  which	  politicians	  and	  special	  interest	  groups	  
monitor	  their	  content,	  arguably	  making	  them	  a	  more	  powerful	  driver	  of	  political	  policy-‐making	  than	  
news	  polls,	  and	  certainly	  more	  immediate	  in	  their	  pulse-‐taking.	  The	  availability	  of	  access	  to	  a	  
potentially	  global	  audience	  has	  opened	  up	  performance	  possibilities	  to	  a	  vast	  population	  for	  whom	  
such	  an	  occurrence	  was	  so	  unlikely	  as	  to	  be	  practically	  impossible	  as	  little	  as	  10	  years	  ago.	  The	  "it	  
must	  be	  true	  if	  it's	  on	  the	  Internet"	  mindset	  pervades	  much	  of	  society,	  and	  is	  often	  paired	  with	  the	  
belief	  that,	  "my	  opinion	  is	  just	  as	  valid	  as	  yours."	  This	  has	  had	  a	  number	  of	  challenging	  
consequences:	  firstly,	  it	  has	  dismissed	  the	  need	  for	  positions	  to	  be	  built	  upon	  joined	  up	  thinking	  and	  
research;	  secondly,	  it	  has	  empowered	  politicians	  and	  other	  decision-‐makers	  in	  society	  to	  make	  up	  
policy	  "on	  the	  hoof";	  lastly,	  it	  has	  diminished	  the	  credibility	  and	  widespread	  acceptance	  of	  hard-‐won	  
scientific	  knowledge,	  in	  favour	  of	  populist	  positions.	  It	  is	  in	  this	  context	  that	  long-‐term	  decisions	  
have	  to	  be	  made	  in	  relation	  to	  urban	  planning	  and	  land	  use,	  sustainable	  energy	  generation	  and	  
resource	  use,	  and	  fostering	  patterns	  of	  social	  behaviour	  that	  will	  safeguard	  humanity	  into	  the	  future:	  
failure	  to	  do	  so	  will	  inevitably	  result	  in	  slow-‐onset	  disasters.	  This	  stream	  of	  the	  workshop	  is	  intended	  
to	  explore	  the	  benefits	  and	  drawbacks	  of	  social	  media	  in	  this	  context,	  together	  with	  identifying	  
strategies	  to	  leverage	  these	  technologies	  to	  help	  mitigate	  the	  impacts	  of	  such	  events.	  
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THE ROLE OF LIVELIHOODS SUPPORT IN HUMANITARIAN RELIEF: THE CASE OF 

THE LIVESTOCK EMERGENCY GUIDELINES AND STANDARDS (LEGS) 
One billion people worldwide depend on  livestock for their  livelihoods, food security and nutrition. 

Livestock‐based  livelihoods range from pastoralists who depend on their herds and flocks for their 

food  and  income;  to  smallholder  farmers  whose  few  cows  or  buffalo  provide  a  vital  source  of 

nutrition  for  the  family and  some  supplementary  income;  to owners of donkeys, mules or horses 

used for transport or draught power; to peri‐urban and urban families with a few chickens.  

Many of these people are affected by disasters, both natural and man‐made. Box 1 below presents 

some examples of the impact of rapid and slow onset disasters on livestock keepers.  

Box 1: Examples of impact different types of disaster on livestock‐based livelihoods
 
Impacts of a slow onset emergency 
During the 1999–2001 drought in Kenya, it is estimated that over 2 million sheep and goats, 900,000 cattle and 
14,000 camels died. This represents losses of 30 per cent of small stock and cattle and 18 per cent of camel 
holdings among the affected pastoralists. Social impact was significant. Families separated, damaging the social 
networks that provide a safety net for pastoralists, and many people moved to settlements and food distribution 
centres. Without sufficient livestock to provide for their food needs, many pastoralists became dependent on food 
aid. Once the drought ended, the losses suffered by some pastoralists had effectively destroyed their livelihoods.  
 
Impacts of a rapid onset emergency  
The Indian Ocean tsunami in 2004 had a significant impact on the livestock of the affected people. This included 
the loss of domestic farm animals (poultry, sheep, goats and also cattle and water buffalo). In Indonesia, for 
example, over 78,000 cattle and 61,000 buffalo were killed, together with 52,000 goats, 16,000 sheep and nearly 
1.5 million chickens. Livelihoods were also affected by the destruction of livestock‐related infrastructure such as 
barns, stores and processing facilities. Moreover, crop residues, straw and inland pasture were destroyed.  
(Source: LEGS 2009) 
 

Humanitarian relief has historically focused on saving lives. However, there is growing recognition in 

the  humanitarian  sector  of  the  need  to  consider  livelihoods  as  well  as  lives  in  humanitarian 

response.  This  challenges  some  aspects  of  the  historical  practice  of  humanitarian  relief:  the 

humanitarian imperative is seen to require a speedy response and is usually carried out by external 

actors who maintain control of  the process. The result however can undermine existing  livelihood 

strategies and on‐going development efforts, as an example of veterinary  interventions  in Ethiopia 

shows (see Box 2). 

 

Developmental Approach 
• Privatization  of  clinical  veterinary  services 

supported by government policy since 1993 
• Numerous  programs  to  assist  rural  private 

practitioners (degree and diploma holders) to set 
up private clinics and pharmacies, funded by EC, 
World Bank, DFID, USAID and others 

• Enabling  legislation  for  private  para‐veterinary 
professionals 

 

Emergency Response
• Designed  without  involvement  of  local  private 

sector 
• ‘Truck and chuck’ – dumping of large quantities of 

free veterinary medicines 
• Limited epidemiological basis for intervention e.g. 

vaccination programs targeting 20% of population 
• Funded  by  the  same  donors  who  fund 

development 
• Undermines  local  private  practitioners  i.e.  the 

services needed for recovery 

Box 2: Case Study: Veterinary Services in Ethiopia – contrasting ‘development’ and ‘emergency’ approaches
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There  is  increasing  evidence  to  suggest  that  addressing  livelihoods  in humanitarian  response  can 

contribute  to  saving  lives  as  well  as  providing  more  cost‐effective  and  sustainable  support  to 

disaster‐affected  populations.  For  instance,  timely  and  appropriate  livelihoods‐based  emergency 

responses can not only save livelihoods, but can also reduce the need for other emergency support 

(such as food aid). For example there is growing evidence that livestock feeding support to key milk 

producing stock can reduce the number of young children in feeding centres during drought (Sadler 

et  al  2012).  Similarly  research  in  Ethiopia  showed  that  timely  commercial  destocking  was 

significantly more cost‐ effective  than  a combination of food  aid  followed  by  restocking  among  

the  pastoralist  communities  studied (Catley and Cullis 2012). 

The  Livestock  Emergency  Guidelines  and  Standards  (LEGS)  grew  out  of  a  practical  concern  to 

improve the quality of disaster response for small‐scale livestock keepers; to support livelihoods not 

just lives in times of crisis. Drawing on consultation with practitioners and policy makers worldwide, 

the LEGS Handbook was developed based on evidence‐base best practice and contains guidance on 

the design, implementation and evaluation of livestock‐based livelihoods responses in disasters. The 

Handbook  includes participatory  tools  to  identify  timely and appropriate  responses,  supported by 

technical standards on destocking, veterinary services, water, feed, shelter and restocking.  

Since  the  publication  of  the  LEGS  Handbook  in  2009,  a  global 

training  programme  has  been  rolled  out,  based  on  regional 

training of trainers courses. There are now over 300 LEGS Trainers 

worldwide,  who  have  carried  out  150  LEGS  Trainings  in  32 

countries reaching over 3,000 people. In 2011 LEGS was accepted 

as  a  companion  standard  to  the  Sphere  Project’s  Humanitarian 

Charter  and  Minimum  Standards  in  Humanitarian  Response. 

(Sphere 2011).The LEGS Handbook  is currently being  revised and 

the second edition will be published in January 2014. 

As a result of the LEGS training programme and the dissemination 

of the LEGS Handbook, LEGS  is  increasingly     used     as     a     guide   

for     humanitarian      response,     particularly      among      livestock 

professionals  and  donors  supporting  livestock  interventions  in 

emergencies. A  study of  the uptake of  LEGS  in  the Horn of Africa drought  concluded:  “LEGS has 

brought  an  important  dimension  to  emergency  practices  in  pastoralist  areas:  the  protection  of 

livestock. A huge capacity development has taken place through a good number of actors.     All the 

key  informants  interviewed, especially development professionals who had received LEGS training, 

noted  that  LEGS  had  become  part  of  their  development  and  disaster  response”  (Coupe  and 

Kisiangani 2013). 

The evidence  from Vietnam  (see Box 3) and  from other case studies around the world shows that 

the  application  of  livelihoods‐based  standards  can  improve  the  quality  and  timeliness  of 

humanitarian  response  during  and  after  a  crisis,  moving  away  from  the  traditional  ‘welfare’ 

approach to relief towards a more participatory process based on the affected people’s knowledge, 

capacity and livelihoods strategies. 
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Box 3: Livestock interventions to support livelihoods following the Vietnam floods

In September 2010, World Animal Protection  (WAP,  formerly  the World Society  for  the Protection of Animals) 
conducted a  LEGS workshop  for  its Disaster  Liaison Officers  (DLOs)  from  the Asia‐Pacific  region,  together with 
other partners.  
 
After the flooding in Quang Binh Province in October 2010, WAP, with support from the Ministry of Agriculture, 
used  the  LEGS  approach  to  carry  out  an  assessment  and  design  an  intervention.  The  assessment  process 
highlighted  one  particular  area,  Tan  Hoa  Commune  in Minh  Hoa  District, where  the  local  population  is  very 
dependent on their  livestock for food,  income and draught power. The floods had destroyed crops and pasture, 
and damaged homes, animal shelters and infrastructure, including the office of the commune veterinarian. Many 
of  the  population were  busy  ploughing  and  replanting  their  crops,  using  their  surviving  cattle  and  buffalo  as 
draught power. Those who had lost their own animals were reliant on family, friends and neighbours for the use 
of  theirs  as  the  cost  of  getting  this  work  done mechanically  was  well  out  of  reach  of  the majority  of  the 
population. 
 
Pasture and fodder reserves had been destroyed by the floodwaters, and the price of commercial feed was too 
expensive for most livestock owners, due to the remoteness of the commune. Many people were spending two to 
three hours a day collecting leaves and the trunks of banana trees to feed their livestock. Pigs are commonly kept 
in this area to supplement  income and some  livestock owners were sharing the rice they had received from the 
government and NGOs with their pigs, in order to keep them alive. 
 
With  the beginning of winter approaching,  livestock owners were concerned about the  lack of shelter  for  their 
stock. Many had not had  time  to  repair  the  thatched  livestock shelters damaged by  the  floods, because of  the 
large amount of time spent replanting crops and collecting livestock feed. They were also unable to get help from 
the commune veterinarian and village para‐veterinarians (for livestock vaccination or treatment) as the flood had 
washed  away  all  the  vaccines,  drugs  and  equipment.  The  only  option was  to  call  the  district  veterinarian,  a 
journey of at least 45 minutes each way. 
 
As a result of the LEGS‐based assessment and planning process, WAP provided 91 tonnes of concentrated feed for 
600 cattle and buffalo and 750 pigs for 3 months to cover the winter period, benefitting approximately 400 of the 
poorest  families  in  the  commune.  In  addition,  5,000 metres of plastic  cloth was provided  to make  cattle  and 
buffalo shelters rain and windproof for the coming winter, benefitting 350 families. Support was also provided to 
the commune veterinarian and village para‐ veterinarians to enable them to treat and vaccinate animals in their 
area.  
 
In April 2011, WAP conducted a LEGS training course for Ministry of Agriculture staff in Hanoi, with the long‐term 
aim that they will fully adopt LEGS for use in their future disaster response work with livestock. By using the LEGS 
approach, WAP was able to gain a better understanding of the role of livestock in livelihoods, which enabled staff 
to design more appropriate and sustainable responses. 

  

In 2013 LEGS carried out an evaluation of  its  impact  in  the Horn of Africa, which noted  that LEGS 

uptake and application is very high among livestock professionals in the region. The study also noted 

however that there is still the case to be made for livestock (and livelihood) based support in crises 

to donors and decision makers, when compared to food aid and life‐saving interventions (Coupe and 

Kisiangani 2013). The LEGS Project continues to raise this issue among the humanitarian community, 

highlighting the importance of investing in participatory skills and capacity building, while providing 

tools and  frameworks  for  the protection of  livelihood assets and  the  redevelopment of  livelihood 

strategies during and after a crisis.  It also contributes to the debate among practitioners about the 

importance of livelihoods in humanitarian response. 

Cathy  Watson,  LEGS  Coordinator:  Coordinator@livestock‐emergency.net;  www.livestock‐

emergency.net  

748



4 
 

References 

Catley,  A.  and  A.  Cullis  (2012)  ‘Money  to  burn?  Comparing  the  costs  and  benefits  of  drought 
responses in pastoralist areas of Ethiopia’ Journal of Humanitarian Assistance April 24, 2012. 

Coupe,  S  and  E.  Kisiangani  (2013)  Study  Report  on  The  Effectiveness  of  the  Livestock  Emergency 
Guidelines and Standards (LEGS) in the Horn of Africa. Consultancy Report commissioned by 
FAO Kenya through Vetwork UK, Nairobi. 

LEGS (2009) Livestock Emergency Guidelines and Standards Practical Action Publishing, Rugby. 
Sadler, K., E. Mitchard, A. Abdi, Y. Shiferaw, G. Bekele, and A. Catley (2012) Milk Matters: The impact 

of dry season livestock support on milk supply and child nutrition in Somali Region, Ethiopia. 
Feinstein International Center, Tufts University and Save the Children, Addis Ababa. 

Sphere Project (2011) Humanitarian charter and minimum standards in humanitarian response. The 
Sphere Project, Geneva. 

 

749



 

1 
 

 

Improving Seismic Capacity of New Concrete Ductile Core High-Rises: 
Costs and Benefits of Managing Seismic Risk in the Legal Arena  

M. N. White1, J. D. Osteraas2 

1Law Offices of Mark N. White, Berkeley, California, U.S.A.  E-mail: mark.white@mnwhitelaw.com 
2Exponent – Failure Analysis Associates, Menlo Park, California, U.S.A.  E-mail: osteraas@exponent.com 

ABSTRACT: In San Francisco, Los Angeles, and other urban centers in the western United States, developers are increasingly 
choosing concrete ductile core designs for their new high-rise projects (many are upwards of 40 stories and taller than 240 feet).  
Many of these new designs incorporate only a single system for resisting lateral seismic loading.  This design approach has not 
yet been tested by a significant earthquake in the western United States.  When the expected occupancy use is residential, most 
structural designers use Risk Category II, with an Importance Factor of 1.00.  In contrast, when the structure is expected to be 
used as an office building, many structural designers use Risk Category III, with an Importance Factor of 1.25.  This paper 
discusses the ramifications of using Risk Category III and an Importance Factor of 1.25 for new high-rise residential projects 
employing the concrete ductile core design approach.  Additional costs of increasing the seismic capacity of this system when 
Category III is chosen are analyzed.  The paper also analyzes the expected improved seismic performance in Design Basis 
(“DBE”) seismic events and Maximum Considered (“MCE”) seismic events, and the corresponding reduction of seismic risk in 
the legal arena for the owner of the facility.  The paper demonstrates the substantial long-term benefits that can be derived from 
choosing Risk Category III for these projects. 

Keywords: High-Rises, Risk Categories, Seismic Performance, Legal Liability 

1. INTRODUCTION 

Developers of high-rise towers in San Francisco, Los Angeles, and other urban centers in active seismic zones are faced with 
design choices that have significant ramifications for commercial risk and legal liability.  Before finalizing those design choices, 
developers should understand that their potential legal liability profile will be shaped by the substance of the advice concerning 
expected earthquake performance that they receive from their structural design consultants during the design development phase 
of the project.  Before committing to a specific structural design for construction in the field, developers should engage advisors 
to predict the type of sworn testimony by its design team that a facility owner can invoke to protect the owner’s interests in the 
event the owner’s facility performs poorly in a foreseeable earthquake.  Put another way, before the structural design for the new 
high-rise is finalized, the developer should receive a description of the evidentiary record that its design team is developing 
concerning the seismic capacity of the proposed facility.  This will enable the developer to make a better-informed decision about 
which structural design approach should be selected and how to allocate resources to implement it in the field. 

As high-rise developers increasingly choose concrete ductile core designs for their new developments, they face the seminal 
choice of adhering to the structural requirements for Risk Category III specified by the American Society of Civil Engineers in its 
design standard entitled Minimum Design Loads for Buildings and Other Structures (ASCE/SEI 7-10 (2010)) [1] or the less 
stringent and less costly standards of Risk Category II.  In many municipalities, the choice made by the developer is routinely 
endorsed by the permit-granting authority.  But, as will be demonstrated below, municipal approval at the permitting stage does 
not automatically insulate the developer or the owner from significant commercial risk and extraordinary legal liability should the 
facility perform unsatisfactorily in a foreseeable earthquake. 

 

2. COMMERCIAL CONSIDERATIONS DURING THE DESIGN DEVELOPMENT OF NEW CONCRETE 
DUCTILE CORE HIGH-RISES 

Traditionally, developers in seismically active areas of the western United States selected structural steel designs for their high-
rise projects, many of which were used for commercial purposes.  Since the latter part of the twentieth century and during the 
first decade of this century, developers of residential high-rise towers have increasingly chosen “a substantial concrete shear-wall 
core [design] to provide earthquake resistance.”  [2]  These new residential (and sometimes mixed-use) facilities use “concrete 
core-wall construction without supplemental moment frames in the seismic-force-resisting system” because this design approach 
“can offer advantages of lower costs, faster construction, and more open and flexible architecture.”  [3]  Some leading proponents 
of this design approach refer to them as “concrete ductile core high-rises,” and that terminology will be used in this paper. 

Certain commercial considerations are inherent in choosing the concrete ductile core design approach for the developer’s facility.  
One is that there is a “potential lack of redundancy in the structural system.”  [4]  Put simplisticly, omitting second lines of 
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defense to protect the high-rise tower against lateral seismic demands (such as the “supplemental moment frames” identified 
above) can increase the potential for poor performance during foreseeable earthquakes.  “If the shear wall fails due to unexpected 
loading or unanticipated structural behavior, there is no second line of defense to prevent the tower from collapsing.”  [5]  The 
consequences of loss of structural integrity or, less frequently, collapse, can be devastating for the institutional owner: diminution 
in the value or utility of resources invested in the high-rise; substantial additional resource expenditure for repair or demolition or 
replacement; loss of commercial revenues; defense against legal claims of breach of commercial obligations; defense against 
claims of wrongful death or personal injury; satisfying adverse legal judgments. 

Another commercial concern is that these new tall concrete buildings have not been field-tested in “very long and large 
earthquakes” in urban centers of the western United States.  Because no great earthquake has been experienced “in the mainland 
U.S. in modern times . . . we do not have the evidence to demonstrate the ultimate effectiveness” of the concrete ductile core 
structural design.  [6]   

A third commercial concern is that the structural engineer of record for a high-rise taller than 240 feet in a seismically active 
urban center (e.g., San Francisco and Los Angeles) will not be able to routinely follow the prescriptive provisions of the 
operative municipal building code (usually modelled after the International Building Code (“IBC”)) because most American 
building codes are “based around the dynamic behavior of low- and medium-rise structures, not the more complex dynamic 
behavior of tall buildings.”  [7]  As a practical matter, the developer will usually need to incur the extra expense of paying for a 
“peer review” panel to verify that the structural engineer of record has demonstrated that the alternate design is “at least the 
equivalent of that prescribed in [the local version of the IBC] in quality, strength, effectiveness, fire resistance, durability and 
safety.” [8] [9] 

Administrative Bulletin 83 (AB-083) of the San Francisco Building Code (adopted on March 25, 2008 and updated January 1, 
2014) is the mechanism commonly used to demonstrate to a peer review panel that the developer’s proposed concrete ductile 
core high-rise in San Francisco will have the same seismic performance characteristics contemplated by the IBC.  The structural 
engineer must demonstrate adequate performance of the proposed high-rise in three earthquake scenarios.  First, during a 
“service-level” earthquake (that is, one with a 50% probability of exceedance in 30 years), the “primary structural system is 
required to demonstrate acceptable, essentially elastic seismic performance.”  Id. at p. 83-4.  Only minor damage to the primary 
structural system is allowed.  Second, during a “code-level” earthquake (defined in the second bullet item below, as opposed to 
an earthquake with a 10% probability of exceedance in 50 years, traditionally referred to as a “Design Basis Event”), the primary 
structural system must be shown to adhere to the “story drift ratio limitations of the San Francisco Building Code,” among other 
things.  Id at p. 83-4.  Third, during a “Maximum Considered Earthquake” (“MCE” as defined in ASCE 7-10, Chapter 21, 
replacing the traditional definition based upon a 2% probability of exceedance in 50 years),  “Calculated force and deformation 
demands on all elements required to resist lateral and gravity loads shall be checked to ensure they do not exceed element force 
and deformation capacities.”  Id. at p. 83-7.   

San Francisco’s AB-083 was and is based, in large part, on the design recommendations presented in the Tall Buildings 
Initiative: Guidelines for Performance-Based Seismic Design of Tall Buildings (“PEER TBI”).  [10]  The TBI design 
recommendations are intended to satisfy the following performance capabilities specified for Risk Category II structures in 
ASCE 7-10 [11]: 

• withstand Maximum Considered Earthquake shaking, as defined in ASCE 7, with low probability (on the 
order of 10%) of either total or partial collapse; 

• withstand Design Earthquake shaking, having an intensity two thirds that of Maximum Considered 
Earthquake shaking without generation of significant hazards to individual lives through design measures 
intended to assure that nonstructural components and systems remain anchored and secured to the structure 
and that building drifts are maintained at levels that will not create undue hazards; and  

• withstand relatively frequent, more moderate-intensity earthquake shaking with limited damage. 

Although the starting point for the PEER TBI guidelines is the assumption that high-rises will be required to meet the threshold 
performance requirements for Risk Category II structures, they also contemplate that for some structures it “may be desirable . . . 
[for the design] to achieve performance superior to” that required for Category II structures.  [12]  ASCE 7-10 Risk Category III 
design standards are one collection that would yield better performance in new concrete ductile core high-rises.  For instance, 
when calculating the minimum design load for a Category II structure, the “Seismic Importance Factor” value is 1.0; for a 
Category III structure, a higher design load is calculated because its “Seismic Importance Factor” is 1.25.  [13]   

According to Table 1.5-1 of ASCE 7-10, the definition of a Category III high-rise is one “the failure of which could pose a 
substantial risk to human life” or one “with potential to cause a substantial economic impact and/or mass disruption of day-to-day 
civilian life in the event of failure.”  Table 1604.5 of the California Building Code provides non-exclusive examples of Category 
III facilities, but specifies (like ASCE 7-10) that structures should be classified as Category III if they “represent a substantial 
hazard to human life in the event of a failure.”  Section 1.5.1 of ASCE 7-10 states “Each building or other structure shall be 
assigned to the highest applicable risk category or categories.”  The Commentary to ASCE 7-10 states that risk categorization 
should be “based on the number of persons whose lives would be endangered or whose welfare would be affected in the event of 
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failure.”  [14]  According to Figure C1-1 in the ASCE 7-10 Commentary, if the number of persons directly at risk exceeds a few 
hundred, the facility should be classified as Category III. 

As a practical matter, if the structural engineer is able to satisfy the structural capacity requirements associated with Risk 
Category III, then a reasonable expectation will follow that the probabilities favor the Category III structure to perform 
acceptably during foreseeable earthquakes compared to a Category II structure.  This is illustrated in Table C.1.3.1b of the 
Commentary to ASCE 7-10 at page 316: in an MCE earthquake, the likelihood of “total or partial structural collapse” is 10% for 
Category II structures and 6% for Category III structures; similarly, in an MCE earthquake, the likelihood of “failure that could 
result in endangerment of individual lives” is 25% for Category II structures and 15% for Category III structures.  It is reasonable 
to expect Category III structures to perform better in design earthquakes as well, with less structural damage.   

Review of San Francisco Department of Building Inspection records indicates that most new office towers in San Francisco are 
being designed to meet Risk Category III requirements, while most new residential towers in the same San Francisco 
neighborhoods are being designed to meet Risk Category II requirements. 

What are the expected cost consequences of using Risk Category III instead of Category II for a new concrete ductile core high-
rise, say 15-40 stories tall, built on non-fill soil in San Francisco?  Review of recently completed designs that have been approved 
by San Francisco’s Department of Building Inspection indicate that the price differential for additional steel and concrete should 
be on the order of three to five percent of total project costs.    

3. RAMIFICATIONS OF DESIGNING NEW CONCRETE DUCTILE CORE HIGH-RISES TO MEET 
RISK CATEGORY III PERFORMANCE STANDARDS. 

Research at the Pacific Earthquake Engineering Center indicates that over intermediate time frames (e.g., 50 years), compared to 
lesser design approaches, certain structural systems will prove far more resilient and much less costly to repair when exposed to 
foreseeable moderate earthquake demands; and the savings usually are far in excess of the three to five percent (or more) of 
additional construction costs that may be required for the better system during original construction.  [15]  It is reasonable to 
assume that the same will be true when the direct and indirect costs of earthquake repair for Risk Category III structures are 
compared to those of Risk Category II structures over the next 50 years and beyond.  It is highly likely that Risk Category III 
structures will provide a better return on investment than Risk Category II structures if both are exposed to moderate, strong or 
severe earthquakes in San Francisco and Los Angeles during their service lives. 

In the legal arena, the owner who has chosen to pursue the Risk Category III design path should be better able to reduce his or her  
possible exposure to legal liability for unsatisfactory seismic performance because the owner may be in a better position to 
demonstrate that he or she reasonably relied upon the technical advice of a competent structural consultant.  In California, for 
instance, the basic rule of tort liability for property owners (including an owner of a new concrete ductile core high-rise) is that 
the owner must use ordinary care in the management of his or her property to prevent injury to another.  [16]  This means that the 
owner of a concrete ductile core high-rise must act to prevent unsatisfactory seismic performance that may result from 
foreseeable earthquakes.  Unsatisfactory performance in a downtown San Francisco concrete ductile core high-rise could well 
include a hypothetical partial collapse causing serious injury and death to visitors when the facility is exposed to peak ground 
acceleration on the order of .27 gravity (most structural consultants would not expect to see partial collapse at that level of 
ground-shaking).  In California’s leading legal precedent concerning owner liability for poor seismic performance, the California 
Court of Appeal ruled that the test for the trier of fact (often a jury) is whether the owner has acted as a reasonable person in view 
of the probability of injury.  Myrick v. Mastagni (2nd District 2010) 185 Cal App. 4th (2010).  

In the Myrick case, the owners of a commercial building were found liable for the deaths of two women who were struck by a 
collapsing roof during moderate shaking during the 2003 San Simeon earthquake.  A jury required owners to pay $2 million in 
compensation mainly because the owners failed to act promptly to increase the seismic capacity of their building (by retrofit) 
after becoming aware of its seismic vulnerability.  The owners appealed on the theory that they had no duty to retrofit until 2018, 
the deadline established by local municipal ordinance and, as a matter of law, owners’ duty “was limited to compliance with the 
ordinance.”  The appellate court rejected that argument, reasoning that in California the “general rule is that statutory compliance 
is not a complete defense in a tort action.”  Among other things, “a statute, ordinance or regulation defines a minimum standard 
of conduct” and mere adherence to that minimum standard “does not preclude a finding that a reasonable person would have 
taken additional precautions under the circumstances.”  Myrick, supra,  6 Cal 4th 539, 547-548.  

In our hypothetical collapse scenario, the owner would likely not avoid a jury trial by arguing, as a matter of law, that he or she 
was insulated from liability for wrongful death or injury simply because owner chose to develop the high-rise as a Risk Category 
II structure in accordance with AB-083 and California’s Building Code, as adopted by San Francisco.  These most likely would 
be treated as “minimal standards” by the trial court and the jury would be authorized to consider whether “additional precautions” 
should have been taken in order to satisfy the “reasonable person” standard of care.  Ordinarily, owner and his consultants would 
be required to testify as to how owner relied upon the advice of the consultants concerning which performance standards, Risk 
Category II or III, were selected.  Common sense dictates that if all other factors are held constant, the legal exposure of the 
owner who relies on his or her consultants to choose Category III standards will be more favorable to owner than if he or she 
chooses Category II standards.  In most instances, the difference in legal exposure alone will be well worth the expected three to 
five percent increase in original construction costs.   
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4. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION            
AND CONCLUSIONS 

The seismic capacity of new concrete ductile core high-rises will be increased if owners choose to have their structural 
consultants develop designs to meet ASCE 7-10 Risk Category III performance criteria instead of Risk Category II criteria.  The 
extra original construction costs associated with the increased seismic capacity should yield advantageous reductions in repair 
costs and beneficial reduction in legal exposure for owner over the medium-term in light of the foreseeable seismic demands to 
which the high-rise will be exposed.  In addition, risk of wrongful death and serious personal injury to visitors, inhabitants and 
other third parties will be reduced.  As a policy matter, community resilience should be enhanced by adhering to Risk Category 
III.  Additional technical research into the nature of cost increases associated with choosing Risk Category III over Risk Category 
II (mostly concrete and steel) would help owners quantify the differences in the two design approaches.   
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aerial view of Brooklyn Navy Yard beyond Brooklyn and Manhattan Bridges 
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1. INTRODUCTION 

With the withdrawal of industry and shipping from New York's urban waterfront as well as pressure to transform the harbor zone 
with both public and private functions, many high-value coastal sites are in a process of opening up along the metropolitan 
waterfront for potential future development. Such low-lying territories are emblematic of a global trend toward developing urban 
coastlines. These high value areas which are extremely vulnerable to storms and flooding present both an opportunity and a 
challenge for land use in these types of areas. To realise their full potential, a combination of effective disaster mitigation 
measures combined with the flexible realisation of long-term public and private development is required. 

How do we approach such vulnerable areas in such a way as to reconcile development pressure with the necessity for climate 
resilience? Within the framework of a 3-week interdisciplinary urban design studio conducted from June - July 2013 with twenty 
architecture students from the Bern University of Applied Sciences in cooperation with the Brooklyn Navy Yard Development 
Corporation, proposals were investigated which focused on flood mitigation strategies as drivers of design for the sustainable 
transformation and expansion of the Navy Yard's creative industrial economic base and as a viable basis for the introduction of 
public waterfront spaces for the New York City community. 

The conducted design research suggests that the future conception, planning, phasing, realisation, and operation of such areas 
must not necessarily represent an insurmountable conflict with the need for risk reduction but rather reveals possibilities for 
alternative site development concepts driven by disaster mitigation strategies. 

1.1 Climate-based challenges to urban environments 

As the number of people living within low-lying coastal regions continues to increase, the risk for inhabitants and the built 
environment due to rising sea levels and increasingly violent weather will increase as well. Three-quarters of the world's so-
called megacities are located within coastal areas and are home to 45 percent of the world's population. The population of coastal 
zones is increasing faster than any other region on earth and the development of the physical environment in these areas is 
correspondingly rapid (Schäfer, Söding, Zeller, p. 68). Coastal zones are sites where the consequences of climate change are most 
radically felt and paradoxically a zone of increasing human use and habitation. In addition, coastal areas are host to an 
increasingly large percentage of the world's industrial and commercial economic productivity and as such are stages for intense 
investment and competition for use of its rich resources. Although this zone only constitutes 2 per cent of global land areas, it is 
inhabited by 10 per cent of the global population and by 13 per cent of the world's urban population (Anderson, Balk, 

754



  

McGranahan, 2007, p. 17). 

Over one billion people now inhabit low-lying coastal zones with a majority of these areas in Asia. In many countries including 
China, urbanization is driving a significant population migration towards the coast. Current estimates indicate that more than 200 
million people live in coastal areas less than 5 meters above sea level. This estimate is predicted to increase to more than 400 to 
500 million by the year 2100 (Schäfer, Söding, Zeller, 2010, p. 68). 

The effects of tides, combined with large amounts of water and waves from storms make coastal areas some of the most at-risk 
areas when it comes to flooding. New York Harbor has risen 38 centimeters in 150 years, and 10-15 centimeters just since 1960 
(Bidell, Bloom, LaManna, Their, 2010, p. 6). As recent events have clearly demonstrated, rises in sea level will dramatically 
affect not only low-lying coastline properties but vast areas of the urban interior as well. Climate scientists and meteorologists are 
in widespread agreement that sea levels will continue to rise and that extreme weather events will become increasingly common. 
This suggests that the "100-year storm" might occur far more frequently and with correspondingly higher intensity than has been 
previously assumed. This development is expected to intensify and will have profound effects on the conception and 
development of our built environment. Assuming even the lowest levels of projected sea level rise within the 21st century, 
current data indicates that potentially ten percent or more of the world's current population could be directly affected 
(Richardson, 2009, p. 10). Coastal cities are currently confronted with challenges that demand unique sets of adaptation and 
mitigation strategies as a result of their population density in low-lying areas, interwoven regulatory jurisdictions, and the 
complex infrastructure on which they depend (Rosenzweig, et. al. 2011, p. 94). 

1.2 New York City harbor zone 

New York City is currently in the process of transforming large portions of its waterfront territory for commercial and residential 
development, modernizing outdated urban infrastructure and developing large areas as public space. These transformations 
represent a critical aspect of New York CIty's strategy to remain attractive as a global urban center.  

Since the publication of Climate Change and a Global City: The Potential Consequences of Climate Variability and Change, part 
of the U.S. National Assessment of Climate Variability and Change (Rosenzweig and Solecki 2001) and other scientific reports, 
increased rates of sea level rise and intensified coastal flooding have become issues of urgent attention for New York City and 
the entire metropolitan region. Not only will New York City be affected by sea level rise over the coming century, it is already at 
risk of flooding from catastrophic storms. Port facilities, major transportation infrastructure, coastal communities, and high rise 
commercial and residential real estate are all subject to the effects of extreme winds and flooding. According to the OECD, in the 
absence of increases in the level of flood protection which might exceed a 100-year event, current New York City buildings, 
infrastructure and utilities - currently valued at approximately 320 billion dollars - will be worth an estimated 2 trillion dollars by 
2070. Based on such estimates, New York City is ranked third worldwide in terms of exposed assets after Miami, Florida (USA) 
and Guangzhou, China.  (Nicholls, R. J. et al, 2008, p. 31).  

New York City's planning authorities have recognized the challenges facing current and future development in flood-prone areas. 
Guidelines and research studies produced within the past few years seek to identify possible strategies to protect such areas from 
future damage, thereby ensuring both the continued operation and flexible development of this type of urban environment. With 
approximately 600 miles of coastline, such dense and complex urban environments are already vulnerable to significant damage 
from climate- related events.  

2. HYPOTHESIS 

Waterfronts are attractive areas for many—often competing—uses in urban environments and are seen as desirable locations for 
economic, environmental, and social activities. These urban harbor zones and their adjacent territories - conceived and built in 
both the distant and recent past and currently being redeveloped for a multitude of new uses - are no longer equipped to protect 
inhabitants and physical assets from the effects of storms and flooding. 

The City of New York as well as the private and commercial sectors manages a huge portfolio of such areas whose development 
will have far-reaching consequences for the economic development and social life of the city for decades to come. Competing 
interests makes solutions which are acceptable to a broad range of stakeholders increasingly difficult. Infrastructural and 
logistical needs of the metropolitan harbor increasingly collide with the demand for leisure and residential areas required for a 
dense population of urban dwellers. To capitalize on the potential that these waterfront areas represent, storm protection measures 
might begin to be considered as an integral part of the physical construction of commercial, public, or private coastal areas and 
thus enable multifunctional synergies to emerge based on composite structures which integrate storm protection with public and 
other functions. Such structures could be developed to accommodate complex patterns of use, increase functional flexibility, and 
support the allocation of resources for different scenarios at multiple scales. 

The possibility of such constructions represent an antipode to typical object-based strategies and could be understood as a 
proposition that the design of sites does not designate an exclusively preparatory procedure for constructive intervention, but 
rather the identification of convergences between infrastructural, landscape, and architectural environments themselves. It is 
hypothesized that such composite constructions - operating simultaneously at multiple scales for protection and as a generator of 
urban qualities - represent a possible alignment of the need for protection with the possibility for adding spatial and function 
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qualities to the urban environment. In this manner, strategies to increase urban coastal resiliency might represent a new chance to 
reconsider the urban quality of coastal areas. Additionally, the need for scalable protection capacity and provisions for adapting 
to uncertain climate scenarios might guide short-, medium-, and long-term urban development processes within these zones. The 
conceptual, programmatic, and physical merging of climate protection measures with commercial and public areas suggests a 
form of hybrid territory which could create synergies between public, private and commercial interests within the framework of 
contemporary urban transformation. 

3. GOALS 

Workshop goals were aimed at: 

-  Developing possible processes and methods for using climate-resilience/storm-proofing as a driver for design from 
 architectural to urban scales. 

-  Approaching climate-resilient development strategies as an integral approach constituted from different disciplines 

-  Developing an understanding of possible development strategies to reduce climate vulnerability at large-scale coastal 
 urban sites, while simultaneously considering the integration of civic space within an industrial perimeter.  

-  Testing new spatial paradigms in endangered coastal urban contexts with the aim of enabling future urban adaptive re-
 use developments which take scalability, functional flexibility, spatial identity, community participation and future 
 uncertainty into account.  

-  Defining possible evaluation criteria for urban proposals based on a complex set of performance parameters as it  pertains 
 to issues of individual safety, building resilience, financial feasibility, community participation, logistics, 
 organisation and communication. 

-  Understanding the concerns of different stakeholders (legal, investment, management, community, city planning) at all 
 stages of the development process to strengthen the political viability of proposed solutions. 

4. TASK DESCRIPTION - SCOPE OF RESEARCH-BY-DESIGN WORKSHOP 

4.1 site constructions - Brooklyn Navy Yard as an Urban laboratory  

The studio workshop was conceived as an urban laboratory for the documentation, analysis, schematic design, evaluation and 
communication of contemporary conditions and possible schematic development scenarios at the Brooklyn Navy Yard, a large-
scale industrial park on Brooklyn's East River waterfront.  

The site is currently undergoing a rapid and large-scale expansion as part of a larger strategy to promote industrial enterprise and 
strengthen the creative industrial sector. In addition to its industrial functions, the Navy Yard occupies large undeveloped areas 
with potential for future development as green spaces, additional manufacturing facilities, educational facilites, and public 
waterfront space.  
 

 
map of Brooklyn Brooklyn Navy Yard showing flood zones, 2013 
source: FEMA 
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Studio investigations focussed on the further development of the Navy Yard as an industrial park, as an integral part of the 
greater Downtown Brooklyn waterfront community, and as an identifying element for the local and regional community as it 
pertains to the larger collective zone along the Brooklyn waterfront. 

Although the Brooklyn Navy Yard has established itself as a center for the development of sustainable technologies, the question 
of climate resilience as it pertains to the future development security and the attendant longterm value of the Navy Yard 
perimeter has not been as thoroughly addressed. Parallel to research being conducted by state and national climate agencies as 
well as private and public research institutions, the Navy Yard is currently thematising critical issues raised by rising sea levels 
and increasingly violent weather as a series of challenges which must be urgently addressed. The protection and adaptation of 
existing structures and areas as well as the development of site and building strategies for future construction constitute measures 
to ensure the continued development security of the Navy Yard in the future. 

Studio proposals were evaluated as interrogations of the potential of composite design strategies to alleviate storm impact 
through various urban interventions such as buildings as barriers, absorptive green spaces, shoreline barriers, floating structures, 
and elevated public spaces. Concepts were developed by multiple teams and evaluated through the analysis of existing patterns of 
use and the development of new scenarios - with a focus on the capacity of planning proposals to support Navy Yard operation - 
for four different sites currently under consideration by the Navy Yard's operator, the Brooklyn Navy Yard Development 
Corporation. The workshop thematized possible climate-resilient development strategies for existing and future light-industrial 
construction as well as the introduction of a range of public spaces and functions. Studio investigations addressed questions of 
area and building performance as it pertains to the organization, processes, structure, programming, spaces, and communication 
within and beyond the Navy Yard perimeter.  

5. METHODS 

The workshop was conceived as a design research studio focussing on project-based learning. Project phases included analysis 
conducted by the entire studio, individual field study, thematic excursions, faculty and external expert inputs, communication 
with local stakeholders, the development of site-specific proposals by separate teams, and regular presentation discussions 
involving all teams as well as invited experts and BNYDC representatives. 

Project teams were asked to define tasks and goals by developing prototypical performance specifications for four different sites 
as well as a range of concepts and proposals which would consider climate resilience as the basis for a wide range of possible 
public, private and commercial functions. SWOT analyses conducted by each design team constituted the basis for deriving 
approximate vulnerability profiles and a catalogue of possible partial strategies. A matrix of partial solutions based on possible 
divergent scenarios formed the basis for programmatic distributions and volumetric dispositions on the sites. Final development 
proposals resulted from evaluations of the network of effects generated by specific combinations of partial strategies resulting 
from SWOT analyses.  

5.1 Evaluation criteria 

Based on project goals, criteria were selected as a basis for the iterative evaluation and revision of proposals:  

 (a) Object protection Flood-resistant construction, hydrodynamic building form, roof surfaces as retention resevoirs,  
   emergency circulation, elevated building infrastructure.  

 (b) Area protection  Permeable surfaces, water routing , natural elements for wave force dissipation  
   and support of river ecology.  

 (c) Public space  Access / qualities of public space, public access combined with maintenance of  
   Brooklyn Navy Yard security perimeter. 

 (d) Context  Integration with existing projects and programs, applicability for multiple scenarios, integration  
   within an adaptive, multi-scalar, multi-strategy approach, social / political viability, economic  
   viability (PPP, local, state and federal funding), scalability, adaptability, ecosystem support,  
   transferability to other susceptible regions. 

 (e) Process  Stakeholder integration, project phasing.  

(f) Urban quality  Added value for Brooklyn Navy Yard and for New York City urban environment  
   functional flexibility, multiple functionality - public/commercial/private, programmatic relevance  
   to local and regional context, identity, communication and meeting zones. 

 (g) Scientific value  Plausibility, validatability. 
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6. FINDINGS - STUDIO DESIGN RESEARCH CASE STUDIES  

Based on evaluations of final project proposals, the following summary of findings may be formulated: 

6.1 storm resilience 

-  Although object-based flood protection strategies including retrofitting of buildings are effective and appropriate in some 
 cases, larger-scale public waterfront amenities can more effectively support urban flood protection if strategies can be 
 applied across multiple property borders. Such measures require consensus-building and appropriate legal frameworks to be 
 viable. 

-  measures to dissipate wave force offshore can be an effective strategy in protecting resources and afford unique 
 opportunities for public areas but must not interfere with dense patterns of existing river traffic. 

-  elevated and decentralized/autonomous building services can effectively increase operating security at critical sites. 

-  Flood mitigation can be positively supported by non-technological means (surface modelling, porous surfaces, building 
 form etc...) although some measures might be of limited effectiveness in the case of extreme climate events. 

6.2 public waterfront access 

-  The Downtown Brooklyn community as well as the City of New York has a strong interest in introducing and expanding  
 public waterfront access adjacent to existing neighborhoods.  

-  For Significant Maritime and Industrial Areas (SMIA) as well as Industrial Business Zones (IBZ) such as the Brooklyn 
 Navy Yard, the secure and continuous operation of critical New York City river infrastructure and Navy Yard site 
 infrastructure is a critical requirement for operation. Additionally BNYDC has an economic mandate from New York City 
 for the support and expansion of urban manufacturing. Design proposals addressed the question whether the introduction of 
 public functions into the Navy Yard perimeter could compromise a stated necessity for limited and controlled perimeter 
 access. 

6.3 Common ground 

-  Currently, the BNYDC operates the Navy Yard as an industrial park. Developments such as the Brooklyn Greenway and 
 future developments such as a planned large media campus will increase the need for public space as an 
 interaction and recreational zone on the site. Such developments suggest that new ways must be found to combine public 
 and commercial functions in these types of areas. 

-  There is an explicit desire among Navy Yard industrial tenants to have access to on-site exterior recreation and meeting 
 areas. Such areas could increase the attractiveness of the site for potential companies and increase Navy Yard 
 competitiveness by supporting creativity and innovation through meeting and interaction zones on the site. 

-  Flood protection measures can positively support community-building by affording opportunities to establish new types of 
 public urban space for metropolitan neighborhoods and for interaction zones for local tenants.  

-  The establishment of public and internal communication zones as public space can serve to establish and strengthen 
 connections between the Brooklyn Navy Yard and the local community. 

6.4 Identity of place 

-  Local manufacturing and recreational sites can assume unique characteristics as individually identifiable places and as 
 integral parts of larger, coherent urban contexts through the combination of specific flood-protection strategies at multiple 
 scales. 

6.5 Stakeholder interests 

-  Consensus-building and regular and transparent communication with local communities represents an important aspect in 
 gaining acceptance for the conception, planning, and operation of large-scale flood protection measures which require a 
 consideration of flooding dynamics that extend beyond the site perimeter. 

-  Issues of individual legal responsibility and risk distribution for tenants, site owners, facility managers and the city of New 
 York must be clarified to encourage investment in integrated flood-mitigation strategies across large sites from multiple 
 stakeholders. 
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7. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

7.1 Support for implementation of Hyogo guidelines and strategies 

Based on the Hyogo Framework for Action 2005-2015, design research presented here seeks to support the implementation of 
guidelines and strategies in the following areas: 

 (a) Education and training  Integration of flood mitigation strategies into architectural design and construction programs. 
   Strengthening of interdisciplinary curricula/course offerings between engineering and architecture. 
   Shifting climate-resilient design from the primarily technical into the cultural domain as a driver of  
   our built environment. 

 (b) Design criteria   The Design of urban environments for disaster mitigation must be evaluated not only according to  
   effective levels of protection offered but also according to scenarios based on uncertainty factors,  
   measurability benchmarks for effectiveness at multiple scales, and the capacity of non-  
   professionals to rapidly implement measures locally. 

(c) Asset protection  By working directly with the Brooklyn Navy Yard Development Corporation in the preparation,  
   operation, and evaluation of workshop results, it was possible to thematise and prioritise   
   vulnerability reduction issues which need to be urgently addressed by similar coastal asset  
   operators throughout the region. 

 (d) Financing concepts  Funding for disaster mitigation strategies might be partly supported through the realisation of  
   public and commercial projects which are physically integrated into coastal protection proposals.  
   Through public-private partnerships, tax incentives or insurance rate reductions, insufficient  
   development budgets could be increased. 

7.2 Areas which should be given additional consideration within the Hyogo Framework for Action 

Based on the Hyogo Framework for Action 2005-2015, it is recommende that additional consideration be given to the following 
areas: 

 (a) Urban quality  The deployment of flood protection measures to increase the quality of the physical environment  
   during non-emergencies. 

 (b) Urban nature  Integration and expansion of natural environments as soft infrastructure for flood mitigation 
   Investigations pertaining to the combination of natural and urban environments as a possible  
   strategy to re-introduce nature-based areas into urban environments and to support local ecosystems 
   in a manner which also strengthens flood mitigation. 

 (c) Protection for industry Strengthening disaster mitigation for economically critical sectors operating in coastal zones 
   Increasingly, light creative industry is located in former heavy manufacturing zones in coastal river  
   zones in New York City. Since these areas are vital to the future of the metropolitan economy, it is  
   important to support the creation of disaster-resilient zones for such assets. 

8. CONCLUSIONS 

Conclusions resulting from the workshop may by summarized as follows: 

8.1 Planning and construction 

-  Protection measures are not separate from architecture or urban design. They are an integral part of its conception, 
 planning, execution and operation and represent a unique chance to develop some of our cities most desirable urban 
 environments in a manner which will sustain future climate changes. The introduction of measures to strengthen urban 
 resilience is a chance to add new qualities to the urban waterfront which will increase its robustness and its physical and 
 functional attractiveness as an urban environment. To ensure future climate resiliency, coastal areas might be addressed as a 
 protective buffer zone with the possibility for integrating a multiplicity of new public, private, and commercial uses. 

-  Isolated object protection measures can be effective and allow for private investment in damage prevention. 

-  Area protection measures can be effective if conceived as part of a medium- or long-term integral risk-mitigation strategy. 
 Appropriate funding strategies must be defined which distributes financial responsibility in an equitable manner among 
 stakeholders. 

-  Buildings designed as barriers can effectively protect part of an endangered perimeter if combined with complementary 
 measures. 

-  Waterfront zones should be assessed relevant to their capacity to protect not only their own perimeter but also inland zones. 
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8.2 Process 

-  The transformation of urban industrial waterfront areas requires a multidisciplinary approach including actors and experts 
 from a wide range of different sectors as well as politicians and local communities to reconcile both public and private 
 economic investment with flood-protection strategies and long-term civic benefit. 

-  Protection proposals resulting from potential synergies between architecture, infrastructure and landscape suggests the 
 necessity for interdisciplinary planning processes. 

-  Development proposals cannot be either additive or simply aggregated layers but must should strive for integral, adaptable 
 and scalable system which are adaptable to a wide range of possible ecological, economic, political, social, and 
 technological scenarios.  

-  Integrative flood protection can be positively influenced by stakeholder participation if actors are able to participate in 
 development processes at an early project stage. 

-  effective, transparent and regular communication between all stakeholders as essential to building trust and establishing a 
 common approach to risk protection. 

-  Although protection strategies can prevent damage from storms in many cases, the necessity of permanently abandoning 
 flood zones in certain areas must be considered as a possible future urban transformation scenario. 

8.3 Tools 

-  Tools such as flood maps must also be created for detailed areas in endangered zones and updated on a regular basis. Such 
 maps can be part of decision-making processes, for example as it pertains to construction investments, the geographic 
 distribution of emergency services, determination of insurance rates, or long-term spatial planning strategies.  

8.4 Organisation 

-  Object protection must be realised in coordination with specific regional constructive, organisational and logistic measures 
 as a system of protection. 
-  climate-resilient development is a strategic and not primarily a building process. In many cases it might be appropriate to 
 supplant constructive proposals with non-building oriented risk management strategies. 
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BNYDC  - Brooklyn Navy Yard Development Corporation  
 
FEMA  - Federal Emergeny Management Administration 
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IBZ - Industrial Business Zone 
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ABSTRACT: The massive, government-led, short-term post-disaster reconstruction conducted after the Wenchuan earthquake 
that took place in the province of Sichuan, China on May 12, 2008, produced enough housing and sound infrastructures for the 
earthquake survivors, however there was a priority given predominantly to the physical reconstruction, without as much attention 
being given to the social rehabilitation dimension. Hence, the lack of synchronization and imbalance between physical and social 
reconstruction resulted in most earthquake survivors not easily and smoothly being able to attach to their new environment; they 
had a difficult time establishing a sense of home in the new setting after their relocation. Based on this phenomenon, this paper 
presents how post-disaster reconstruction (particularly in China) could be improved upon by utilizing (in the planning, design and 
construction of the new settlement) the survivors’ social and individual memories. Focusing on the memory workshops and walk-
along interviews with the local earthquake survivors that took place in the field, this paper uses the method of storytelling to 
examine memory’s function in the earthquake survivors’ relocation process by portraying how memory informed survivors 
during each of the phases of reconstruction. During the emergency phase, the earthquake survivors’ memories of past disasters 
reminded them of how they, and their predecessors, responded to and survived disasters in the past. During the reconstruction 
phase, survivors’ memories of their original town helped them to transform the new community after their relocation. During the 
long-term recovery stage, the feelings of homesickness and uprootedness influenced some of them to decide to return to their 
original home location. Consequently, this paper argues that the local earthquake survivors’ memories of their everyday lives and 
their use of spaces in their original home and place provided means to support their social reconstruction process after their 
relocation, especially assisted them to attach to their new dwelling and redevelop a sense of place.  

Keywords: Physical reconstruction, Social reconstruction, Social and individual memories, Sense of place  

1. INTRODUCTION 

Many cities, towns and villages in Sichuan Province, China, were severely damaged by the earthquake that struck with a 
magnitude of 8 on the Richter scale, on May 12, 2008. The quake was followed subsequently by strong aftershocks. To aid the 
reconstruction of these areas, the Chinese government decided to invest 772 billion USD in a post-disaster reconstruction project, 
projected to take four years, which has provided a great opportunity to redevelop the damaged cities, towns and villages, as well 
as assist those people who survived and suffered from the earthquake. (“Wenchuan Earthquake,” n.d.) 

The stated purpose of post-disaster recovery and reconstruction is to aid victims to return to normal life, in both its physical and 
psychological dimensions (Tibbalds, 1984; Mileti, 1999). Chinese government built plenty of modern residential communities in 
the quake-hit rural area. Most of earthquake survivors mandated to relocate to these “modern” residential communities. Since 
May 2009, one year after the Wenchuan earthquake, I have spoken with more than 200 earthquake survivors about their new 
situation. My initial perception upon hearing the survivors complain about their new environment was that all of them have 
continued to have strong emotional ties to their original home and place and that their complaints showed that they did not feel a 
“sense of home”, which is very familiar in their original home, in their new communities. This has directed my research towards 
investigating how the earthquake survivors’ place experience of their original dwellings and place might affect their adjustment 
in the new place after being resettled in the new communities. 

2. SENSE OF HOME AND MEMORY OF HOME  

Generally speaking, people living in a place, attach to that place and identify that place as their home. In doing so, they feel the 
“sense of home”. This process of the creation of the “sense of home” could be described as attachment to a place that is identified 
as one’s home (Marcus, 1995). The “sense of home” mentioned by the earthquake survivors included feelings that establish their 
emotional connections to their original home and place (Marcus, 1995). After their relocation, the creation of emotional 
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connections to their new town or place was not initially strong enough to offer them that “sense of place”, so most of them were 
not comfortable. 

Sense of place (home) is the result of people’s experience and understanding of their living surroundings. This place-related 
experience, including their daily life and use of spaces in their original home, is reflected as their memory of their original home. 
Hence, in the context of the dramatic physical changes which occurred in a short period of time attributed to the swift physical 
reconstruction, how did the earthquake survivors’ memories of daily life and use of spaces in their original hometown influence 
their post-earthquake relocation and reconstruction? 

3. RESEARCH METHODOLOGY  

Quality research method was conducted in this research. In order to uncover what the function was of the earthquake survivors’ 
memories of daily life and use of spaces in their original hometown and how played in the process of their relocation, I invited 
the earthquake survivors, from twenty-nine villages and towns in the quake-hit rural area to participate in memory workshops and 
individual walk-along interviews. The memory workshop gathers a group of participates to “interact and engage in remembering 
through the use of verbal and visual art forms” (Riaño-Alcalá, 2000: 30), in order to uncover their common memories regarding 
their hometown. Walking interviews were conducted individually in the new town and/ or in the old town. Through asking 
questions and observing, I learned about people’s experiences of place and how their memories of their hometown affected their 
lives in the new town.  

According to Rabinowitz (2012), I brought together six to fifteen (6-15) local people in my workshops. The methods that were 
applied during the memory workshop included several group activities, such as a story-telling activity and a group drawing of a 
memory map. At the end of the workshop, I requested that each participant schedule a time for an individual walk-along 
interview, in the new town and/or in the old town, if they were interested in doing so, at their convenience. Totally, 129 
earthquake survivors from Sichuan Province participated in the study. In the 19 workshops conducted in 18 different settings, 115 
participants took part. Some of the people (52) who participated in the workshops also participated in the individual walk-along 
interviews. 

4. MEMORY’S ROLE IN THE THREE STAGES OF POST-DISASTER RECONSTRUCTION  

Since the entire post-disaster reconstruction and recovery is a “complex”, “multidimensional” and “nonlinear” process (Johnson 
& Hayashi, 2012), in this paper, in order to clearly represent the chronological process of the reconstruction and recovery that 
took place, I used Kamel and Loukaitou-Sideris’s (2004) method of dividing of the entire process into three stages: “emergency”, 
“reconstruction” and “long-term recovery”. However, the chronological course of the post-disaster reconstruction and recovery 
cannot be clearly delineated and there is overlap among all three stages (Johnson and Hayashi, 2012).  

The emergency stage, “starts immediately after a disaster hits” and ends “when no more search-and-rescue operations and 
evacuation operations are conducted” (Kamel and Loukaitou-Sideris, 2004: 534). Right after an earthquake hits, the survivors’ 
basic living needs, such as immediate shelter, food and fresh water, should be met. The reconstruction stage, begins from the 
end of the emergency stage and is completed when most of the damaged structures are either finished being completely 
demolished or safely rebuilt and when the assistance in reestablishing the local people’s daily life to basic survival levels has 
been completed (Hass, Kates and Bowden, 1977; Schwab and American Planning Association, 1988; Arnold, 1993; Kamel & 
Loukaitou-Sideris, 2004). The long-term recovery stage, in the final period of any disaster, takes place within the “larger social 
and political contexts” (Kamel and Loukaitou-Sideris, 2004: 535). The long-term recovery phase should also provide an 
enhancement of the quality of life.  

4.1 Emergency phase: memory of the disaster and immediate survival 

Immediately after the Wenchuan earthquake, the Chinese government utilized helicopters to airdrop drinking water, food, tents, 
bedding, clothing and other necessities of life to the quake-hit areas, in order to ensure the local survivors’ essential daily 
requirements. However, some villages and towns, which lost all contact with the outside world from the moment of the 
earthquake, due to the complete destruction of their infrastructure systems, were could not be approached from the outside. 
Furthermore, after several profound aftershocks, the local geographical conditions became increasingly unstable and unsafe. 
Mountain landslides and other secondary disasters were triggered by even small aftershocks. These secondary disasters were 
extremely dangerous, constantly threatening the earthquake survivors’ lives, as well as the lives of the rescuers. Hence, the 
earthquake survivors in these areas needed to relocate to a safe place at once.  

Some local seniors recalled several disasters, including earthquakes, floods and landslides that occurred during their hometown’s 
history. They remembered where the greatest destruction took place from these previous disasters, where was the safest places 
were and where to go to find water and food. Place memories marked the local geographical sites that were unstable and 
unsuitable for safe habitation. These memories offered historical experience learned through surviving past disasters. The 
historical experience passed down through oral history helped people knows important information that supported their lives 
during the emergency stage. 
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4.2 Reconstruction phase: memories of the original town assist survivors to transform the new community 

Once the earthquake survivors were relocated into the new communities, it took a certain amount of time for them to become 
familiar with their new environment and build emotional attachment to it. The development of this emotional relationship was 
dependent upon the quality of the survivors’ interactions with their new surroundings. 

The survivors used their memories of the past environment as a frame of reference to evaluate their new surroundings/dwelling. 
This comparison triggered their initial dissatisfaction with their new communities, which impelled them to change (or shape) 
their new space by utilizing their previous experience. As soon as the survivors arrived in their new communities, they began to 
make physical changes in their environment. They were determined to make the new community more comfortable and to make 
it feel more like their original homes. Towards this end, they made changes such as turning part of an empty rooftop into an 
activity room (Fig. 1) or a small garden and utilizing unused public space as storage space or carrying out farm-related activities 
(Fig. 2). These kinds of physical changes usually began within their homes, extending later to their immediate surroundings and 
then to the entire community (Tuan, 1980; Marcus, 1995). 

                                             
Fig. 1 : Sample of a rooftop chess room (left) (photograph taken by author) 

Fig. 2 : Sample of drying grain in the space beside the staircase (right) (photograph taken by author) 

4.3 Long-term recovery: “homesickness” and longing to return to their original home location 

During the long-term recovery stage, several earthquake survivors gave up their new apartments in the modern residential 
communities to return to their original home location (even though there was no power supply at the original site to support the 
repair of their damaged house) and to once again plant grain, vegetables and fruit, as well as to raise poultry and livestock. Most 
earthquake survivors were farmers. Most people who chose to return to their original home place had only completed a junior 
secondary school education and had no other skills except farming. Furthermore, many were in their forties or fifties, which 
meant it would have been extremely difficult for them to find jobs in the urban area. When they moved into the new community, 
they found that it was not convenient for them to commute back and forth to their farmland everyday because it was some 
distance away. However, if they were to give up farming, they would lose their only income and would not be able to afford the 
cost of living in the new community. Hence, this economic factor affected their decision regarding returning to their original 
home site. 

Meanwhile, most interviewees who returned to their original home site argued that living in their original home and being 
familiar with their surroundings, they did not have to suffer the uncomfortable feelings associated with relocation in the new 
community. Returning to the land they were from provided those survivors, especially those who had lost their family and friends 
during the earthquake, a sense of stability and place, which facilitated the process of reconstructing their life. Hence, their 
memories of home place drove them to return to their original home location.  

5. DISSCUSION AND CONTRIBUTIONS  

Building from the findings mentioned above, the dissertation maintains that the Wenchuan disaster survivors’ memories of their 
previous daily life and their use of spaces helped them resettle and facilitated the process demonstrably. Their experience echoes 
what the literature suggests: that people’s memories of daily life and the use of spaces is a living source that they can draw upon 
to shape the future (Nora, 1996; Connerton, 1989; Huyssen, 2003).  

Everyone in a given community contributes to the place-making process and outcome by direct and indirect activities in his/her 
dwelling and community. Everyone’s memory regarding their daily life and use of spaces in his/her original hometown, to some 
extent, generates his/her daily activities in the new town. Therefore, this study recommends two functions of memory, that 
promote post-disaster reconstruction: 1) the memory that triggers earthquake survivors’ place-making activities, which assists 
their attachment to the new environment, 2) the memory that reflects the local residents’ useful place-making experience, which 
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can be used as a reference to promote future government interventions. Hence, utilizing the local residents’ place-related 
memories would be an effective strategy to promote the post-disaster reconstruction, as well as advance the community resilience. 

6. CONCLUSION  

This paper presented three functions of how memory triggered action and guided place-making activities at various stages of the 
earthquake recovery and reconstruction after the Wenchuan earthquake. People’s memories of daily life and their use of spaces, 
which is recognized as the raw material of the place-making experience in people’s hometown and dwelling, is a living source 
that the new place experience can draw upon to shape the future (Nora, 1996; Connerton, 1989; Huyssen, 2003). Building upon 
the use of memories of past place, this paper aims to make a contribution toward future disaster-related place-making endeavors. 
The documented survivors’ accounts show how people’s memories can actually mold the new dwelling and environment. It 
should be noted that the survivors’ memories helped them to resettle and cope with the transition. To the point, the past place-
making experience could transfer into and influence place design work in the present by utilizing recalling and remembering. 
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ABSTRACT: The Wenchuan Earthquake occurred in 2008 serves as a turning point for many existing civil society organizations 
(CSOs) to involve themselves in disaster response, and offers opportunity for those grassroots organizations established from 
bottom-up in China. Based on the field survey and data analysis, the paper sorts out the development of Chinese CSOs in disaster 
response field, concludes the characteristics of these newly emerging organizations and its activities. We argue that the existing 
words used to describe the role of CSOs in preliminary studies are not enough to conclude all of the features identified from 
Chinese practice. The chemistry between CSO and other organizations in the affected areas such as local government, enterprises 
and self-organization of victims needs to be attention, and the chemical analogy of catalysis accurately describes the disaster 
response process involving Chinese CSOs. The paper introduces the concept of catalyst into the field of disaster response, and 
proposes a theoretical framework containing 5 dimensions: identity, boundary, link, penetration, and network of catalysts. In 
theory, the framework provides an approach for researchers; in practice, it may be used as a design toolkit for CSO project staffs. 
We believe that the framework of catalyst in disaster response process can also be used in other affected areas, to identify the key 
factors that may stimulate the reconstruction process in local context. 

Keywords: civil society organization, disaster response process, toolkit, China practice. 

1. INTRODUCTION 

On May 12th, 2008, the Wenchuan Earthquake attacked Sichuan Province in West China, led to a death toll of nearly 70,000. 
Accompanying this tragedy was an unprecedented participation of volunteers and civil society organizations (CSOs) in disaster 
response. Their participation changed the disaster response mode of China, which used to be monopolized by government. 
Scholars regard the year of 2008 as the “First Year of Civil Society”. Active roles of CSO responding disasters have been 
examined in Kobe Earthquake (Shaw and Goda, 2004), Mozambique Floods (Moore and Daniel, 2003) and Indian Ocean 
Tsunami (Kelby, 2008). In China, there are also many preliminary studies on CSOs’ roles to response disaster (Gao and Yuan, 
2008; Tweets, 2009; Xiao, 2009; Zhu Wang and Hu, 2009). However, most of these researches concentrate in 2008-2009, only 
describe the activities of CSOs in the following 1 years after the disaster.  

This research is intended to analyze the role and impact of CSOs in a long-term disaster response process. The author conducted 
a field survey to observe the actual activities led by CSOs in disaster affected areas, and interviewed CSOs, local government 
officers, volunteers, and local victims from Apr.2013 to May. 2013, and from Dec. 2013 to Jan. 2014. In order to be more 
objective, reports, news and other literature were also reviewed to collect more comprehensive data.  

Based on the field survey and data analysis, the author found that, the existing words used to describe the role of CSOs in 
previous research are not properly to depict the role of CSOs within Chinese context. The chemistry of CSO and other 
organizations in the affected areas such as local government, enterprises and self-organization of victims needs to be attention. In 
the interaction among these actors, a specifically Chinese approach, a chain reaction that links each stakeholder is perceived, 
called as a catalytic reaction in this report. The author introduces the concept of catalyst into the field of disaster response, to 
describe the role of CSO and its impact. Catalysis of reconstruction after disaster is partially established in practice, but not in 
theory. This research is trying to outline a theory of catalysis in disaster response process in the following sections.    

2. CHINESE PRACTICE: CIVIL SOCIETY ORGANIZATION IN DISASTER RESPONSE 

It is necessary to define the term of civil society firstly because its contemporary meaning is contested. The definition of civil 
society used in this report refers to the sphere of voluntary associations in which individuals engage in activities of public 
consequence, distinguished from the public activities of government, and from the private activities of markets. CSO in this 
report refers to an organization, which is self-governing, not profit distributing, and formed voluntarily by members, including 
NGOs, NPOs, volunteer organizations and foundations for the commonweal. One fact need be mentioned is that relation between 
government and CSO in China is closer than in Western countries. It is a consequence not only of unique social and political 
context, but also the CSOs’ own understanding of their roles. Most CSO leaders do not see their objective in confronting 
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government or protecting society from the state. Rather, they see the mission as fulfilling their citizen responsibility in 
collaborating with government 9). In addition, more and more government-organized NGOs (GONGOs) are detaching link from 
government in recent years. For example, China Foundation for Poverty Alleviation (CFPA) has sought to distance itself from its 
past identity as a GONGO, making efforts to professionalize and increase transparency and accountability. It is also famous for 
its consistent support on grassroots CSOs. Therefore, when we research the civil society organizations, it is impossible to exclude 
involvement of these transforming GONGOs in China’s civil society. 

CSO development in China has been quick. Economic reform process initiated in the late 1970s created the possibility for 
China’s emerging civil society. Before the commencement of economic reforms in 1978, the provision of social services such as 
housing, health insurance, schools and pensions were all organized through state systems related mainly to work units, resulted in 
no living space for autonomous organizations. Since the 1980s, the government has been establishing GONGOs formally situated 
outside the state system in order to address social and environmental problems. At the same time, international NGOs (INGOs) 
began to enter China. The rapid economic growth led to emergence of a middle class with stronger economic level and higher 
education. They became the first generation organizing autonomous groups. The first real grassroots CSO Friends of Nature was 
set up in 1993. From then, more and more homegrown grassroots CSOs have been established. According to the official data 
from the Ministry of Civil Affairs (MOCA), at the end of 2007, China had almost 381,000 CSOs. The data only indicates the 
number of registered CSOs that had registered at MOCA, while a large number of unregistered CSOs are not included. 

However, although the number is so huge, only few GONGOs and INGOs had participated in disaster relief before 2008 
earthquake. There are various factors contribute to absence of grassroots CSOs such as: (1) Insufficient priority. The rapid 
economic development has led to a mass of social problems. Comparatively, CSOs had paid more attentions to the issues such as 
poverty and children, identified these issues as their missions, rather than disaster response. (2) Shortage of funds. Only two 
GONGOs, Red Cross Society of China (RCSC), a nominally NGO but actually a part of the central government, and China 
Charity Foundation (CCF), another agency affiliated with MOCA, had been permitted to receive donations and relief materials. 
Public foundations, most of which are GONGOs, may raise fund publicly in peacetime, while had been excluded to receive 
donations when disaster occurred until the enactment of Administrative Measures for Disaster Relief Donations on April 28, 
2008. Most of grassroots CSOs had survived depending on the aid from INGOs, lacking of ability to carry out long-term 
activities in affected areas. (3) Political pressure. Although the National Preparatory Plan for Disaster Relief and Emergency 
Response issued by the State Council in 2006 had encouraged participation of CSOs nominally, there had been no approach 
available in practice. From the interview of a local government officer in Sichuan, disaster relief “is the responsibility of 
government. The participation of other organizations outside the state system would disturb the social order.” In summary, before 
2008 earthquake, the disaster response used to be monopolized by the state in China. The Wenchuan Earthquake triggered 
changes from May 12th, 2008. After the disaster, outpour of citizens provided their aid and funds to the affected areas. They 
helped with health, sanitation, medical aid, food distribution, and security in days and months following the quake. Official data 
from MOCA indicates that more than 3,000,000 volunteers contributed their time and efforts in the disaster affected areas until 
the end of 2008; donations for emergency relief and post-disaster reconstruction achieved 76.7 billion Yuan, in which donation 
from the individual reached 45.8 billion Yuan. It is the first time that individual donation exceeding donations from the 
enterprises historically 10). The nationwide participation ignited CSOs’ enthusiasm. According to an incomplete statistics survey, 
more than 264 CSOs have taken actions in disaster relief and reconstruction work. They have carried out projects in the field of 
emergency rescue, health care, reconstruction of housing, livelihood support for residents, etc. Their behaviors are regarded as 
“the first exposition of the Chinese CSO sector” by a CSO leader. 

As mentioned in the previous section, the author conducted a field survey to observe the actual activities led by CSOs in disaster 
affected areas, and interviewed CSOs, local government officers, volunteers, and local victims from Apr.2013 to May. 2013, and 
from Dec. 2013 to Jan. 2014. Based on the field survey, the characteristics of CSOs involved in China’ disaster response process 
are summarized as the following: (1) Young. As stated in the previous part, Chinese CSOs had been absent in disaster response 
before 2008. Most of the currently active organizations have been only established less than 5 years. Their structures are still in 
change, and they have not formed their own mature operating mode yet. (2) Distinctive. Different from other countries, financial 
assistance provided from the Chinese government is very few to the CSOs. More than 90% of the organizations rely on donations 
or funds from international NGOs. In order to attract the limited donations and funds, these organizations must develop their 
distinctive strengths. Only the competitive organizations may survive. (3) Need-based. Almost all of the CSOs interviewed by the 
author mentioned that they are victims` demand-driven. They emphasize not only the result of a project, but also the process of 
implementation. (4) Outsider. Within the 264 CSOs, which are investigated, only 55 organizations are local birthed, while other 
209 organizations are outsiders. So, how does an outside, need-based, distinctive and young organization conducts its activities in 
a disaster-affected area? As a case study the author examines a typical Chinese civil society organization (code name CA) to 
explore its efforts in a typical disaster affected community. 

On May 12th, 2008, when Sichuan earthquake occurred, the hospital in the case community was destroyed severely. The 
reconstruction of hospital, which is the urgently needed facility after earthquake, became an urgent issue for local government. 
However, the government cannot afford the full cost to rebuild it, and the financial allocation from the central government need a 
lengthy procedure. On the other hand, CA, an organization from outside, needs support from the government to carry out its 
follow-up work. The two actors reached a consensus quickly: 40% by local government, and 60% by CA. “We have to involve 
the local government into the reconstruction process. We must make the local government to invest a portion of funds, otherwise 
they may not stir a finger.” the project manager of CA said when interviewed by the author. The portion of fund CA promised is 
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provided by a private enterprise. CA has a partnership with this enterprise. In return, CA would publicize this enterprise for its 
reputation in the public. Media resources and good public image of CA are two factors contribute to the donations from private 
enterprises. The impact of CA on the affected community did not terminate at the completion of the hospital project. During the 
process of rebuilding the hospital, CA had established a good relationship with the local government. To response the demand 
from local victims, the livelihood recovery project is followed, and the fund is supported from another private enterprise. At the 
same time, CA also supported local grassroots’ CSO organized by victims. The number of actors involved in disaster response 
process increases, and the speed of disaster recovery is enhanced. The involvement of CA initiates a chain reaction.  

Those who describe the role of CSO in the disaster response typically employ the words of “link”, “pipeline”, “junction points”, 
“networker” and “coordinator”. However, in considering CA’ efforts to response disaster, there are some features should be 
noted: engagement from outside; dynamic; impact of one organization on other organization; exchange within organizations; 
bidirectional reaction (positive or negative); promote new organization; sensitive to the environment... The author argue that the 
existing words are not enough to conclude all of the features identified from the Chinese practice, but the chemical analogy of 
catalysis accurately describes the process. Instead of the static words like “pipeline”, “coordinator” or “networker”, using the 
concept of dynamic catalytic reactions is more useful and versatile. The concept and theoretical framework of catalyst is the 
subject of next section. 

3. A PROPOSAL: CATALYSTS IN DISASTER RESPONSE 

3.1 The Concept of Catalysts 

Inspired by Chinese practice, the author introduces the concept of catalysts into the field of disaster response. As a chemical 
professional term, catalyst is a substance participated in chemical reaction and increases its rate without itself undergoing any 
permanent chemical change. The catalysis, as the acceleration of a chemical reaction by a catalyst, can be observed in many 
fields, such the multiplier effect in economics category, wave theory in mathematics and Doppler effect in physics. In the urban 
planning field, Attoe and Logan (1989) use the analogy of catalysis to describe the impact of a new architecture on the urban 
space, and illustrate the concept with the American urban design practice.  

In this research, the author arranges a civil society organization as a catalyst in the disaster response process. It accelerate a 
catalytic reactions which should be dynamic, bidirectional, and endless (if ideal). When a catalyst entered, it modifies the 
elements around it. The elements engaged in this reaction include those actors such as enterprises, local government, local 
communities, and other CSOs. These changeable elements would be newly added or exited. In order to reach a positive impact, a 
design of the catalytic reaction requires an understanding of the local context. Catalytic reactions conducted in different context 
are not the same.  

3.2 Theoretical Framework: When Analyse or Design a Catalytic Reaction in Disaster Response 

Based on the concept of catalyst, the author presents a theoretical framework containing 5 dimensions: identity, boundary, link, 
penetration, and autocatalysis. The framework was developed to capture the characteristics of numerous projects conducted by 
CSOs in disaster-affected areas primarily, but the author has also found that is also gives CSOs a toolkit to design and mange 
their projects in a new paradigm. Using this 5-demension framework, CSO can engage into disaster response as a catalyst, and 
initiate a catalytic reaction. 
 
a) Identity： 
As the personal identity, which helps individuals to know who I am and what I stand for in society, is the most fundamental issue 
to consider one’s survival, identity of an organization is also fundamental and important for its development. For a catalyst CSO, 
specially, the following questions should be addressed: What is the goal and focus of CSO? How to use its social capital or other 
superiority? Is the catalyst distinctive enough in the competitive context? Answers to these questions lead to a common 
understanding among members about the organization, as a basis to take actions together and deal with potential crisis. 
 
b) Boundary: 
As we know, catalytic reactions occur when the reacting species are associated with the catalyst. In heterogeneous catalysis this 
happens at a surface. In this article, we call the “surface” of a CSO catalyst as its “boundary”. The boundary of a CSO catalyst 
includes two aspects. When we consider the boundary of one element, it is means the range: identity refers to the things elements 
can do, while boundary refer to those matters element cannot touch. As an external force, if the CSO cross its line, the 
intervention may break the balance of the disaster-affected community, and suppress the normal function of the community force. 
Another aspect is the functional junction on a boundary, which is similar to the “active sites” located at the “surface”. In the 
chemistry field, adsorption of reactants on the surface of a catalyst is the first step in every reaction of heterogeneous catalysis. 
For a catalyst CSO, if there is no department connected with other organizations, the catalysis cannot start.  For example, a 
fundraising department talking with CSR department of an enterprise provides a prerequisite for the cooperation between 
enterprise and CSOs; a professional team of social workers may help the CSO integrate into an affected area more quickly. The 
number of junctions on the boundary is an indicator to assess the extent of interaction between two organizations, like the 
communication between catalyst and reactants.  

768



 

4 
 

 

c) Link: 
Apart from accelerating reactions, catalysts in chemistry have another important property: they can influence the selectivity of 
chemical reactions. Industrially, this targeted reaction control is often even more important than the catalytic activity. So, when 
an organization tries to establish link with other element, the object as partners needs be confirmed firstly. A specific catalyst 
CSO only works in a specific preferable environment, and may be only effective for specific reactants. Most CSOs built various 
types of inter-organizational partnerships in response to 2008 earthquake. International NGOs mainly chose to partner with local 
governments for administrative legality; GONGOs cooperated with volunteer groups to deliver relief materials; foundations 
partnered with media for fundraising and disaster education. The partner misfit during partner selection will be conducive to 
relational risk and undermine success in strategic alliances. Good resource fit serves as the foundation for any effective 
collaboration. Another issue concerning this dimension is the position of a catalyst CSO. How to decide its distance from the 
victims (to integrate into the local community, or engage as a dispassionate facilitator)? How to decide it distance from the local 
government (right-oriented approach or governance-oriented approach)? The position of a CSO among the elements within the 
same environment decides its following reaction direction. 
 
d) Penetration: 
The fourth dimension, penetration, refers to the exchange of funds, personnel resources, information and power during the 
disaster response process. The size of elements affects the outcomes. Typically, CSO with smaller scale is more flexible; 
community with smaller scale is easier to be penetrated. In addition, the sample size (total number of projects) is also a problem 
CSO should concern according to its own capacity and purpose. Some CSOs may choose only one community and take root, 
while other organizations whose focus is advocacy may conduct large number of projects in different areas in a way of “sparkling 
black pepper”.  Furthermore, the accessibility of each element also decides the speed of a reaction. As the chemistry term of 
turnover frequency (TOF) borrowed from enzyme catalysis quantifies the catalyst activity, frequency of the meeting with local 
residents or other organizations is also a measure of CSO’s activity, can be adjusted by a catalyst CSO, to accelerate or slow 
down the reconstruction speed.  
 
e) Autocatalysis 
In chemistry the term autocatalysis means the catalysis of a chemical reaction by one of the products of the reaction. In the 
conceptual framework for disaster response, autocatalysis refers to those self-organizations as a product when catalyst CSOs 
leave the affected areas.  Most of CSOs have to leave for their next plan responding next disaster. The resilience of a community 
is the capacity of the affected community to self-organize, and stimulates catalytic reaction by themselves. NHP is a good 
example to show that, the residents have organized and assumed the role of master of their community and are taking an active 
part in all social undertakings at present, and it is not the only example. CSOs such as Oxfam Hong Kong, Mercy Corps and Save 
the Children in China also put importance on enhancing victims’ capacity to establish self-organizations, and we have already 
observed some products of their catalytic reactions.  

4. CONCLUSIONS AND PROSPECTS 

The 2008 earthquake serves as a turning point for many existing CSOs to intake the disaster response to their main fields, and 
also offers opportunity for those grassroots organizations established in a bottom-up way. This research sorts out the development 
of Chinese CSOs in disaster response field, and concludes the features of these newly emerging organizations.  
 
In order to analyse the role of CSO in disaster response process, the framework of catalyst is proposed. In theory, the framework 
provides an approach for researchers; in the practice, it may be used as a toolkit for CSO project staffs. The conceptual 
framework does not prescribe a final form or a single mechanism of implementation for all areas. The focus of this framework is 
the interaction between foreign catalyst and existing reactants, the power of the catalyst to stimulate other action. The author 
believes that the framework of catalyst in disaster response process can also be used in other areas, to identity the man factors 
which may stimulate the reconstruction process in local context.  
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ABSTRACT: As a meteorological disaster, sand and dust storm (SDS) occurs in the desertification areas and 
adjacent areas, which offers serious hazards to the environment, economy and human health. Based on 
three-dimensional model built by the hazard-formative environment, exposure and hazards, the global risk of 
population by SDS (RPOP-SDS) was evaluated with SDS kinetic energy of 100-year return period as a key indicator 
of hazard. Based on grid cell, country unit and comparable area unit, the spatial pattern of RPOP-SDS shows as 
follows: areas with high RPOP-SDS include southern and northwestern Sahara, northwestern and southeastern Arabia 
Peninsula, northwestern India, Iran, Turkey, northwestern China and the agro-pastoral ecotones of China, 
Mongolia, central and eastern Australia, the middle section of west coast and the central plains of North America, 
northern Mexico, the central and north sections of west coast of south America. Global distribution of high 
RPOP-SDS is closely related to the spatial pattern of sand sources and social economic conditions. However, the 
contributions of the key influencing factors, namely kinetic energy of SDS, intensity of population and aridity have 
significant variations in regions of high RPOP-SDS. The spatial pattern of RPOP-SDS based on the comparable area unit 
could depict localities where actual high disaster risk exists in different countries. 

Keywords: Sand and dust storm, Kinetic energy, Risk assessment, Global spatial pattern, return period 

1. INTRODUCTION 
Sand and dust storm (SDS) is a type of disastrous weather phenomenon which is extremely harmful and mainly 
occurs in the arid and semi-arid regions (Miri et al., 2009, Wang et al., 2011). With various adverse effects on the 
immediate area and neighboring countries and regions (Kloor, 2008, Barnett et al., 2012), such as reducing the 
land productivity(Najafi et al., 2013), affecting transport facilities and power lines(Duncan Fairlie et al., 2007), 
polluting the air (Wang et al., 2005), threating human health(Hashizume et al., 2010), and affecting global climate 
changes(Goudie, 2009, Najafi et al., 2013) etc. Global SDS-prone areas are located in North Africa, Middle East, 
central Asia, north America, Australia and other places(Kalderon-Asael et al., 2009). Scholars from different 
countries have used visibility, wind velocity and SDS frequency to explore temporal and spatial pattern of SDS 
from regional perspective, such as the spatial-temporal distribution of SDS in Central Asia (Indoitu et al., 2012), 
the spatial-temporal pattern of SDS in Turkmenistan(Orlovsky et al., 2005) and the spatial-temporal distribution of 
SDS in China (Liu et al., 2012). At present, a lot of studies have been conducted on the spatial-temporal distribution, 
causes, source regions, and disaster theories of SDS with fruitful achievements. SDS disaster risk assessment is 
important for SDS disaster reduction, especially from regional perspective to a global scale. In this paper, the global 
RPOP-SDS is evaluated and its spatial pattern is analysed in the aspects of hazard, hazard-formative environment and 
hazard-affected body (exposure) based on the disaster system theory(Shi, 1996). With SDS kinetic energy as the key 
indicator of hazard, the approach is intended to provide a new solution to assessing SDS disaster risk, and scientific 
basis for national and regional reduction of SDS disaster. 

2 Data and Methods 

2.1 Methods  
Disaster is the comprehensive product of hazard-formative environment (E), hazards (H) and hazard-affected body 
(exposure). In a specific area, disaster risk is the potential loss induced by natural hazards. That is, the effect of 
hazard factors on exposures will cause losses; hazard-formative environment could reduce or magnify the effect of 
hazards on exposures. Disaster risk associated with natural hazards is a function of hazard (H), the vulnerability of 
exposures (V), and the stability of hazard-formative environment (E). Based on this concept, Shi proposed a risk 
assessment model by calculating the product of the three factors (Shi, 1996, Shi, 2002, Shi et al., 2010) .  
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R E H V= × ×                                       (1) 
Where R is risk, E is stability of hazard-formative environment, H is severity of hazard factor, and V is 
vulnerability of hazard-affected body (exposure). This three- dimensional model is a modification of previous 2- 
dimensional models(Blaikie P, 2003, UNDP, 2004) . So, equation (1) is used in risk assessment of SDS on 
population in this study. 

2.2 Data Processing 
(1)Hazard-formative Environment 

SDS is a kind of large scale disastrous weather phenomenon accompanied by land desertification. Desertification 
mainly occurs in the land degradation areas of extremely arid, arid, semi-arid and dry sub-humid regions(Wang et 
al., 2011). In this paper, areas prone to desertification were taken as the main research areas. Aridity is considered 
as a key factor of the SDS hazard-formative environment for its prominent influences on the intensity and 
frequency of SDS (Source: http://www.csi.cgiar.org). Aridity index is normalized with equation (2). 

x
max xI

max - min
−

=                                                (2) 

(2)Hazard Factors 
SDS hazard is determined both by its magnitude and frequency. Visibility is usually used as the criteria of SDS 
magnitudes (McTainsh et al., 1998, Engelstaedter et al., 2003, WMO, 2005, CMA, 2006b). Both visibility and 
maximum instantaneous wind speed were also considered(CMA, 2006a). SDS frequency is usually expressed as 
the number of days with SDS occurrences. In case of incomplete data, SDS hazard is indicated by SDS frequency 
and the weighted sum of SDS frequencies at different magnitudes (Engelstaedter et al., 2003, McTainsh et al., 2005, 
Lim and Chun, 2006, Goudie, 2009, Mao et al., 2011, Yao et al., 2011). Particulate concentration is used as an 
indicator of atmospheric pollution(Gao and Washington, 2009, O’Loingsigh et al., 2014). During a SDS event, SDS 
energy plays a decisive role on soil wind erosion, sand entrainment and dust emission, blown sand and dust 
transport, therefore it might be more appropriate for quantifying SDS hazard. 
1) kinetic energy calculation 
During typical SDS events, the percentage of particles with diameter less than 9 µm is 76.9% (Zhuang et al., 2001) 
and approximately 68% of the total airborne particle mass was PM10 (Jayaratne et al., 2011). Therefore, PM10 
accounts for the majority of the particulate matter in SDS. Studies revealed a relationship of power functions 
between concentration of PM10 and visibility(Yang et al., 2006, Wang et al., 2008) .Using the global ground 
weather timing data set (source: http://cdc.cma.Gov.cn/home.do) of 9435 stations during the period of 1982-2011, 
particulate concentration was calculated through the visibility of daily SDS events with equation (3), then 
according to the SDS kinetic formula with equation (4), and combining the wind velocity, the energy of daily SDS 
event was calculated. 

8 1.5977
10 5 10 visPM V −= × ×                              (3) 

Where Vvis is visibility(m), and PM10 is in µg·m-3. With classical kinetic energy equation, kinetic energy per cubic 
meter of dust laden airflow in SDS can be expressed as: 

1.5977 21
4p visE V v−= × ×

                                   (4)  
Where v is maximum wind velocity (m/s) at 10m high.  

2) return periods 

SDS kinetic energy of different return periods corresponded with a transcendental probability Pi, therefore making 
the transcendental probability P= 0.01 over 100-year return periods. Then, SDS kinetic energy under this scenario 
was calculated. Finally kinetic energy was normalized with equation (5).  

x
x - minI

max - min
=

                                     
(5)  

(3) exposure 
As one of SDS exposure, data of global population in this study is chiefly based on the global population raster data 
supplied by Oak Ridge National Laboratory (ORNL) in 2010, with a resolution of 1km × 1km (Source: 
http://www.ornl.gov/gist). Finally population is normalized with equation (5). 

2.3 Spatial Pattern of RPOP-SDS Based on Country Unit and Comparable area Unit 
RPOP-SDS of each grid cell can be gotten by equation (1) with normalized data of kinetic energy, population, aridity 
index of corresponding grid cell (Fig 1). Then we can calculate average normalized value of kinetic energy, 
population density and aridity index in areas prone to desertification processes in country unit or comparable area 
unit, RPOP-SDS based on country unit or comparable area unit can be got with equation (1), and Grade map of global 
RPOP-SDS were made. Finally spatial pattern of global RPOP-SDS based on country unit or comparable area unit was 
analyzed, 

3. RESULTS AND ANALYSIS 
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Global RPOP-SDS was divided into five cascading grades, namely, extremely high, high, moderate, low and 
extremely low respectively. Brownish yellow was selected in mapping the color of SDS, with levels from high to 
low and colors from dark to light.  

3.1 Spatial Pattern of Global RPOP-SDS 

 
Fig 1 Grade map of global RPOP-SDS 

Figure 1 shows the grades of global RPOP-SDS. Extremely high and high values of RPOP-SDS are mainly distributed in 
the following areas: Africa: The southern and northwestern regions of the Saharan Desert. Asia: The surrounding 
areas of the Rub Al Khali Desert and the central areas in Arabia Peninsula; the surrounding areas of the Thar 
Desert in India; Iran and Turkey's desert areas; The Taklimakan deserts, the farming-pastoral ectone in China and 
the Mongolian Gobi Desert. Australia: The scattered areas of Southeastern Australia. North America: Wide areas in 
the Southwestern American deserts, the central Great Plains and the nothern regions of Mexico. South America: 
The surrounding areas of the Patagonia Desert and the Atta Karma Desert.  

3.2 Spatial Pattern of RPOP-SDS Based on Country Unit 
In the top 30 countries, Countries with high risk caused by one factor include India(V), Israel(V), Colombia(V), 
Morocco(H), Tajikistan(V), Ethiopia(V), Kazakhstan(H) and United Arab Emirates (E).Countries with high risk 
caused by two factors include Algeria(E&H),Saudi Arabia(E&H), China(V&H), Mali(E&H), Afghanistan(E&H), 
Iraq(E&H), Sudan(E&H),Niger(E&H), Burkina Faso(V&H), Eritrea(E&H), Iran(E&H), Senegal(V&H), 
Mauritania(E&H), Georgia(V&H), Jordan(E&H) and Chad (E&H). Countries with high risk caused by three 
factors include Tunisia, Pakistan, Syria, Egypt, Yemen and Uzbekistan. These countries are located in the 
desertification areas, which are relatively developed in economy and frequently affected by SDS.  

3.3 Spatial Pattern of Risk Based on Comparable Area Unit 
In the top 30 Comparable Area Units, regions with high risk caused by one factor include central and western 
mountains and plateaus of China(V), Israel(V), Northwest Mountain of Columbia(V), Eastern and northern 
platform of Mali(H), Southern Mountain of Kazakhstan(H), Northern highlands of China(H), Hills and mountains 
of southern Sudan(H), Burkina Faso(H), Senegal(V), Middle parts of hills and plains in Eastern Europe of 
Russia(H) and Morocco(H). Regions with high risk caused by two factors include Northwest plains and hills of 
Indian(V&H), coastal plain and plateau northeast of Algerian(V&H), eastern Plateau of Sudan(E&H), South parts 
of hills and plains in Eastern Europe of Russia(V&H), Afghanistan(E&H), Iraq(E&H), Southern Plains of 
Niger(E&H), South-western hills and mountains of Egypt(E&H), western coastal plains and low plateaus of 
Mauritania(E&H), western coastal plains and plateaus of Saudi Arabia(E&H) and western and southern platform 
of Mali(E&H). Regions with high risk caused by three factors include North-western Plains of Egypt, Tunisia, 
Pakistan, Syria, eastern highlands and plains of Saudi Arabia, Yemen, Uzbekistan and Eritrea.  
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ABSTRACT: Latency in management Strategy in the Mindset can cause misunderstanding in distinguishing a Disaster from a 
Crisis which can be generated unintentionally or intentionally. To mitigate consequences depends on whether the cause of the 
disorder is clearly understood or not! 
Many serious accidents such as Fukushima, Bhopal, Chernobyl and Three Mile Island show vast consequences, although 
different but primarily related to a similar factor, which is "Human Deficiency”.  Literature shows, although leadership and top 
management and processes and mechanisms and also good strategies are existent, yet problems remain. The fact is that there 
are fewer studies formulated in this field, from the crisis management strategies point of view, this is the deficiency. 
The objective in this Article is to shed light on the Importance and how to better understand Latency in management Strategy 
at the Leadership and Top Management level and to better know the reality (Especially to Distinguish a Crisis from a Disaster) 
to better act based on the real management strategy in the Mindset (Based on the mind bandwidth). Also to understand whether 
ignoring ignorance is a good management strategy in time of crisis and will it buy time and be effective or the other way 
around. 
Finally, we understand that reality may be completely different from what is assumed, understood and seen. To better 
understand the reality we propose a method or to better say a Model that tends to focus and concentrate on the statement of 
latency in management strategy process and which shows how and trough which windows (Soft, Semi Soft and Hard Spheres) 
we can get into it and to say how to better understand the function of latency in management strategy which can help us to 
distinguish a crisis from a disaster. 
 
Keywords: Disaster, Crisis, Management, Management Strategy, Latency in Management, Disaster Management, Crisis 
Mangement 

 
1. INTRODUCTION 
The business sphere has observed and then learnt through existence of crisis constantly that occurrence of crisis can be 
anywhere, anyhow, anytime and with alerting stage of nearly zero with a sudden occurrence (Heller and Darling, 2012).Since 
the crisis is a turning and changing point, or to better say a point for change, to have negative or positive consequences, we 
support this by what Heller and Darling (2012) have proposed: a crisis although having large negative effects can also have 
positive effects in the firms’ future life only when it will take its chance and opportunity to make good and correct decisions in 
implementing good operations. In other words it can be a positive or negative step forward depending on the reaction of the 
Leadership and top managements’ decision which is based and entirely depends on their mind set called the Mind Bandwidth 
that can directly or indirectly affect the status of latency in management strategy as which can be point out as the importance of 
the study. 
When facing a disorder based on the “Mind Bandwidth” context, the leadership and top management can have the Sense of 
acceptance (Heller and Darling, 2012) or either sense of Ignorance. If it will be the sense of acceptance in the proper time and 
in the right place this will put them on the right track and help they work on the risk to avoid a further crisis in the future. 
If the risks of crisis occurrence will stay latent in the leadership and top management mindset no way or to better say it will be 
too difficult to get to know it because there is a latent awareness on a strategies which is really wrong by a higher level and 
there is a will to keep it still latent (latency in management strategy) and show everything is in order which is not.  
The other important fact which is important and will affect the status of latency in management strategy is ignoring the 
problem or disorder which has occurred especially when human factors are in scope (Yavar, Mirtaheri, 2009) and more 
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complicated is Ignoring the Ignorance which is the “act of neglecting the Ignorance” (Smithson, 1989) which is an incorrect 
management strategy that may end in disorder and problematic complexity.  
As we assume the status and stages of latency are different. The stage that we are going to discuss is the latency in 
management strategy in the leadership and top management which can be one of the most important status, stages and shapes 
of latency both when unintentionally or either specifically intentionally generated and caused. Because the leadership and the 
top management have the leading and pioneering role in the company, firm, enterprise or whatsoever, management strategy 
and if the leadership or top management tend to keep everything still in a latent mode, which they may be clever enough to do 
so, there will be less chance to identify and related to that avoid such a condition especially where the latency is intentionally 
(i.e. for saving measures) generated. 
Why to be latent? Without consideration of unintentionally or intentionally generating a latent context, there are many reasons 
for this. For example different psychological and mental disorders (such as: Egocentrism, Narcissism, etc.), different physical 
illnesses, cultural aspects, geography and status of spatial concern, political matters, economical aspects (money saving and 
decreasing costs and as such) etc. these factors and much more (which can as well be proposed for future research) can usually 
help the person to preserve a latent environment to better help him to reach what he has intended where he will face less 
problem (of course in his own thoughts) to be a responsible person (if the status of latency is intentionally generated). 
Speaking from the unintentionally caused latent context and view point in management strategy there is an effect which 
usually indirectly and unintentionally motivates the leadership and top management towards a context of latency which is the 
“Black swan effect”. 
The crisis shows up to twinkle in the safest assumptions of all cooperation. (Nurmi and darling, 1997 as cited in Heller and 
Darling 2012) which is been specified as “Black Swan”, and we here in after refer as “Black Swan Effect” which will be 
completely explained in the discussion section. This is one of the theories which is of high importance and based on that we 
will argue about the “White swan effect”. 
Through the literature we understand that although leadership and management are existent and their components are in place 
but yet there are many problems and deficiencies to deal with and latency of management strategies still remains undiscovered 
since there is insufficient research on this. Meaning that the management strategies in reality are completely different from 
those adjusted previously. In other words the management strategies that are implemented by the leadership and top 
management are different then what has been formulated and a company or whatsoever should go through that and then 
everything will be shown in a way to be exactly what it should have been. 
What and why do the leadership and top management tend to neglect and also ignore and also put the problems in a latent 
context of management strategy is a lack that should be paid attention and should be under study. Meaning that the 
management strategy should be clear and the strategies in mind of the leadership and top management should be the same as 
preplanned or if changed to be clear and understood by the others not to be latent and to be mentioned that this change in 
management strategy is because of certain reasons which it may not really be for that and the cause is really some matters that 
are latent (which benefits the leadership and top management and not all) for whatsoever reason it may be (decreasing the 
costs, insurance challenges, etc.).  
In this article by an existing crisis condition analysis, Fukushima is exemplified as a sample of Leadership and top 
management deficiency (Human deficiency) preparing the management strategy in a latent context (Dobi, 2008) and to pretend 
that the crisis is a disorder affected by the tsunami (the disaster). 
Finally as a conclusion and to conclude we propose a way to better understand the latency in management strategy to better 
understand the reality to better act. 
 
2. DISCUSSION AND FINDINGS 
Based on the Literature review, the researches undertaken and related theories existent we have hereby formulated propositions 
as the following: 
 

1- Based on the Chaos Theory 
 

Proposition 1. The leadership and top management with a latent management mindset (mind bandwidth) are chaotic people 
and can be the most dangerous people since they don’t worry and care to put people at risk at all based on their Intension. 
 

Proposition 2. If the leadership and top management act Chaotic so they are not systematic (so they intend to help management 
to stay in a latent manner) 
 

2- Based on the Situational Crisis Communication (SCC) Theory 
 

Proposition3. Preventable Cluster is the inclination stage in SCC Theory for latency in management strategy and by focusing 
on this cluster the statement of latency can be better understudy and can help for future planning. 
 

Proposition 4. Latency in management strategies in the leadership and top management level specifically in the Mindset 
(based on their Mind band width) would be one of the most Important Issues to face with based on the Preventable Cluster 
which makes the identification of a Crisis or a Disaster much more difficult. 

 
3- Based on Black Swan Effect Theory 

 

Proposition 5. Assumptions (even though save assumptions) in leadership and top management mindset (Which is caused by 
mind Bandwidth) can effect statement of latency in management and can drive it to a higher level of latency which can be too 
dangerous and not easy to handle which should be under research (Future research). 
 

Proposition 6. Distinguishing the white swan effect from the black swan effect can generate a better perspective for the 
organizations future crisis management strategies and planning processes 
Based on the findings we understand that for being successful to identify a disaster or a crisis from each other for better 
understanding the reality and to propose better alternatives to solve the problems and to better act, we can mainly focus on the 
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processes which can affect the leadership and management and to overcome the latency of management strategy (mainly and 
firstly in the mindset based on the mind bandwidth) in this level. For this an idea has been proposed as a process. This process 
in our point of view is divided into 3 main phases which are: 1- Intension and Thinking Phase, 2- Proposing and Decision 
Phase, and also 3- Implementation Phase which is illustrated in figure 1. As we can see in this figure we can assume that if the 
disorder can be identified in the Intension and Thinking phase in a leadership or top management level the better and easier it 
is to find out to which direction will the activates and decisions will go to and what will the main strategies be and we can also 
in this phase understand weather there is and intension to put the disorder into a latent former not and weather the management 
strategy is going to be in danger of being latent. Of course it is quite obvious that realizing and understanding the existent or 
coming up disorder in this phase is too difficult but very helpful and vital. In this phase if latency is the main challenge we can 
enter more people in the thinking process so that the more they are the less the statement will be able to be changed into a 
latent context based on the existing strategy or if intended to be changed it will be identified and recognized in the right time. 
The second phase is the proposing and decision making phase. In this phase the disorders will most probably be 
understandable because the decisions will show what is going to happen but the only fact is to exactly understand what the 
decisions really are.  
A risk manager can easily understand to which direction the company or whatsoever we may name will most probably move 
towards by the decisions made. (Smithson, 1989) And finally the third phase which is the implementation or acting phase 
which although is easier to understand but there is no time or to better say lesser time to act and now the time is over and the 
results will be coming up next. So as we can see the faster we get to know the problem especially in the first phase the better 
we can control the disorder and avoid the latency in management strategy context to better understand the reality and based on 
that better act in the future. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Fig. 1: How to Distinguish the Reality Based on Latency in Management Strategy (Contribution) 

 
 

3. CONCLUSION AND FUTURE RESEARCH 
In Conclusion based on the literature reviewed and the findings we assume that: 

Chaos theory Effects especially in Intension & Thinking Phase 
to take care not to face Reverse Probability of Management Strategies 
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1- The more the experts will get in the process of thinking and discussion before the decision making process (with 

consideration of Chaos, SCC and Black Swan Effect Theory) the more accurate and logical the decisions will be and 
the more difficult generating latency in management strategies will be by the leadership and top management. 

2- Specifically in Fukushima 2011, we get to know that reality (crisis: meaning the latency in management strategy 
based on human deficiency  which was to save money instead of replacement of the reactors which should have been 
changed based on many circumstances) seems completely different from what we see and may assume (as a disaster: 
meaning the tsunami). 

3- Findings show that depending on firstly, “Human Factor” and related to that “Human Error”, which is mainly based 
on “Human Efficiency” (especially mindset) appeared in the leadership and top management status and stage, 
secondly, environment and thirdly, the system (Strategies, protocols, processes, etc.) the organization, enterprise or 
whatsoever, can be at risk of crisis in different levels and may face misunderstanding for getting to know the reality 
and originality of an event which can be based on the level and reasons of latency in management strategies. This 
depends on sense of accepting or ignoring (or even ignoring ignorance in the context of uncertainty -Smithson, 
1989)the problems and turning it into a latent context in relation to management strategies in the level of leadership 
and top management which will increase the risk of organization in being in danger of a crisis or whether there is a 
will in turning the condition into a positive status and to say that it depends on the leadership and the top 
management mindset (Mind Bandwidth)and how they tend to see crisis as a turning point and opportunity for being 
successful or not. 

4- The management strategies in reality are completely different from those adjusted previously although there is a will 
to show that “what is”, meaning the “present” (implemented) management strategies and “what should have been”, 
meaning the “past” (pre-planned) management strategies are the same which are not (i.e. Fukushima case) in those 
cases where the latency in management strategies are intentionally caused. 
 

Human efficiency and also context of culture which the leadership and top management is influenced by in crisis management 
system and process can be an important subject for future and more in depth researches that can help revealing the realities on 
latency in management strategies and how are they being influenced, especially at the level of the leadership and top 
management that can be of high importance and can help better actions to be taken through good quality decision making 
processes  
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ABSTRACT: Besides saving lives taking care of important things such as saving the livelihoods is not only important but a must. 

If we want the space to be sustained and to have continuity of public activities and residency in the future even after crisis and 

especially disasters we should take this fact into consideration. In this article at first we will give some definitions on Space and 

characteristics of sustainability in space and what keeps the space live. Next coming up will be the experience of saving 

livelihoods at the same time of saving lives in bam earthquake as lessons learnt. To explain more we can state that acting in the 

exact time helped to take care of the Qanats (which is the Iranian Traditional Irrigation system) and by their rehabilitation and 

reconstruction the irrigation of the date trees was continued although facing a stop of a short period of time because of the 

earthquake. After good functioning of the irrigation system after the damages caused by the Bam earthquake, the date trees were 

saved which meant one of the most important sources of the region’s people income and livelihood was saved. Further on 

important facts to take into consideration for better functioning of this Synchronous process will be defined and proposed, 

meaning all those facts which will end up in and cause a liveable and live space will be mentioned and proposed as a lessons 

learnt which can be used in different parts of the world as a conclusion. 
 
Keywords: Space, Spatial Planning and Management, livelihood, Lessons Learnt, Resiliency, Best Practices, Risk, Crisis, 

Disaster 

 

1. INTRODUCTION 

As we may know Synchronous Planning meaning saving public livelihoods beside saving the life of people is of high importance. 

If the livelihood activities are being saved and preserved after the response phase, not only the reconstruction, renovation and 

rehabilitation phase will be facilitated but the speed of activities in this phase will be increased and the space can be much better 

established and defined because the livelihoods are in place. For this paying special attention to preserving public livelihoods is 

of high importance. If we as emergency planners intend and plan for the people to come back to a disaster hit Area, the people 

should have enough motives to come back! One of these motives can be their preserved Livelihoods which previously earned 

their life through.  

Some of these livelihoods are Services, Some other are industry and finally the most important one is the agriculture, since it 

needs a longer time to regenerate the situation. For instance if the people livelihood is through fruit trees, they should wait until 

the trees are up again and in a reproducing mode. This will take a long time and if the fruit trees are not preserved during the 

disaster by whatsoever means it may be, maybe the people will not stay in the area (Metropolis, City, Village, etc) and this means 

that the Space is losing its status, importance and identity. To prevent such a problem at the same time of saving the people’s 

lives by a pre-planned Synchronous Planning the livelihood will also be preserved in a way to not only facilitate the future phases 

of disaster management (i.e. Reconstruction Phase) but also give life to the space and environment to preserve its identity despite 

the bad experience and different losses which people faced. 

 

2. Definitions 

To better understand and get to know the space, firstly we would like to hereby formulate and define what Space is and what are 

the Characteristics of sustainability in Space as the following: 

 

3. Space 

Herein after referred to a Place and Location where the Human beings live in (such as the Urban and rural Areas and also 

locations where nomads are living as well) and all those vertical and Horizontal Locations which anyhow are related to different 

activities related to the human being such as preparing the livelihood, etc. 
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4. Sustainability and Sustainable Development: 

Sustainability and being sustainable means not to only think for now but also to think for tomorrow and sustainable development 

is a Development that meets the needs of the 

Present without compromising the ability of future generations to meet their own needs (UNISDR, 2009) 
 

 

5. Characteristics of Sustainability in Space: 

To better understand what are the main facts of sustainability in space we will hereby note the main characteristics as the 

following which can give life to space: 

1- To think for the future Generation regarding all aspects of Life (including Livelihood) especially in relation to the 

disastrous and crisis Situations 

2- Being more sensitive about the environment we live in (including resources) 

3- Considering Green Economy 

4- accurate decision making processes especially in time of disasters and crisis 

5- Spending time on Risk, Disaster and crisis planning and management processes, Mechanisms, procedures, etc. 
 

6. Factors giving Life to Space: 

There are some Factors which give life to space and cause the vital activities in an environment or to better say 

Space which are as the following: 

1- Preservation and Continuity of People’s Livelihoods (work opportunity) in a larger Scale Business 

Continuity Management (BCM) through the Designed Plans (BCP) not only for Urban and Rural citizens 

but also for the Nomads as well. 

2- Preserving Religious and Spiritual Belongings 

3- Preserving Cultural Belongings 

4- Preserving Psychological Belongings  

5- Preserving Physical assets and properties 

6- Preserving overall Identity of Space and the environment  

Space meaning the place where people live in and their environment where they carry out their activities is of high 

importance. Keeping on the activities, continuity and constancy of the actions are more important especially in time 

of Crisis and Disasters. For this planning in a way to preserve the livelihood of people through processes, 

Mechanisms, etc such as BCM and BCP when a crisis or disaster occurs is a key fact to be taken into consideration. 

For this we can give an example. The Qanat which is the Iranian ancient system of irrigation is of high importance 

for keeping up and irrigating the plantations and agriculture especially where and in places that it is the major 

irrigation system.  

This system of irrigation is like blood vessels in the body. So the people need this to take care of their agriculture 

especially in places where the main livelihood is through agriculture. We can raise a question at this point which is: 

“Is saving the Factors of Preserving Livelihoods which are very sensitive (such as the irrigation system and 

related to that all those things which affect the public Livelihoods) especially in time of Crisis and Disasters in 

places where the main livelihood is agriculture as important as saving the human lives? And Does this Mean 

Saving the Life of Space?” Answering such a question may not seem so easy! At least we can say that it is so 

important that the Space and Environment Life is related to that. Because as far as the people will continue their 

work and have their livelihood in place they will have a reason to stay in space and the quality of the environment 

will try to improve and develop especially after a Crisis or a Disaster or otherwise the people will leave the Space 

and that’s the time where the environment and space will start to demolish.  

As an example in Bam Earthquake in 2003 where many people lost their lives, the Iranian Traditional Irrigation 

System (The Qanat) which was the main irrigation system for the regions Agriculture as the main Livelihood of the 

people, faced a disorder and difficulty and many of them were destroyed. But the accurate and wise decision by the 

officials which was focusing on saving the Qanats in time of the earthquake not only helped saving the life of the 

date trees which was the people’s livelihood and but also trough that helped saving the Space the Bam reputation in 

excellent date as an export product was preserved although facing a decrease in production only few years after the 

disaster. The Important fact is that if the activity meaning saving the Qanats wasn’t at the same time of saving the 

people’s lives the livelihood would be destroyed and maybe it would have caused the Migration of many people out 

of the region hit by the disaster looking for work and new jobs round the area. 
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The important fact is that to rehabilitate the Qanat we should programme parallel besides saving people’s lives 

before it will get too late. By rehabilitation and reconstruction of Qanats the irrigation will work proper through 

which the agriculture will be saved in this means the preservation of public livelihood. To plan a live and livable 

space for future living based on the case mentioned above as lessons learnt we should consider: 

1- Real-time Synchronous Planning and management processes, mechanisms, Procedures, etc in the field of 

saving people’s livelihoods are of  high importance 

2- There should be a comprehensive Livelihood Risk management and planning process for each human 

residing area formulated as a part of the BCM and BCP Context of the same place. 

3- There should be Plans (As part of BCP and BCM) to make sure that besides saving the lives of people, the 

livelihoods related to them will be save as well. 

4- There should be technical, educated, high equipped groups and teams from even outside the affected area to 

help preserve the people’s livelihoods whatsoever it may be. (Agricultural, Services, Industrial) 

 

7. Conclusion   

As a matter of fact and in conclusion we can state that along and at the same time of saving lives of the people 

which is the 1st and the most important priority in time of a crisis or disasters there are also other important activities 

to be taken into consideration at the same time and to better say by a Synchronous Planning Process. Yes! Saving 

people’s livelihood is also of high importance but not with delay but at the same time. This means saving the life of 

the space and the environment and to save its identity from all possible points of view. As we saw in the Bam case 

in I.R. Iran, the experiences show that by saving the people’s livelihood right away the space can preserve its quality 

although it may face some problems for a short period. Sustainability and the main fact sustainable development 

draws us towards a Comprehensive perspective and approach through which to consider more important things 

beside the people’s life which one of them is preserving “the Living Space”, which has got different characteristics 

which are: Continuity, Constancy, Sustainability, identity, and facts as such.  

 

6. REFERENCES 

The United Nations International Strategy for Disaster Reduction (UNISDR), (2009) Terminology on Disaster 

Risk Reduction, Geneva, Switzerland.  

B.Yavar; M. Mirtaheri, (2009). Lessons Learnt from Chabahar Free Trade and Industrial Zone Disaster Management 

Master Plan as a Sustainable Development Framework, PP.180-190, Proceeding of International Disaster and Risk 

Conference Chengdu. 

Bumgarner, J. B. (2008). Emergency management: A reference handbook, Washington DC,Abc-clio 

publications. 

Weathering the Storm, Participatory Risk Assessment for Informal Settlements, Disaster Mitigation for 

Sustainable Livelihoods Programme, (2008). University of Cape Town, Periperi Publications, Cape Town, 

South Africa. 

Coombs, W. T., S. J. Holladay, (2002). Helping crisis managers protect reputational assets: Initial tests of the 

situational crisis communication theory. Management Communication Quarterly, 16: 165–186. 

Asghar, Sohail, Damminda Alahakoon, and Leonid Churilov, (1998). “A Comprehensive Conceptual Model for Disaster 

Management Existing Approaches to Disaster Management.” 1–15, Clayton School of Information Technology, 

Monash University, Australia. 

Kelly, Charles. (1999). “Simplifying Disasters: Developing a Model for Complex Non-Linear Events.” 

Australian Journal of Emergency Management, The 1985: 25–27. 

http://search.informit.com.au/documentSummary;dn=395428323254686;res=ielhss (May 19, 2013). 

780



 

1 

 

 

Trick or Treat? 

John Zeppos, FBCI1  

1Resilience Guard GmbH, Zurich, Switzerland. E-mail: john.zeppos@resilienceguard.ch 

ABSTRACT: Today’s corporate governance through tough times has gradually become more and more difficult. Managing a 

company or an organization has never been an easy task, but today’s external environment is much more risky and challenging 

than it used to be some years ago. In order for organizations to feel more secure and that their critical services and assets are well 

taken care of and protected, they need to find modern and efficient ways to become resilient towards the external threats. 

It’s a management decision to try and setup a system that in case of unforeseen incidents will minimize the cost of disruption, the 

reputation impact and will eventually save the day. Most companies globally have taken the right decision to invest on the 

implementation of a Business Continuity Management System, rather than try to respond to situations ad-hoc. 

After all, it’s a matter of pure will to make all the necessary arrangements in order for your shareholders to feel that their 

investment is well protected, as once the BCMS is implemented it could quite easily become self-financed in numerous ways. 

Cost is not an excuse any more, loss has become the excuse of setting up such a system. Once you do it and you do it properly 

and practically, the system itself will eventually treat you well, if again not, the results and impact of a single incident will give 

you a reason to do so as soon as possible. 

It’s up to you as an owner or investor to choose whether you prefer to be treated or tricked. 

 

Keywords: business; continuity; ISO22301; resilience; recovery; incident; risk; disaster 

 

1. INTRODUCTION 

Business Continuity Management, was traditionally perceived as another cost centre that only is needed when something 

significant happens, therefore there was no need to invest in time, money and people development in order to be better prepared. 

Moreover, top management was not eager to discuss it, resulting to lack of understanding of what business continuity really is 

and what is not. 

The only discussion that could make it to the board room was that of Disaster Recovery and alternative data centre, because it 

was very obvious that having your Data Center off, meant loss of money and credibility. 

Having connected the dots in their minds that Disaster Recovery is Business Continuity – which is wrong – and therefore 

Business Continuity costs money without making profit, they usually opted to discuss more of their commercial policy, new 

products and services rather than capacity building for withstanding an incident. 

Times have changed and nowadays boards are much more open to discussing about business continuity management 

implementation and even ISO22301 certification, but it’s still a tough cookie for a Business Continuity Manager or Business 

Continuity Consultant to make it till there. When there though, one should not try to pull rabbits out of his hat but explain in a 

language boards understand what this is all about and let them decide on their own whether they prefer to be treated or tricked 

 

2. BCM AS A COST CENTER OR BUSINESS ENABLER? 

It’s a common secret between BCM professionals that one of the biggest challenges is to get Management attention and to do so, 

one needs to be aware of the existing and important inhibitors: 

Business Continuity is usually perceived as a cost and not as a business enabler. It’s the professional’s role to prove them that this 

is not the case, because nowadays more and more RFPs from a company’s procurement department require tenders to be able to 

provide them with evidence of the existence of a well establishes business continuity management system in order to ensure their 

supply chain resilience. In that case, Business Continuity Management becomes and active but indirect revenue stream, enabling 

business development and pre-sales activities, by minimizing the product or service sales cycle. 

It’s also often considered as non-critical but that’s wrong again. Is it critical to have your General Practitioner’s telephone in your 

contacts directory? It does not mean that business continuity only is a function we could build up in seconds so as to respond to a 

very critical incident that threatens the organization’s existence. It’s one of the most critical functions and needs to be in place 

and well-rehearsed so as to save the day when needed. 
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BCM is often seen as a technical IT issue but IT is just a single element of the whole Business Continuity Management System, 

same as other tasks and functions such as risk assessment, audit, testing, and maintenance. BCM does not only care about your IT 

infrastructure but for the whole of your business, making sure it provides alternative solutions for your contact center, your 

workplace, even personnel, when needed. 

Management teams usually have the perception that “everything is ok” mostly because their teams never really informed them 

that something really goes wrong, so thinking there are no problems, they see no reason to invest on such a management system 

Lastly, nearly always there is one or more pressing or higher profile subjects in their agenda so business continuity can quite 

often be left back as being second, third, fourth priority. Of course it automatically becomes priority #1 once something happens 

and needs their attention to deal with either incident or crisis management. 

 

3. HOW DO YOU GET THE BOARD TO LISTEN? 

Since it’s already widely accepted by the global BCM community that BCM will never lead the business but it would either 

facilitate it or just follow the company’s strategic direction, there is an increasing need to make sure that the professionals 

demonstrate the value of BCM to the management team and illustrate the benefits the organisation is getting out of its 

implementation. 

The most important point that needs to be stressed and detailed with practical real life examples that might have happened to the 

business in the near past is that BCM clearly offers protection to the company’s cash flow, profits and certainly its services 

availability. We have already spotted the fact that BCM cannot easily and out of the box create a new revenue stream for the 

organisation, but it can save the day by safeguarding the existing revenue streams making sure that cash inflows remain 

unaffected if something significant impacts the organisation and makes sure that downtime is minimised to the most acceptable 

and pre-agreed levels. 

Business Continuity does significantly reduce the company’s business risk, since the response mechanism it puts in place in order 

to effectively deal with a situation makes sure that some existing risks are either minimized and get below the company’s risk 

appetite red line or the just disappear. For example the risk of losing a member of the personnel that happen to be the one and 

only person with such experience and expertise on a specific business critical function, can disappear by identifying these human 

“single points of failure” and duplicate knowledge and expertise to more staff members in order to have redundancy if and when 

required. 

By practicing and implementing a Business Continuity Management System, an organisation increases its business opportunities 

because nowadays when risk is becoming an increasingly important differentiator and decision making factor, the tenders to be 

chosen for a large project that will bring important revenues, are much more likely to be in position to evidence that they have a 

fully implemented, tested and certified Business Continuity Management System. 

There are many other benefits for the organisation, such as compliance and insurance premium reduction due to minimisation or 

risks, but one thing that should always be in the professionals mind before getting in front of the board is to always argument and 

substantiate with hard facts, making a good and easy to understand business case, so as to leave the room with an agreement or – 

why not? – the CEO’s signature on the policy document. 

 

4. AFTER ALL IS SAID AND DONE 

It is not just a matter of a single signature to make the management system work, same as with all management systems such as 

9001, 14001, 18001, 27001, the Business Continuity Management ISO22301:2012 requires a lot of work, loads of expertise and 

depending on the organisation size and structure, a dedicated and driven team.  

The challenge here is to take the signed off document (most probably a policy r a Framework document) and make sure you build 

and produce the whole system and corporate risk aware mind-set out of that one. The Executive team once  they agree on the 

implementation and one gets the valuable buy-in, the stakes are quite high, because the expectations are already set in the 

management team’s mind that from the very next morning, the company will become almost immune to external threats and 

everything will run smoothly from then on without any disruptions. It is the manager’s role to make sure you produce the relevant 

and adequate reports to feed the top team and show the exact programme status so as to have everyone aware at all times that 

things might not be ready yet, but company is gradually stepping up and getting more and more resilient day by day 

Since it’s already widely accepted by the global BCM community that BCM will never lead the business but it would either 

facilitate it or just follow the company’s strategic direction, there is an increasing need to make sure that the professionals 

Below you can see a typical management report, about the progress of the BCMS implementation, touching on al the important 

aspects of the ISO22301 standard but always keeping in mind the system’s materiality as well, in order to make sure that real life 

BCM experience is no different from what has been put in paper as planning (Fig.1): 
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Fig. 1: BCM Executive Report 
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5. PROGRAMME MANAGEMENT  

It is not uncommon for people to think of Business Continuity Management as a standalone project, which in fact is not. The 

whole life-cycle of Business Continuity Management is a programme, a, ongoing process and that is why most text books on 

BCM represent the whole process with a cycle, having no beginning and no end.  

Fig. 2: BCM Programme Management Structure 
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Proper, efficient and effective Programme Management is of critical importance for retaining Management commitment and 

make sure that all your interested parties (a.k.a. stakeholders) are well treated since the system in place makes sure that the 

company has invested on enhancing its resilience, therefore stakeholders’ investment is thoroughly and consistently protected, 

having minimized its risks significantly and having put in place a mechanism for spotting new ones in order to come up with the 

proper mitigation measures in time. 

Figure 2 clearly depicts the most important elements of the programme organization structure, so as to ensure that the 

management system is fit for purpose. 

 

6. HELPFUL HINTS 

In order to have much more chances to get management approval and buy-in your programme, make sure you pay attention to a 

series of practical hints and tips: 

 Pick an appropriate time  

 Avoid : End of financial yea, peak trading times, difficult trending times, periods of major changes 

 Integrate into a board meeting 

 Get on the agenda early 

 Demonstrate competence 

 Have confidence when addressing to the board, if not, it’s clear you do not believe in your programme 

 

7. ADDED VALUE TO INTEGRATIVE RISK MANAGEMENT 

Getting Board attention and buy-in is a difficult task, but of very significant importance to the programme’s success. If this goes 

well, then your critical products and services, assets, human capital, infrastructure and everything else will be much more secure 

against unforeseen and unfortunate events, making sure that shareholders, customers and interested partners are not tricked but 

treated when it comes to safeguarding their investment, minimizing business risks. 

8. CONCLUSIONS 

Board and top management support should not only be represented by a single signature on a policy document but make sure it 

remains visible at all times, as investments will be required, referring to either time, effort and of course budget for capacity 

building, so as to reinforce the organization, armoring it against materializing risks. 
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ABSTRACT: Affected by global warming tendency and the unreasonable human activity, the land degradation is aggravating, 

causing serious negative impact on the regional and global environment, society and economy Central Inner Mongolia is located 

in the agro-pastoral ecotone in Northern China, where there are large areas of degeneration land. With the background of global 

warming, the study area presents a trend of warming and drying. Based on the theory of regional disaster system, this essay 

synthetically analyzed the disaster-formative environment-E (soil, vegetation, terrain, and the meteorological data of 2011 ~ 

2020), hazard factors-H(wind erosion intensity, hydraulic erosion intensity, salinization intensity, grassland degradation intensity), 

hazard-affected body-V (NPP, land-use type).According to the type of four main land degradation in the study area, we selected 

L
R H V E    or 

L
R aH bV cE    as risk evaluation model to finish the risk assessment of wind erosion and desertification, 

soil erosion, salinization and grassland degradation under the warming and drying climate scenarios. Further, we finished the 

comprehensive risk assessment of land degradation, and revealed the spatial pattern of land degradation in the study area. This 

study aims to provide certain theoretical basis for risk mitigation and prevention of land degradation. 

Keywords: risk evaluation, land degradation, warming and drying climate, Central Inner Mongolia 

1. INTRODUCTION 

Over the past century, global warming has become an indisputable fact. The IPCC fifth assessment report shows that global 

warming will continue beyond 2100 under all RCP scenarios and will not be regionally uniform (IPCC, 2013). In addition to the 

temperature rise and rising sea levels, the human pay more attention to the impact of climate change on ecosystem structure and 

function (Turner, 2010). In recent decades, the speed and strength of global environmental change is rare, especially for 

ecological fragile area. Land degradation and desertification has become a major obstacle for the sustainable development of 

human society. Land degradation is one of the most serious worldwide ecological and environmental problem (Al Dousari et al., 

2000), which is thought to be a severe threat to food security, the environment and the sustainability of human habitation (Sujith 

Ravi et al.,2010). It is defined as “A persistent reduction or loss in the land’s biological and economic productivity and 

complexity of terrestrial ecosystems” (Vogt et al., 2011). Land degradation may be aggravated by climate change (Rey, 2011). 

China is one of the countries affected most seriously by land degradation. And Central Inner Mongolia located in the agro-

pastoral ecotone in Northern China, which is one of the regions affected most seriously in China (Fig.1). With the background of 

global warming, the study area presents a trend of warming and drying. Based on the Regional disaster system theory (Shi, 1991), 

this essay synthetically analyzed the disaster-formative environment, hazard and hazard-affected body, and reveal the spatial 

pattern of wind erosion and desertification, soil erosion, salinization and grassland degradation under the warming and drying 
climate scenarios. This study aims to provide certain theoretical basis for risk mitigation and prevention of land degradation.  

2. DATA AND METHODS 

This paper use the basic data include (1) meteorological data: precipitation, temperature and wind speed in 0.5 ° x 0.5 ° grid from 

IPCCAR5(year of 2011-2020); (2) the terrain data: DEM data from the earth system science data sharing platform; (3) soil data: 

the Inner Mongolia autonomous region 1:15 00000 soil type map (1987); (4) erosion intensity data, including wind erosion, water 

erosion, grassland degradation and salinization intensity data, the first three are from the Inner Mongolia soil erosion map (1989),  
and the latter is from land use map (2000)  which is obtained by TM interpretation. 

2.1 Warming and Drying Climate Scenarios 

785



 

2 

 

 

IPCC have setted four climate scenarios (RCP2.6, RCP4.5, RCP6.0 and RCP8.0) to predict future climate change (IPCC, 2013).  

By comparing with the temperature and precipitation change trends (2005~2020) in the study area under four scenarios, we found 

that: the temperature rise sharply but the precipitation increase is very small, so the climate will be warming and drying in the 

future climate scenarios. A typical scenario, RCP4.5, was chosen (Fig.2).  
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Fig.1 The location of the central of Inner Mongolia Fig.2 The change trend of temperature and percipition in the study area  

2.2 Model  

Disaster is the comprehensive product of hazard-formative environment, hazard factors and hazard-affected body (Shi, 1991). 

Guided by the conventional two-dimensional risk assessment model: ( , )
L

R f H V  (UNDP, 2004), a large-scale three-

dimensional disaster risk assessment model based on the Regional Disaster System concept is developed (Shi et al., 2010): 

( , , )
L

R f H V E , Where 
L

R is disaster risk, H is the insensity of hazards,  V is the vulnerability of hazard-affected body, E is 

the unstability of hazard-formative environment. According to the characteristics of the four forms of land degradation, this 

article establishes two risk assessment model:  
L

R H V E   , and 
L

R aH bV cE   ( “a, b, c”  on behalf of the weight). The 

former is applicable to the risk assessment of wind erosion (R1), water erosion (R2), and grassland degradation (R4); the latter is 

used for the risk assessment of salinization (R3). Finally,  the aggregate risk(R) was calculated by the formula R=aR1+b R2+c 

R3+d R4( a=0.3、b=0.3、c=0.15、d=0.25). 

2.3 Index and  Calculation 

Table 1 shows the index and calculation. 

Table 1 Index and Calculation 

 Index 
Calculation 

 First level Second level Third level 

Wind 

Erosion 
disaster-formative 
environment 

0.2 1 0.2 2

0.2 3 0.4 4

E E E

E E

  

  

Ei is the 

normalized value 

of  Ei  

aridity index aridity index ( 1E ) 

Holdrigde Method was used based on the 

average annual temperature and average annual 
precipitation 

wind speed wind speed ( 2E ) average annual wind speed 

Vegetation 
coverage 

NDVI( 3E ) 
average annual NDVI, and the annual NDVI  
was obtained referring to Sun (2008)  

soil types Soil wind erosion index ( 4E ) The degree of soil are easy to be eroded by wind 

hazard factors-

1H H  
Intensity of 

hazard 
intensity of wind erosion ( 1H ) intensity of wind erosion 

hazard-affected 

body 1 2V V V    

, Vi  is the 

normalized value 

of Vi  

fragility average annual NPP ( 1V ) 

average annual NPP (2011 ~2020)，and the 

annual NPP  was obtained by Miami Model

（Lieth el at.，1975；Wang，2010） 

sensibility variable coefficient of NPP ( 2V ) 
The standard deviation divided by the average of 

NPP 

Water 
Erosion 

disaster-formative 
environment 

(4 / 32) 1 (6 /

32) 2 (20 / 32) 3

(2 / 32) 4

E E

E E

E

 

 



Precipitation average annual precipitation ( 1E ) —— 

Slope Slope class ( 2E ) Derived from DEM data 

Vegetation 

coverage 
NDVI ( 3E ) The same as 3E  of Wind Erosion 
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, Ei is the 

normalized value 

of  Ei  

soil types Soil water erosion index ( 4E ) The degree of soil are easy to be eroded by water 

hazard factors-

1H H  
Intensity of 
hazard 

intensity of water erosion ( 1H ) intensity of water erosion 

hazard-affected 

body 1 2V V V    

, Vi  is the 

normalized value 

of Vi  

fragility average annual NPP ( 1V ) The same as 1V of Wind Erosion 

sensibility variable coefficient of NPP ( 2V ) The same as 2V of Wind Erosion 

Salinization disaster-formative 

environment 

0.5 1

0.2 2 0.3 3

E E

E E

 

 

,

Ei is normalized 

value of Ei  

evapotranspir

ation 
evapotranspiration  ( 1E ) 

Holdrigde Method was used based on the 

average annual temperature and average annual 
precipitation 

Relief 

Amplitude 
Relief Amplitude  ( 2E ) Derived from DEM data 

soil types soil salinization index ( 4E ) The degree of soil are easy to salinization 

hazard factors-

1H H  
Intensity of 
hazard 

intensity of soil salinization ( 2H ) intensity of soil salinization 

hazard-affected 

body 1V V  
land-use type vulnerability of land-use ( 1V ) assignment  to land-use types 

Grassland 
degradation 

disaster-formative 

environment 

0.3 1 0.3 2

0.15 3 0.25 4

E E E

E E

  

  

， Ei is the 

normalized value 

of  Ei  

Wind erosion Wind erosion environment ( 1E ) The same as E of Wind Erosion 

Water erosion Water erosion environment ( 2E ) The same as E of Water Erosion 

Salinization Salinization environment ( 3E ) The same as E of Salinization 

Climate 
Relative change rate of precipitation  

and temperature ( 4E ) 

The relative change rate of precipition (
rP ) and 

the realtive change rate of temperature (
rT ) :  

10

1

( ) / , /10, ( ) / ,i o o r i o o

i

P P P P P P T T T T


      

10

1

/10r

i

T T


 , Where 
iP  and 

iT are respectively  

the i  year annual precipition and temperature, 

oP  and 
oT are respectively  the average anunual 

precipition and tmeperature  

hazard factors-

1H H  
Intensity of 
hazard 

intensity of grassland degradation 

( 1H ) 
intensity of grassland degradation 

hazard-affected 

body 1 2V V V    

， Vi  is the 

normalized value 

of Vi  

fragility average annual NPP  ( 1V ) The same as 1V of Wind Erosion 

sensibility 
variable coefficient 

 of NPP  ( 2V ) 
The same as 2V of Wind Erosion 

3. RESULT AND ANALYSIS 

The risk value of four land degradation forms are nomalized. The risk of land degradation is a weighted sum of normalized 

indicator, which is divided into five grades according to the value, namely, high (value: >0.2), relatively high (0.12~0.2), 
moderate (0.05~0.12), relatively low (0.01~0.05) and low  (<0.01) (Fig.3).  

Figure 3 clearly shows the spatial pattern of land degradation: (1) The northeast risk of the study area is higher than the southeast. 

(2) From “Guyang to Huade” form a obvious risk level line at the Northern Foot of Yinshan Mountain: North of the line, high 

risk, relatively risk and moderate risk are dominant; south of the line, all are in low risk, relatively low risk and moderate rik 

levels. (3) The high risk and relatively high risk level mainly are distributed in the north of Siziwang Banner, Darhan Muminggan 

United Banner and  “Guyang to Huade” line at the Northern Foot of Yinshan Mountain. The area of high risk level in Siziwang 
Banner, Darhan Muminggan United Banner account for 93% of the overall high risk level area.  

The risk is high at the north of Siziwang Banner, Darhan Muminggan United Banner, and “Guyang to Huade” line, which is due 

to the high and relatively risk level area of wind erosion and grassland degradation are mainly distributed in these regions; The 

Tumote plain is the most concentrated area of irrigated land, in which the combination of plain, depression and semi-arid climate 

are prone to soil salinization. Under warming and dring climate scenarios, Tumote plain become the high risk region of 

salinization. Loess hilly and loess terrace are high risk regions of water erosion due to the the combination of loess-like material 
and mountain, hills landform. 
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Fig. 3: Risk Levels of land degradation 

4. CONCLUSIONS AND DISCUSSION 

This article has built two risk assessment models based on the regional disaster system theory to realize the risk assessment and 

clearly reveal the spatial pattern of land degradation under the warming and drying climate scenarios, which can provide certain 

theoretical basis for risk mitigation and prevention of land degradation. 

This paper is a method exploration of the ecological and environment disaster risk assessement. Selecting proper indicators are 

important. In this article, the weight setting of indicators is maily determined by the experience of experts, which remanins to 
furthuer study. 
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ABSTRACT: Responding to a demand from an activist inside Syria, Women For Democracy (WFD) organised a first seminar on 
Non Violent Communication (NVC) in Istanbul in March 2013, with the financial support of Initiative for a New Syria. Twelve 
women attended, among them six from inside Syria. Leila (a pseudonym) was among them. A few months later she was arrested 
while trying to reach a liberated area near Damascus to bring toys to children living there under continuous shelling. Released 
several weeks later, she called me, her NVC instructor, on the day of her liberation to say: “Thanks for teaching me NVC… This 
saved my life several times during my detention… Everyone in Syria must learn it today, detainees as well as investigators, and 
children as well as adults.”. The lesson of this experience is that no matter what the future of Syria is, decisions will have to be 
implemented on the ground and at this level "person to person" communication will be necessary and therefore must be possible. 
This is where NVC can help. The implementation of Non Violent Communication in the Syrian context is discussed in this paper. 

Keywords: Non Violent Communication, resilience, Syria, women 

1. INTRODUCTION 

In this contribution we present first a summary of the evolution of the situation in Syria until today, after more than three years of 
crisis, then we will emphasise on the consequences of violence on the Syrian society and the need to look for a way to heel social 
injuries and to strengthen the resilience of Syrians. Next we will explain why we find NVC to be one of the most suitable 
methods for the Syrian situation today and in the future. The basic elements and rules of NVC and an approach adapted to the 
Syrian context are presented. As we already had several experiences in spreading this method, we summarise them together with 
the obtained results and the difficulties encountered to expand our project. At the end we draw some conclusions.  

2. THE SYRIAN CONTEXT 

Since March 2011 brutal repression has been the only response of the Syrian regime to the pacific popular uprising. But the 
remembrance of the barbaric repression by Hafez Al Assad in Hama in the 80s and the going on Arab Spring pushed the Syrian 
people to pursue the movement. First hoping that the international community would support their demand for basic human 
rights, i.e.: dignity, freedom and democracy, theses values so important to democratic countries. The Syrian people soon was 
disillusioned. While the Syrians systematically sent out images of what was happening in the street to all external media, so that 
the world could see the brutal crackdown of the Assad regime, the whole world kept watching their ordeal without reaction or 
help to get rid of the Assad regime. The Syrian people was left alone facing the bloodiest dictatorship in the world. For several 
months the revolution stayed pacific, but remained orphaned. The reason behind it is that several countries have regional agendas 
which can take advantage of a weakened Syria and that the suffering of the Syrian population is of no concern to them. 

2.1. A High Level of Solidarity During the First Year 

The pacific popular revolution started in Daraa in March 2011, after the arrest of several children who have been tortured in 
detention centres. Starting from the first demonstration Assad's forces used real bullets. The whole country reacted to show its 
solidarity with Daraa, with demonstrations from north to south and from west to east, demanding dignity, freedom and 
democracy. The city of Homs soon was called the Capital of the Syrian revolution as it experienced the strongest protestations, a 
strong opposition and a brutal repression by Assad regime. People from all parts of Syria showed their solidarity with Homs, 
some of them used to go to Homs on Fridays to participate in its demonstrations. Also, people living inside hot regions showed a 
high level of solidarity among themselves as a reaction to the brutal repression of the regime. Anouar Malek, Algerian observer 
sent to Syria by the Arab League in December 2011 reported about this exceptional solidarity among people in Baba-Amr which 
was besieged at that time and where people were starving (Shaaban, 2012). At the same time, Daraa Churches and Mosques 
served as field hospitals. In one word, the solidarity among Syrians in all regions and from all communities was unfailing. 

2.2. Increase of Violence and Manipulations  

The level of violence increased significantly since February 2012, with the Syrian regime shelling civilian populations with all 
sorts of bombs. Slaughters and rapes started happening in hot regions where the popular revolution was strong. Arbitrary 
detention and horrifying tortures were systematically used by the regime. 

During the same period of time, it is important to notice the efforts made by the Syrian regime in order to divide communities in 
Syria. Several tactics were implemented by the regime to this end: 
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• Violence targeting mainly the Sunnite community and systematic slaughters and rapes committed by the regime's Shabbiha 
militias, in order to promote sectarianism (the militia were shouting: "the Alawites are coming to kill you").  

• Later on Shiite fighters coming from Lebanon, Iraq and Iran committed similar massacres.  

• Systematic shelling of targeted areas, resulting in large numbers of injured people and then forcing many civilians to flee, 
leaving behind them their houses and all their goods. Today more than 40% of the population have lost their homes and 
became internal displaced or refugees.  

• Sexual violence against women was another important reason leading families to flee. 

• Recruitment of some Christians in the government's Shabbiha militias in order to spread sectarianism among communities. 
Some Christian figures have also been used on purpose to spread the myth that Assad is the protector of minorities in Syria. 
Alternative manipulations have been used to develop conflicts between Sunnites and Druzes in the south of Syria.  

• Partial withdrawal of the regime from the north-eastern region in order to let the PYD Kurdish party take control there and 
establish a local government; so that this region became much less concerned by the uprising in the rest of the country.  

• Targeting preferentially some regions more than others. Homs for example has been one of most targeted regions from the 
beginning of the revolution. More than 85% of the city has been destroyed and fourteen areas of Homs suffered under more 
than two years of siege and famine.  

2.3. Consequences on the Syrian Society 

This extreme violence and these manipulations led to important consequences on the feelings of Syrian people and ultimately on 
the entire Syrian society:  

• The extreme suffering without any real external help led people to become much more religious, looking for at least a 
spiritual support.  

• The targeting of one community (the Sunnites) by the others (Alawites and Shiites) enhanced the ties within each religious 
community and led to increased sectarianism in the Syrian society. Using religious figures in Syria to spread the idea that 
the Assad regime is the protector of Syrian minorities, especially Christians, deteriorated the initially friendly relations 
between Muslim and Christian communities. 

• Similarly, targeting some regions more than the others developed a strong sentiment of regional affiliation. This led to more 
fragmentation in the Syrian society, among different regions.  

• The same kind of fragmentation appeared between Kurdish and Arabic Syrians.  

• With the ongoing violence and the absence of any serious effort from the international community to stop this bloodshed, 
Syrians started loosing hope and their daily suffering led them to loose trust in other Syrians, leading to even more 
fragmentation and loss of resilience. 

Recognizing the damaging consequences of these aspects led WFD to start working for social peace in Syria and to look for ways 
that can help Syrians keep their resilience; methods that strengthen their relationships inside their families, within their 
professional environment, and with their neighbours, in order to alleviate and repair the side effects of daily confrontations with 
violence. This should and will, in the future, help the Syrian society to recover and prevent revenge cases that may happen. 

3. WHY NON VIOLENT COMMUNICATION? 

Many NGOs have chosen to promote conflict resolution methods, mostly in English. Field experience shows that it is too early 
for such approaches and that these methods may help more, once violence stops and a solution is accepted by all parties. With the 
present extreme conditions and the high level of continuous tension and fear, people loose their capacity to develop relationships 
and to engage a real dialog with others. New social problems also appear in the Syrian society today, like the increase of divorce 
cases, the increase of familial violence and suicide cases. Today, Syrians need to heel their emotional injuries and recover their 
human qualities but also to improve their dialogue capacities. This is why we started to focus on the NVC approach. 

3.1. What is NVC? 

NCV is a human skill allowing the one who develops it to communicate with others using what is alive in him. Usually people 
talk together but don’t really communicate as often everyone is convinced to be right and doesn’t even try to listen to the other. 
The NVC method (Rosenberg, 2005 and 2006) teaches how to communicate using first empathic listening. It also teaches how to 
recognise one's own feelings; and then how to recognise one's needs behind them. Finally, may be the most important element of 
the method is to realise that all human beings have the same needs. This allows everyone to recognise the needs of the others and 
even to try to understand their needs. In all situations, it helps listening to the other and expressing oneself using feelings and 

790



  

needs, and being clear in one's own demands, thus avoiding all kinds of violence. When used correctly, NVC results in 
clarification of difficult situations and in developing stronger relationships with the others.  

In addition, the NVC method is very easy to teach as it has simple basic elements and can be taught as a language with its 
specific rules. But as for any other language and human skill it requires time and experience to improve one's self NVC capacity.  

3.2. NVC: Basic Elements and Rules 

When facing a difficult situation or harming words :  

• Recall facts only, avoiding all kinds of interpretation, accusation, generalisation, comparison, etc.  

• Connect yourself to your feelings. Recognise the needs behind these feelings. 

• Express your feelings and needs using only “I” in your wording.  

• Express clearly your demand to the other avoiding obligation forms. 

• Listen with empathy to the other trying to guess his real feelings and needs and welcome them. Try first to welcome the 
other’s feelings and needs before expressing yours.  

• Avoid interpretation, accusation, generalisation, comparison, etc. which are principal elements that cut the communication. 

Empathic listening can be used to help people who are suffering from violence and to start healing their emotional injuries.  

3.3 NVC in Syria Today 

This method can be used in Syria starting today, even with the crisis still going on. If it is used on a large scale then we can 
expect the following important results: 

• The empathic listening to people who are suffering from violence will help decreasing the tensions among people. 

• It should strengthen the relationships among people who are in the same area (family, neighbourhood, work, activities, etc.) 
as they will communicate with what is alive in them and seek what is alive in the other person. That means they will talk 
with their real feelings and needs and welcome the other’s ones avoiding all what may hurt the other. 

• It should decrease the tension with the others, as Syrians will be able to understand each others' needs.  

• It should improve everyone's resilience, as they will be able to recover their human capacities, helping them to be connected 
to what is alive in them (feelings and needs). 

• It should improve the dialogue skills among Syrians, as they will listen to each other and will try to avoid harming the other. 

• Getting conscious that all human beings have the same needs, CNV should help recover the acceptance of the others inside 
communities and later among religious or national communities, and between different regions in Syria. This will help 
overcoming the fragmentation of the Syrian society and recovering the friendly relationships among all Syrians.  

• This method may help to build the future, as it is an essential part of all conflict resolution methods. It has been already used 
in Burundi as a support of the national reconciliation project (Kouandé, 2009). 

4. AN APPROACH ADAPTED TO THE SYRIAN CONTEXT 

The approach we propose is to create a women network of NVC inside Syria and on the borders in order to spread this method 
among Syrian people. Building the network is to be done by organizing workshops for some activists first, then assisting them in 
order to improve their NVC skills through real situations and finally help them spread the method within their own networks.  

Why women? We have chosen to spread the method through women because they are key links in the family structure and in the 
education of future generations. This method may also be a tool for women in demanding their basic human rights in the post-war 
Syrian society.  

The approach must be Syrian in order to be credible and efficient. It must use Arabic in order to facilitate expressing peoples' 
own feelings and needs. It will also be easier to share the difficulties that Syrians are facing today if taught by Syrians with links 
inside the country. It must be bottom-up, starting from person to person before reaching the communities. Finally, it must start 
with listening.  

5. OUR EXPERIENCES SO FAR 

We organised a first course in Istanbul in March 2013 (Zimmermann, 2013), which was sponsored by "Initiative for a New 
Syria". Twelve women attended, Arabs and Kurdish, from several regions in Syria. Leila was in this group. She is today a trainer 
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as she could use this method during her detention and had to overcome several difficult situations. Another young woman 
attended the course and used empathic listening later on to help women who had been raped in detention centres, after their 
release. Today, she is herself active within the Syrian opposition and mentioned that she has been using NVC systematically to 
improve relationships around her. Three other attendees of the first course later organized NVC seminars together with our 
association in the cities where they are active (in Egypt and Turkey). 

One course was organized in Cairo in May 2013, with twelve participants from several communities, Alawites, Druze, Sunnites, 
and Palestinians. The exercises proposed during this course allowed participants to realize how difficult it is to be an Alawite in 
the opposition. It allowed Syrians to hear the feelings of Palestinians in Syria. It also gave the Sunnite women an opportunity to 
express their fear and pain of being confronted to death daily, in some areas of Syria, but also their fear of being raped. 

Two other courses have been organised in Antakya in July 2013:  

• The first one with fourteen participants, including women and men, Kurdish and Arabs, adults and young, from several areas 
in Syria. The younger people were very keen of the method. 

• The second course with twelve participants. All of them were Sunnite women but from several regions in Syria. At the end 
of this course, the participants were asked to give their opinion about how useful NVC can be in Syria today and tomorrow. 
One young lady from Latakia who had fled two months earlier said: “Before this course, I was still thinking of revenge… 
Today, I feel much better knowing that we can learn how to live together in the future”. 

Another course was organised in Lebanon, al-Bekaa in May 2014, with 20 participants (men and women). All of them were 
Sunnite but from several regions in Syria, and all of them engaged in humanitarian help to other Syrian refugees, or teachers in 
Syrian schools. Leila is the person who invited us to organise this course in Lebanon. 

After this course, Leila organised another course by herself with our assistance, in al-Bekaa. She was the trainer, as she feels now 
very keen and ready to spread the method. Another woman who participated in Istanbul feels also ready to spread this method. 

During all courses, the participants claimed to feel much better themselves after the course and mentioned how much they 
appreciated that the teacher was a Syrian sharing with them the suffering of the Syrian people.  

6. ADDED VALUE FOR THE POST 2015 FRAMEWORK FOR DISASTER RISK REDUCTION 

The Syrian crisis has shown the limits of institutionalized relief organization. As most major ONGs collaborate exclusively with 
established governments, even if illegitimate, 50% of the country was left without any help, except private. 

From our own work and in the specific field of conflict resolution, the lesson to retain is that empathic listening must always have 
precedence on any form of action. As a consequence, person to person non violent dialogue appears essential and could be taught 
in elementary schools, everywhere in the world.  

7. CONCLUSIONS 

• The NVC method seems to be very appropriate to improve individual and community resilience in the Syrian context of 
today. All course participants are convinced that it can help Syrians to heel from emotional hurts and to recover hope and 
resilience. The participants themselves feel much better right after the course and recover their own resilience. 

• The spreading of the NVC approach in the Syrian community seems to start. Two (out of 12) participants from the first 
course in 2013 started spreading and teaching the method. 

• It is obvious and confirmed by all participants that the approach has to be Syrian, the language must be Arabic, it must be 
bottom-up and it must start with listening. 

• In order to continue developing this approach, more effort is still needed in organising courses, coaching women who would 
like to be active in this domain, writing guidelines and reference texts in Arabic and finally find sponsors to support our 
project. The Syrian people is counting on you.  
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