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The Chairman’S WelCome

“FROM THOUGHTS TO ACTION -
TOGETHER WE MAKE THINGS HAPPEN”

On behalf of the GRF Davos team, I would like to welcome you to Davos for the 6th 
International Disaster and Risk Conference IDRC Davos 2016, and I sincerely thank you for 
joining our global gathering. With IDRC Davos 2016, we are delighted to celebrate the 10 
year anniversary of the IDRC conference series. Let me express my deepest appreciation 
and thanks for all your support and encouragement throughout the last decade. It is 
together that we were able to reduce vulnerabilities and augment resilience worldwide 
by establishing and practicing what we call today “Integrative risk and disaster 
management”, through a trans-disciplinary and multi-risk approach.

Successful risk reduction and disaster management very much relies on multi-disciplinary 
and trans-sectorial initiatives, as well as public-private partnerships. Again, this year’s 
conference brings many different practitioners and stakeholders together to strengthen 
and establish partnerships. With government officials, experts, high-level representatives 
of IGOs, the UN, NGOs, the private sector, scientific and academic institutions, along with 
the media and other eminent people, the conference provides a valuable forum for 
dialogue and a strategic platform for the world´s risk reduction and disaster management 
community.

The focus of IDRC Davos 2016 is on “Integrative Risk Management – towards resilient 
cities”. With more than half of humanity living in (mega)-cities and urban environments, 
the quest for urban sustainability and resilient societies remains one of the greatest 
challenges of our times. Urban environments are densely coupled socio-ecological 
systems featuring an intricate and complex phenomenology of risks, such as assets and 
infrastructure, along with technological and financial risks. At the core of these risks are 
the dynamic social and ecological conditions that shape urban environments. Therefore, 
fostering urban resilience ever more depends on an integrated approach that balances 
smart engineering and investments with advanced practices, looking at the long-term 
anti-fragility of both social and ecological systems within urban environments. 
With an encompassing mix of topics and formats, including plenary and parallel sessions, 
poster sessions, workshops, exhibitions and networking events, the conference will 
enable the exchange of information and viewpoints between scientists, policy makers, 
and practitioners. It is through the vision of developing a series of direct, pertinent 
and practical solutions that address urgent issues in various key areas of risk reduction 
and disaster management that the IDRC Davos 2016 is contributing to UNISDR’s Sendai 
Framework for Disaster Risk Reduction 2015 – 2030.

We anticipate a successful and rewarding conference. Our special thanks go to the IDRC 
Davos 2016 sponsors, to the authors of all the papers and posters to be presented, to the 
high-level speakers and panellists, and to the session and workshop organizers. And 
for their leadership, guidance, support and hard work; we would also like to thank the 
patronage and co-hosting institutions, the Strategic Advisory Group, the Scientific and 
Technical Advisory Group, and the endorsing partners.

Davos, August 2016      Dr. Walter J. Ammann
       Chairman IDRC Davos 2016

Walter J. Ammann
IDRC Davos 2016 Chairman

the ChaIrman’s welCome
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Graduate School of Social Work of Denver

University of Applied Sciences HTW Chur
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The International Emergency Management Society TIEMS
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University, Toronto, Canada
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an Elsevier Journal in affiliation with GRF Davos.

DISASTER
INTERNATIONAL JOURNAL OF 

RISK
REDUCTION

International 
Journal of Disaster 
Risk Reduction

Visit the journal homepage
elsevier.com/locate/ijdrr

Aims and Scope
The International Journal of Disaster Risk Reduction 
(IJDRR) is the journal for researchers, policymakers and 
practitioners across diverse disciplines: earth sciences 
in their entirety, environmental sciences, engineering 
and construction sciences, urban studies, development 
studies, geography, and social sciences. IJDRR 
publishes fundamental and applied research, critical 
reviews, policy papers and case studies that focus on 
multi-disciplinary issues which aim to help reduce the 
impact of natural and technological disasters.

Editor-in-Chief
David Alexander
University College London (UCL), London, UK

Affiliated with the 
Global Risk Forum 
GRF Davos
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ABSTRACT: A number of risks could cause global electrical failure, including a series of high-altitude 

electromagnetic pulses (HEMPs) caused by nuclear weapons, an extreme solar storm, and a coordinated 

computer virus attack. Since modern industry depends on electricity, it is likely that much industry and 

machines would grind to a halt. The most challenging need to be met in these scenarios is likely to be food, 

and this is analyzed elsewhere in this conference. However, without industry, food cannot easily be shipped 

around the world, so one method to maintain the human population without electricity in an emergency is 

relocating people to the food sources. We find that this is possible even in the worst-case scenario by 

retrofitting ships to be wind powered. We also discuss solutions for non-industry inland transportation, water 

supply and treatment, and heating of buildings. We find that the nonfood needs could be met for nearly 

everyone in the short and medium term. 
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1. INTRODUCTION 

There are several human-caused and natural catastrophes that could result in global-scale temporary electrical grid and/or 

electronics failure. The loss of the grid and/or elimination of all non-shielded electronics would be expected to halt the majority 

of industries. A high-altitude electromagnetic pulse (HEMP) caused by a nuclear weapon could disable electricity over much of a 

continent. It is conceivable that multiple HEMPs could be created around the world, due to a world nuclear war or from suicidal 

terrorists co-opting nuclear weapons. This could destroy the majority of electrical grid infrastructure globally, and as fossil fuel 

extraction and industry is dependent on electricity, industry could also be disabled (Foster, 2008). Similarly, solar storms have 

destroyed transformers connected to long transmission lines (Board, 2008). There is evidence that within the last 2000 years, two 

solar storms occurred that were far more intense than modern society has endured (Mekhaldi et al., 2015). Though solar storms 

may last less than the 12 hours required to directly expose the entire earth, the earth's magnetic field lines redirect the storm to 

affect the opposite side of the earth (Board, 2008). Therefore, it is possible that an extreme solar storm could disable electricity 

globally, and therefore industry. Finally, Stuxnet was a computer virus that disabled Iranian centrifuges (Kushner, 2013). There is 

evidence that a computer virus disrupted electricity on a small scale (Goodin, 2016). It is possible that coordinated attacks on 

many electric grids could also disrupt industry globally. 

The temporary or extended loss of industry would present many challenges. The first priorities of humanity’s challenges are food, 

water, shelter and clothing as these are the basic necessities. With the loss of industry, provision of food is likely to be the 

greatest challenge, and this is addressed elsewhere (Cole et al., 2016). Additional challenges covered here include provision of 

sanitation, medicine, water treatment and transportation to food and water sources. Previous work has analyzed provisioning 

needs other than food in scenarios of the sun being blocked (Denkenberger and Pearce, 2014). In these scenarios, industry was 

assumed to be functioning (Denkenberger and Pearce, 2015), which allows the possibility of maintaining near-current levels of 

consumption of goods. In the present work, the collapse of industry makes this much more difficult. Therefore, we do not attempt 

to maintain present living locations and levels of consumption, but instead merely to provide a technical path to save nearly all 

human life in such a catastrophe. Ideally, this could be achieved even in the worst-case scenario where industry is disrupted over 

an extended period. We leave the actual recovery time (and mechanism) from various catastrophes for future work. HEMPs could 

disable vehicles, including ships (Foster, 2008). However, these detonations would not likely be over open oceans, which means 

that many ships may still be operational. However, it is possible that a series of super computer viruses could disable ships 

through the Internet or GPS links. In some of the less challenging scenarios, it may be possible to continue running the majority 

of machines on the fossil fuels that had previously been brought to the surface or from the use of microgrids or shielded electrical 

systems. Furthermore, natural gas would continue to bleed out of wells. In addition, it may be possible to run some machines on 

gasified wood (LaFontaine and Zimmerman, 1989). However, in the worst-case scenario, all existing un-shielded electronics 

would be destroyed, so to address this challenge we conservatively assume that no electrical/fossil fueled machines will function 

immediately after the catastrophe. Repairing these systems and re-establishing electrical infrastructure would be a goal of the 
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long term and work would start on it immediately after a catastrophe. However, human needs would need to be met immediately 

(and continually) and here we focus on what is technically possible without the electrical infrastructure, leaving economics and 

politics for future work. This work helps to build resilience to global catastrophic risk, as was done for sunblocking catastrophes 

previously (Baum et al., 2015). 

 

2. NON FOOD NEEDS 

2.1 Water/Sanitation 

Basic water supply is needed for drinking, cooking, and washing hands. There would need to be temporary relocation of some 

people so that they could carry this water to their living quarters. In wet areas, this relocation would be modest if needed at all 

and over relatively short distances. However, in dry areas, the distances would be longer. This relocation would generally require 

inland transport. In places with indoor plumbing, the water use is far greater than survival water requirements. Therefore, by 

going to minimum water use, storage in water towers would last a significant amount of time. Rainwater capture could also be 

increased at both household (Grady and Younos, 2008) and at the commercial scale (Chilton et al., 2000). On the other end of the 

spectrum, people who already carry water from natural sources would not be affected by the loss of industry. It is those people 

who carry water from spigots with water supply powered by industry (desalination and/or pumping) who would be in the most 

critical situation. If these people were near the ocean, it would be possible to improvise solar stills that evaporate water and 

condense it on the top glass (Pearce and Denkenberger, 2006). If the supply were surface water, people could move to it. If the 

supply were groundwater, it may be possible to mimic the traditional well system with a bucket let down into a shaft to retrieve 

water. This could be done by removing the system above the pipe going into the ground. Then a vessel could be lowered into the 

pipe to bring up water. 

Water treatment could generally be achieved by bringing it to a boil with biomass fires or using passive solar techniques such as 

the SODIS method (Dawney and Pearce, 2012; Oates et al., 2003; Sommer et al., 1997). There are techniques to reduce biomass 

consumption for heating, and it is possible that more sophisticated solar water pasteurization could be performed (Denkenberger 

and Pearce, 2006). 

Sanitation without running water can be provided by simple pit latrines. More advanced methods could allow the human waste to 

be pasteurized and fed to animals. 

2.2 Clothing/Shelter 

The current stock of clothing would last for a number of years. Regardless, traditional methods of using animal skins, silk, wool 

and cotton to make clothing would be feasible without industry. 

Basic building heating can be achieved with open fires, as was done traditionally. However, breathing the smoke would cause 

many fatalities and so would fires getting out of control as is currently a problem in the developing world (Bruce et al., 2000). A 

number of homes have wood fireplaces and wood-burning stoves. Salvaged metal could be used to expand the density of stoves 

or less efficient would be the use of salvaged bricks to make additional fireplaces. Heating requirements could be dramatically 

reduced by consolidating families in a smaller number of buildings and then also consolidating building insulation to a subset of 

the rooms. Also, given the pervasive relocation, many more people per square meter would be present in the occupied houses, 

which would create more self heating. In these full houses, salvaged insulation could be added to the exterior walls. Before the 

above medium-term solutions can be implemented, there are short-term options such as wearing heavy winter clothing, camping 

indoors in sleeping bags, and consolidating in basements. A mattress could be filled with insulating material after the thermally 

conductive metal springs are removed. Layers of blankets and multiple people per mattress would be very beneficial. The 

combination of these techniques should be equivalent to high performance sleeping bags, which can be rated as low as -20 

Celsius (Baregreen, 2016). For some cold areas these measures would not be feasible and may need to be evacuated using the 

same techniques as are discussed in the next section.  

2.3 Medicine/Health 

It is fairly straightforward to make soap with animal fat and wood ash (Dartnell, 2014). However, vaccines would not be feasible 

and even basic antibiotics take considerable processing (Dartnell, 2014). Therefore, there would likely be considerable mortality 

due to infectious disease. However, mortality will still be significantly lower than preindustrial times because of knowledge of 

the germ theory of disease and availability of soap. There would also be significant mortality associated with losing advanced 

medical techniques like life support. 

The challenge of providing everyone's needs would be made easier over the longer term if birth control were available. Though 

the pill would not be feasible, condoms made from natural rubber would be (Frezieres and Walsh, 2000). Also, non-reproductive 

sex could be encouraged. 
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2.4 Transportation 

The most efficient form of transportation without industry would be wind powered ships, although with typical winds, ship speeds 

will likely be lower than engine powered ones. Existing ships could be retrofitted with kites as sails (O’Rourke, 2006). In one 

example, a kite sail saved 10-15% of a ship's energy, with competitive speed (Sanderson, 2008). One such kite is made by Skysails 

GmbH a German company. Their largest model is the SKS C 320, which is rated as producing up to 2,000 kW of power. The SKS 

C 320 is winch launched from a telescoping pole, with the wires the kite attaches to being able to extend up to 500 m (SkySails, 

2016). If the speed of the ship were one half as much as normal, this would require 1/4 as much force and 1/8 as much power. 

Therefore, the above kite alone could propel the ship at half its cruising speed (in reality even more, because a slower kite and ship 

speed means more force on the kite from the wind). The average speed of large ships is approximately 8.5 m/s (Fox and McDonald, 

1998; Notteboom and Cariou, 2009). In order to travel upwind (tack), a keel is beneficial. However, even if it were not possible to 

retrofit one, the fact that ships used for shipping are long would mean they would not drift too far sideways from the ideal tacking 

path. Another retrofit that may be required is ventilation: fans could be human or animal powered. 

A further retrofit required would be for the rudder. The power calculations assume that the rudder will realize its full range of 

motion (73 degrees) in a time frame of 30 seconds (Machinery Spaces, 2016). With a maximum rated torque of 1860 kilonewton 

meter (kNm) on the largest ship, the mechanical power required is approximately 60 kW (Royce, 2016) . Since the ship will only 

be traveling about half the normal speed, the force on the rudder would only be about one quarter, and the time to rotate could be 

twice as long for the same safety, yielding only 1/8 the required power. Since people can produce in excess of 1 kW for short 

periods of time (Bosco et al., 1983), this would require less than 10 people, which is quite feasible even assuming no electrical 

equipment. Steel could be cut with a hydrocarbon flame, potentially fueled by natural gas leaking from wells or plant oil that is 

heated to vaporize to provide the driving pressure (biogas and wood gas have low energy density values, so may not be able to 

exceed the melting temperature of steel). 

Cargo ships spend approximately 20% of the time at dock for loading, unload and maintenance (Benson, 2016). If ships at sea are 

disabled, it may be feasible to recover many ships after the catastrophe hits, but we ignore this to be conservative.  

The primary purpose of these ships would be to relocate people to where the food production is rather than attempt to transport 

the much larger volume and mass of food to people continuously. To make this task more feasible, food could be transported 

from the producing regions on the way to the population centers and offloaded to tide those population centers over. The current 

global shipping traffic is 53,000 billion tons moved 1 kilometer (Gt-km) (UNCTAD, 2009). This does not count the capacity of 

military and other vessels, which is conservative. With the slower speed and being full both directions, duty cycle would be 

higher. However, it will take longer to load and unload without industry, so we assume the same duty cycle. With only 20% of 

current ships and one half the speed of current ships (higher in good conditions and lower with low wind speeds or tacking), the 

capacity would be 5,300 Gt-km. We consider the typical transport distance as 12,000 km (Cole et al., 2016), and with a speed of 

4.2 m/s, this would take 33 days. A straightforward way of moving many people is to put them in shipping containers with holes 

cut in the walls. The holes would both allow access and ventilation. A typical shipping container weighs 2.3 tons, has a floor area 

of 15 m² and a volume of 39 m³ (Twenty-foot equivalent unit, 2016). We assume giving 2 m² per person so that people can lie 

down to sleep. We also estimate 0.5 kg per day of dry food and 3 kg per day of water (there would be some other supplies, but 

likely some fishing). Assuming 60 kg humans, the total is then 480 kg per person, dominated by the shipping container. On the 

return trip, sacks of grain could be carried into the shipping containers. However, in order to maximize grain transport, most of 

the shipping containers would need to be removed. This may be possible with human or animal powered cranes. This would 

mean that the shipping containers would generally be making one-way trips. However, because of the slower speed, minority of 

current ships involved, and greater capacity than required (see below), current shipping containers are likely to be sufficient 

(despite the loss of the containers associated with the ships lost at sea). If not, other methods of housing people on ships could be 

devised. If shipping containers are used and if the bulk density of the sacks of grain is 600 kg/m³, the shipping container plus 

grain would be 91% grain by weight. Therefore, if the weight in both directions were equated, 440 kg of grain could be 

transported in the opposite direction per person traveling in the primary direction. Africa has roughly 2 months of food storage, 

while Europe has about 8 months (Cole et al., 2016).  

The months of food for one person per person removed is: 

𝑡𝑟 =
𝑊𝑘

𝑓
           (1) 

where W is the total weight required per person moved, k is the fraction grain by weight, and f is the amount of food required per 

person per month (15 kg). Equation 1 yields about 29 months with the numbers above. Since relocation may need to occur over a 

period of years, trips can be made every few months, and the retrofits could be performed within a few months, it is a good 

approximation to assume a linear reduction in population from the beginning of the crisis. Therefore, the percent excess 

population on average over the relocation period is 8% for Africa and 19% for Europe. If there were no influx of food, the time 

for relocation would simply be the months of food storage at current population divided by the percent excess population, 

yielding 22 months for Africa and 36 months for Europe. As the ships remove all the excess people, since the average excess 

people is only half as many as number of people who are removed, the food brought in lasts the remaining people an additional 

2tr, or 58 months in this example. Therefore, adding to the time if there were no food influx, the total time to remove excess 

people is 80 months for Africa and 94 months for Europe. 

25



With ~400 million people to be relocated for the pessimistic scenario of preindustrial agricultural productivity (Cole et al., 2016), 

this is approximately 60 million people relocated per year. However, the capacity for relocation is about 500 million people 

relocated per year, or nearly an order of magnitude greater than the requirement. This means there would be spare capacity to 

relocate draft animals, other essential cargo, and people to another part of a continent using the conservative assumptions above.  

Over land transportation will also be required. People walking or human powered vehicles (e.g. bicycles) is very energy 

inefficient. The best freight and human transportation is likely barges pulled by kites. Tacking may be possible in large rivers. 

But even if this is not possible, when the wind is a favorable direction, some kite power would be feasible. The rest would be 

made up by animals consuming food unfit for humans. In areas where trees have grown back next to canals, labor intensive 

cutting down trees would be required. The next best would likely be railroad cars pulled by a combination of kites and animals. 

Then there would be road vehicles pulled by kites and animals. 

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

In the Hyogo Framework for Action, this work supports identifying risks and preparedness. But in order to be prepared, these 

solutions for the loss of industry must be disseminated (because of the loss of communication), so this is a gap in the Post 2015 

Framework for Disaster Risk Reduction. Training for the scenarios considered here could be done at the same time that other 

training is done. Given the loss of industry, many people would need to move out of cities to the farmland. However, for those 

remaining, it is possible to provide non-food needs. 

4. CONCLUSIONS/FUTURE WORK 

Even if industry collapses due to temporary elimination of electrical infrastructure, the basic nonfood needs of nearly everyone 

could be met technically assuming global cooperation. The major source of mortality above the current level would likely be 

infectious diseases. Stockpiling of vaccines and antibiotics could solve this problem for a limited amount of time, possibly with 

natural cold storage. By providing for human needs, this allows humans the ability to protect biodiversity, as in the case of 

sunblocking catastrophes (Baum et al., 2016). 

It would be preferable if the loss of industry could be prevented. This could be achieved by preventing the source of catastrophes 

such as HEMPS and cyber attacks, although it is not possible for solar storms. Another option is hardening the systems to the 

insults. This would be relatively straightforward in the case of solar storms as it is mainly about protecting transformers. 

Protecting against HEMPs would be much more expensive because the damage includes electronics connected to the grid and 

even vehicles (Foster, 2008). In a small part this can be done by improved electronics shielding to critical equipment and 

movement to distributed generation of hardened microgrids. Protecting against a coordinated cyber attack would also be difficult, 

although there is already a considerable literature on improving grid security and such an attack on a global scale would be highly 

non-trivial. Even if all this prevention and protection is feasible and justified, until it is all implemented, a backup plan is needed. 

In order to save nearly everyone if industry collapses, people would need to know about how to provide their needs without 

industry. Depending on the catastrophe, there may be a window of opportunity to disseminate this information after a 

catastrophe, such as via emergency short message system (SMS) with cellular phone towers and cell phones relying on backup 

power. However, it would be preferable if this information were disseminated ahead of the catastrophes as some of them could 

halt the vast majority of electronic communication. Also, the actual relocation plans should be calculated ahead of time and 

ideally distributed ahead of time. This would reduce the chance of losing civilization, from which humanity might not recover. 

This reduced risk would benefit the far future of humanity, which has overwhelming importance (Beckstead, 2013). 

Loss of industry locally is much more likely, caused by scenarios such as the breakdown of international cooperation and 

therefore trade. Many of these techniques could be applied to individual countries that lose industry temporarily. 

Future research includes performing experiments on the ability to adapt to meet humanity’s needs without the use of electricity 

and/or electronics. The results should be published freely following open hardware (OSHW, 2016) protocols so that everyone can 

use them. Such experiments could include retrofitting a ship to function without industry (using non-industrial steel cutting 

techniques), quantifying the thermal comfort of low-cost techniques for building heating and sleeping, testing methods of 

manually removing water from modern wells, and improvising a solar still and fishing equipment on a cargo ship. 
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ABSTRACT: Economical growth related with high demand in electricity and water supply in urban areas and for agriculture too. 

It is important to investigate all aspects of dams’ stability under dy namic impact. After series of tectonic earthquakes at long 
period the damages are accumulated into body of structures. Moreover it is established, that besides earthquakes as result of  

natural seismic processes, it is necessary to consider also anthropogenic factors – manmade earthquakes. All this tasks are vital 

and our goal to attract your attention for solution of these problems. 

Keywords: earthquake, dams, safety, hazard, risk. 

1. INTRODUCTION 

The irrigational structure, many systems of power and municipal infrastructure are connected with design of various dams and 

dykes. The major problem becomes increase of their stability, reliability and safety at operating as even their partial destruction 

can have catastrophic consequences.  

After series of tectonic earthquakes at long period the damages are accumulated into body of structures. So, it is vital analysis all 

aspects of vulnerability and stability of hydro technical structures. 

The next problems at providing of estimation and mitigation of probable disaster are raised: 

the seismic hazard assessment and safety analysis; 

the stability of social and economical factors. 

Therefore it is necessary to take attention of safety analysis at all life cycle of object. The carrying out of an estimation of 

technical condition for hydro technical structures and corresponding actions on liquidation of damages in dams enables to prevent 

a possible destruction of water works objects. In this issue the analyzed damages of Uzbekistan dams as up to event, and damages 

of dams after impact of strong earthquakes; classified and generalized the damages by types of designs and the volume of dams . 

For identification of accumulation of damages non destructive control method – acoustical emission are used. 

2. MAIN PART  

The analysis of events’ studying has shown that earthquakes represent the greatest danger to dams and water reservoirs. The 
neglect of this factor can lead to damage or destruction of hydro technical objects with extremely heavy consequences. The 

statistics testifies, that failures of dams in connection with seismic factors are dozens and in view of earth dams - hundreds cases, 

including high dams of various designs. For last decades serious failures and damages caused by seismic influences have 

happened on objects located in all continents.  

As a result of the Tashkent earthquake (April 26, 1966) there was subsiding of a crest of a dam at Yashilkul Lake, then its 
destruction in the central part and formation of break wave. In 1.5 km from dam, owing to washout nearby 3 million cubic meters 

of earth was generated debris flow with height up to 12 meters, bringing down in a valley of the Tegermoch River. 

It is established that besides these earthquakes which are results of natural tectonic processes, it is necessary to consider also 

curious link between water filling of water reservoirs and so called induced earthquakes. In the various countries the dozens  cases 

when under large water reservoir or nearby from it soon after water filling noted (or during filling) t here were earthquakes. 

The analysis of the numerous induced earthquakes, caused by hydro technical structures, allows doing the following 

explanations. More often pushes have magnitude less than 2.0-2.5, less often they reach 3.5-5.0 and only occasionally there are 

more than 6, depth of the focus are basically less than 5-6 kilometers. Only in some cases of earthquake had destructive 

consequences. 

Not all the anthropogenic earthquakes are dangerous. They are dangerous, when the maximal water pressure reaches 90-100 
meters and the volume of water exceeds 109 cubic meters. The probability of pushes increases with increasing a flood plane. 

Such phenomena, related to damage and destruction of power systems were observed in other earthquakes as well. There not only  

the damage to the equipment was observed, but also the premises they were located in. For example, significant damage had 

transformer substations in Gazli village in 1976; the walls of the substation had through cracks in all directions. Even the walls, 

reinforced by the frames of steel pipes, installed on both sides, were damaged. 

Dam safety issue is of particular relevance due to the fact that in many countries there is a great number of dams, damage or 

destruction of which may entail serious social, economic and environmental consequences. For example, as mentioned earlier, 

the destruction of Sarez Lake dam could lead to submersion of cities in Uzbekistan, Tajikistan, Afghanistan and, to a lesser 

extent, in Turkmenistan. Charvak reservoir may cause a potential danger of flooding the city of Tashkent and its suburbs. 
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Particularly dangerous are the sites of landslip damming that contribute to lake originations. At present there are about 43 
blockage lakes in mountain regions of Uzbekistan and adjacent territories of Kyrgyzstan and Turkmenistan. Of these, 11 are in  

Uzbekistan and 19 in Kyrgyzstan, 12 in Turkmenistan.  

Besides discussed major dams, the earthquakes have caused considerable damage to a large number of small-scale structures. 

Many reservoirs and hydropower plants were damaged, infrastructure, water supply systems were broken, there was a threat of 

loss of security control and distribution of water flows. Total of 1.583 dams and reservoirs have been damaged, including 3 large, 
57 medium and 1523 small reservoirs. In connection with propagating landslides caused by the earthquakes, there appeared 

dangerous secondary aftermath - the damming, its break and flooding the downstream areas. 

As a result of wave effect, slope strain may be accumulated or in the presence of fastenings the displacement of the latter may 

occur, as well as an erosion of earth slope preparation or its non-uniform settlement. 

Intense change in water level in the channel or in slope earth leads to water level difference, filtration motion of water in  slope 
soil and in the thickness of the permeable fastening and as a result the effect on the fastening and soil particles of a weighted 

hydrodynamic pressure. As a result of the weighted load and the effect of pore pressure, there occurs a partial detachment of  the 

surface layer or the fastening elements from the top of the dam, as well as a shift or a slide of slop e soil; at water filtration under 

the fastening there occurs the washing-out of soil particles and the preparation of entire slope to deformations. A significant 

damage to irrigation canals in Central Asia cause the rodents. Arranging the holes in the body  or under the slopes fastenings, they 
somewhat prepare the structure to damage. Similar cases have repeatedly been observed in some irrigation facilities in 

Uzbekistan and other Central Asian republics. 

A serious danger to channel elements and structures causes the presence of loess and subsiding soils, which contribute to the 

formation of non-uniform deformation. As a result of repeated seismic shocks of insignificant magnitude (4 points or more) the 

values of these strains significantly increase. Thus, any kind of strains formed in the body and the channel elements during their 
operating period could reach the maximum under severe earthquake. 

To make sure, consider the formula of relative strains 

     p, 

here   is a velocity of vibrations of soil particles,  p - is a propagation velocity of longitudinal waves. 

Relative strain of wet clay and loess soils for the same seismic intensity is 10-100 times greater than relative strain of rocky soils. 

This explains the appearance of large residual strains in waterlogged soils. 

But, in addition, in case of earthquakes there appear earth cracks, groundwater level is raising and as a result of soil vibration 

there could form mud volcanoes, dam destruction, the damaged to inlet and outlet channels, bridges and pipes, drainage and 

energy systems, and other. 

Assessments of technical condition of hydro-technical structures and appropriate measures to eliminate dam damage make it 

possible to prevent some possible destruction of water objects. To do this, first of all, it is necessary to perform the analysis and 
handling of dam damage, both in peacetime (operating dams), and dam damage after strong earthquakes; to classify and 

summarize the damage according to the type of structures and dam sizes.  

In order to reduce damage risk, including seismic one, on identified damaged areas it is necessary to take appropriate 

strengthening measures with consideration of other categories of damage causes. 

5. CONCLUS IONS 

At conclusion offered multi measures in legislative and structural types in our approach. The question arises how to increase the 

stability of hydro-technical structures and their operating safety. This could be achieved, in our view, by periodic inspection and 
maintenance control of the structures, by organizations of regular repair and restoration-strengthening works as it is done on 

construction sites of residential and industrial engineering. This applies to all water facilities of our Republic, with 55 reservoirs, 

23 water intake hydro-units and 180 mudflow storage facilities operating at present. 
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Nowadays the urbanization processes is intensive. It is lead to high density of population and 

increasing of vulnerability of social and economical infrastructures. More comprehensive vulnerability 
analysis has to base on the information about living area and quality of residential building there. Until 
now so approach are esoteric in many countries. Therefore all analysis built on information about living 
area and properties of residential buildings. 

Vulnerability assessment of urban planning infrastructure should be carried out for all types of 
buildings: residential, public and industrial. 

Urban-planning in Uzbekistan has its features in development, depending on historical and socio-
economic development of each city. 

Residential buildings comprise the majority of all the buildings and they can be classified into separate 
groups, taking into account the design features, material and construction time. 

The study of the processes of socio-economic development of cities in Uzbekistan has shown that the 
cities have similar character of economic, demographic and ethnic development, general characteristics of 
housing stock that allows combining them into groups. 

Cities of Group I (the cities erected in the period of industrialization) – it is basically a new formation 
at the site of old small villages or on free areas; they are characterized by high level of industrial 
development. The housing stock in these cities was formed in a short term – during 20-30 years and, as a 
rule, on an industrial basis. 

Cities of Group II (the cities with historical housing) – it is the ancient formation at the site of old large 
settlements, now significantly upgraded and expanded. They are characterized by somewhat low level of 
industrial development compared with the cities of Group I. The housing stock of these towns was formed 
over the centuries and is characterized by the complexity and variety of housing types. The amount of 
individual one-storey housing is significant. 

Cities of Group III – are the cities characterized by the predominance of rural industries. Virtually the 
entire housing stock in these cities presents an individual, one-storey and traditional buildings. 

The second important point is a specific soil conditions in which the buildings were erected. 
The sites should be emphasized where the basic characteristics of the surface layer are approximately 

the same, and separate them into groups. 
Based on the characteristics of soils of these areas, a coefficient of strengthening of seismic vibration 

should be chosen for each of them (or an increment in seismic intensity). 
It is necessary to take into account the rise of groundwater level in steppe irrigated zone constituting a 

significant portion of used agricultural land; this greatly affects the seismic strength of structures. 
The methods of vulnerability assessment of structure reliability are in constant development. The 

methodology is improved, based on new researches and new building materials, actively introduces in 
recent decades. The role of reliability greatly increased in recent years in connection with the creation of 
new civil engineering projects of high complexity that perform very important functions. Malfunctions of 
these structures may lead to serious consequences. It requires a careful consideration of the issues of 
reliability at all stages of design, construction and operation, and as a consequence an improvement of 
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building codes and regulations. They should lead to optimal performance of the elements, structures, 
joints and fittings of the structures during the entire period of its operation. 

Under dynamic effects there occur various types of damage and destruction of concrete elements 
(columns, beams, diaphragms, floor and fences slabs, foundations, etc.), their couplings and joints. 
Analysis of survey results has shown that the most of damage occur in the area of prevailing effect of 
transverse forces. Despite the huge amount of recent experimental and theoretical studies, the problem of 
resistance of concrete and reinforced concrete elements to simultaneous action of bending moments and 
lateral forces is still far from being solved. The complexity of solution of the problem is compounded by 
insufficient knowledge of: 

- The mechanism of normal and inclined cracks; 
- The strength and deformability of concrete under plane stress; 
- Inelastic and nonlinear deformation of concrete and reinforcement; 
- Loss of bond strength between concrete and reinforcement; 
- Contact interaction forces, appearing in element cracks, etc. 
To assess the state of buildings and structures it is necessary to carry out diagnostics for damage and, if 

necessary, to carry out relevant examinations, evaluations and tests. The volume and value of the work 
depends upon the service life of the building or structure. Inspected engineering structures of buildings 
may vary in appearance, character, degree of the influence on bearing capacity and serviceability, defects 
and damage. To assess theoretically the effect of the entire complex of these factors is often impossible. 
There is one way out from the situation - experimental study of materials and structures to develop an 
appropriate methodology. Tests do not lose their relevance, remaining the only reliable way to evaluate 
the assumptions made in the calculations that affect the reliability and durability of structures. 

The practice has shown that when assessing the condition and performance of structures in operation, it 
is necessary to take into account: 

• conventional character of static calculation schemes and the possible deviation of calculated forces 
from their actual distribution in constructions; 

• conditional character of applied design properties of materials; 
• Possible load deviations from calculated values; 
• the actual impact of external environment. 
The systematization of residential buildings by dividing theirs on some groups is the first stage. The 

estimation of damaged residential buildings and casualty level as executed on the basis of map of seismic 
intensity in territory of city for scenario earthquakes are developed here. Completely destroyed buildings 
in Tashkent cause of strong earthquake are shown below. 
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ABSTRACT: Nowadays, with the majority of people live in cities, resolving various crises and challenges are not possible just 

by relying on national and local managers’ knowledge and experience. Proper use of city diplomacy and international capacity 

requires close cooperation at the international level among the world's major metropolises. Planning for cities proper 

management would be achieved through transferring of knowledge and experiences, use of creative ideas of urban management 

and with international cooperation. Integrated management of crisis in the case of facing various risks in different parts of the 

world, is one of the most important metropolises management concerns. The solutions and management strategies used by other 

cities around the world to cope with different crises, including natural disasters, terrorism, biological attacks, climate change, 

conflicts, NaTech and natural disasters should be considered as a very important key option in metropolis management by all 

metropolises around the world. This will be done through international synergies of managers, specialists and experts in various 

fields related to crisis integrated management in order to make preparations before the occurrence, prevention and mitigation of 

damages caused by these crises, is of considerable importance. Transfer of knowledge, experiences and synergies at the 

international level can be used as a suitable action plan in the realm of global governance to manage various crises. 

Keywords: City Diplomacy, International Synergies, Crisis Management, Metropolis. 

1. INTRODUCTION 

Globalization has led to the disappearance of political borders and moderate the role of governments in international and regional 

exchange, and has made cities an important and influential centers of decision-making. Concentration of power, wealth and 

significant growth rate in major cities, role of information technology and other modern methods of informing using the virtual 

space, created great changes in urban management. The concept of the city is considered as an economic, cultural, social and 

political phenomenon, which politically can also play a role in the field of international relations. This type of role is essential in 

directing urban management to achieve the highest quality of services for citizens (Pluijm et al., 2007, Acuto, 2013). 

In today world, there are great challenges and threats facing city managers which affect the type and quality of services provided 

to citizens. Some of these threats are global warming, climate change and natural disasters. Critical condition in large cities due 

to population and industrial growth is obvious. Among the most important results of these challenges, insecurity in cities can be 

mentioned (Bollens, 2008, Burton et al., 2012). 

Nowadays, resolving these challenges and responding metropolises` crisis and threats are not possible just by relying on local and 

national managers` knowledge and experience. The most important consequence of poor management and inadequate knowledge 

and experience of urban managers is inefficiency of urban management system and ultimately weakness of the central 

government. To reduce these consequences, using creative ideas of urban management in other cities, transferring the knowledge 

and experience and providing new patterns of knowledge management could be effective tools. By using international 

communication and city diplomacy, we can access to the information of new models. In such circumstances, the city can 

participate in international relations and play its role. And this could lead to better guidance of urban management system and 

efficiency of executive models used by managers. These executive models could resolve all kinds of crises better. Transferring 

experiences and knowledge in this field is important for integrated management systems of countries involved in crisis 

management (Bollens, 2008, Hocking, 1993, Pluijm et al., 2007). 

 

2. CITY DIPLOMACY AND METROPOLIS INTENATIONAL SYNERGIES 

City diplomacy means urban management performance to strength the global partnership and to achieve urban and citizens’ 

interests which are in common with the aim of establishing and developing a sustainable urban environment. Its results and 

achievements will be important for the citizens. The aims of city diplomacy are international peace, urban growth and urban 
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development, taking advantage of successful experiences and promote diplomatic relations and integrated management of the 

city. City diplomacy is an efficient tool for cities to be more creative and smarter elements which relies on knowledge to establish 

sustainable peace and economic, social and cultural development. The number of players has increased in countries and cities 

during the process of globalization in the field of city diplomacy and international relations. In such circumstances the use and 

exploitation of international communications and bilateral or multilateral cooperation in metropolitan management as a useful 

strategy, is of interest to senior national and local managers (Acuto, 2013, Bush et al., 2004). 

Cooperation and positive interaction of leaders, managers and local authorities and cities around the world in developing 

programs consistent with operational approach, is important in better management of large cities as a key factor in providing 

better services to citizens. Using the knowledge, experience and international capacity to respond to local needs and concerns can 

be effective in many operational areas. In this regard, local, regional and international organizations have been formed and each 

has a different mission and nature, but all of them have a common goal to improve the living conditions of the communities they 

serve. It seems that establishing effective communication and the formation of efficient communication networks around the 

world would be possible by creating a positive interaction and synergy among the experts in each executive areas of the 

metropolises. 

 

3. THE NECESSITY TO INTERNATIONAL CAPACITIES IN THE INTEGRATED MANAGEMENT OF 

METROPOLIS CRISES 

With regard to the population growth and development of metropolises in the process of globalization, societies are faced with 

crises and numerous threats that dealing with these crises just by relying on the abilities and experiences of local managers, is not 

possible. In order to meet and respond effectively to this crisis, we require a series of purposeful goal-oriented programs in 

metropolitan management system. In such circumstances, planning for competent management requires the use of existing 

successful worldwide models that can help urban management system. The transmission of knowledge and experiences in cities 

around the world by these models would be achieved just by international cooperation. Since coping with a variety of risks and 

threats in metropolises around the world is known as one of the most important concerns of metropolis management, it seems 

essential to use efficient patterns which they have some success in this area (Pluijm et al., 2007). 

Utilizing a variety of management strategies used by other metropolises around the world in various crises like hazards and 

natural disasters, terrorism, biological attacks, climate change and crises NaTech, should be considered in the metropolitan 

management as one of the key option. Scientific and knowledge-based integrated management of the crisis with an operational 

approach requires the design and development of communications networks among all active organizations in the field of crisis 

management (Heeg et al., 2003, Burton et al., 2012). To prepare ahead of time, call and response during and after the crisis 

requires the use of international capacity to improve inter-agency cooperation and coordination crisis situations. To become ready 

before the occurrence of crisis and to appropriately response to the aftermath of the crisis, we need to use international capacity to 

improve inter-agency cooperation and coordination in terms of crisis. Creating proper platforms of international cooperation and 

the development of networks between two or more cities and also authorized organizations is a top priority. In this regard we can 

note exchange of information and results of research conducted in this area as well as urban management achievements in 

different cities in large and global events. In this context, specialized training courses can be hold by attending of Crisis 

Management professionals from different countries to interaction and exchange of best practices and to identify best models 

worldwide to deal with any of the risks. On this basis, it seems that by employing the city diplomacy and international relations, 

it could be possible to take effective measures to create and develop scientific and educational cooperation in the field of crisis 

management, which their beneficial results are tangible for all metropolis citizens around the world. 

 

4. CONCLUSIONS 

City diplomacy and international communication are of the most important capacities for metropolises leaders and senior 

executives, which can be considered as a suitable action plan for participation in the realm of global management of different 

crises. Quick, appropriate and efficient response to various types of crises and threats facing international urban communities 

would be achieved by synergies between managers, professionals and experts. It seems that providing successful models in all 

areas related to integrated management of crisis by different organizations of metropolises, in order to make preparations before 

the occurrence, prevention and mitigation of damages caused by these crises, is of considerable importance. 
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ABSTRACT: The 2014 flood was the worst in Kelantan’s recorded history. The unprecedented event affected more 

than 100,000 families and destroyed an estimated 2805 homes. A survey of 350 households was conducted in the 

worst affected area, Kuala Krai. The objectives were to determine the preparedness and response strategies of the 

affected victims, and relief assistance provided by the authority. Majority moved to the emergency shelters which 

comprised of schools and community halls by themselves after being informed by their neighbours. Data indicated 

that they were somewhat unprepared for the disaster particularly related to financial aspects. The level of satisfaction 

of the respondents was fairly low with respect to the physical amenities of the emergency evacuation shelter 

including sleeping, food and water, washing, lavatory, bathing and other facilities. Similar low assessment was 

given to the medical and counselling support. The findings are expected as the emergency responding bodies and the 

government were unprepared for such a large scale flooding. This suggests the need to include surge capacity 

building in the emergency response plan and standard operating procedures as to enable the responding agencies to 

scale up their operations rapidly and effectively whenever necessary. Suggestions and implications for community 

based disaster preparedness are discussed.  

Keywords: flood, evacuation, shelter, emergency, preparedness, community. 

1. INTRODUCTION 

Statistics indicate that 10.1% (33,298 km²) of Malaysian landmass in which 5.67 million population (out of a total of 31.34 

million population) is at risk to flood (Paridah Anum, 2015).  It was also reported that between the year 2001 to 2014, there was 

an average of 117 food events per year in the country. Every year, the nation faces flood events but the differences lie in their 

magnitude and their impacts on the population. In the last two weeks of December 2014, five states of the Peninsular Malaysia 

suffered from one of the worst floods in recent history with the state of Kelantan had the worst impacts as the rainfall recorded 

within 10 days doubled the amount of average rainfall normally recorded in the month of December. A record number of 232,913 

evacuees were registered in various evacuation centers across Peninsular Malaysia (as of 29 December 2014) but the actual 

number of those affected would be higher as numerous people were unable to reach evacuation centers and several evacuation 

centers were unregistered ( Mercy, 2014). As of January 2015, there was a total of 87,024 heads of household (~ 500,000 people 

for an average of 6 persons per family) registered at gazetted emergency evacuation centers in Kelantan, excluding those who 

took shelter elsewhere such as the government offices, hospitals, clinics, relatives’ homes and some were stranded in their home 

as their homes were cut-off by the flood. Between 17 to 28 December 2014, most of the areas in Kelantan were out of electricity, 

water and telecommunications (Mohamed Faziharudeen, 2015). The only fully functioning hospital in the state was Hospital 

Universiti Sains Malaysia. Unfortunately, only 21 deaths were recorded but with an estimated loss exceeding RM 1 Billion (USD 

300 million) for the 2014 flood disaster (Davies, 2015). 

One of the immediate needs of evacuated victims is the provision of temporary shelters. Providing shelter is a key part of the 

recovery process. Shelters that have poor functional designs from the community and environmental aspects will slow down the 

recovery process (Davis, 2011). Normally, public buildings such as schools or public halls are used as disaster relief centers and 

similar practice is adopted in Malaysia. One of the main drawbacks of this type of building is that they are not designed for living 

and as such there are no proper facilities such as sanitation, sleeping, washing etc. The process of selecting shelters must be more 

than just designating that all schools are shelters or that all shelters are suitable for all situations. For example, some structures 

that may be suitable for protecting people from the impact of a hurricane may not be suitable for occupancy for more than two or 

three days. It is therefore imperative that physical inspection be made and available facilities and shortcomings identified 

(USAID, 2005). As such, retrofitting of some equipment and facilities such as mobile toilets, water storage, generator sets and 

cooking may need to be annexed if they are required at the relief centers to cater for the needs of the evacuated population. These 

centers do not only function for physical protection of the displaced population but should protect their health and well-being.  In 
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this vein, a study was conducted to determine the satisfaction level of the evacuation centers by the 2014 flood disaster victims in 

Kelantan and their preparedness level for future flood disaster.   

2. METHODOLOGY 

This study utilized a cross sectional design using a survey method. The population of the study was 2014 flood victims in Kuala 

Krai, which is one of the districts in the state of Kelantan, Peninsular Malaysia. The data was collected using both interview 

survey and self-administered questionnaires. This survey was conducted in August 2015, after seven months of the event.  From 

the 370 questionnaires distributed, 350 questionnaires were returned yielding a return rate of 94.6 %. Of the 350 respondents 

females were slightly over represented (69%) with a mean age was 39 years old, comprising 96% of Malay ethnicity and had an 

average of six persons per household. One third of the respondents had household income of below RM2299 (USD575) 

indicating a low income group while 41.4% were middle income earners [RM2300 - RM5599 (USD575 - USD1400)]. Data from 

Statistics Department (2015) showed that the mean income of households in Kelantan was RM3715 (USD 929) in 2014. The 

questionnaire consisted of five sections namely: social demographic, housing information, flood 2014 experience, satisfaction 

level of emergency shelter, relief and aid and preparedness level for future flood disaster. The measures of satisfaction level of 

emergency shelter consisted of 37 items, adopted and adapted from rapid assessment of shelter conditions during disasters by 

Centers for Disease Control and Prevention (CDC)  which consisted of aspects related space in general, security, sleeping area, 

food supplies, laundry, toilet facilities, electrical supplies, water supplies, wastes  management, and privacy. A five-point Likert 

scale response format from 1 (not very satisfied) to 5 (very satisfied) was used. Preparedness scale was assessed using 10 

statements with ‘yes’ and ‘no’ response format and the reliability of the scale was 0.7, which is acceptable. The questionnaire 

was translated into Bahasa Melayu, which is the national language of Malaysia.   

3. FINDINGS  

Majority of the respondents (83%) reported that they lost their belongings such as furniture, household items and vehicles (cars 

and motorcycles). The other damages incurred include their houses, livestock and farm with an estimated average loss of RM 

22,914 (USD 5700) per respondent. Slightly more than half (55%) of the respondents had brick houses while the rest had either 

wooden or semi wood/brick homes. When the flood warning was given, most of the respondents collected their important 

documents (87%), moved their vehicles (68%) and ensure that their family members were gathered together (65%). The 

respondents were at the emergency shelter for an average of 27 days along with their family members of six people. Majority of 

them (73%) were alerted by neighbours for the evacuation and the rest received information from the local agencies, village 

security committee members and via local radio. Although most of them evacuated once the directive was given but a quarter of 

them waited until the situation became critical. Most of them (78%) took the initiative to evacuate to safer places by themselves 

such as to the designated evacuation shelters, community halls, hospitals and government offices. The things that they brought 

together with them during the emergency evacuation included important documents (94%), clothes (77%), food (50%), medicines 

(30%) and some emergency kits such as torch light, can opener etc. (33%). Table 1 shows the satisfaction level of the 

respondents on some of the sampled items related to the emergency evacuation shelter that the respondents were allocated. 

Table 1: Satisfaction level with the emergency evacuation center  

Items Mean 

 Space of the shelter 2.81 

Space allocated for your family 2.79 

Safety and security 2.89 

Sleeping area 2.53 

Food and drink 2.42 

Washing and laundry 2.04 

Sanitation 2.12 

Health and medical 2.09 

Facilities 2.09 

Overall mean 2.31 

 

All of the 35 items listed for various facilities and utilities provided obtained a mean overall rating of below 3 (on a scale of 1 to 

5) which indicates that the satisfaction level was below average. The overall average mean of all item was 2.31 and the least 
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satisfied aspects (mean below 2) included laundry, water and electricity supply and children play area. Some of the evacuees 

offered their assistance in various activities at the shelter such as food preparation, cleanliness, safety and security and 

distribution of aids. Government, non-governmental bodies and individuals provided aids and relief to the respondents in terms of 

cash, food, clothes and household items. Majority (88%) received cash on average RM757 (USD 190) each and the types of food 

given were rice, oil, sugar, flour and snacks. However, with regards to the clothes that they received, half of them reported that 

they were unsuitable. It should be noted that 30% of the respondents (106) could not return home after the flood water subsided 

as their houses were badly/totally damaged and they were then housed in temporary shelters.  

Regarding the assessment of their preparedness to future flood disaster, the data indicated that majority (>80%) were prepared on 

five of the listed items as shown in Table 2. Financial aspect of preparedness seemed to be very low. Almost half od the 

respondents (45.6 %) had low level of preparedness (score of 1 - 5), 31.1% were moderately prepared (score of 6 - 7) while only 

23.3% of them were well prepared to face to future flood disasters. 

Table 2: Preparedness for future flood disasters 

Items Yes 

Important documents keep together at one place 96% 

Plan how to arrange furniture in case of flood 67% 

Plan what type of clothes and things to bring for evacuation 

 

 Evacuation 

80% 

Identified the location to move the vehicles 82% 

Identified safe evacuation routes 81% 

Know the nearest safe evacuation shelter 88% 

Save at least 3 months of salary for emergency 29% 

Insurance for vehicles inclusive for natural disaster  

Coverage 

11% 

My other properties such as house are insured against natural disaster 9% 

Store canned or package food for three days in case of emergency 35% 

 

4. DISCUSSION, CONCLUSION AND IMPLICATIONS 

The 2014 flood that struck the state of Kelantan was one of the worst flood disaster recorded in the country for the past decades. 

This is reflected in the losses encountered by the respondents in this study. If we were to take the average monthly income of the 

people in Kelantan which is RM3715, the amount of loss is equivalent to almost seven months of their income. With very few 

respondents  had insurance coverage for their properties including vehicles for natural disaster, the financial recovery takes a 

heavy toll on their shoulder and the cash donation seems too little to ease their financial burden. The victims also went to places 

for shelter in non-designated areas such as government offices, hospitals and private buildings as the routes to the evacuation 

centers were cut-off. Report from Tengku Mohamed Faziharudeen (2015) indicated that there were not enough evacuation 

centers as the total number of evacuees at the registered centers as in Kuala Krai alone  were about 84,000 people (excluding 

those who were stranded in other places) while the maximum capacity was only for 20,330 (eBanjir Portal). The situation was 

further aggravated as electricity, water and telecommunication services were down from 17 to 28 December (Tengku Mohamed 

Faziharudeen, 2015). This predicament is evident in the low satisfaction level of the respondents to the emergency evacuation 

centers. Similar findings were reported by Sharifah Nadirah (2014) regarding emergency evacuation centers in Kuantan during 

2013 flood disaster whereby some centers had to accommodate 300% exceeding their capacities. In Malaysia, schools are mainly 

used as emergency evacuation centers, so if they are not pre-audited and not properly adapted for sheltering, the well-being of the 

evacuees will definitely be affected. These issues were raised at a post 2014 flood conference which was held in February 2015 

which include among others recommendations for: comprehensive assessment of evacuation centers; gazette the management 

structure of the evacuation centers; allocate one central management center; decisions made based on need assessments;  and a 

set up emergency evacuation  monitoring committee (Omar & Normala, 2015). If these recommendations are fully adopted by 

the Government and lessons from past incidences are learnt, we would be able to manage disaster victims in the future more 

efficiently particularly in the relief and recovery phase of the disaster. 

Despite going through a major flood disaster, the respondents who were the victims seem to be unprepared for future events. The 

conference above had similarly highlighted on the need to enhance public awareness, education and preparedness to future 

disasters. Purchasing of insurance or Takaful (Islamic compliance insurance) against natural disaster ought to be given a 

precedence by the public as other types of natural disasters such as flash floods, storms, landslides and earthquake have occurred 
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more regularly in the country. The government could have included insurance coverage as a token in the relief aids package to 

the disaster victims in order to initiate the culture of life and property protection. 

The post 2014 flood conference  have highlighted several major  weaknesses in managing the 2014 Kelantan flood disaster and 

have proposed various  improvements in all the four phases of disaster cycle namely mitigation, preparedness, response and 

recovery and the vital role of governance.  Similar problems and issues were also noted in previous major flood disasters such as 

the 2006 Johor flood (Keizrul, 2007) and the 2013 flood in Kuantan (Sharifah Nadirah, 2014). This suggests that we have to 

expect the unexpected and be more prepared for the unusually large scale disasters. There is a need to include surge capacity 

building in the emergency response plan and standard operating procedures as to enable the responding agencies to scale up their 

operations rapidly and effectively when necessary. In addition, an adoption of community based  disaster management approach 

could be adopted to enhance disaster preparedness whereby the affected community, local stakeholders (schools, businesses, 

response agencies and NGOs) and the local government assess the disaster risk, implement  mitigation and education strategies, 

develop a local emergency response plan and conduct exercises regularly as envisaged in the Hyogo Framework and further 

expounded in the Sendai Framework for Disaster Risk Reduction 2015. This approach was found to be viable as it had been 

employed to enhance preparedness to tsunami disaster in the country (Aini et al., 2011).   
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ABSTRACT: Oman is vulnerable to natural disasters and is developing institutional systems to improve community 
safety and resilience during extreme weather events. This study aims to identify the most significant variables 
affecting system institutional performance in order to improve disaster planning and response. A participatory 
methodology, Fuzzy Cognitive Mapping (FCM), was used to identify variables and their interactions. FCM data was 
collected during a workshop in Oman. The participants were stakeholders from different government and non-
governmental disaster management organisations. They were divided into three groups: Community, Disaster, and 
Institutions. The results indicate a complex system and identify many factors affecting disaster management, 
including governance, risk assessment and risk management, and public awareness. 

Keywords: Oman, FCM, Organisation  

1. Introduction 

Rising frequency of natural hazards makes planning for community resilience increasingly important (UN/ISDR 
2014). Improved institutional arrangements that build sustainable resilience and development can be achieved by 
linking the socio-economic system with potential extremes in the natural system (Balica et al. 2012; Pearce 2002; 
UN/ISDR 2004).  Oman is vulnerable to natural disasters, such as cyclones (Membery 2001,2002), and is in the 
process of enhancing resilience to improve safety during extreme weather events. Identifying the factors affecting 
efficient disaster management is important for improving the response. This study attempts to identify some of the 
key factors in the complex interlinked system. A fuzzy cognitive mapping (FCM) approach was used visualise and 
reduce the complexity of studying the system (Gray et al., 2011). An FCM workshop was held with stakeholders 
from organisations responsible for the institutional arrangements for disaster management in Oman.  A brief review 
of the FCM method used in this study is presented in Section 2. Section 3 gives the results from the FCM analysis. 
Discussion of the results and conclusion is presented in Section 4. 

	
2. Methods  
2.1	Fuzzy	Cognitive	Mapping 
 
Fuzzy cognitive maps (FCM) were collected from stakeholder groups of disaster management organisations in order 
to gain a better understanding of the institutional factors affecting community resilience to extreme weather events 
in Oman. Stakeholder preparation for conditions of natural disasters is complex. The hazards are unpredictable, but 
are becoming more frequent with rising population densities in areas affected and more frequent events. 

FCM is a participatory qualitative approach used to represent stakeholder knowledge or perception of the 
performance of a complex system through cognitive thinking (Kontogianni et al., 2012; Michael, 2009). The 
technique was first proposed by Kosko (1986) as a means to develop cognitive maps using fuzzy logic. It has been 
widely used to indicate the strength of relationships between variables within the system, and to understand the 
function of the system (Carvalho, 2013). For example Olazabal & Pascual (2015) assessed the possible use of FCM 
modelling to simulate complex social, economic and political systems. Environmentalists have used FCM to study 
the relationship between ecological and social systems and policy makers (Abbas, 2014; Meliadou, et al., 2012; 
Kontogianni, et al., 2012; Gray et al., 2011; Özesmi & Özesmi, 2004). Kalaugher et al. (2013) use FCM as a 
theoretical basis to integrate qualitative and quantitative research methods in climate change adaptation research.  

In this study the FCM method was used to identify the factors that affect community resilience to extreme weather 
events in Oman and provide a relative measure of the importance each factor. It also shows how the factors are 
related and the strength of the relationships.   

The components of the FCM are categorized as transmitters, receivers and ordinary. Transmitters are variables with 
significant impact in the system. They are the variables with positive out-degree and no in-degree value. Receivers 
are variables that are strongly influenced by out-side variables and have no impact in the system (Gray et al., 2011; 
Abbas, 2014). The ordinary are the nodes in between and it are determined by positive in-degree and positive out-
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degree (Gray et al., 2011; Abbas, 2014). Out-degree is the cumulative strength of the connection out of the variables 
and in-degree is the cumulative strength of the connection entering the variables (Gray et al., 2011; Abbas, 2014).  

	
The amount of potential change and level of complexity are determined by calculating the density and complexity 
of each FCM (Gray et al., 2011; Abbas, 2014). The density indicates whether the concepts in the system are well 
connected (i.e. a democratic system) or if some components are more influential in the system (i.e. a hierarchical 
system) (Gray et al., 2011; Özesmi & Özesmi, 2004). The density is the index of connectivity and is calculated using 
the number of concepts (N) and the number of connections (C): D= C/N%or D= C/[N(N-1)](Gray et al. 2011, Hage 
& Harary, 1983).The complexity of the FMC is determined by the centrality, which is the ratio of receiver variables 
to transmitter variables (R:T) (Gray et al., 2011). An FCM with a high number of receivers has a more complex map 
and reflects outcome components (Gray et al., 2011; Eden et al., 1979). Conversely, the maps with higher number 
of transmitter variables indicate top-down thinking and represent maps with more forcing functions (Gray et al., 
2011; Eden et al., 1979). However, the consequences of these functions are not well articulated (Gray et al., 2011; 
Eden et al., 1979). 

2.2 Data collection 

The data was collected by holding an FCM workshop in Oman. The language used in the workshop was Arabic 
throughout. The participants were stakeholders from different government and non-governmental disaster 
management organisations. They were divided into three groups: Community, Disaster, and Institutions. They were 
asked to identify the factors affecting the organisational and institutional resilience to extreme weather events from 
the five thematic areas provided by Hyogo Frame Work (UN/ISDR, 2005): governance; risk assessment; knowledge 
and education; risk management and vulnerability reduction; and disaster preparedness and response. The 
participants drew cognitive maps to show the relationship between the factors. Finally, the participants provided a 
quantitative value for the relationship between the factors with -1 for a strong negative and +1 for a strong positive 
relationship. The final step in the workshop was aggregating the stakeholder maps to simplify the analysis of several 
FCM by standardising and reduce the FCM data set. Both qualitative and quantitative methods can be used to 
aggregate the stakeholder maps (Gray et al., 2011; Özesmi and Özesmi, 2004). Similar variables mentioned in all 
the maps were listed and standardized and a new cognitive map created from the listed variables. The new map was 
termed the Management map. 

3. Results and Discussion  
Four cognitive maps were collected from the workshop. Table 1 summarises the structural and functional 
measurements in each FCM. The values enable comparisons to be made between the different FCM models and an 
assessment of which variable is affecting the system. The analysis shows that the lowest density score is for the 
Community group, while the highest score is for the Disaster group. This is an indication that the Community group 
views the system as more inflexible than other groups, with less opportunity for change within the system. The 
centrality analysis indicates that the Community FCM is a highly complex system with a high number of receivers. 
The Institutions, Hazards and Management FCM indicate ‘top-down’ hierarchical systems with more outside forcing 
variables.   

Table 1: Summary of the structural and functional measurement in the three Fuzzy Cognitive Maps created by the 
Community, Disaster and Institution groups and the aggregated Management map 

 Community Disaster Institutions Management 

Number of variables 33 20 25 22 

Number of connections  42 36 47 47 

Number of transmitters 9 5 7 6 

Number of receivers 8 2 0 0 

Number of ordinary  9 13 18 16 

C/N 1.273 1.8 1.88 2.136 

Centrality (R:T) 0.89 0.4 0 0 

Density 0.039 0.9 0.075 0.097 

	
The FCM analysis indicates a complex system with a similarly high number of transmitter and receiver variables in 
the Community group. Transmitters seen as driving the system included financial support to the institutions and 
local community; transport; sewage; and communication quality. The receiver variables are evacuation and relief; 
shelter preparedness; bank services (cash); and public awareness about hazards. Receivers are the variables 
influenced by the system.  For example, the FCM indicates that a decrease in communication quality during the 
disaster would result in a decrease in bank services (e.g. ATM cash availability).  
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The Disaster group had a high number of transmitter variables with a lower number of receiver variables. This is an 
indication of outside forces affecting the function of the system. Financial support; early warning; internal 
institutions training; central data system; and speed of data sharing were seen as transmitters driving the system. The 
two receiver variables in the Disaster FCM were emergency and evacuation plan, and food security. The result 
indicates that an increase in financial support will improve food security and the emergency and evacuation plan.  

Analysis of the Institutions group FCM gave similar result to the Hazards FCM. It has a high number of transmitter 
with no receiver variables. This is an indication that the system functions under outside forces and has little no 
influence. Transmitters are seen as variables related to risk assessment and risk management and included absence 
of financial plans for disaster management; absence of the final evaluation of the committee work; and luck in 
obtaining financial support for infrastructure projects. The variables were more related to governance, which was 
seen as having significant influence in the system, and included coordination between institutions during the 
emergency.  

The Management FCM is the aggregated map created from similar variables frequently mentioned in the three group 
maps (Fig1). This map has 6 transmitter variables driving the system with no receiver variables. This represents a 
high number of outside forcing variables in the system with no output from the system. The aggregated map has 
high number of connections between the variables and this is an indication of the high possibility of change in the 
system. The functional analysis gave the highest positive responses in some variables including regulations; physical 
resources (equipment); central data system; media; volunteering teams; and availability of basic services (water, 
communications, electricity, etc.).  

Figure 1. Aggregated Management map, including all negative and positive relationships between the variables. 

 

	
	
4. Conclusions 
	
Institutional and scientific knowledge are important for managing the hazards created by extreme weather events 
such as cyclones and floods. Identifying the factors that play a significant role in the resilience of the social system 
to hazards helps to build the effective policies for the disaster management. However, identifying the key factors 
in a complex system that has political, social, environmental and economic dimensions, needs a method for 
reducing complexity and representing knowledge of the different stakeholders. In this study FCM was used to (1) 
compare the structural and functional differences between stakeholders maps; (2) reveal the factors affecting 
community resilience to extreme weather events based on the thematic areas provided by the Hyogo Frame Work. 
The results identify many factors, including governance, risk assessment and risk management, and public 
awareness, affecting disaster management in Oman. Improving these factors will facilitate building better policies 
to create a more resilient disaster management system in the country.  
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ABSTRACT: Tropical cyclones (TCs) are a common natural hazard that have significantly impacted Oman. Over the period 
1881-2014, 41 TC systems made landfall in Oman, each associated with extreme winds, storm surges and major flash floods, 
often resulting in loss of life and substantial damage to infrastructure. TCs affect Omani coastal areas from Muscat in the north 
to Salalah in the south, but developing a better understanding of high-risk areas is needed, and is a particular interest of disaster 
risk reduction institutions in Oman. The focus of this study is therefore to better understand likely TC tracks and the spatio-
temporal distribution of TC landfall in Oman to identify high-risk areas. The analysis of tracks uses Kernel Density Estimation 
(KDE) and Linear Direction Mean (LDM) methods to better identify the spatio-temporal distribution of TC landfall in Oman.  

Keywords: Oman, Tropical Cyclone, KDE, LDM 

 
1. INTRODUCTION 

Tropical cyclones (TCs) and storms are common in Oman. They affect the coastal area from Muscat to Salalah, with occasional 
cyclones in the Gulf of Oman, at the southern extreme of the Persian Gulf. They are associated with extreme winds, storm 
surges and major flash floods that have caused loss of life and substantial damage to infrastructure.   

The Indian Meteorology Department (IMD) maintain an historical archive of cyclones for the region, which shows that several 
extreme cyclones have hit Oman in the last century or so (Membery, 2001, 2002). In 1890, a cyclone hit Muscat (northern 
Oman) with a recorded 286mm of rain, and subsequent losses of 727 lives and an estimated economic loss of $9 million dollar 
at that time. Urban flooding led to a cholera outbreak with over 100 fatalities (Membery, 1997). In 1959, Salalah (southern 
Oman) was affected by a severe cyclone (117mm of rainfall) that struck two ships coming from Zanzibar, killing about 150 
women and children (Membery, 2001). In 2007, TC Guno, the most powerful cyclone recorded in the Arabian Sea for a century 
(IMD, 1999) struck the coast of Oman with 100 fatalities and an estimated $4 billion in damages (Evan and Camargo, 2010). 
Cyclone Phet followed in 2010, which like Guno, also made land fall in northern Oman. The aim of this study is to identify 
the spatio-temporal pattern of TCs that have made land fall in Oman, and so develop better TC track scenarios and hazard 
understanding for use in risk management.  

2. METHODS 

Data used in this study comprises Arabian Sea TC tracks for 1881-2014 drawn from the IMD E-Atlas (IMD, 1979, 1999, 
2014). GIS is used to convert cyclone co-ordinates over time to track maps as shapefiles. Tracks that made landfall in Oman 
were extracted from this data set for separate analysis, and data structured by time (month and season) and landfall area. GIS 
based Kernel Density Estimation (KDE) is then used to calculate the spatial density distribution of the cyclones by season and 
month (Joyner and Rohil, 2010), and Linear Direction of Means to identify likely track direction from TC origin.    

3. RESULT AND DISCUSSION  

3.1 Arabian Sea tropical cyclones frequency 
Table 1 presents summary statistics for TCs that formed in the Arabian Sea, 1881-2014. In total, 223 systems formed in the 
region of which 124 made landfall, and 99 died in the Arabian Sea and Gulf of Aden. India is exposed to the highest frequency 
of cyclones making landfall, with 27.4% of the total. 41 tropical systems made landfall in Oman, 18.4% of the total, and 16 
entered Omani coastal waters but died in the sea (between 60 - 64 ° E). Of the 41 systems that made landfall in Oman, 18 were 
tropical depressions and 11 were storms, and another 12 were severe storm or stronger. 

Table 1.  Geographical distribution of tropical systems in the Arabian Sea, 1881- 2011 (Source: IMD) 

Country or Territory           Number                     %     
Died at Sea  93  41.7 
India   61  27.4 
Oman   41  18.4 
Pakistan   10   4.5 
Gulf of Aden   6    2.7 
Somalia    6    2.7 
Yemen (Socotra islands)  5    2.2 

Total                               223                100.0   
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Figure 1 shows the monthly distribution of Arabian Sea TCs, and also specifically those that made landfall in Oman, and 
reveals a distinct binary pattern. That is, TCs develop in the Arabian Sea in two distinct seasons; in the pre-monsoon (May 
and June) and again in the post-monsoon (October and November). 

 

Figure 1.  Monthly distribution of tropical systems in the Arabian Sea, 1881-2014 
 

3.2 Classification of tracks making landfall in Oman 
The origins and tracks of tropical systems that made landfall in Oman vary by season and month of cyclone formation. Figure 
2 shows origins and tracks in the pre-monsoon, revealing distinct variability in tracks within this period. In May, tropical 
systems frequently travel to the coastline between Masirah island in central Oman, and Salalah in south west Oman. In June 
the track direction moves to central and north east Oman, such that tropical systems arrive at the coast from Masirah island to 
Ras Al Had and beyond in the Oman sea. Note however, that historical records indicate that on occasion, storms may deviate 
from this general pattern. A storm of June 1885 is known to have moved to the southeast coast and entered the Gulf of Aden 
off Yemen (Membery 2002), whilst a strong storm recorded in May 1898 is known to have crossed Oman from Ras Madrakah 
and moved to north Oman (IMD, 1979). Figure 3 show the origins and tracks in the post monsoon, which also reveals a distinct 
tracks pattern within this period. In September the tracks travel to the central Omani coast from Masirah to Ras Madrakah, 
and then move progressively south east, toward Salalah, from October to December.  

3.3 Kernel Density Estimation  
KDE is used to identify areas of high track density, and hence coastal areas where cyclones are more likely to make landfall. 
The KDE is based on seasonal and monthly TC data, with Figure 4 showing the KDE of all tracks that made landfall in Oman, 
and also tracks by season. There is overall a high density of tracks in the mid-coastline of Oman near Ras Madrakah which 
remains evident in the pre-monsoon season, whilst in the post-monsoon a high density of tracks is found in the southeast 
coastline of Oman, near Salalah. Figure 5 show the KDE of tracks by month, showing that the highest density of tracks in May 
is in central Omani coast near Ras Madrakah, with lower density to the south near Salalah. In June the highest density remains 
in the middle of Oman but high density also occurs in the north of Oman near Ras Al Had. In post-monsoon months (Sept., 
Oct.), the highest density of tracks is again near Ras Madrakah, spreading south near Salalah in October.  

3.4 Linear Direction Mean (LDM) 

The linear directional mean is a statistical-spatial analysis used to identify the mean direction of lines. Here, the LDM is used 
to identify the mean direction of cyclone tracks that made landfall in Oman, 1880-2014. Figure 6 presents the LDM of each 
cyclone track, and Table 2 summary data for all tracks, and by pre- and post- monsoon. The mean directional angle for the 
total track is 157.75° to the mid-east Oman coastline south of Masirah Island, with mean track length of 2169 km. The LDM 
of the pre-monsoon tracks is to the middle of Masirah island, slightly to the north of the LDM of all tracks, with mean 
directional angle 146°, and mean length 1827 km. The LDM of post-monsoon tracks is about 158°, towards Ras Madrakah, 
with mean length 2361 km.  
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Figure 2. Monthly distribution of tracks making landfall  
                in Oman 1881-2014 (Pre-monsoon) 

Figure 3. Monthly distribution of tracks making landfall 
                in Oman 1881-2014 (Post-monsoon) 
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         Figure 6. LDM of tracks making landfall in Oman: a) all tracks, b) pre-monsoon, and c) post-monsoon.	

	
	
 

Figure 5. KDE of tracks making land fall in Oman (May/June, Sep/Oct) 

Figure 4. KDE of tracks making landfall in Oman; all and by season 
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Table 2. LDM track parameters for cyclones making landfall in Oman 

Track Parameter       All tracks     Pre-Monsoon Post-Monsoon 
Compass angle (degrees clockwise from due north)   298.25     304.02  292.07 
Directional mean angle (degrees clock wise from due East  151.75     145.98  157.93 
Circular variance (deviation from directional mean angle)       0.11         0.08      0.03 
Average landfall X (degrees, minutes N)     64.54       63.47    64.71 
Average landfall Y (degrees, minutes E)     17.09       17.11    16.25 
Average length (decimal degrees)     19.48       16.41    21.21 
Average length (km)         2169        1827     2361 
	

 

4.  CONCLUSIONS 

Tropical cyclones in the Arabian Sea form in two distinct seasons: the pre-monsoon and the post-monsoon (Membery 2001). 
The analysis presented here addresses all cyclones recorded for the Arabian Sea, and focuses on those that made landfall in 
Oman. The analysis shows seasonal and monthly variation on cyclone tracks. The spatio-temporal pattern of cyclones that 
made landfall in Oman indicate that in the pre-monsoon, cyclones tend to originate in the south of the region in May and move 
northward in June. Tropical storm Ashobaa developed recently (June 2015), too recently to be included in the storm track 
analysis. However, given its month of origin, the analysis suggest that this cyclone could be expected to strike Oman in the 
northern region. This is indeed what happened, with the storm travelling to the north eastern coast, hitting Oman near Ras-Al 
Had. In the post-monsoon, cyclones tend to originate in the north in September, moving progressively southward in October 
and November. For instance, tropical cyclones Chapala and Meg formed in the Arabian Sea in November 2015 and travelled 
in a southwest direction toward the Socotra islands off Yemen.  

These results reveal a series of broadly predictable spatio-temporal patterns. Individual events may deviate from these trends, 
but the general patterns are useful in informing natural hazard risk assessment and management in the Arabian Sea region, and 
particularly Oman which has in the past suffered extensive damage from tropical cyclones. The results could assist with more 
targeted cyclone preparation and deployment of emergency response resources, based upon geographical areas most at risk to 
cyclones overall (strategic planning), and to specific storm events when these are first identified (tactical planning). For 
example, knowing that cyclones that develop in June are more likely to make landfall in the northern part of Oman is valuable 
emergency planning intelligence. 
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ABSTRACT: Quality improvement of life in parallel of progress in science and technologies has led to risk taking which in
some cases, appears to have generated our diverse and future challenges of the century. Indeed, the signs are everywhere stating
that our planet is experiencing major climate change, less energy resources, reduction of drinking water and preservation,
necessity of mitigation of air and soil pollution, use of biotechnological potential in agronomy, food and medicine, which closely
interact with the environment. This means that we should consider changing our behavior, having effective education systems,
especially engineering education systems able to provide engineers ready to meet future challenges such as new ways to supply
and to consume energy, to reduce the greenhouse gases, to look for green industry, then to modify the way of conceiving and
calculating all types of industrial process, if we want to avoid a greater risk of damage. Education is the core of the evolutionary
process of the Society, and engineering fields are among those of higher education that prepare engineers meet the future
challenges. Accreditation systems as ABET (USA), IChemE, AGR (UK), GCCA (Australia), LTSN (UK), EUR-ACE (Europe)
exist in developing countries and help to assess, guide and label any educational programs in adequacy with the progress of
science and technology and required skills of the graduates. Generally, these systems converge on objectives and programs and
more and less for required skills as to compensate the lack in disaster risk management (natural and industrial). This paper aims
to review three accreditation systems from which two are worldwide well established, highlight some insights on certain aspects
related to these issues; “Does the current engineering education allows meeting the future challenges? And why do we need to
make a progressive transformation, particularly in developing countries.

Keywords: Engineering, engineering and technologies education, accreditation systems, skills, disaster risk management.

1. INTRODUCTION

In different countries, the higher education system follows its own development philosophy of curricula to supply the market,
industry and the public service by engineers “ready to work”. However, in industrialized countries, the existence of accreditation
systems have been introduced to engineering and engineering technology education to streamline the various curriculum
development philosophies such as; “ the ABET Engineering Technology Criteria” which have been introduced to rationalise the
various curriculum development philosophies followed by different universities in the USA [1], or EUR – Ace, as European
label, which exists since 2007 and is managed by the ENAEE (European Network for Accreditation of Engineering Education)
association, which brings together different accreditation agencies of engineering education and has two levels: bachelor and
master. Today, the bodies of empowerment of France (the engineering titles Commission), Germany, Great Britain, Ireland, Italy,
Portugal, Russia and Turkey are authorized by the association to issue the label [2].

As we know, accreditation is a comprehensive mechanism that helps to meet local needs, national and international for
governments. These conformity assessment and accreditation tools are all based on the needs of internal and external markets and
can be used by policy makers to provide better regulation and control for; environmental protection, public safety, prevention of
fraud, fair and efficient markets and public confidence and a quality education with the development of the competency-based
curriculum. Indeed, accreditation systems help to assess, guide and label any educational programs in adequacy with the progress
of science and technology and required skills of the graduates. Generally, these systems converge on objectives and programs and
more and less for required skills as to compensate somehow the shortcoming in disaster risk management (natural and industrial).
Given the current major risks of natural or industrial type has led us to believe that policy makers, managers at all levels of
institutions, whether educational or productive types have to support this setting, even if it means changing some paradigms.
Indeed, several recent studies and popular books have made the claim that the world is becoming increasingly flat [3] and
complex, reports from national and international organizations stated that decision making in our increasingly complex and
connected global environment, will be based on complex interdisciplinary scientific research and that decision makers and
stakeholders will need to have increased involvement with science in order to make appropriate policy decisions in regard to the
diverse risks[4].

This paper aims to review three accreditation systems from which two are worldwide well established, highlight some insights on
certain aspects related to these questions; “Does the current engineering education allow meeting the future risk challenges? And
why do we need to make a progressive transformation, particularly in developing countries.

2. GRADUATE ENGINEERING AND ENGINEERING TECHNOLOGY PROGRAMMES IN ALGERIA.
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The Algerian university network consists of one hundred eleven (111) higher education institutions, spread over forty-eight
wilayas (48), covering the entire country, and there are about fifty institutions offering engineering technology programmes and
affiliated or not to several universities spread across the country.

All these institutions are monitored by the government body NCA (National Committee for Accreditation) [5]. The programmes
offered by government engineering education institutions continue to be highly subsidised and funded by the government. In
addition and excepting Superior National Schools and some ancient universities, the syllabi and curricula of the engineering and
engineering technology programmes, with respect to each profession, offered by the remainder of the universities and
engineering education institutions in the country are almost the same. But the names of the engineering technology degrees
awarded by the universities and engineering institutions do not bear great relevance to the curriculum design philosophy and are
not focused to prepare undergraduates/graduates for engineering technology employments and the real market needs and its
trends. Some developments are needed, particularly in the field of pedagogy and more interest toward introducing disasters risk
management as an interdisciplinary course in all engineering education and as a master diploma option in civil
/chemical/petrochemical Engineering.

Currently, the accreditation of programmes is conducted in three (3) steps and is endorsed by the National Empowerment
Committee of assessment and accreditation [5] (license, Master / Engineer). The latter, i.e. d. the training offer is performed by
training team within a given institution department and proposed by the institution in the form of specifications [5] (criteria
inherent to faculty capacity, industry needs, program content..) which is subject to an assessment procedure and accreditation by
the committee, then an order is established to confirm the training courses validated for each establishment of higher education.
An accreditation system examination of the different engineering and technologies programs in Algeria lets us make the
following remarks:

- a cumbersome system where the pedagogical side is often left on the sidelines, this being due to the bodies assessment
statutes;

- a divergence in a number of programs for a given sector, lack in nomenclature harmonization of concepts for both the
licenses masters / engineers;

- an absence of interdisciplinary teaching that builds skills, efficiency and attitudes of graduates for their insertion in the
professional field and so of the specific courses or bachelor or master degree in DRM or RM.

- the expert team of the body's assessment is often overloaded elsewhere and often not representative of the evaluated
specialties; etc.

3. ENGINEERING AND ENGINEERING TECHNOLOGY CRITERIA IN ACCREDITATION SYSTEMS
Generally, all programs seeking accreditation are responsible to clearly demonstrate that they are in compliance with all
applicable policies, procedures and criteria for accreditation systems targeted such as the ABET (Accreditation Board for
Engineering and Technology (USA)), EUR-ACE (European Accreditation System) we use in this study. Indeed, some criteria of
the two accreditation systems are examined, to highlight the importance of integration or not of disaster risk management (natural
and industrial) within these assessment systems.

3.1 ABET Engineering Technology Criteria
It is known that ABET [6] has classified the accreditation criteria of engineering technology programmes being offered by the
engineering institutions into two categories:
1) General Criteria for Basic Level Programmes apply to all programs accredited by an ABET commission.
2) Program Criteria for Advanced Level Programmes provide discipline-specific accreditation criteria. Programs must show

that they satisfy all of the specific Program Criteria implied by the program title.
For analysis we consider the criteria 3) and 5) and g) and h) of the two categories listed chronologically in Table 1

3.1.1 Engineering General criteria

Based on Engineering Education, criterion 3 and Criterion 5 appear to help in the process of streamlining programs in
engineering technology (Tble 1).  But, on closer look it is seen that each statement from “a) to k)” and the statements in criterion
5 [6] with respect to each discipline continues to be more or less “generic” than “specific”, particularly vis-à-vis “Risk
Management /Disasters Risk Management”. Indeed, criterion g) of “program criteria for environmental engineering technology
and similarly named programs” states that students should be able to “applying probability and statistics to measured data and
performing risk analyses”; criterion h) of “program criteria for fire protection engineering technology and similarly named
programs” students should be able to “applying probability and statistics to measured data and performing risk analyses;”
However in Criteria for Accrediting Engineering Programs – Proposed Changes [7] we can note the criterion 7 where the
student should have an ability to function effectively on teams that establish goals, plan tasks, meet deadlines, and analyze risk
and uncertainty.
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In addition to the point (iii) in page 27 [7], inherent to criteria objectives, where student has to be “cognizant of the global
dimensions, risks, uncertainties, and other implications of their engineering solutions.”

Table 1: Engineering General Criteria with Criterion 3 and 5
ABET Engineering General
criteria

1. Criterion 1. Students
2. Criterion 2.  Program Educational

Objectives
3. Criterion 3. Student Outcomes
4. Criterion 4.  Continuous

Improvement
5. Criterion 5. Curriculum
6. Criterion 6.  Faculty
7. Criterion 7.  Facilities
8. Criterion 8.  Institutional Support

ABET Engineering Students outcomes: Criterion # 3 ABET Engineering Technology “a)
to k) i.e. “Students Outcomes” states that:  An engineering technology programme must
demonstrate that graduates have:
a) an appropriate mastery of the knowledge, techniques, skills  and modern tools of their

discipline;
b) an ability to apply current knowledge and adapt to emerging applications of

mathematics, science, engineering and technology ;
c) an ability to conduct, analyse and interpret experiments and apply experimental results to

improve processes;
d) an ability to creativity to design systems, components and processes appropriate to

programme objectives;
e) an ability to function effectively on teams;
f) an ability to identify, analyse and solve technical problems;
g) an ability to communicate effectively;
h) a recognition of the need for, and an ability to engage in lifelong learning;
i) an ability to understand professional, ethical and social  responsibilities;
j) a respect for diversity and a knowledge of contemporary professional, societal and

global issue;
k) a commitment to quality, timeliness, and continuous improvement

3.1.2 Program criteria
Each program seeking accreditation must demonstrate that it satisfies all Program Criteria implied by the program Title. [6].

3.2 EUR-ACE® (EURopean-Accredited Engineer)
For an accreditation request of a given program in engineering, three fields describe the criteria to be demonstrated in term of
Student Workload Requirements, Programme Outcomes, and Programme Management [8].The first two fields are compliant
with the overarching Framework of Qualifications for the European Higher Education Area (EQF) [9]. The framework
“comprises three cycles, generic descriptors for each cycle based on learning outcomes, and credit ranges in the first and second
cycles”, and is a translation tool that helps communication and comparison between qualifications systems in Europe.

Eight levels defined by a set of descriptors indicating the learning outcomes (knowledge, skills and competences) are relevant to
qualifications at that level in any system of qualifications [8].

3.2.1 Programme Outcomes Framework
Programme Outcomes are described separately for both Bachelor and Master Degree programmes with reference to the
following eight (8) learning areas: (1) Knowledge and understanding; (2) Engineering Analysis;(3) Engineering Design; (4)
Investigations; (5)Engineering Practice; (6) Making Judgements; (7) Communication and Team-working; (8) Lifelong Learning.
Only criterions 2 and 5 are considered here.

3.2.2 Engineering Analysis:
For each degree type, skills are required for labeling educational program and are summarized in Table 2.and Table 3

Table 2: Required skills for Bachelor and Master Degrees

Bachelor Degree Master Degree

The learning process should enable Bachelor Degree
graduates to demonstrate:

The learning process should enable Master Degree graduates to demonstrate:

a) ability to analyse complex engineering products, processes and
systems in their field of study;

b) to select and apply relevant methods from established analytical,
computational and experimental methods;

c) to correctly interpret the outcomes of such analyses;

1. ability to analyse new and complex engineering products, processes and systems
within broader or multidisciplinary contexts; to select and apply the most
appropriate and relevant methods from established analytical, computational
and experimental methods or new and innovative methods; to critically interpret
the outcomes of such analyses ;

2. ability to conceptualise engineering products, processes and systems;
d) ability to identify, formulate and solve engineering problems in

their field of study;
e) to select and apply relevant methods from established analytical,

computational and experimental methods;

3. ability to identify, formulate and solve unfamiliar complex  engineering
problems that are incompletely defined, have competing specifications, may
involve considerations from outside their field of study and non-technical –
societal, health and safety, environmental, economic and industrial –
constraints;
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f) to recognise the importance of non-technical –societal, health
and safety, environmental, economic and industrial –
constraints

4. to select and apply the most appropriate and relevant methods from established
analytical, computational and experimental methods or new and innovative
methods in problem solving;

5. ability to identify, formulate and solve complex problems in new and emerging
areas of their specialisation.

3.2.3 Engineering Practice
Table 3: Required skills for Bachelor and Master Degrees

Bachelor Degree Master Degree

The learning process should enable Bachelor Degree graduates to
demonstrate:

The learning process should enable Master Degree graduates to demonstrate:

a) understanding of applicable techniques and methods of analysis,
design and investigation and of their limitations in their field of
study;

b) practical skills for solving complex problems, realising complex
engineering designs and conducting investigations in their field of
study;

c) understanding of applicable materials, equipment and tools,
engineering technologies and processes, and of their limitations in
their field of study;

d) ability to apply norms of engineering practice in their field of study;
e) awareness of non-technical -societal, health and safety,

environmental, economic and industrial - implications of
engineering practice;

f) awareness of economic, organisational and managerial issues (such
as project management, risk and change management) in the
industrial and business context.

1. comprehensive understanding of applicable techniques and methods of analysis,
design and investigation and of their limitations;

2.practical skills, including the use of computer tools, for solving complex
problems, realising complex engineering design, designing and conducting
complex investigations;

3. comprehensive understanding of applicable materials, equipment and tools,
engineering technologies and processes, and of their limitations;

4. ability to apply norms of engineering practice;
5.knowledge and understanding of the non-technical – societal, health and safety,

environmental, economic and industrial - implications of engineering practice;
6. critical awareness of economic, organisational and managerial issues (such as

project management, risk and change management)

Based on Engineering Education, and for bachelor and master degrees, criterion 2 and Criterion 5 appear to help in the process of
streamlining programs in engineering education. The items of each degree as: f) and 3) for engineering analysis, and e) and f)
and 5) for engineering practice respectively, mention and encourage the consideration of risk management.

4. CONCLUSIONS
By no means complete, this document highlights some accreditation criteria, taking into account the concept of risk management.
However, in most programs, this theme is not mentioned as a bachelor or master or a required course for the wide variety of
specialty diplomas. It would be interesting to introduce the concept of green chemistry and energy at the first level in the core
courses and those related to process design.Also, the mentioned criteria of ABET and Euro RACE are excellent as generic skills,
but need to identify much more specific competencies in the profession concerning risk management in different fields, so open
the way to greater clarity on this issue to all stakeholders especially, the program designers about the philosophy to be adopted in
the program design, its implementation and evaluation.

5. REFERENCES
[1]. http://www.abet.org
[2]. https://ec.europa.eu/ploteus/content/descriptors-page
[3]. T, Friedman (2007), The World Is Flat: A Brief History of the Twenty-First century. Release 3, Picador I Farrar, Straus and

Giroux New York.
[4]. S, Schaal (2008). The Role of Communications and Scientific Thinking. National Academy of Sciences, N°13: 978-0-309-

11927-6.
[5]. Order N°167 of 13 April 2015 on the establishment, composition, duties and functions of the National Accreditation

Committee (MESRS).
[6]. http://www.abet.org - 2015-2016 Criteria for Accrediting Engineering Technology Programs
[7]. http://www.abet.org -2016-2017 - Criteria for Accrediting Engineering Programs – Proposed Changes
[8]. EUR-ACE - Framework Standards And Guidelines - Edition 31st ® March 2015
[9]. https://ec.europa.eu/ploteus/content/descriptors-page

50



Water Filled Pores as Related to Water Storage and Hydraulic Conductivity 

in Agricultural Soils of the Nile Delta 

 
Abdelmonem Mohamed Amer 

Department of Soil Science, Faculty of Agriculture, Menoufia University, Shebin EI-Kom, Egypt  

Email; amer_abdel@hotmail.com 

ABSTRACT 

Methods for reducing runoff losses described so far all involve water storage in the soil. The dynamic of 

soil moisture in plant-root zone can be studied through water storage, moisture conductivity, intrinsic 

permeability, and movement into the soil pore spaces. The volume of pore-space, size, shape, type and 

continuity of pores and distribution in soil are important characteristics related to the storage, conductivity 

and movement of water and gases. However, both soil texture and soil structure have a great influence on 

pore-size distribution which is the basic when dealing with the problems of soil water management, 

development of plant root system, flow and retention of heat and in investigations of soil strength. The 

movement of water by gravitational forces in the natural soils occurs principally through the non-capillary 

pores (i.e. rapidly drained pores), while the other movements occur in the capillaries that can be classified 

into coarse and fine capillary pores. The purpose of this study is to develop equations to describe and 

estimate the unsaturated hydraulic conductivity K (θ) in relation to soil pore size classes that occupied 

with the available water in the soil root zone, where the unsaturated condition of soil water is a major 

state in nature after irrigation process or rain fall. Three alluvial clay soil profiles differ in their clay % 

and salinity were taken from the farm of Faculty of Agriculture, Shebin El-Kom, and from Epshan and 

El-Khamsein, Kafr El-Sheikh (at Nile Delta) respectively. The soils were used for application of the 

derived equations, and to develop the concepts, based on water retention curve, saturated hydraulic 

conductivity and the pore size function measured from undisturbed cores. The pore size function f(r) 

represents the fraction of the total pore volume contributed by pores with radii from 0 to ∞ at present 

saturation degree. Data showed the applicability of the suggested equations for calculating unsaturated 

hydraulic conductivity in the soil pores even for high clay soils.  

Key words:water storage, hydraulic conductivity, drainable and capillary pores, agricultural soils.  

1.INTRODUCTION      

Large scale soil and water conservation and management against disaster and risk requires very often a thorough 

understanding of the transport processes in the unsaturated zone and the integration of this knowledge into 

holistic management and engineering approaches. While a fairly adequate description of these processes has 
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been aided at the experimental local level by the present availability of accurate measuring techniques and 

devices, it is still difficult to make reliable predictions on their evolution, particularly at the space and time 

scales of interest for environmental planning. In that connection, soil pores display a number of important 

characteristics related to the storage, conductivity and movement of soil water and gases. The volume of 

pore-space, size, shape, type and continuity of pores and distribution in soil are the main factors that influencing 

water storage, infiltration, hydraulic conductivity and surface (water runoff) and subsurface water movement in 

soil. The unsaturated condition of soil water content is a major state in nature after irrigation process or rainfall. 

The quantitative application of the theory of unsaturated flow to field or laboratory flow system requires 

knowledge of the hydraulic conductivity and water characteristic of the soil involved (Klute, 1972). Pore size 

classes were estimated using soil-water retention curves. These curves were determined by exposing the 

completely saturated samples to constant suction levels of 0.001, 0.01, 0.1, 0.33, 0.66, 1.0 and 15 atm. using the 

pressure membrane method (Stakman, 1966).  The percent of moisture content (volume basis) of soil samples at 

equilibrium with different potentials represent two limits of each pore size class as follows: 

       Pore size class                                                 Pore size range,                            Potential range, 

                                                                                           µ                                                atm 

   Quickly (or rapidly) drainable pores (QDP or RDP)          > 28.8                                       0.001 - 0.10 

    Slowly drainable pores (SDP)                                        28.80 - 8.62                                  0.10 - 0.33 

    Water holding pores (WHP)                                           8.62 - 0.19                                    0.33 - 15.0 

     Fine capillary pores (FCP)                                             < 0.19                                             > 15.0 

TDP (or VDP) WSP

QDP SDP FCPWHP

> 28.8 µ 28.8-8.62 µ 8.62-0.19 µ < 0.19 µ

CCP  

The ratio of air to water was calculated as the relation between the total or volume drainable pores (TDP) and water 

storage pores (WSP), i.e. Air
Water

 = TDP
WSP

 = 
QDP + SDP

WHP + FCP
 

The volume of pore space size and continuity of pores through different soils are not constant but vary according 

to changes in soil physical and chemical conditions (Vomocil, 1965). However, both soil texture and soil structure 

have a great influence on pore-size distribution which is the basic when dealing with the problems of soil water 

management, development of plant root system, flow and retention of heat and in investigations of soil strength. 

The downward movement of water by gravitational forces in natural soils is principally occurs through the large 
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pore spaces and depends mainly on their relative amount in the bulk volume, their diameter and the continuity of 

pore paths. 

The aim of this work is to apply new equations as an approach for calculating the unsaturated hydraulic conductivity 

and intrinsic permeability within the sizes of water filled pores of soils, as well as to study the pore size distribution 

in clay soils of the Nile Delta as a function of soil water potential ψ(θ), storage and conductivity K(θ). 

2.MATERIALS AND METHODS  

Three alluvial soil profiles differ in their texture and salinity were chosen for the study.  The first (I) and second (II) 

profiles are non-saline clay soils having 40 - 45 % and 56 - 63 % of clay content respectively.  They were taken 

from the farm of Faculty of Agriculture, Shebin El-Kom, and from Epshan, Kafr El-Sheikh respectively.  The third 

profile (III) having 63 - 74 % clay represents a saline clay soil from El-Khamsein, Kafr El-Sheikh. The soil samples 

were taken at depths; 0 - 30, 30 - 60, 60 - 90 cm.  The samples were air dried, crushed and passed through a 2 mm 

sieve.  Some physical and chemical properties of the studied soils were analyzed according to Sparks et al., 1996; 

Dane and Topp, 2002. The maximum water adsorption (Wa %) on soil particles was determined according to 

Amer (1993).  

The water flow (or discharge Q) through one cylindrical capillary-pore can be calculated by Poiseuille equation in 

which the hydraulic conductivity (K) varies as the fourth power of the capillary radius (r) and is inversely 

proportional to the viscosity (η), whereas 

K = r4

8  .  The total hydraulic conductivity K(θ) for n capillaries can be 

calculated as follows: 
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In order to turn the unit cm3 sec / gm into cm / sec, the equation (2) becomes (Amer et al, 2009): 
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gr
K w .     cm /sec    ................................................................. ( 3) 

Where, ρw = water density (gm / cm3), g = gravity acceleration (cm / sec2), η = water viscosity (gm / cm /sec), 

∆ϴ = water content interval % (volume basis), ψ = soil moisture potential and r = pores radius. In this study we 

try to apply the equation (3) to predict the unsaturated hydraulic conductivity K(ϴ) of the investigated soils.  

However, a matching factor 

Ks

Kc  must be added to the equation (3) to correct the K(ϴ) values. 
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K() = 
Ks

Kc
 
w g r2 ² 

8  . 100
   or  K () = 

w g r2 ² 

8 c x 100      

....................................... (4) 

where; c = matching factor, Ks = measured hydraulic conductivity at saturation condition, Kc = calculated 

hydraulic conductivity at water content (∆ϴ) closed to ψ = 0.01 atm. and pore radius r = 0.015 cm. i.e.  

Kc =122.5 (0.015)2 x ∆ϴ %                                                        

From equations (3) and (4), the calculation of K(ϴ) at different pore classes would be as follows:  

K(ϴ) at FCP = 122.5 (0.10 x 10-4)2 [FCP - Wa] 

K(ϴ) at WHP = K(ϴ) of FCP + 122.5 (4.21 x 10-4)2 x WHP 

K(ϴ) at SDP = K(ϴ) of WHP + 122.5 (10.09 x 10-4)2 x SDP 

              
K() at QDP = K() of SDP + 

K() of SDP + K s (measured)

2
 

3. RESULTS AND DISCUSSION  

3.1 Drainable and water storage pores: 

Table (1) reveal the drainable and water storage as a percent from the total pore spaces, i.e. QDP + SDP + WHP + 

FCP = 100 %. Data indicated that the total drained pores (TDP) and consequently the air pores as well as the air / 

water ratio were maximum at the subsurface depth (30 - 60 cm) for the soil profile No I (Shebin El-Kom), while 

they were maximum at the surface depth (0 - 30 cm) for soil profiles I (Epshan) and III (El-Khamsein).  It means 

that the water storage % represented as WHP % + FCP % was the minimum in the depths mentioned above.  The 

water storage pores (WSP) were more pronounced in the depth of 0 - 30 cm for profile I and the depth of 30 - 60 cm 

for profiles II and III (Table 1).  However, the values of water storage were different with the depth of the profiles 

according to the distribution of pores system within the soil profiles. In the depths of 0 - 30 cm and 60 - 90 cm it was 

obvious that the slowly drained pores (SDP) as well as fine capillary pores (FCP) were higher in the profile II than 

in the other two profiles.  It may due to the high clay content in that profile if compared with the profile I, and to the 

low salinity and SAR if compared with the profile III.  However, the SDP and FCP values were higher in the 

depth30 - 60 cm at profile I and profile III respectively.  On the other hand, the coarse capillary pores (CCP) were 

higher in the subsurface depth (30 - 60 cm) in all studied soils.  The values were more enhanced in the saline clay 

soil (profile III) than in the other two profiles. The distribution of water holding pores (WHP) was different with 

depths for all soil profiles under investigation.  However, the mean values of CCP and WHP were in the following 

disposal: profile III > profile II > profile I. These results are in agreement with those obtained by Hanna, et al. 

(1997). K(ϴ) values of WHP were higher in the surface layer (0 - 30 cm) than in the subsurface one (30 - 60 cm) in 

clay soil profile I (Shebin El-Kom), while an alternative trend was observed in the saline-clay soil profile III 

(El-Khamsein). So, it could be concluded that the distribution of different pores in these soil profiles would be as: 

WHP > FCP > SDP > QDP. 
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Table (1) Pore size classes as a percent of total volume pores of the investigated soils.  

Soil profile 

and location 

Soil depth 

(cm) 

RDP 

<10 kPa 

ΔS% 

SDP 

10-33kPa 

ΔS% 

WHP 

33-1500kPa 

ΔS% 

FCP 

>1500kPa 

ΔS% 

TDP 

<33kPa 

ΔS% 

WSP 

>33kPa 

ΔS% 

AWR 
Water

Air
ratio 

I 

Shebin  

El-Kom 

0-30 1.90 12.32 48.16 37.62 14.22 85.78 0.56 0.17 

30-60 1.92 23.52 41.70 32.87 25.44 74.57 0.56 0.34 

60-90 3.02 20.04 44.56 32.38 23.06 76.94 0.58 0.30 

Mean 2.28 18.63 44.81 34.29 20.91 79.10 0.57 0.27 

II 

Ebshan 

0-30 5.47 27.70 31.65 35.17 33.17 66.82 0.47 0.49 

30-60 4.14 19.06 46.98 29.82 23.20 76.79 0.61 0.30 

60-90 3.08 21.99 47.42 27.51 25.07 74.93 0.63 0.33 

Mean 4.23 22.92 42.02 30.83 27.15 72.85 0.58 0.37 

III 

El-Khamsen 

0-30 2.96 22.75 43.68 30.61 25.71 74.29 0.59 0.35 

30-60 1.80 17.51 50.28 30.40 19.31 80.68 0.62 0.24 

60-90 2.65 19.50 49.44 28.41 22.15 77.85 0.64 0.28 

Mean 2.47 19.92 47.80 29.81 22.39 77.61 0.62 0.29 

† AWR is available water ratio, and ΔS is saturation degree. 

3.2 Calculated unsaturated hydraulic conductivity:  

Data presented in table (2) and illustrated in Figure (1) show the values of unsaturated hydraulic conductivity K(ϴ) 

as calculated by the suggested equations. At the FCP the values of K(ϴ) were very low, since the values fluctuated 

between 2.12 x 10-9 to 1.01 x 10-8 cm / sec in the studied soil profiles I and III.  Nevertheless, they were higher in 

the surface depth (0 - 30 cm) than in the subsurface (30 - 60 cm) in both I and III profiles. This may be due to the 

difference of adsorption water capacity (Wa %) in the two soil profiles (Amer, 1993).  The K(ϴ) values of WHP 

were higher in the surface layer (0 - 30 cm) than in the subsurface one (30 - 60 cm) in clay soil profile I (Shebin 

El-Kom), while an alternative trend was observed in the saline-clay soil profile III (El-Khamsein). The mean values 

were 5.335 x 10-5 cm / sec for profile I and 1.385 x 10-5 for profile III.  Generally, the K(ϴ) values at WHP, SDP 

and QDP as well as the saturated hydraulic conductivity (Ks) were less in the saline clay soil profile (III) than in the 

clay soil profile (I). This is referred to the high clay content and to the effect of relatively high salinity and SAR in 

the profile III. As expected, the K(ϴ) values increased gradually from WHP up to QDP.  In the surface layer, the 

increasing was from 5.93 x 10-5 to 3.47 x 10-4 cm / sec for the profile I and from 1.25 x 10-5 to 8.45 x 10-5 cm /sec 

for the profile III.  In the subsurface layer, the increasing was from 4.74 x 10-5 to 6.10 x 10-4 cm / sec and from 

1.52 x 10-5 to 7.45 x 10-5 for profile I and profile III respectively. 

55



Table (2) Unsaturated hydraulic conductivity K (θ) of the studied soils at pore size classes as calculated by the 

suggested equations. 

Soil 

profile& 

location 
Soil 

depth 

(cm) 

RDP, <10 kPa SDP, 10-33 kPa WHP, 33-1500 kPa FCP, >1500 kPa 

Kc 

cm/s 

C

S

K

K
 

K(θ) 

cm/s 

K(θ)

C

S

K

K
 

K(θ) 

cm/s 

K(θ)

C

S

K

K
 

K(θ) 

cm/s 

K(θ) 

C

S

K

K
 

K(θ) 

cm/s 

K(θ)

C

S

K

K
 

I 

Shebin 

El-Kom 

0-30 4.02 x10-3 3.46 x10-4 1.69 x10-3 1.45 x10-4 6.88 x10-4 5.92 x10-5 1.67 x10-7 1.44 x10-8 3.45 x10-2 0.086 

30-60 5.37 x10-3 4.03 x10-4 2.66 x10-3 1.99 x10-4 6.28 x10-4 4.71 x10-5 1.40 x10-7 1.05 x10-8 3.66 x10-2 0.075 

60-90 4.54 x10-3 1.77 x10-4 2.30 x10-3 8.97 x10-5 6.41 x10-4 2.50 x10-5 1.12 x10-7 4.37 x10-9 5.51 x10-2 0.039 

III 

El-Khamsen 

 

0-30 4.75 x10-3 8.07 x10-5 2.81 x10-3 4.78 x10-5 7.05 x10-4 1.20 x10-5 1.20 x10-7 2.04 x10-9 6.06 x10-2 0.017 

30-60 4.19 x10-3 7.54 x10-5 2.56 x10-3 4.61 x10-5 8.54 x10-4 1.54 x10-5 1.12 x10-7 2.02 x10-9 3.88 x10-2 0.018 

60-90 3.88 x10-3 4.66 x10-5 2.59 x10-3 3.11 x10-5 7.93 x10-4 9.52 x10-6 6.90 x10-8 8.28 x10-10 5.40 x10-2 0.012 
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Fig. 1. Mean calculated unsaturated hydraulic conductivity as a function of water content in Epshan and 

El-Khamsen soil profiles. 

     

4. CONCLUSION 

Methods for reducing runoff losses described so far all involve water storage in the soil. The values of 

water storage were different with the depth of the soil profiles according to the distribution of pores system within 

the soil profiles. A theory was developed to determine hydraulic conductivity K (θ) and simulate the soil 
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water flow (q) in unsaturated state based on soil water retention curves θ (h) and pore size distribution. 

The values of K (θ), and q were calculated for each pore size class by applying the assumed models. The 

proposed models are applicable to calculate unsaturated hydraulic conductivity K(θ), water flux (u) and 

water flow (q) in fine textured soils. The reduction of immobile sorbed water from water flow gives an 

advantage to apply the approach to silt and clay soils which have considerable sorbed water.  
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1. INTRODUCTION 

Currently just over half the world’s population lives in cities, but they generate more than 80% of global GDP. In the same time 

the world is experiencing a historically unprecedented transition from predominantly rural to urban living expecting that in 2050 

more than two-thirds of the world’s population will leave in cities, an estimated 6.3 billion people, with 80% in less developed 

regions. This rapid rise will mainly take place in developing countries in Africa and Asia. 

Urbanization creates opportunities but also exacerbates risks. Urban populations are facing increasing challenges from numerous 

natural and man-made pressures such as rapid urbanisation, climate change, terrorism and increased risks from natural hazards. 

As a consequence, inadequate urban planning and ineffective governance can bring significant economic, social and 

environmental costs, threatening the sustainability of urban development. The concentration of people, assets, critical 

infrastructure and economic activities in cities exacerbates the potential of natural and man-made catastrophes to cause 

unprecedented damage with risks materialising at the city level having the potential to disrupt society.  

Cities are complex and interdependent systems, extremely vulnerable to threats from both natural hazards and terrorism. In fact 

“Failure in Urban Planning” is classified as one of the 28 global risks in the Global Risk Report of the World Economic Forum, 

WEF (2015). Cities are also points of convergence of many risks, which make them particularly vulnerable to chain reactions and 

amplify the interconnection between global risks. The WEF’s Global Risk Report suggests that urbanisation is a critical driver of 

profound social instability, failure of critical infrastructure, water crises, and the spread of infectious diseases. This will only be 

further exacerbated by an unprecedented transition from rural to urban areas. In addition, three regions – South Asia, East Asia 

and the Pac Pacific, and Latin America and the Caribbean – have identified “Failure in Urban Planning” among those risks for 

which they are the least prepared. In such regions, urbanisation is especially rapid and the failure of urban planning can lead to a 

wide range of catastrophic scenarios 

2. URBAN RESILIENCE   

City resilience is a complex parameter. Different research teams have proposed measure of urban resilience as the City Resilient 

Index proposed by ARUP (2014) for example. Despite the increased activity in this direction, currently there is no commonly 

accepted measure of city resilience. Infrastructure is pointed out as one of the four main urban challenges together with health, 

climate change and social instability. The quality of a city’s infrastructure largely determines its residents’ quality of life, social 

inclusion and economic opportunities. It also largely determines the city’s resilience to a number of global risks. As cities in 

developing countries are expanding rapidly, it is likely that infrastructure will not be able to keep pace with their growth. Action 

to close the infrastructure gap is urgently needed and will strongly influence the potential of risks to have catastrophic cascading 

effects.  

The world has more to lose than ever before from massive failure of critical infrastructure. To improve efficiency and lower cost, 

various systems have been allowed to become hyperdependent on one another. The failure of one weak link – whether from 

natural disaster, human error or terrorism – can create ripple effects across multiple systems and over wide geographical areas. 

This stamen is valid not only for rapidly expanding megacities in developing countries, but also for properly designed and 

managed urban systems in the developed world. 

The resilience of the city’s critical infrastructure can be assessed and designed for using system engineering approach. Resilience 

is the capacity of a system to absorb the stresses imposed by natural and man-made hazards. The main attributes to a resilient 
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system are: Robustness - the capacity of the physical assets to withstand the impacts of hazard events without significant damage 

and loss of function; Redundancy - the spare capacity purposely created within systems, as well diversity of resistance paths, so 

that they can accommodate disruption, extreme pressure or surges in demand; and Flexibility - the system can change, evolve and 

adapt in response to changing circumstances into a more robust state and be able to withstand the increasing demand. 

A truly resilient urban design will require new design paradigms to address the rising external and internal stressors on current 

megacities and in particular new design approaches towards cities’ critical infrastructure. 

3. CURRENT STATUS OF URBAN PLANNING AND URBAN RISK STUDIES  

Currently urban planning, architectural design and engineering design often lack regulatory guidance regarding what is necessary 

to increase resilience. There is currently no agreed goal or metric for resilient urban design, or specific criteria for the responses 

to extreme natural and man-made events. Nor is there agreement on how much resilience is sufficient and how increased 

resilience can be related to improved economic and social indicators as well to an additional revenue stream and so become 

attractive for investors.  

Government and regulators should implement regulatory frameworks to clearly define the levels of resilience required for urban 

systems. This could enable the finance sector to create suitable financial vehicles which would help the private sector to carry 

their responsibility in resilience 

4. BASIC CONCEPTS IN SITING AND DESIGN OF NUCLEAR POWER PLANTS 

The contemporary urban planning is currently facing challenges that are subject of studies in other fields from decades. The 

design concepts in the heavy regulated critical industries are heavily influenced by the idea of measuring risk and design towards 

predefined acceptable risk level. In particular the concepts in citing and design of nuclear power plants have significant potential 

for modifications and adaptations for applications in urban planning, namely: defence in depth (DiD), classification of safety 

functions, definition of safety related structures, systems and components, hazard identification, probabilistic risk analysis, 

system engineering  and more recently risk-informed design. 

4.1 Defence in Depth (DiD), Fundamental safety function and Structures, Systems and Components important to 

safety (SSCs) 

Defense-in-depth concept is greatly emphasised and is implemented in nuclear engineering since decades. It includes 

redundancy, independence, multiplicity and diversification. Defence in depth is implemented through design and operation to 

provide a graded protection against a wide variety of incidents and accidents. All safety related activities, whether organisational, 

behavioural or equipment related, are subject to layers of overlapping provisions, so that if a failure occur it would be 

compensated for or corrected without causing harm to individuals or the public at large. Defence in depth consists in a 

hierarchical deployment of different levels of equipment and procedures in order to maintain the effectiveness of physical 

barriers placed between radioactive materials and workers, the public or the environment, in normal and abnormal operation. 

A safety function is a specific purpose that must be accomplished for safety. In a nuclear power plant there exist the following 

three fundamental safety functions (from IAEA SSR-2/1): 1) Control of reactivity; 2) Removal of heat from the reactor and from 

the fuel store; and 3) Confinement of radioactive material, shielding against radiation, as well as limitation of accidental 

radioactive releases. 

A general term encompassing all the plant elements (items) of a facility or activity which contribute to protection and safety, 

except human factors. Structures are the passive elements: buildings, vessels, shielding, etc. A system comprises several 

components and/or structures, assembled in such a way as to perform a specific (active) function. A component is a discrete 

element of a system. Examples of components are wires, transistors, integrated circuits, motors, relays, solenoids, pipes, fittings, 

pumps, tanks and valves 

4.4 External hazards, hazard identification and safety demonstration. 

The external hazards of concern are those natural or man-made hazards to a site and facilities that originate externally to both the 

site and its processes, i.e. the licensee may have very little or no control over the initiating event. The assessment of natural 

external hazards requires knowledge of natural processes, along with plant and site layout. In contrast with almost all internal 

faults or hazards, external hazards may simultaneously affect the whole facility, including back up safety systems and non-safety 

systems alike. In addition, the potential for widespread failures and hindrances to human intervention may occur. For multi-

facility sites this makes the generation of safety cases more complex and requires appropriate interface arrangements to deal with 

common equipment or services as well as potential domino effects. The safety assessment for new reactors should demonstrate 

that threats from external hazards are either removed or minimised as far as reasonably practicable. This may be done by showing 

that all relevant safety Structures, Systems and Components (SSCs) required to cope with an external hazard are designed and 

adequately qualified to withstand the conditions related to that external hazards. Illustration of the concept for safety 

demonstration is given in Fig.1 (left) 

59



  

4.4 Probabilistic Risk Analysis (PRA). 

The Probabilistic Risk Assessment  is an analytical process that uses a set of initiating events, event threes and fault three logic 

models and other analysis tools that define the progression of events, both success and failure events, during an accident. The 

likelihood of a sequence to occur (often expressed in events per year) is then estimated by first quantifying the frequency of 

occurrence of each initiating event and the logic models developed to represent the failure probabilities of the event tree top 

events. The initiating event occurrence frequency and the top event failure probabilities are then combined to derive the sequence 

occurrence frequencies. The failure probability of each event tree top event at each sequence branch point may be dependent on 

the specific initiating event being assessed and the status of top events preceding it in the event tree. 

The nuclear industry has chosen to define three levels of PRA work scopes, which are related to the extent of accident sequence 

development in response to the postulated initiating events. The Seismic Probabilistic Risk Assessment (SPRA) is an element of 

the general probabilistic risk assessment (PRA) of a power plant. Graphical illustration of the basic elements of a SPRA is shown 

on Fig. 1 (right). 

 
 

Figure 1. The concept for Safety Demonstration (left) and Overview of seismic probabilistic risk assessment methodology (right) 

4.5 Risk Informed Design (RID). 

Risk-Informed design is relatively new concept in design of nuclear power plants, but rapidly emerging. It is also used in other 

critical industries as well in design of space structures. Risk Informed Design is based on the principle that risk is a design 

commodity as geometry, mass, cost and function. The intent of Risk Informed Design is to make informed design trades in 

consciously buying down risk by establishing the relative importance of risk drivers so that design and operations decisions can 

be made early in the Design & Development stage to effectively mitigate risk. These decisions are risk-informed rather than risk-

based. This means that risk information is one input to an integrated decision-making process that also utilises traditional 

requirements with a final goal of better balancing risk against other design commodities. Essential element of the risk informed 

design is the utilisation of the probabilistic risk analysis (PRA) as a paramount decision support tool early in design stage instead 

of using it as a tool to estimate the risk for a system due to a particular hazard. The quantitative risk perspective gained from PRA 

allows for evaluation of design based on: Comprehensive set of failure scenarios and consequence severity; System’s ability to 

cope with off-nominal events; Effectiveness of mitigation capabilities; Identification and expected frequency estimation of risk-

significant failure modes and Consideration of support systems and environmental conditions PRA is used to identify potential 

risk reduction measures and to support decisions regarding change in design or operational practice. 

5. RISK INFORMED URBAN PLANNING AS A TOOL FOR IMPROVED URBAN RESILIENCE 

The intent of using Risk Informed Urban Planning will be to make informed design trades in consciously buying down risk to the 

inhabitants and the city. Establishing the relative importance of risk drivers so that design and operations decisions can be made 

early in the design and development cycle to effectively mitigate risk. Better balancing risk against other design commodities 

(cost, material quantities, functionality, quality of inhabitation, etc) in the iterative design and planning process. Understanding 

and taking action to mitigate the most important risks early, limits the likelihood of having to “accept” risk later on in the life 

cycle. Designers can focus on the top few risk contributors that can lead to highest consequences and to address specific failure 

scenarios and develop focused solutions rather than simply adding redundancy across the (urban) system. 

As in the classical Risk Informed Design used in the nuclear and aerospace industries, the PRA will be an essential tool in the 

Risk Informed Urban Planning. Probabilistic risk analysis (PRA) would be used as the paramount decision support tool, taking 

advantage of its ability to integrate all of the elements of system performance and to represent the uncertainties in the results. The 

output from the PRA will be used as input in the design trade studies. The design trade studies itself are based on evaluating of 

the Probability of Failure for different Design Options that are compared with the baseline design. The design options are 

developed for all main design drivers. Flowchart of RID is given in Fig.2. 
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Once design options are viewed within the particular design drivers, Decision Packages are prepared which would look at each 

option pulling estimates of other design commodities: geometry, mass, cost, functionality, power, environmental impact, energy 

efficiency, sustainability, etc. These Decision Packages are then viewed from an integrated perspective. The idea here is to 

choose the combination of Decision Packages that will reduce the risk to the city’s population and economy and show what the 

impacts would be for the other design commodities 

 

Figure 2. The concept Risk Informed Design / Urban Planning 

6. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The main output from the Risk Informed Urban Planning is the Decision Packages which will provide synthesized information 

about the main risk contributors, the risk associated with each design option and cross-reference to all other main design 

commodities. These integrated packages than can be provided to all stakeholders or to be presented in front the public so they can 

make their design decisions. The whole process provides a basis for integrative risk management of complex urban systems 

leading to more resilient cities with resilience generated using the most cost-effective and sustainable solutions. 

7. CONCLUSIONS 

The use of Risk Informed Design is gaining momentum in the nuclear and aerospace industries, where high safety demands needs 

to be continuously traded with other more pragmatic design commodities.  

Despite that large scale urban risk studies are not new for the contemporary urban planning the focus in these studies is rather to 

assess the risk for the city’s population and economy than to influence the urban planning and the associated design decisions. 

Instead of assessing the risk passively (what will be the consequences for a particular urban system for a particular scenario), the 

proposed herein Risk Informed Urban Planning can be used as a tool to influence risk as part of the design process. Better 

understanding of risks in early design stage will allow the designers to address the main risk contributors instead of adding 

redundancy over the whole system with a final result more resilient and sustainable cities. 
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ABSTRACT: There is currently a trend of attention on the concept of resilience as a new paradigm for dealing with natural hazards 

and disasters which take place on global, national, and local scales. How urban communities react to and recover from hazards and 

disasters can be conceptualized through their disaster resilience level. While the predominant approach in assessing disaster 

resilience level has been the deductive approach, using an inductive methodology, this study presents a place-based measurement 

of disaster resilience that is both conceptually and theoretically sound and easy enough to use in a risk planning context. 
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1. INTRODUCTION 

There is currently a trend of attention on the concept of resilience as a “de facto” (Cutter et al. 2014, p.65) framework for dealing 

with natural hazards and disasters which take place on global, national, and local scales. Within this perspective, resilience is often 

defined as the ability of a system or community to resist, mitigate, respond, and recover from the effects of hazards and disasters 

in efficient way and timely manner (Mayunga 2007; Cutter et al. 2008;). How urban communities react to and recover from hazards 

and disasters can be conceptualized through their disaster resilience level (Burton 2012; Asadzadeh et al. 2015). Many attempts 

have pointed out that better understanding and enhancing of community disaster resilience is intrinsically linked to the ability to 

measure levels of disaster resilience (Singh-Peterson et al. 2014). A number of theoretical frameworks and models, therefore, have 

been formulized to evaluate the resilience of communities, regions, and systems ranging from those that consider resilience as a set 

of engineering functionality (Bruneau et al. 2003; Miles & Chang 2008; Renschler et al. 2010), community capitals (Mayunga 

2009), attributes of multi-disciplines planning (Verrucci et al. 2012) or place-based conceptualization of resilience (Cutter et al. 

2008). The latter model known as DROP, standing for disaster resilience of place, is considered as “one of the advanced theoretical 

underpinnings of resilience concept” (Burton 2012, p.22). The model focuses on the antecedent conditions in socio-ecological 

systems which is described by two main characteristics of inherent vulnerability and inherent resilience. The applied versions of 

the model (developed by Cutter et al. ( 2010 & 2014) called the baseline resilience indicators for communities (BRIC) were one of 

the first tries to pass from a merely theoretical framework to an operationalized practice.  

Despite these noticeable frameworks, there is still considerable disagreement about the term disaster resilience in general and a 

standard mechanism for conceptualizing its concept in particular. It is often argued that resilience is a multi-faceted concept that 

encompasses many factors (Cutter et al. 2008; Burton 2012). Therefore, developing a comprehensive approach which reflects the 

multi-dimensional outlook of this concept is undoubtedly challenging. This process is done to understand the inherent resilience 

and potentially performance of communities that are often affected by a particular hazard risk such as a major earthquake. Since 

these characteristics differ from one community to another, the measurement can be used not only to improve the local resilience 

but also contributes to have a comparative assessment of resilience level within communities or regions (Cutter et al. 2014). The 

dominant methodology within the existing literature is development of a set of composite indicators. A composite indicator 

“aggregates multiple individual indicators to provide a synthetic measure of a complex, multidimensional, and meaningful 

phenomena” (Bapetista 2014, p.1) such as disaster resilience. They have capability to be applied for analyzing and comparing units 

of analysis within specific communities in any geographic areas and possibility to rank them from lowest to highest level e (Balica 

et al. 2012). To better understanding the multi-dimensional and multi-scale patterns of disaster resilience in Tehran City, the process 

of composite indicator design is used as the methodology of this study in which the levels of disaster resilience on three various 

urban scales (including neighborhoods, sub-regions, and regions) are identified and ranked in order for better decision-making 

process. 

2. METHODOLOGY 

The 368 urban neighborhoods (within 116 sub-regions, and 22 regions) of Tehran City were utilized as the case study and validation 

tool of composite indicator building in this paper. To construct a sound set of composite index, variables should be identified based 

on analytical robustness, scalability, availability, and relevance (Burton 2012; Bapetista 2014). Therefore, the first step should be 

doing a systematic literature review to provide a comprehensive list of theoretical frameworks as the basis for primary indicator 

building (Asadzadeh & Kötter 2015). To perform this task, this study has selected the disaster resilience of place (DROP) model 

and its applied version (BRIC), as the primary theoretical framework. BRIC (Cutter et al. 2010) consists of 36 indicators that 
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represent the following categories: social, economic, institutional, infrastructure, and community capital. Out of 36 primary 

indicators, 30 of them were selected appropriate to conceptualize and measure disaster resilience in the case study area (Figure 1).  

After collecting the raw variables, integration of the 

selected indicators into sub-indices necessitates data 

normalization. Normalization refers to rescaling all 

the indicators using one method (Min-Max) so that 

all the data obtain comparable reference points. To 

reduce data and to uncover the latent structures of 

the selected indicators, a factorial analysis was 

carefully performed using the principal component 

analysis (PCA). After testing the suitability and 

adequacy of data, three indicators (RMW, DMB, 

and NRD) were eliminated from further analysis 

and the rest of 27 indicators were reduced to the 

eight underlying components (Table 1). As the table 

indicates, 62, 4 % of the total variances are 

explained by the eight underlying components 

which are also the latent dimensions of disaster 

resilience in the case study area. 

Table 1. Dimensions of disaster resilience in 

Tehran City 

Then, using a hybrid principle component analysis and analytic network process (PCA-ANP), all indicators were weighted 

unequally in which the interdependencies among them have been considered. The model first uses PCA to extract the underlying 

dimensions of the phenomena (disaster resilience), and then the extracted dimensions and their primary variables are entered into 

a network model in analytic network process (ANP). ANP predisposed to calculate differential or unequal weighting for all 

indicators since there is a considerable knowledge about the relative importance of different indicators. Finally, for aggregating the 

indictors, we applied linear additive aggregation in which the final disaster resilience score for each case study area was obtained. 

3. MULTISCALE PATTERNS OF DISASTER RESILIENCE 

After constructing the composite disaster resilience indicators and computing the score for each of them, the next step is to visualize 

the obtained results in order to comparatively assessment of disaster resilience level on three different urban scales. The goal is to 

facilitate the perception of disaster resilience and provide an accurately and rapidly illustration to decision-makers and other end-

users. This task has been done here via the Arc GIS (10.2) software. Before that, for clustering the case study areas and identifying 

the spatial pattern of disaster resilience, the standard deviations from the mean were employed which highlight those urban regions 

that are ranking particularly as high or less with regards to their level of disaster resilience (Figure 2). 

Components (dimensions) 

of disaster resilience 

Total  

explained 
variance 

(%) 

Number 

 of 
indicators 

Built environment  
& social dynamics 

12,2 7 

Urban land-use 10,9 4 

Socio-cultural capacity 9,2 3 

Life quality 7,4 4 

Open space  7,3 2 

Social capital 5,7 2 

Emergency infrastructure 4,9 3 

Economic structure 4,8 2 

Total 62,4 27 

Figure 1. Indicator sets for measuring disaster resilience in Tehran  
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Visualization of the results represented a clear understanding from variation of disaster resilience level on three different urban 

scales and will be useful to benchmark baseline conditions and tracking performance overtime, support decision-making, and to 

promote strategies and policies for an integrated action.  

As depicted above, the spatial patterns and levels of disaster resilience differ on different urban scales. For example, there no exist 

high resilient urban region in Tehran and most of them are classified as moderate and relatively high resilient. While there are high 

resilient cases on the scale of sub-regions and neighborhoods. This is because of using arithmetic mean for producing the average 

score of each urban region and sub-region. The arithmetic mean represents the central tendency and the number of peak points and 

bottom points can affect the overall average. Since the ratio of high resilient neighborhoods in any of the regions is relatively low, 

it cannot considerably affect overall resilience scores of the regions. Thus, there is no region with high level of resilience in Tehran 

(Figure 2). However, the results clearly demonstrate that urban areas in center and sought of the city have the least inherent 

resilience, while those in the north, northwest, and mid west contain the most resilience.   

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Resilience as a multi-faceted concept includes different factors which make it difficult to understand what leads a community to 

become resilient or what kind of indicators should be utilized to conceptualize its term. There is an agreement that the level of 

vulnerability in high resilient urban areas is less than those that are comparatively less resilient. To validation and verification of 

this assumption, there is a vital need to develop our understanding of how resilience is identified and qualified. The first step 

towards this task is understanding factors that contribute to resilience and interaction that are planned to build and enhance it 

(Asadzadeh et al. 2015). Constructing a sound set of composite indicators such as those developed in this study can be addressed 

to perform this task in an efficient way.  

The procedure of composite indicator building, introduced in this study, has the potential to be improved by several ways as well 

as flexibility and transparency in the procedure of composite indicator building, utilization, and adjustment. It should be noted that 

what the composite indicator is aimed to measure. Composite indicators should be based in a flexible manner and its different 

stages as well as variable selection, data reduction, weighting, aggregation, and visualization can be easily modified over the 

process. A sound composite indicator must also have high standard in both methodology and result. Finally, validation of the results 

should be considered. Since resilience is an abstract term, verification of such a measure is often problematic. Thus, further research 

needs to focus on developing more external criteria.   

5. CONCLUSIONS 

From the theoretical perspective, this study presents a systematic methodology for developing composite indicators in which can 

be applied by the scholars of other disciplines such as urban planning, risk reduction, and socio-economic studies as a step by step 

guideline. From the empirical aspect, the study highlights the hot-spots of disaster resilience on three different scales which can be 

Figure 2. Spatial distribution of disaster resilience on three scales of urban regions, sub-regions, and neighbourhoods in Tehran  
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addressed by those departments that are dealing with urban disaster risk reduction and resilience. This paper introduced an 

innovative place-based hybrid approach for conceptualizing disaster resilience within the context of earthquake hazard. The results 

also provided a straightforward and comparative assessment of where strengthen and recovery in level of disaster resilience and 

the baseline indicators are needed more. 
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1.  INTRODUCTION 

The World Risk Report (UNU 2015: 9) ranks the Philippines as third among countries with the highest risk index globally – i.e. 
those countries with the highest exposure and susceptibility to extreme events coupled with the least coping and adaptive 

capacities – outranked only by the small island nations of Vanuatu and Tonga. The Philippines is an archipelagic country situated 
both in the Ring of Fire and the Pacific typhoon belt, rendering itself exceptionally vulnerable to both hydrometeorological and 
geological hazards. Moreover, the adverse effects of climate change will considerably exacerbate disasters already being 
experienced in the country.     
 
Disasters recently experienced in the Philippines emphasize the importance of timely, coordinated, and comprehensively planned 
emergency response.  Policy-wise, the Philippine Government has enacted the Philippine Disaster Risk Reduction and 
Management Act, or Republic Act No. 10121, stipulating that emergency response structures should be in place all levels of 

government for effective and efficient response to all kinds of disasters.  Specified in the law are provisions that members of the 
Local and the National Disaster Risk Reduction and Management Councils should include the Head of the Gender and 
Development Office in the former and the Chairperson of the National Commission on the Role of the Filipino Women in the 
latter.  The inclusion of the Head and Chairperson of these offices seeks to mainstream gender development in disaster prevention 
and response, which responds to the Magna Carta of Women or Republic Act No. 9710.  The law seeks to women the vital role 
of women in the nation’s development while ensuring equality between sexes.  In order to comply with national policies, disaster 
risk reduction and management (DRRM) structures are obliged to include women representatives as stakeholders in the 
aforementioned councils. However, RA 10121, despite its intention of gender inclusivity, fails to recognize women’s capacities 

in DRRM and, likewise, fails to identify specific roles to be undertaken by women in DRRM processes. 
 
Baguio City, situated in the province of Benguet that has been identified as among the most vulnerable provinces in the 
Philippines, has a number of public and privately run civic and emergency response-oriented volunteer groups.  The study is 
limited to Baguio City and emergency-response groups that are currently operating in the city.  A total of three (3) emergency-
response groups in Baguio were observed and analyzed.  Observations and analysis made were in relation to the gender 
stipulations of RA10121 or the DRRM law.  I argue that although women are well represented in Baguio City’s existing DRRM 
structures their capacities are not fully recognized; and, that the placement of women representatives in existing DRRM 

structures is a nominal effort and is insufficient in mainstreaming gender equity and development. 

 

2. FINDINGS AND ANALYSIS 
 

A total of three (3) of Baguio City’s most prominent emergency response services – i.e., Baguio City Emergency Medical 
Services (BCEMS), Baguio-Benguet Public Information and Civic Action Group (BBPICAG) and 911 On Call – were observed 
for a day and documents pertaining to the organizations were examined.  All of the groups observed had predominantly male 
staff and volunteers – i.e., 75% of the groups’ volunteers and 85% of the groups’ paid staff were males. During the observations 
conducted, women staff and volunteers were not present in the headquarters of 911 On Call.  Data shows the preponderance of 
men in structures and institutions is a strong reminder that DRRM structures are traditionally male-dominated.  Hence, the 

uneven distribution of men and women in these organizations merit further scrutiny.   
 
Organizational charts that were examined reveal that all of the top positions – i.e., President, Chairman of the Board and Director, 
etc. – that involve decision-making and that hold the organization’s power and authority are held by men.  Women typically do 
not hold positions of power and authority in organizations, in this case DRRM structures.  Likewise, they are often 
disenfranchised in decision-making and planning processes of these institutions.  Positions usually held by women in the DRRM 
structures observed are limited to administrative roles such as Secretary, Treasurer, Administrative Officer, etc.   
 
The law itself promulgates the perception that women are hapless victims and recipients of assistance instead of key players in 

disaster prevention and response activities which is evident in the interpretation of RA10121 that perceives women as one of the 
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most vulnerable sectors (DRRNetPhils 2010: 5) but fails to acknowledge not only women’s capabilities but also the significant 
role that women play in disaster prevention and response.  This argument is corroborated by an online news article on the 
revamping of DRRM plans in order to make them gender-responsive wherein the local government unit of the province 
“proposed a package of gender-responsive guidelines for integration in updated DRRM plans of Albay. These include 
maintenance of gender-friendly evacuation centers, distribution of health kits for women, and sustainable livelihood programs” 

(Albay DRR Plans Made Responsive, 2014).  Although the efforts of the local government in integrating the gender dimension in 
their disaster risk reduction plan through the recognition that women have specific needs to be considered in the event of a 
disaster is commendable, these good intentions are not enough.  The capacities and the significant role that women play in 
DRRM activities should be underscored if not emphasized.  The inclusion of gender responsive measures in DRRM plans should 
have been done from its conceptualization and not as a mere footnote.  As Beneria (2003: 10) argues, “gender deserves central 
attention in any discussion of economic and social development;” therefore gender equity and sensitivity should be considered 
and prioritized in conceptualizing DRRM plans. 
 

The fact that the emergency response groups have predominantly male volunteer and staff populations, and that all key decision-
making posts are held by men imply that there remains inequitable social relations and an imbalance of power between men and 
women in these institutions.  The inadequate involvement of women in the emergency response groups observed is indicative of 
the contrived and futile effort of the government to institutionalize and mainstream gender equity in DRRM practice.    
 

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

 
The study responds to one of the Hyogo Framework for Action’s (2005: 4) general considerations stating that “a gender 
perspective should be integrated into all disaster risk management policies, plans and decision-making processes, including those 
related to risk assessment, early warning, information management, and education and training.”  Gaps in gender inclusivity in 
DRRM programming and decision-making need to be addressed.  It is recommended that the vital role of women be recognized 
and the active involvement as well as equal opportunity of women in DRRM planning and processes be included in the Post 2015 

Framework for Disaster Risk Reduction/Sendai Framework for Action. 
 

4. CONCLUSION 
 
Despite the numerous efforts in both by the national government at gender inclusivity, it seems that we are far from 
mainstreaming gender equity in existing DRRM structures and institutions.  The instrumentalization of gender issues have proven 
to be counterintuitive and counterproductive to efforts in institutionalizing gender equity and sensitivity.  Perceptions of gender 
roles, particularly of women, in the DRRM field must first be restructured.  Enarson et al. (2007: 139) suggests that true gender 
mainstreaming in disasters should aim to move from addressing short-term and pragmatic responses to women’s needs in 
disasters to addressing the long-term strategic concerns of women in participating in decision-making, empowerment amidst 

disasters, and transfers of technical knowledge.  Women and children should be recognized as vital to disaster prevention and 
response instead of being mere beneficiaries is the first step in achieving genuine gender equity mainstreaming.  Indeed, women’s 
agency is important in attaining this goal.  However, structures must also be in place to facilitate genuine change. 
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ABSTRACT: Two decades passed since the pioneering work embodied in the AS/NZS 4360 Risk Management Standard, and 
in spite of the refinements offered by the subsequent COSO (US) and ISO 31000 frameworks, attainment of enterprise-wide risk 
management is still beyond the reach of most business organizations. Among the reasons is that the scope of the domain of ‘risk 
management’ tends to be reduced to known risks that also exhibit mathematically estimable distributional properties, effectively 
sidestepping emerging and non-estimable threats. Furthermore, different facets of the broadly defined ‘organizational threat 
abatement’ efforts continue to function as stand-alone, largely independent disciplines such as ‘risk management’, ‘business 
continuity planning’, ‘emergency management’, and ‘change management’. The research summarized here outlines an integrative 
framework, called Total Exposure Management (TEM), which amalgamates the historically-distinct domains of ‘risk 
management’, ‘organizational resilience’ (encompassing ‘business continuity planning’ and ‘emergency management’) and 
‘change management’ into a singular conceptual and management structure supported by three enabling capabilities of 
‘knowledge’, ‘agility’, and ‘communication’. In addition to proposing a singular organizational threat abatement approach, the 
TEM framework also aims to change the threat response mindset by shifting attention away from expense-minimization and 
toward seeing those efforts as a potential source of competitive advantage.  
 
Keywords: risk management, risk assessment, organizational resilience, change management 
 
 
1. INTRODUCTION 
 
The manner in which business organizations respond to threats continues to evolve. As summarized in Figure 1 below, the 
modern practice of, broadly defined, organizational threat management began to take shape in the decades following the World 
War II: Programmatic risk management was beginning to gain acceptance, followed by the emergence of disaster risk reduction 
and business continuity practices, which subsequently morphed into enterprise risk management and organizational resilience, 
respectively. Still later the notion (and practice) of organizational change management surfaced, though remained mostly outside 
the scope of organizational threat management efforts (Banasiewicz, 2016). It is the premise of this paper that considerable 
operational and economic benefits can be realized by amalgamating the now-stand-alone silos of ‘enterprise risk management’, 
‘organizational resilience’, and ‘change management’ into a single ‘organizational threat management’ framework. The proposed 
conceptualization, called Total Exposure Management (TEM) is outlined below.  

 

 
Fig. 1: Total Exposure Management: An Evolutionary Perspective 
 
2. THE TOTAL EXPOSURE MANAGEMENT FRAMEWORK 
 
Traditionally, the task of managing the totality of organizational threats has been approached from the standpoint of cost 
minimization, as evidenced by the emphasis on reducing the total cost of risk (e.g., best insurance coverage at lowest cost, most 
economically sound business continuity back-up options, etc.). The importance of economic efficiency notwithstanding, it 
nonetheless leads to retrospective view of risk, where more frequent and/or more recent threats tend to receive considerably more 
attention than newly emerging ones, which undercuts the efficacy of those efforts. With that in mind, one of the fundamental 
assumptions of the TEM framework discussed here is that shifting the focus of risk management efforts onto benefit 
maximization will result in transforming threat management efforts into a source of competitive advantage (Banasiewicz, 2016). 
 

69



Another distinct characteristic of the Total Exposure Management framework is that although all of its three constituent 
disciplines are ultimately focused on assuring the well-being of organizational assets, each discipline plays a noticeably different 
role in that overall effort. Risk management, including ERM, focuses on identifiable and estimable events; its ultimate goal is to 
‘insulate’, primarily via risk transfer, organizations from those events. Consequently, risk management’s protective scope is 
ultimately limited to events that exhibit mathematically sufficient recurrence and impact characteristics. Organizational resilience 
efforts, on the other hand, tend to be concerned with identifying and remedying vulnerabilities to events that are principally 
unknown, or highly uncertain, in the sense of likelihood of occurrence and/or the severity of impact (and as such, tend to fall 
outside the scope of risk management). Thus although risk management and organizational resilience both can be conceptualized 
as mechanisms for protecting organizational assets against potentially adverse, speculative events, as graphically illustrated in 
Figure 2, the role of the former is to act as a ‘shield’ that can deflect undesirable consequences, while the role of the latter is to 
create a ‘buffer’ capable of absorbing potential shocks. 
 

) 
 
Fig. 2: The Total Exposure Management framework: The roles of constituent disciplines 
 
The role of the last of the three organizational adversity-focused disciplines – change management – is noticeably different in 
terms of its end objectives (although it shares the same core objective of assuring organizational well-being). To use sports 
analogy, to the degree to which risk management and organizational resilience can both be seen as ‘defensive’ endeavors, change 
management can be conceptualized as an ‘offensive’ function. That is because the driving force behind self-imposed 
organizational transformations, which are the typical focal points of change management efforts, is the desire to realize cost 
savings and/or revenue gains through adaption of innovative practices and technologies. At the same time, however, 
organizational transformations disturb the structure and the inner-workings of organizations, creating potential for adverse 
consequences, not unlike natural disasters or man-made crises.  
 
All considered, to manage the totality of potentially adverse events and developments in the manner contemplated (though not 
yet fully delivered) by enterprise-wide risk management efforts, organizations need to amalgamate the three prongs of their asset-
protecting efforts into a singular Total Exposure Management philosophy. Doing so will enable firms to coordinate their 
adversity-abatement efforts to more effectively and efficiently respond to know risks, prepare to absorb the impact of unknown 
threats and better manage self-mandated organizational transformations. The efficacy with which the stated goals of TEM can be 
accomplished is, to a large degree, contingent on the development of sound foundations, discussed next.  
 
2.1. The Three Foundations 
  
Sound implementation of ideas imbedded in the Total Exposure Management framework hinges on three distinct-but-
complementary sets of activities: 1. the development of robust and reliable ‘what’ (threat identification and assessment) and 
‘how’ (threat response) knowledge, 2. effective communication of information, i.e., the ‘right’ information conveyed in the 
‘right’ manner at the ‘right’ time, and 3. dynamic capability or agility, or the organizational capability to muster and deploy 
resources. Each of those broad areas entails the development of enabling processes, acquisition and/or refinement of requisite 
skills, and securing of resources, all conceived and executed in an organizational context. 
 
2.1.1. Knowledge 
 
In the age of data, the rate at which new information is created continues to accelerate, largely due to the ever-expanding volume, 
variety, velocity and veracity of data. That, however, does not necessarily translate into a proportional increase in data-derived 
knowledge, as business organizations tend to struggle to transform the torrents of raw data into decision-guiding insights. In fact, 
it is common for business organizations to self-characterize as being ‘data-rich, but knowledge-poor’. Although at least some of 
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the reasons for why that tends to be the case are situational, there are some universal causes that emanate from the distinction 
separating ‘data’, ‘information’ and ‘knowledge’. From the standpoint of decision-making, data can be viewed as an 
agglomeration of raw facts, information can be considered facts placed in context by means such as summarization and reporting, 
while knowledge can be construed to represent decision-related insights. Implied in those characterizations is that the level of 
utility increases as one moves from (raw) data to information to knowledge, while there is also a corresponding increase in 
analytic difficulty – i.e., it is considerably easier to mold data into standard summary reports than to derive clear answers to 
specific questions. Stated differently, while rapid advances in data retrieval and processing greatly simplified and sped up the 
challenge of translating raw data into more refined and summative information, taking the next step, which is that of extracting 
decision-guiding knowledge continues to pose a challenge to organizations. Still, objective (i.e., data-derived) and need-specific 
(i.e., addressing individual decision points) knowledge is an essential component of an effective exposure management program.  
 
2.1.2. Communication 
 
Within the confines of the broadly defined domain of organizational threat management, which includes the sub-domains of risk, 
business continuity and disaster management, the importance of sharing of threat reducing or abating plans, processes and 
measures with internal stakeholders is generally well understood and emphasized. Somewhat less prominent and less understood, 
however, is the external stakeholder focused crisis communication strategy. It is common for otherwise well thought out and 
implemented threat response plans to devote little-to-no attention to managing interactions with organizational outsiders, which 
may include customers, the press, regulators or shareholders, to name just a few. Hence, an essential part of the TEM framework 
is a two-pronged communication strategy: 1. A proactive, preparedness- and training-minded dissemination of procedural 
knowledge, focused primarily on key internal stakeholders, and 2. A responsive (to an organizational crisis, or other adverse 
developments), situational adaptiveness-minded plan of, primarily, outside stakeholders focused informational management.   
 
2.1.3. Agility 
 
The ultimate goal of the Total Exposure Management framework is to compel decisive threat abatement actions to bring about 
meaningful reduction in the likelihood and the severity of adverse events. Keeping in mind the breadth of the framework’s scope: 
risk management, organizational resilience (business continuity planning, disaster risk reduction and emergency management) 
and change management, effective management of the totality of threats demands agility. When considered within the confines of 
threat abatement, an agile organization is one that is capable of mustering and deploying whatever resources are necessary to 
respond to the ever-changing mix of threats. Further contributing to the difficulty of managing the totality of the organization’s 
threat exposure is the need to bring those diverse knowledge bases under a single organizational control structure, which in turn 
imposes significant cross-learning requirements. For example, ‘risk assessment’ is a core part of both risk management and 
business continuity planning, though there are substantial (as discussed later in this book) methodological differences between 
the two dimensions of threat abatement. In a similar vein, considerable means-related difference separate risk management, 
business continuity, emergency management and change management – for instance, risk management relies heavily on 
insurance-based risk transfer and related risk financing mechanisms, business continuity planning makes extensive use of table-
top simulations, emergency management necessitates the establishment of control and response teams and protocols, while 
change management makes extensive use of structured process diagraming.  
 
2.2. The Constituent Disciplines 
 
The central theme of the Total Exposure Management framework is to focus organizations’ attention on the totality of their 
multifaceted exposures to broadly defined organizational threats. A critical mean to that end is to amalgamate the traditionally 
stand-alone disciplines of risk management, organizational resilience, and change management. 
 
2.2.1. Risk Management 
 
As the ‘gold standard’ in contemporary organizational risk management, enterprise risk management (ERM) is built around a 
standard, stepwise process of identification, estimation, mapping and response, and it aims to enhance the efficiency and the 
efficacy of risk management decisioning through coordination of the management of multiple, diverse threats confronting the 
organization (Duckert, 2011; Lam, 2014). However, as a subject of theoretical research, enterprise risk management is still in its 
infancy: Its earliest formal conceptualizations only date back to 1990s (AS/NZS 4360 Risk Management Standard, first published 
in 1995), though the bulk of the formative work took place in the first decade of 2000s (e.g., the 2003 CAS, the 2004 COSO, or 
the 2010 ISO 31000 frameworks). Hence the very conception of ERM continues to evolve – some define risk independently of 
firm objectives (for example, Standard & Poor’s), while others define it as a byproduct of firm objectives (e.g., COSO).  
 
Overall, ERM assumes that managing a portfolio of risks is more efficient than managing each risk individually, much like 
managing one’s stock portfolio, where the goal is to maximize the total return on the overall portfolio. Scope-wise, ERM 
incorporates (traditionally) known risks, such as accidents or product liability, and unknown risks, such as product obsolescence 
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or competitor actions; also, it encompasses downside as well as upside threats. Lastly, goal-wise, it aims to exploit downside 
threats as well as upside threats and opportunities in a manner that makes positive contribution to the firm’s competitiveness. 
 
2.2.2. Organizational Resilience 
 
Another, though largely separate set of efforts addressing potential organizational adversities is the emerging discipline of 
organizational resilience (OR). The general notion of ‘resilience’ has its roots in ecology, where it is defined as the capacity of 
an ecosystem to respond to a disturbance by resisting damage and by recovering quickly. Within the confines threat abatement, 
organizational resilience is focused on developing capacity to absorb and ‘bounce back’ from adverse events. Stated differently, 
as graphically illustrated in Figure 2 OR is primarily concerned with reducing organizational vulnerability to largely unknown 
and principally non-estimable threats, such as natural and man-made crises, disasters and emergencies (Hiles, 2014). 
 
Both as a research and applied area OR is comparatively new; it can be seen as an evolutionary amalgamation of disaster risk 
reduction (DRR) (which also includes emergency management) and business continuity planning (BCP). While disaster risk 
reduction, as a somewhat organized endeavor, emerged a few years prior to business continuity planning, both DRR and BCP 
essentially came of age in the course of the past four decades. The impetus for disaster risk reduction came out of the rise of 
global efforts to mitigate the impact of disasters and catastrophes, while the growing dependence of businesses and governments 
on electronic communication and data infrastructure provided the motivation for business continuity planning (DRI, 2012). 
 
2.2.3. Change Management 
 
A still more recent discipline that addresses yet another dimension of potential organizational adversities is change management 
(CM), which first emerged in the 1980s as a consulting service helping large companies realize cost savings through more 
efficient implementation of new programs and technologies. Since then, the initially applied notion blossomed into an extensive 
body of intellectual work addressing a spectrum of topics dealing with the management of change in an organizational setting.  
 
Endemic to the essence of managing change is that unlike risk management and organizational resilience, both of which are 
focused on diminishing the impact of undesirable events, the goal of change management is to maximize benefits presented by 
emerging or evolving trends and innovations (see Figure 2). Focused on intentional and directed organizational transformations, 
and considered a source of opportunity (rather than threat), CM is often considered tangential, but distinct from the traditionally 
defined risk management efforts. However, considering that, under most circumstances self-imposed transformation disturbs 
organizational status quo, the impact of such transformation or change is conceptually similar to that of a crisis or a disaster. Thus 
although change can be ultimately beneficial to the organization, it also poses significant threats which need to be managed like 
all other organizational adversities, which suggests that change management should be a part of a larger organizational danger 
abatement process (Galpin, 1996; Kotter, 1995).    
 
3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
 
Taken as a whole business organizations are an integral part of our social ecosystem, yet numerous aspects of their functioning 
are suggestive of very little interaction with the larger social environment. Among those areas of separateness is the broadly 
defined organizational threat abetment. To the degree to which business organizations both contribute to, and make use of 
societal resources, the overall resilience of a particular societal ecosystem, such as a city, can be enhanced by better 
understanding threat management related needs and assets of organizations. Developing such an understanding can be greatly 
sped up and deepened if individual organizations’ threat management processes adhere to general outlines of a universal, 
common approach, such as the Total Exposure Management framework outlined in this paper. 
 
4. CONCLUSIONS 
 
The overall goal of the research summarized here was to introduce and outline an approach to amalgamating the traditionally 
stand-alone functions of risk management, organizational resilience, and change management. By focusing each function on a 
singular objective, the protection of organizational assets, while also emphasizing core characteristics of each, the proposed Total 
Exposure Management framework highlights the desirability of creating a singular ‘all threats abetment’ management system.    
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ABSTRACT: Thirty years ago, the Lake Nyos Disaster (LND) killed 1,746 people and displaced 4,430. The affected population, 
were subsequently resettled into seven camps within the region, and have now grown to around 12,000. This paper analyses their 
perceptions of contemporary risks to natural hazards in Cameroon following the LND. The main inquiry is to understand how 
disaster survivors’ risk perception (RP) can influence post-disaster rehabilitation and/or resettlement of displaced populations. 
This is relevant following recent rhetorical statements from the Cameroon Government in early 2016 indicating imminent 
rehabilitation of LND survivors from the seven camps, and socio-economic reintegration.   

The research design employed both qualitative and quantitative research methods, including triangulation of the research findings 
to enhance validation of the analysis. The main RP constructs under investigation were risk preparation, communication and 
response. Key research findings reveal that conspiracy theories about the cause of the LND continue to abound in the region.  As 
a result, whilst the study population take risk information from non-government sources more seriously, their attitude to 
government advice on risk falls under four subsets; ‘conditional’, ‘unconditional’, ‘temporary’, and ‘disobedience’.  

Based on our findings, the disaster survivors’ RP is likely to have implications for the government rehabilitation program. We 
conclude there is a need to incorporate the RP of ‘at risk’ populations into subsequent risk mitigation and/or rehabilitation 
programs.  

Keywords: Risk Perception, Risk Communication, Disaster Preparedness, Rehabilitation and Reintegration  

1. INTRODUCTION 
Discourses on how risks are perceived, now underpin broader understandings of operational priorities and programs of disaster 
risk management. Due to the recognition that RP can be used to predict natural hazard judgments, preferences, preparedness and 
behaviours (Ronan et al, 2001), contemporary RP research has underlined the importance to understand the RP of “at risk” 
populations. This is because the basis of their behaviours/attitudes towards risks are shaped by individual and collective RP 
(Tobin & Montz, 1997), which may also influence wider perspectives towards individual and community  resilience (Atkinson, 
2014; Haque and Etkin, 2012). This paper analyses the processing of survivors’ uncertainty relating to the LND and its 
implications for the success of their reintegration within the LND area.  
 
The LND occurred in Western Cameroon in 1986 when a poisonous carbon-dioxide gas cloud was forcefully ejected from Lake 
Nyos killing 1,746 people in rural villages within the lake’s vicinity (Freeth and Kay, 1987). The disaster area was subsequently 
cordoned, evacuated, and the local population resettled within seven camps in the region (Baxter et al, 1989). This paper uses the 
experiences of the LND populations to their explore knowledge and attitudes to risk; including their behaviour, interpretation and 
evaluation of risk, conceptualized in this paper as RP. The paper also analyses the implications of RP for the rehabilitation and 
socio-economic reintegration of the region.   

The word ‘risk’ is used every day to mean different things. For example, risk can be viewed as a physical attribute drawing upon 
technical aspects (Rappaport, 1988) or as subjective and socially constructed (Jasanoff, 1998; Ren, 2008). The cultural theory of 
risk examines cultural beliefs, values and world-views and determines how people experience and interpret risks. The 
psychometric paradigm takes into account sociological perspectives and examines people’s shared tolerance of risk across 
cultures and social groups (Breakwell, 2007; Slovic, 2000). Familiarity with hazards and the ability to influence risks helps shape 
personal risk evaluation (Breakwell, 2007; Taylor-Gooby, 2006).  

Risk communication is relevant to RP, particularly for the purposes of educating, reassuring and controlling the public whilst also 
building confidence and awareness. The literature emphasizes the relevance of two-way communication between a wide range of 
actors in complex, uncertain or ambiguous risk settings (Hoppner et al., 2010; Renn, 2008). The evidence suggests, as Prashant & 
DiFonzo (2004) argue, that in the absence of information from, or lack of trust in formal channels, people will turn to each other. 
They do it by themselves for themselves. RP can also be influenced, as this paper will show, by the manner in which people 
evaluate the handling of risk scenarios by other stakeholders such as disaster managers or government authorities (Hoppner et al., 
2010). Scepticism about risk situations can lead to widespread rumours (Thompson, 1990; Breakwell, 2007).  

2. METHOD 
A mixed method design, integrating qualitative and quantitative research strategy was employed for this study. Techniques used 
to generate the empirical data included: semi-structured interviews (25) a questionnaire survey (100) and direct and participant 
observations, all with LND survivors. Reviews of policy documents and literature from academic publications, internet sources, 
newspapers in Cameroon, were used to obtain secondary information. Question themes focused on: willingness to follow 
government orders/instructions concerning risks; experience and/or knowledge of natural hazards; expected behaviours in 
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response to future risks, opinion on contemporary risks; and relocation behaviours. Revealed and expressed RP are utilized in this 
paper to understand disaster survivors’ attitudes towards contemporary risks, and their general reaction to the governance of 
disaster risks, especially the management of their impending final rehabilitation.  

3. DISASTER SURVIVOR’S PERCEPTION OF RISK 
3.1 Expressed Perception of Risk 
Nyos respondents believe the LND was ‘a one-off incident that will not happen again because no history exists of such incident 
in the region’. Many respondents (80%) also mention mystical tales that link Lake Nyos with the culture and tradition of the area. 
They narrated folk laws, learned from ancestors, where the Lake dried up as punishment to the village—when the traditions of 
the land were violated; and at other times when agriculture flourished because their ancestors were happy. Others doubt if it was 
a natural event, stressing the incident was human-induced. This perception corroborates earlier studies, which demonstrated that 
experience is a strong predictor for RP (Pescivitz, 2010), and aligns with the ‘gambler’s fallacy’, which states that the likelihood 
of an event recurring in the same spot is very low and unlikely (Gregory, 1995). The LND experience of disaster response 
therefore shows how important it is for RP and disaster management more generally, to take account of local environment and 
condition.   

An assessment of the LND as an unexpected event, and the perceived safety of the lake, indicates that most respondents did not 
believe the disaster could have been prevented. They emphasised government communications that since the event was 
unprecedented, no one was prepared for the disaster. There would therefore be a high likelihood for another future ‘unknown’ 
incident to take everyone, including the government, unawares. A respondent quipped ‘something might also happen here which 
we never expected….no one ever told us before that it could happen… not sure that we are also safe here or anywhere…..’ The 
consequence of this perception is that more than 90% of returnees to the disaster zone said they would prefer to die of an 
unexpected hazard in their ancestral village rather than elsewhere. This validates previous findings that the ability to mitigate risk 
is closely associated with a perception of how much control one actually has over the situation (Sjoberg et al., 2004).  
 
The disaster victims (92% in the resettlement camps and 52% amongst the returnees) are sceptical about the government and 
their scientists’ communications about the cause and origin of the LND, as a natural event. A local conspiracy theory associates 
the LND with the trial of a lethal weapon by the Israelis. The LND occurred 48 hours prior to a visit of the Israeli Prime Minister 
to Cameroon. As a result, and fuelled by press reports, the Israeli government was partly implicated. One report read ‘The arrival 
in Cameroon of the then Israeli Prime Minister, Shimon Peres, with a fully-equipped hospital plane, on a so-called State visit less 
than 48 hours after the Lake Nyos explosion, is very suspicious’ (Tande, 2006). This perception is further fuelled by local elites 
who have a deeper knowledge of Cameroon’s relationship with the Israeli government, especially in the area of security. The 
controversy amongst scientists about the cause of the LND (Sigvaldason, 1989) has therefore caused conspiracy theories to 
abound in the region.  

3.2. Revealed Perception of Risk   
The main factor used to assess ‘revealed RP’ is the voluntary relocation of the survivors to the disaster zone. After the LND, the 
disaster zone was evacuated, declared unsafe, and cordoned with restricted access, whilst measures to mitigate the risk were 
carried out by degassing the lake. Research evidence, however, shows that several hundred people have relocated back to the 
disaster zone either permanently or temporarily. In-migration into the area, the research found, was predominantly for cultural 
and livelihood purposes; mainly farming. When asked further why risk warnings were ignored, indigenous populations expressed 
belief that the benefits of making a living in the disaster zone outweighed the risks; this was mainly due to the dire socio-
economic conditions in the camps (Bang & Few, 2012). Similar findings elsewhere have revealed that the balance between risks 
and benefits can be a determinant factor influencing RP (Peacock, 2003; Jaeger et al., 2001). 
 
4. RISK INFORMATION/COMMUNICATION  
4.1. Sources of Risk Information 
Research findings disclose that the study populations receive risk information from various sources: official and private sources 
via the media (radio, TV, newspapers), and verbally (public speeches by government officials, scientists, tourists, elites from the 
region, the general public). Generally, interviewees admitted to having less confidence in information obtained from government 
sources than from non-government actors and the wider general public. This is consistent with findings that in the absence of 
trusted information from formal channels, people turn to each other to fill the vacuum (Paton et al., 2006; Paton, 2008).   

4.2. Inadequate Risk Information 
The research found a lack of steady information flow from the government to the affected populations on the ongoing risk 
reduction activities in the region. Interviewees complained of sparse and intermittent information, mostly given during annual 
commemorations of the LND, through speeches made by government officials who come to the region. Research findings also 
suggest a dominant one-way persuasive communication from the government to the disaster affected populations, aimed at 
encouraging residents to obey government warning/orders in the disaster zones.  

4.3. Confidence on Government’s Information on Risk 
Interview results show that 92% of LND respondents do not trust Government’s information on risk. This is partly due to the 
aforementioned regional belief that the LND was not, as argued by government sources, a natural event. The perception that the 
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government is corrupt, and has deliberately failed to keep promises made to disaster survivors, (as found by Bang (2012)) had 
undermined respondents’ confidence and trust in the government’s risk information.  
 
4.4. Willingness to Follow Government Orders/Warnings on Risk 
Research data on respondents’ willingness to follow government instructions is grouped into four categories: conditional, 
temporary, disobedience and unconditional.  

Respondents willing to follow government orders conditionally would carefully reflect on any orders or advice given before 
acting. This attitude is influenced by past experiences and perceptions of how previous disasters had been managed.  In addition, 
perceptions were principally affected by the poor social conditions in the resettlement camps (Bang & Few, 2012). Some 
respondents indicated their intention to consult with their social network before making any decisions.  

Respondents willing to follow government orders temporarily would follow instructions initially even whilst sceptical arguing 
that it would be unwise and difficult to defy government instructions that can be implemented by force. However, if after obeying 
the instructions, their living conditions did not improve, they would challenge and defy them. They gave the example of returnees 
to the disaster zone, who had not been forcefully evicted.  

Respondents willing to disobey government orders were emphatic about not following any advice from the government. Sceptical 
of government intentions for disaster victims, they cited poor treatment within the camps as justification for doubting the voracity 
of government intentions for their welfare. This corroborates past studies that people are unlikely to follow government advice if 
they perceive them as untrustworthy (Barberi et al., 2008).   

Respondents willing to follow government orders unconditionally argued that the government had the technical and human 
resources to investigate the risks in the region and were best placed to advise on them. This small percentage of people felt it was 
right to obey instructions and complain later, if necessary.  

The overarching results are that a majority of returnees to the LND zone (50%) are prepared to resist government orders to leave 
the area, whilst their peers in the camps (36%) would obey on a temporary basis.  

5. IMPLICATIONS OF RISK PERCEPTION FOR THE REHABILITATION OF THE REGION 
With the support of the UNDP and the EU, in 2007, the government initiated a program entitled ‘National Programme for the 
security and socio-economic reintegration of the Lake Nyos Area, Cameroon’. To prepare for the programme, in 2008, the 
government launched the Lake Nyos Program (LNP). The objective was to ensure the security and socio-economic reintegration 
of the Lake Nyos region.  In January 2016, the government, through the North West Region Governor’s office announced that the 
rehabilitation of the LND survivors was imminent, although no details were provided on when the program would start (The 
Cameroon Daily Journal, edition of 7 January, 2016). An evaluation report of the LNP had recommendations about what the 
government should do prior to the national program: namely to provide critical infrastructure, institute projects for land 
acquisition rights, build adequate houses and provide education, agriculture, health and financial services and facilities.  

The disaster affected populations’ RP definitely has implications for the success of the rehabilitation programme; particularly 
their perception of the government’s ability and willingness to implement the recommendations and adequately communicate risk 
reduction measures. Revealed RP indicates that returnees to the disaster zone have been living there for several years against 
government orders, and are likely to defy further relocation related instructions. In addition, attempts to properly manage land 
ownership rights in the area may be very challenging, considering these people are already engaged in livelihood activities on 
pieces of land that may not belong to them. General lack of trust in the government is also a crucial factor that may affect the 
rehabilitation. The dominant perception is that the LND was a conspiracy.  Other factors likely to influence attitudes towards the 
rehabilitation effort include the government’s failure to keep promises on improving the socio-economic conditions of survivors, 
and their inconsistent one-way and top-down communication. Former research has shown that trust helps to reduce the 
uncertainty and complexity that people encounter when faced with novel events (Paton, 2008). The fact that a significant number 
of survivors verbally indicated their intention to defy orders is a warning to the planned rehabilitation implementation strategy of 
the Cameroon government. This is because the willingness of the affected populations to follow government instructions may 
affect every stage of the implementation strategy (Strozier & Terman, 2010).  

6. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT  
The findings of this work reveal that RP can help to reduce resilience to disaster risks, and increase vulnerability to hazards, 
especially when trust is lost in disaster managers or government authorities tasked with mitigating disaster risks. This has 
presented a major challenge for achieving the Hyogo Framework for Action. The necessity to ensure disaster management 
authorities have the required knowledge and training to mainstream the RP of ‘at risk’ populations into strategies, plans and 
programs for their resettlement and/or rehabilitation is highly recommended. This is particularly crucial for many developing 
countries, as is the case of Cameroon, where politicians and civil administrators double as disaster/emergency and/or crisis 
managers, in many cases with little or no in-depth knowledge of disaster management and/or risk reduction. 
 
7. CONCLUSION  
To guarantee an effective rehabilitation exercise, it is the view of the authors that an education and sensitization program, 
involving elites from the region and representatives from the disaster affected population should be carried out in the region prior 
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to any implementation of the rehabilitation program. The objective would be to mitigate some of the myths and perceptions 
mentioned in this paper that may pose constraints to the rehabilitation and reintegration program. The findings also reveal that 
further investment in developing communication channels and integrating dialogue between disaster managers and the local 
communities is highly desirable; not least in order to further understand how disaster managers can accommodate local cultural 
conditions into RP assessments of their own. If local communities are engaged in integrative risk management, that may open 
channels and thinking on improvement, through, for example, eventually integrating training that might improve community 
resilience and inform disaster management policy and planning in the future (see Miles and Petridou, 2015; Miles, 2016).   
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ABSTRACT: This presentation will review the current state of practice in composite indicators of disaster vulnerability, risk and 

resilience for comparing nations. The review is based on an extensive search of the academic and grey literature. Information on 

the index construction, variables used and other relevant data was collected and analysed. The review found 25 composite 

indicator frameworks for assessing the disaster risk, vulnerability or resilience of nations. It revealed that almost all international 

indices use a hierarchical or deductive framework based on statistical data and other published indices, with a smaller number of 

relational methods and one that was based on expert input. Almost all indices included some variable related to disasters, 

however less than half included measures of disaster prevention and preparedness activity. A comparison of five replicable 

indices found high correlations between some and the Human Development Index, indicating they may not add value beyond 

generic measures of socio-economic development. Only seven indices had any sensitivity or uncertainty analysis or validation 

applied. In none of these were uncertainty estimates reported nor was the analysis comprehensive. It is recommended that future 

work ensure that disaster indices add value beyond general development measures and focus on more robust sensitivity and 

uncertainty analysis and validation. 

Keywords: composite indicators, resilience measurement, social vulnerability 

1. INTRODUCTION 

Increasing attention is being given to issues of vulnerability, capacity and resilience in disaster management. There is a growing 

literature seeking to expand both the theoretical understanding of disaster resilience and vulnerability and to empirically measure 

it. (Cutter et al., 2008; Tobin, 1999) One empirical approach is the use of composite indicators, which have received significant 

attention for their potential use as policy and communication tools. (OECD and European Commission, Joint Research Centre, 

2008) Composite indicators have been used extensively to compare the performance of nations with a 2008 catalogue finding 178 

indices that rank or benchmark countries according to economic, political, social or environmental measures. (Bandura, 2008)  

Since Briguglio published an index examining the economic vulnerabilities of small island developing states to disasters in 1995, 

(Briguglio, 1995) many have developed indices of nations’ disaster vulnerability, risk or resilience. Some authors have identified 

challenges and limitations by surveying the state of indicator development. (Balica, 2012; Birkmann, 2007; Gall, 2007; OECD 

and European Commission, Joint Research Centre, 2008) More recently an exhaustive search has been carried out finding 106 

methodologies used at both the national and sub-national scale. (Beccari, 2016) A broader understanding of the construction of 

composite indicators and the variables they contain could assist those constructing these indices by identifying common practices 

and gaps. These efforts could also assist policy makers to better select and evaluate indices that are appropriate for their needs. 

2. METHODS 

The wide deployment of indicators and related methodologies to study phenomena related to disaster risk, vulnerability and 

resilience requires a strict set of criteria to enable an extensive review. It was desired to include practical methodologies that took 

a broad perspective on disaster risk, vulnerability and resilience. The following criteria for the review were selected: 

 Composite indicator or scorecard approach.  

 Disaster vulnerability or resilience or total risk (inclusive of social/economic aspects) is a significant focus. 

 Multiple/All Hazards.  

 Methodology is used for measuring or comparing nations, including frameworks applied at multiple scales.  

 Full methodology is published or otherwise publicly available.  

 Focus is on present day – climate vulnerability studies of the future are excluded.  

 Framework has been tested or implemented.  
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An extensive search of the academic and grey literature was undertaken using VuWiki, (Khazai et al., 2014) Scopus, Web of 

Knowledge and Google Scholar, as well as forward and reverse citation searching. A Google web search was also conducted to 

capture methodologies reported in the grey literature. The search sought articles published between 1 January 1990 to 31 March 

2015. The review found 25 methodologies that were focussed on the national level or were applied at multiple scales. 

Information on the index construction choices, data sources and variables used was collected and analysed. 

3. RESULTS AND DISCUSSION 

3.1 Methodologies 

The methodologies analysed were divided into four groups based on similar purpose, data gathering and construction: 

 Hierarchical and similar deductive methods, which take a relatively simple deductive approach with variables 

combined using a hierarchical index or risk/vulnerability/resilience equation – 20 methodologies  

 Relational analysis methods based on analysing the relationship between vulnerability inputs and disaster impacts using 

either simple or multiple linear regression – 3 methodologies  

 Stakeholder-focused methods which utilise stakeholder input, either individually or in groups to determine index values 

– 1 methodology 

 Novel statistical techniques which use tailored statistical methods to analyse the data inputs and exist on a continuum 

with more modelling based approaches – 1 methodology  

3.2 Index Construction 

The majority of indices relied on international datasets curated by the World Bank or UN agencies and other international indices 

and data. National data was also used in a small number of cases. One index used modelling by the research team, one index used 

expert judgement and one index used stakeholder survey to generate data for their variables. Prior to aggregation many indices 

applied a normalisation to the data with min-max and categorical scales proving the most popular, although many indices applied 

other approaches or no normalisation, as the data was already in a consistent form. 

Of the 21 indices that used a hierarchical or deductive approach to index construction (including the stakeholder focussed 

method) 15 used a simple hierarchy, one used a risk/vulnerability equation and 5 used a mixed equation/hierarchy. Some of the 

hierarchies were quite complicated with up to 7 levels being applied to aggregate the variables. A variety of weighting schemes 

were used with 12 methodologies applying an equal weighting to variables, four using weights selected by the study team, four 

using a participatory method and one using a statistical method. 

3.3 Use of variables 

The number of variables included in the indices ranged from 3 to 68 with an average of 22.6. In total the 25 indices use 571 

variables of which 441 are unique. The three most common variables, used in 6 indices, are population density, the GINI 

coefficient and the adult literacy rate. The variables were categorised into six environments to enable better comparison as shown 

in figure 1. Variables related to disaster are featured in all but four of the indices and make up an average of 49% of the variables 

in those that do. Most of these variables are related to disaster impacts or hazards, with only nine indices including variables 

related to disaster risk reduction (DRR) activity. Further, there is essentially no agreement between these nine indices on what 

DRR variables to use. There was only one common variable, the presence/quality of a multi-sectoral DRR platform, and it was 

only used in two indices. 

3.4 Sensitivity and Uncertainty Analysis 

Most of the methods did not undertake any sensitivity or uncertainty analysis or validation. Of those that did undertake some 

form of analysis five tested the sensitivity of the index to different weighting choices, and one also tested sensitivity to the 

inclusion/exclusion of different variables and two validated against disaster outcome data. However, no index presented estimates 

of uncertainty and some index results were given with a precision of up to 4 significant figures suggesting a level of accuracy 

which is unlikely to exist. Of the 12 indices published since the OECD’s handbook on index construction, which explicitly calls 

for sensitivity and uncertainty analysis, only four have followed this advice. This suggests that many index developers are not 

following best-practice guidance. 
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Fig. 1: Proportion of different variable types used in each index 

3.5 Comparison with Human Development Index 

To create value for decision makers, indices of disaster risk, vulnerability and resilience should provide additional information 

beyond typically used development indices such as the Human Development Index (HDI). This can be assessed by comparing 

each index, on a consistent set of base data, with the HDI to see how they co-vary. Of the 25 indices only five (Briguglio’s 

Vulnerability Index, Pelling’s Compound Vulnerability Indicator, Adger’s Predictive Indicators of Vulnerability, Turvey’s 

Composite Vulnerability Index and the Index for Risk Management (InfoRM)) could be replicated on a consistent basis due to 

insufficient clarity provided on the index construction, changes to how various economic data is reported internationally, use of 

non-public or commercial data or reliance on expert or stakeholder input. This lack of reproducibility is a significant concern, if 

indices are to be subjected to appropriate peer review or be updated to reflect current circumstances. In this light the commitment 

of the InfoRM index to open data and methods should be lauded. 

Index values for all countries with data was replicated using 2012 as a base year (data from 2011,2013,2010,2014 or 2009, 

respectively in that order, was substituted when 2012 data was unavailable) and the same data source (typically the World Bank 

or relevant UN agency) where more than one index used the same variable. The correlation coefficients of each index with the 

HDI was calculated and is shown in table 1. Both the Prevalent Indicators of Vulnerability and the Compound Vulnerability 

Indicator have high correlation with the HDI, suggesting limited added value, whereas the InfoRM and Composite Vulnerability 

Index have moderate correlation demonstrating improved value added. Briguglio’s Vulnerability Index correlation is not 

significantly different from zero (p=0.47) so gives a vulnerability that is independent of development level. 

Table 1: Correlation of Indices with HDI 

Index Correlation Coefficient (Pearson) with HDI 

Prevalent Indicators of Vulnerability -0.93 

SIDs Compound Vulnerability Indicator .87 

InfoRM -0.73 

Composite Vulnerability Index -0.47 

Vulnerability Index -0.09 
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4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

With the increasing focus on measuring national progress that is part of the Sendai Framework and the post-2015 development 

agenda the development of measurement tools is becoming increasingly important. This work has demonstrated considerable 

diversity in the current state of practice of composite indicators, however the low replicability, limited agreement on what DRR 

related variables to use and lack of sensitivity analysis, uncertainty analysis and validation suggest considerable improvement in 

the suite of tools is required for them to meet the needs of the international community.   

5. CONCLUSIONS 

An extensive review of disaster risk, vulnerability and resilience composite indicator methodologies has been conducted drawing 

on a range of sources in both the academic and grey literature. The review has revealed a broad diversity of practice, however 

there remain clear challenges for index developers and policy makers alike. 

Very few studies are implementing comprehensive sensitivity and uncertainty analysis, nor communicating it to end users. This 

may lead policy-makers to believe that index results are more precise and accurate than is actually the case. Policy makers and 

others who wish to use composite indices to inform decision making need to critically evaluate their quality and reliability before 

their use. Similarly, researchers developing these indices need to make greater effort to ensure that they are of high quality and 

add value to the understanding of vulnerability and resilience. In particular, they should demonstrate that their index has greater 

explanatory power of disaster risk, vulnerability or resilience than generic development indicators and incorporate robust 

sensitivity and uncertainty analysis. 

The indices show limited agreement on what direct measures of DRR activity should be used to measure risk, resilience or 

vulnerability. This limited agreement appears to reflect a broader gap in disaster research on the drivers of disaster resilience. As 

parties seek to agree indicators to measure performance towards targets of the Sendai Framework and other elements of the post-

2015 development agenda this lack of agreement could be a significant barrier towards achievement of those targets. Further 

research is needed to better identify which variables are most predictive of disaster risk, vulnerability and resilience and in which 

contexts they apply. This would enable the construction of more relevant and targeted composite indicators, which combined 

with improvements in construction practices would lead to indices that are robust, fit for purpose and comparable, improving the 

understanding of disaster risk, vulnerability and resilience and providing decision makers with tools to better monitor progress 

towards a disaster resilient society. 
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ABSTRACT: This presentation will discuss a new model for understanding the factors that influence how well local 

governments reduce disaster risk. The model builds upon existing literature to outline how various factors combine to influence 

local government performance in disaster risk reduction (DRR). The Context Capacity and Performance model of DRR 

(CCPDRR) defines three interacting components: context, the setting of a local government organisation; capacity, its 

governance and resources; and performance, the activities it undertakes to reduce community disaster risks. These three 

components are further divided into elements based on other theoretical frameworks and empirical research that investigate links 

between them. Empirical efforts to validate and extend the model are also discussed. These focus on a survey of experts that was 

analysed with the stochastic DEMATEL technique. The preliminary results of this survey suggest that experts consider a local 

government’s disaster risk and development level to be the most important factors in driving performance, yet this appears at 

odds with other empirical research on local governments.  

Keywords: local government, disaster resilience, public administration 

1. INTRODUCTION 

There has been significant discussion in the academic and grey literature on the drivers and barriers of local government disaster 

risk reduction (DRR) activity, but no clear synthesis of this work exists. Much research has been undertaken in fairly narrow 

contexts, or has utilised case studies, and there has been limited development and application of theory to define variables for 

investigation or to explain study results.  

In the broader public administration literature, the understanding and modelling of the relationship between local government 

capacities and performance has been a key focus.(Walker and Andrews, 2013) However limited attention has been given to 

contextual factors, especially cross-country factors, that influence local government capacity and performance. The development 

of a theory that unifies context, capacity and performance is in its infancy. (O’Toole and Meier, 2014) The investigation of 

governance in the urban studies literature is likewise lacking in theoretical models that have been subjected to study involving the 

comparison of multiple cities. (Pierre, 2005) These gaps leave policy makers without an understanding of what the drivers and 

barriers of improved performance are. Policy makers may depend on anecdotal evidence, or evidence from a dramatically 

different context when attempting to promote improved local government performance which may result in practices that are 

ineffective or even impede improved performance. This study presents work that seeks to begin addressing these gaps by 

proposing a model delineating the key factors driving local government performance in DRR, hypothesising how they’re related 

and presenting efforts to validate and extend this model. 

2. THE CONTEXT, CAPACITY AND PERFORMANCE MODEL OF DRR IN LOCAL GOVERNMENT 

O’Toole and Meier originally proposed a theory of how context affects local government management and performance.(O’Toole 

and Meier, 2014) This work extends and operationalises their theory to the disaster risk reduction policy domain in presenting the 

Context Capacity and Performance Model of DRR (the CCPDRR Model). It also incorporates capacity dimensions proposed by 

Kusumasari et. al. (Kusumasari et al., 2010), theoretical developments such as the Multiple Streams Framework (Birkland, 2006; 

Henstra, 2010; Kingdon and Thurber, 1984) as well as a review of the existing empirical evidence of relationships between 

context, capacity and performance factors in local government DRR. It presents a series of elements important for understanding 

the drivers of local government DRR and a set of hypotheses for how those elements interact. 

The CCPDRR model defines three interacting sets of components: context, the setting of a local government organisation; 

capacity, its governance and resources; and performance, the activities it undertakes to minimise disaster risks. In brief the 

components and elements are: 

 External Context – Those elements outside of a local government organisation that influence its operation. 

o Disaster context – Its disaster risk and history of disaster events. 

o Political Context – The dispersion and concentration of political power by how the local government is 

constituted. 
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o Policy Context – The level of DRR activism and advocacy and the policy activity of higher levels of 

government. 

o Development Context – The population characteristics and level of socioeconomic development. 

 Internal Context –The hierarchy and centralisation of the organisation and its political and management culture. 

 Capacities – The general and disaster specific resources of the local government organisation that enable it to perform 

and determine its level of performance. 

o Leadership – The local government leadership's understanding of risk and commitment to disaster risk 

reduction. 

o Institutional – The organisation's risk perception, quality of governance and communication. 

o Human Resources – The organisation's personnel, their skills and methods for delegating tasks. 

o Policy – The organisation's policies and presence of policy solutions for disaster risk reduction. 

o Financial – The organisation's financial resources, both general and specifically allocated to disaster risk 

reduction. 

o Technical – The technological and information management systems of the local government organisation. 

 Performance in disaster risk reduction – Activities undertaken to reduce disaster risk and build disaster resilience. 

o Core Services – Basic infrastructure and social services that improve living conditions and thus reduce 

vulnerability to disasters. 

o Disaster Risk Reduction Coordination – The coordination of activities of other parties, such as civil society, 

with minimal commitment of a local government's resources. 

o Disaster Risk Reduction Services – Activities specifically aimed at reducing disaster risks that are delivered 

by the local government's resources. 

To validate and extend the model, test its hypotheses and better understand the relationship between the model elements it is 

desirable to operationalise it with empirical data.  

3. EXPLORING METHODS TO VALIDATE THE MODEL 

Utilising research on the variables used in local disaster resilience indicators, (Beccari, 2016) a survey was developed containing 

65 questions that sought to gather primarily quantitative data spanning the breadth of the context capacity and performance 

factors in the model. The survey was trialled within a local government emergency management working group yet received a 

response rate of <5%. It was predicted that the response rate amongst a broader local government audience would be even lower. 

Attempts were also made to engage with organisations that have access to large networks of local governments who might be 

able to drive a higher participation rate, but none expressed an interest. Without a means of obtaining a large sample across 

multiple contexts this approach was discontinued. 

Consideration was also given to conducting a meta-analysis of the existing empirical work conducted in the USA, as there exist 

at least 31 relevant datasets. The existing data could be used to drive a latent variable model which would be able to account for 

gaps in measurement across different studies. However closer investigation of the existing empirical work revealed that these 

studies range over more than 30 years and have low overlap in jurisdictions and factors measured. This approach was also 

deemed infeasible.  

Attention turned to the development of an expert survey on the relationships between the CCPDRR model’s elements. This has 

the advantage of being able to investigate the direction of the relationship between two factors, which a cross sectional survey 

cannot. The fourteen factors in the CCPDRR model were converted to 182 directional relationships. After 43 relationships were 

removed as there was considered to be no direct mechanism for influence, 139 were converted to questions such as “How much 

does quality of technological and information management systems directly influence leader risk perception and commitment to 

DRR?” Respondents were asked to answer these questions on a five-point scale ranging from “No Influence” to “Very High 

Influence”. As the survey was using large numbers of experts it was possible to ask each respondent a subset of questions to 

improve participation rates and reduce survey fatigue. Each respondent was presented with five sets of 11-12 questions with the 

option of answering up to an additional seven sets of questions, along with a set of basic questions establishing the respondent’s 

experience. The survey was distributed through a number of social media channels and the International Association of 

Emergency Managers Dispatch e-newsletter. 

Results from the survey were analysed using the stochastic DEMATEL (decision making and trial analysis laboratory) method. 

(Tamura and Akazawa, 2005) This is a method of understanding networks and critical success factors based on expert opinion on 

the relationship between factors. With the large number of respondents, it was possible to undertake this analysis stochastically, 
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constructing synthetic responses using Monte Carlo simulation to calculate the influence, importance and net effect of each factor 

with an uncertainty based on the variation in the responses provided.   

4. RESULTS AND ANALYSIS OF A SURVEY OF EXPERTS 

This presents preliminary findings from the survey. The survey received a total of 67 responses with an average of 23.7 responses 

per question. The respondents came from a broad range of countries, levels of experience and sectors of employment, however 

only a small number were from academia, the private sector or worked in disaster recovery. The majority of respondents were 

also from countries with very high levels of human development. This has implications for the generalisability of the findings of 

this survey, particularly as there were insufficient responses to compare how they vary depending on the background of the 

respondents. There was varying levels of agreement on the strength of the relationships between the elements with the standard 

deviation of the survey responses to them ranging from 0.76 to 2.9. Nearly half of the responses to questions were “High 

Influence” and only approximately 3% of the responses were “No Influence”. This suggests that many of the respondents would 

have disagreed with the author’s assessment that no direct influence exists for 43 of the relationships had they been included.  

The results of the DEMATEL analysis were examined to determine the strongest and weakest drivers among the model elements. 

Rather than examining the results singularly, the influence given and received, importance and net effect are considered together 

to determine the driver strength. According to the survey results the strongest drivers appear to be the disaster and development 

contexts which have the highest net effect and highest influence given. The weakest driver appears to be the policy context which 

has the lowest influence given, the lowest importance and a net effect close to zero. These results clash with the empirical 

literature which finds strong evidence for the policy context being an important factor and weak evidence for the disaster and 

development contexts.  

This could be due to the limited contexts presently investigated in the literature, where the strength of influence may be smaller, 

or the proxy variables used in these studies not being strongly linked to the factor being measured. The source of this difference 

needs further investigation, for example by comparing the results of a data-based study of local governments with a survey of 

experts within the same local governments. 

If the difference persists there are a range of hypotheses that could explain it. For example, disaster risk and socioeconomic 

development may have higher saliency than policy advocacy for experts, even if the true influence of them is reversed. Issues of 

budget and resource constraints may lead experts to falsely believe that more resources overall would improve resourcing for 

DRR, which may in reality only occur with strong leader commitment regardless of resource levels. Elements of survivor bias 

may come into play when considering the impact of past disaster events. High performing local governments may point to large 

events in their history, but this ignores the possibility that many local governments that experience disasters may not improve 

their performance.  

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The Sendai Framework and other elements of the post-2015 development agenda establish ambitious goals for local and national 

governments to achieve. To meet many of these goals the pace of progress will need to be dramatically increased. This will not 

be achieved unless international organisations, national governments and other actors in the DRR space understand the most 

efficient intervention points to improve local government performance. Current deployment of advocacy, policy and resources by 

these actors is often context-independent and adopts one-size-fits-all solutions. Further development of the CCPDRR model and 

more robust empirical testing, across a wide range of contexts, may enable policy makers to identify better levers for change 

depending on their context of interest. This could enable more efficient deployment of development resources and assist in the 

achievement of post-2015 goals. 

6. CONCLUSIONS 

The CCPDRR model advances and extends existing theoretical development of the relationship between context and 

performance in local government to the DRR policy domain. However, difficulties remain in operationalising and empirically 

testing the model, with two proposed methods proving infeasible. The use of the stochastic DEMATEL method to analyse expert 

opinion gathered through survey has been demonstrated and generates results that are counter to the evidence currently in the 

empirical literature. Without sufficient responses to enable subset analysis it is unclear how robust the results from the survey are 

or whether difference in the results is itself due to contextual differences between the survey respondents and the local 

governments previously studied. Nevertheless, the difference between the survey results from this research and the existing 

empirical literature is one that needs resolving.  

Researchers undertaking empirical studies of local government need to be mindful of context and ensure it is taken into account 

in study design and when reporting results. Greater deployment of the CCPDRR model in designing empirical studies and 

surveys could assist researchers to better account for context and further enable future systematic review and meta-analyses to 

draw more robust conclusions on the influence of various factors on local government performance and how they vary depending 

on context. Were appropriate funding and support available, the model could be more robustly tested with a large multi-country 

cross-sectional study of local governments going into even more depth than the survey that was proposed as part of this project.  
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ABSTRACT: To operationalise concepts of disaster resilience and social vulnerability, numerous researchers have developed 

composite indicators. Despite the large number of indicators and methodologies in the literature, few have targeted specific end-

use cases and few have provided robust estimates of uncertainty. This study presents a set of composite indicators for use by 

emergency managers in disaster planning, incorporating uncertainty as a result of variation in the base demographic data and 

model construction choices. Analysis of the results indicates that these more targeted indices may provide better information to 

emergency managers over a single index of social vulnerability. The study also finds large uncertainties in the results, suggesting 

that end users should interpret the results of composite indicators with caution, especially where they don't come with estimates 

of uncertainty. 

Keywords: disaster response, emergency planning, composite indicators, vulnerability 

1. INTRODUCTION 

One of the cornerstones of emergency management is emergency planning. Emergency planning well in advance of a disaster can 

substantially minimise loss of life and disruption associated with the event. As a practice it has developed substantially over the 

last 50 years into a robust discipline underpinned by a large body of research, (Alexander, 2002) leading to greater demand for 

tools to make sense of the increasing amount of relevant data. Composite indicators are one tool for use by emergency managers 

that has received significant attention. More than 106 indices of disaster risk, vulnerability and resilience have been published in 

the academic and grey literature. (Beccari, 2016) However, few composite indicators have been developed that target the needs 

of emergency planners. Furthermore, the limited implementation of sensitivity and uncertainty analysis and the small number of 

methodologies that incorporate direct measures of disaster risk, loss or resilience raises questions about the utility of these indices 

for decision makers in general and emergency planners specifically. Some of these issues have been addressed in isolation, for 

example an index to assess spatial variation in evacuation needs (Chakraborty et al., 2005) and separate work on comprehensive 

sensitivity and uncertainty analysis (Schmidtlein et al., 2008; Tate, 2013, 2012, 2011). However, this work remains mostly 

technical and likely difficult for emergency managers to implement in supporting decisions.  

This study aims to present a 'proof of concept' set of indices (Vulnerability Indices for Disaster and Emergency Response or 

VIDER) targeted at emergency managers planning for emergency response which include a robust estimate of the index 

uncertainty. The indices are intended to assist in the identification of areas that may need further investigation, or additional 

planning or response resources as part of an emergency planning process. 

2. THEORETICAL BASIS 

The level of emergency response required in a disaster affected area will depend on a range of factors including the intensity of 

the hazard, the physical vulnerability of buildings and infrastructure in an area, and the community's vulnerability and adaptive 

capacity in the face of that hazard. These factors may increase or decrease the need for and/or complexity of various emergency 

response activities, which in turn may require additional planning and preparedness measures in order to ensure an optimal 

response. If these factors vary geographically then emergency planners could give more attention to areas with a greater planning 

need. This proof of concept will examine all-hazards planning, preparedness and response, though it is expected that the proposed 

methodology could be applied to hazard specific circumstances too. 

The first consideration is to identify a set of all-hazards activities undertaken by the emergency services that may need to vary 

depending on a community's vulnerability or capacity. For this proof of concept four activities were considered: 

 Evacuation: Although evacuation is not an appropriate response for all hazards, it does require sophisticated planning, 

especially for the management of low mobility and special needs groups. (Wolshon et al., 2005) 

 Communication: The provision of information including warnings, advice and other instructions to communities is a 

key emergency management function. (Auf der Heide, 1989) In particular the need to engage with and cater for the 

needs of culturally and linguistically diverse communities is broadly acknowledged. (Hurworth, 2009) 

 Damage Control: Communities are increasingly being seen as resources in disaster response and self-sufficiency is 

being promoted by emergency services.(Lichterman, 2000) Spontaneous volunteers are also being recognised as an 

emergent phenomenon in times of disaster.(Barraket et al., 2013) One self-sufficiency activity is damage control which 

includes a range of mostly hazard-specific activities from fire suppression in the case of wild fire, using sandbags or 
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other devices to temporarily protect a house from flooding, or effecting temporary repairs to property damaged by a 

storm. 

 Emergency preparedness: Preparedness for disasters will vary from community to community and there is potential to 

target community engagement and education activities in areas less likely to be prepared. There also exists a large 

amount of available research on demographic variables that influence emergency preparedness. 

To examine the role that various demographic factors play in these four activities, they are re-conceived as community 

capabilities. Areas with a lack of capability will likely require higher levels of intervention from the emergency services during a 

disaster. For each community capability demographic indicators were selected based on evidence for an association in the 

literature or a reasonable theoretical link where evidence was limited, as shown in Table 1. 

Table 1: Indicators used in each index 

Index 
Indicators  

(those with no supporting variable are shown in italics) 

Evacuation Capability Personal mobility, Vehicle availability, Social support, Pet ownership, Homelessness and homelessness risk, 
Home ownership 

Communication 
Capability 

English language skills, Linguistic diversity, Vision or hearing impairment, Internet use, Television/radio use, 
Telephone use, Temporary visitors 

Damage Control 
Capability 

Age, Personal mobility, Social inclusion, Manual labour skills, Community participation 

Preparedness Capability Length of residency, Disaster experience, Dwelling type, Emergency preparedness knowledge/skills, Age, Higher 

education, Income, Home ownership, Presence of children, Marriage, Women, Social inclusion 

3. METHODOLOGY 

3.1 Study Area 

The Australian State of New South Wales was chosen as the study area. Census data from the Australian Bureau of Statistics 

(ABS) was collected for the smallest areal unit for which data is released, the Statistical Area 1 (SA1). These areas were chosen 

for the construction of the indices to investigate the use potential of the index set at a highly local scale, for example in 

prioritising response resources at a sub-sector level. 

3.2 Data Collection 

Proxy variables for each indicator were collected from the 2011 Australian Census where they were available at SA1 level. For 

linguistic diversity, Greenberg's Linguistic Diversity Index was calculated using the number of speakers of different languages 

available in the census data. (Greenberg, 1956) 

For certain indicators, (Social Support, Pet Ownership, Television/Radio Use, Telephone Use, Social Inclusion, Disaster 

Experience and Emergency Preparedness and Skills) no appropriate proxy variables were available at SA1 level or a small 

enough geography to enable reliable downscaling, thus no variables were assigned to these indicators. 

3.3 Data Preparation 

In order to prepare a more relevant index it was desirable to forecast the variable values in 2015.  By making forecasts, estimates 

of time-based uncertainty in these proxy variables can be introduced into the index. Forecasting was done based on historical 

trends of the included variables to estimate a mean and standard deviation for the 2015 value. Due to inconsistencies in the 

available time series on SA1 level geography a number of different approaches were used to select the mean and standard 

deviation which may over or underestimate the variation for each variable. Each variable’s distribution was also treated as 

independent, which is not realistic as individual means and standard deviations are likely to co-vary. Further access to historical 

census data from the ABS and more advanced statistical modelling techniques could produce more realistic estimates. 

3.4 Index Construction 

To adequately capture the uncertainty introduced by choices in model construction this study follows the example of Tate and 

implements a Monte Carlo Simulation incorporating a number of common composite indicator construction techniques.(Tate, 

2013) A decision tree was constructed with equivalent weighting given to each of the branches. The first branch used a 

hierarchical/deductive style index with z-score or min-max normalization, randomly varying weights and arithmetic aggregation. 

The second branch used principal components analysis, one of six randomly chosen rotation methods, factor selection using the 

Kaiser Criterion or an automated scree analysis and equally weighted factors arithmetically aggregated.  
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All raw values were converted to quintiles and summary statistics calculated. Quintiles were utilised partly to ease comparison of 

the results from the Monte Carlo Simulation and partly as emergency managers are more interested in large relative differences 

between areas for the purposes of prioritisation. Most qualitative risk and vulnerability assessments have three to seven 

categories, thus quintiles were seen to be appropriate. As global sensitivity analysis was not a primary aim of this study, it was 

deemed too computationally intensive to be carried out. Rather a single uncertainty metric is presented – the proportion of 

simulation results that have the most common quintile value. 

4. RESULTS AND DISCUSSION 

Maps of the index results and uncertainty scores were produced and are shown in the accompanying poster. To understand 

whether these indices could prove useful for emergency managers it is important to know how uncertain the index values are and 

that the indices are sufficiently different from one another to make a suite of indices superior to a single vulnerability index. 

The distribution of certainty scores for each index vary substantially, ranging from lower estimates approaching 0.2, what would 

be expected were the index value completely random, to 1, where the value of the index is completely certain. Many of the areas 

across all four indices have certainty scores less than 0.5, demonstrating a very large degree of uncertainty in these index values. 

In an attempt to understand the source of the low estimates of certainty the simulation for the Communication Capability Index 

was re-calculated with constant base data, showing that this is a major contributor to low certainty scores. The relationship 

between the index values and the certainty scores was investigated by plotting the distributions of the certainty scores for each 

value of the index. This revealed that the certainty scores are much higher for the extreme values of the index, that is the highest 

and lowest quintile, although with large variation. For the middle quintiles the certainty scores are lower and with less variation. 

For most of the indices the lowest quintile, or lowest capability, is associated with greater levels of certainty. 

The relationship between the four indices was examined using Cramer's V which is used for measuring the association between 

categorical variables. The association between the indices is low to moderate, with the strongest being between the Preparedness 

and Evacuation indices and the weakest being between the Preparedness and Damage Control indices. This indicates that 

aggregation of the concepts of the four indices into one overall vulnerability index would lose information that may be of 

relevance to emergency managers. Tests of spatial auto-correlation showed that although clustering of capability does occur, 

suggesting larger geographies could be used to calculate the index, the scales at which each index auto-correlates and the strength 

of that auto-correlation varies between the indices. This is further evidence that they do indeed reveal different dimensions of 

capability that would be lost in a single index. 

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Measuring progress is a key part of the Sendai Framework and the broader post-2015 development agenda. Many groups are 

proposing composite indicators as a means of accomplishing that goal. However, these indicators may not meet the needs of all 

end-users and the development of one-size-fits-all approaches could hinder progress in disaster reduction. This may be 

particularly the case if uncertainty associated with these indices, which could be large, is not well communicated to end users 

This research demonstrates the value of creating tailored indices to meet the needs of end-users and the importance of estimating 

uncertainty associated with index values. 

Further research is needed to better understand relationships between emergency assistance needs and demographic factors across 

a variety of contexts. The outcomes of this type of research could feed more model-based approaches that can be validated 

against surveys, post disaster data collection and other outcome based measures.      

6. CONCLUSIONS 

The low to moderate correlation between the four indices alongside the different spatial autocorrelation behaviour demonstrates 

this approach provides more relevant information than a single vulnerability index. This approach could be expanded to include, 

for example, indices relating to more hazard specific emergency activities or the potential disaster recovery needs of households, 

businesses and communities. Despite the potential utility of these indices they exhibit very low certainty. Local sensitivity 

analysis suggests a large part of this uncertainty is due to the inclusion of uncertainty in the base data. This high sensitivity of the 

uncertainty in the indices to variability in the base data suggests that other researchers and organisations developing and using 

composite indicators should be cautious when utilising demographic data that is unstable, uncertain or dated. 

Further work could incorporate an improved model to forecast the variables and their uncertainties by using an improved time 

series and more realistically simulating spatial correlation and constraints. Although this will improve the certainty scores there 

would remain significant uncertainty due to model choice in these indices, even when index values are converted to quintiles. 

This suggests that small differences in raw index values or ranks may carry little significance and policy makers should treat 

indices that aren't accompanied with estimates of uncertainty with caution. This study has also not undertaken any external 

validation of the index results. Attempts at validation may also enable the selection of an optimal construction methodology, by 

regressing against the construction parameters. The data required to validate each index would depend on its concept and 

potentially be difficult to collect. For example, data on public requests for assistance to the State Emergency Service in making 
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temporary repairs could validate the Damage Control index, and household survey of the understanding of emergency 

communications and preparedness could validate those two indices.  

Further research to better understand and develop potential end-use cases of disaster resilience composite indicators by 

emergency and land-use planners, disaster risk reduction specialists and other policy makers would be of great benefit in 

operationalising data for disaster resilience. 
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ABSTRACT: Critical infrastructures have grown increasingly interdependent with the result that a failure in one infrastructure 
can result in unforeseen disruptions or failures in other sectors. Planning for the protection of critical infrastructure has become a 
necessity for local governments in Canada. While a multitude of assessment processes and tools are available, the complexity of 
these tools and need for technical expertise can be a hindrance to communities attempting to perform these analyses. In 2014-
2016, Centre for Security Science – Defence R&D Canada, Emergency Management British Columbia and the Justice Institute of 
BC collaborated on the development of a user-friendly critical infrastructure assessment process for local governments. The 
development process was structured in the form of two research projects - the first spanning in 2014/2015 and the second in 
2015/2016.The outputs of these research projects was the creation of a community-driven critical infrastructure assessment 
process. This process makes use of plain-language terminology and step-by-step instructions to guide lay-users in identifying the 
critical dependencies between locally-owned assets and the services provided by the local government. Materials developed as 
part of this project include written instructions, demonstration videos, customizable Excel spreadsheets, and posters. Throughout 
the development of the materials, a series of field tests were performed in communities with different sizes and demographics. 
The efficacy of the process was assessed during each test, resulting in changes and updates to the materials.  

Keywords: Critical infrastructure, Assessment, Hazard, Community, Analysis. 

1. INTRODUCTION 
Critical infrastructure (CI) planning can be a challenging process due to the interdependent nature of infrastructures. A disruption 
in one infrastructure has the potential to lead to a disruption, or even loss, of assets and services that may initially appear to be 
entirely unrelated. For this reason, planning for the protection of any CI must involve a thorough examination of 
interdependencies that may exist.  

A scan of the CI field reveals a variety of different tools and process that can be used to identify and interpret these 
interdependencies. Omidvar et al. propose the use of a Petri net, a network modelling tool, to model the potential for cascading 
failures of interdependent CI’s. (Omidvar, Maleksha and Omidvar 1972-1973) Apostolakis and Lemon suggest modelling 
infrastructures as networks in order to use existing network analysis formula to identify and prioritize vulnerabilities. 
(Apostolakis and Lemon 363) Kadri et al. describe a process known as Cascade Effects Analysis to reveal potential cascading 
infrastructure failures resulting from the impacts of known hazards. (Kadri, Birregah and Châtelet 225) Oh et al. introduce a 
criticality assessment model that incorporates an analysis of community activities, infrastructure ‘zones-of-influence’, and 
community dependence in identifying a relative level of criticality for each infrastructure. (Oh, Deshmukh and Hastak 101-102) 
This scan is by no means exhaustive - these examples represent a small sample of assessment tools that are either publicly 
available or can be accessed through commercial or academic institutions.  

The utility of most CI assessment tools lie in their ability organize and manipulate complex data. The resulting outputs are 
typically replicable and defensible and can be analysed quantitatively. However, the same complexity that creates these results 
also creates a challenge. These assessment processes often incorporate the use of complicated formulas that require a level of 
technical expertise and experience to use successfully. Additionally, the outputs of assessment processes can be difficult to 
translate into tangible protective actions as they require a level of interpretation that may be beyond the grasp of the average 
layperson. This challenge becomes more apparent in Canada, wherein CI protection activities are increasingly being downloaded 
to owner/operators of critical infrastructure who may not have this knowledge and expertise.  

In Canada’s Action Plan for Critical Infrastructure (2014-2017) clearly identifies that it is CI owners and operators who “bear 
the primary responsibility for protecting their assets and services”. Larger commercial CI owners (such as telecoms or power 
utilities) would likely have the resources to engage academics and consultants to complete more complex CI assessments. 
Smaller owners/operators may find themselves overwhelmed by the complexity if these tools and unable to afford access to the 
expertise needed for support. This may also be the case with local authorities in Canada. 

The term local authority covers a broad spectrum of government structures including cities, municipalities, districts & regional 
districts, incorporated & unincorporated areas, and electoral areas. While the type of authority is intended to address the needs of 
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a particular area, they all share a few similarities. Each is governed by elected or appointed representatives. Each form a local 
government or is part of a local government that has legislated responsibility to provide specific services to residents within their 
boundaries (though nature of these services will vary). And each is in a unique position as being both CI owners/operators and as 
being a CI in their own right. This is partly due to the broad definition of CI used in Canada, which refers to CI as being 
“processes, systems, facilities, technologies, networks, assets and services essential to the health, safety, security or economic 
well-being of Canadians and the effective functioning of government”. ("National Strategy For Critical Infrastructure") To this 
end, local authorities must ensure they protect the CI they own and operate, as well as ensuring they continue to provide legally 
required services and resources. With the exception of larger urban centres, local authorities generally lack existing staff 
positions focused on CI protection. It is possible a local authority would have internal expertise in a specific CI being provided to 
local residents, such as water or electricity. However, few would have staff with portfolios that include assessment and protection 
of CI interdependencies. With limited budgets, a local authority required to perform CI assessments would likely add it to the job 
requirements of an existing employee, such as an emergency manager.  

In order to assist local authorities with CI assessments, two research projects were undertaken with the purpose of evolving an 
existing CI assessment model and process, originally developed through pilot projects in British Columbia, into a deployable, 
sustainable, CI self-assessment tool along with appropriate guidance for local authorities in Canada. 

These projects were supported by the Canadian Safety and Security Program, a federal program led by Defence Research and 
Development Canada’s Centre for Security Science, in partnership with Public Safety Canada. Partners in the project include 
Emergency Management British Columbia and the Justice Institute of British Columbia (JIBC). The development of these 
materials was structured in the form of two research projects - the first spanning 2014/2015 and the second 2015/2016.  

2. ASSESSMENT TOOL, SUPPORT MATERIALS & FIELD TESTS 
The objective of the initial project, started in 2014, was to mature and finalize an existing CI assessment tool. This original 
assessment tool was derived from earlier collaborative projects and community-based resilience pilot projects in British 
Columbia (BC), in particular the Community Resilience Architecture Frameworks study in Pemberton Valley, Canada. These 
original projects developed an Excel-based assessment tool. The purpose of the assessment tool was to provide a user-friendly 
mechanism to capture basic data on interdependencies between locally-owned assets and services. It is important to note the 
output of this tool does not mirror the complexity or rigor of more technical tools nor will this tool replace more systematic 
analyses of interdependencies. Rather, the tool helps to enhance a local authorities awareness and understanding of CI, and assists 
them with identifying and analyzing their assets, outputs goods and services, relevant hazards that may impact their assets, and 
the dependencies among assets, output goods & services, external CI service providers, and the community.  

2.1 Assessment Tool 
The tool is comprised of two Excel worksheets. The first worksheet is titled Internal Dependencies. The first column on this 
worksheet lists one or more hazards that could impact a community. The second column contains an inventory of assets owned 
by the local-government. These assets are informally grouped by type – buildings, roads, water, communications, etc. The first 
row on the worksheet lists the various services provided by the local authority to residents. These services are grouped based on 
the 10 CI sectors identified by the Canadian government. (See Fig. 1) 

 

 
Fig. 1: Portion of a partially completed Internal Dependencies worksheet 
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The second worksheet is titled External Dependencies. The first column of this worksheet contains the same inventory of assets 
owned by the local-government that appears as on the Internal Dependencies worksheet. However, the first row lists externally-
provided services that support the locally-owned assets.  

A person engaging with the tool would begin on the first worksheet. They would examine the hazard in the first column and 
consider the services the local authority would be required to provide in context of an emergency response to this hazard. They 
would identify these services in the top row. The user would then consider the locally-owned assets they believed were required 
for the delivery of this service. They would identify these assets in the second column. The user would then subjectively assign a 
value of either I (meaning Important) or C (meaning Critical) in the cell where a service intersects with an asset. An I value 
means the user feels the asset is important to the service but an alternative could be found if needed. An example would a vehicle 
used to transport equipment; while a truck may be the ideal asset, a van or car could be substituted. A C value means the asset is 
critical to the delivery of the service and no alternative would be appropriate. An example would be a fire engine with pumping 
apparatus; no alternate vehicle would be able to provide the same service. 

This same process is repeated on the External Dependencies worksheet, however the focus is identifying the criticality of external 
services in supporting locally owned assets. For example, a fire engine may require servicing from a contracted mechanic. These 
interdependencies are also allotted an I or a C ranking.  

As the user populates the table with I’s and C’s, the worksheet tabulates a total for each. When read across the rows, the 
worksheet identifies the number of services that rely on the same asset. When read down each column, the worksheet identifies 
the number of assets a particular service requires in order to be delivered. The user would then identify those assets or services 
with a higher number of C values as these have been subjectively identified as having a higher number of interdependencies and 
would therefore require additional planning and protection.   

2.2 Support Materials 
Amongst the deliverables from the first project were a variety of materials to support a local authority attempting to complete the 
tool. These included a facilitator guide, a training PowerPoint presentation for local authority staff, an example of a completed 
tool, samples of reports that could be developed following the assessment, as well as various guides and posters. However, there 
was still a desire to enhance the support materials with walk-through videos demonstrating the specific activities needed to 
complete the tool. The objective of the second project, started in 2015, was to develop videos that focused on three unique areas: 
1) a basic overview of CI in Canada; 2) a detailed review of the process of contextualizing and completing the tool; and 3) a 
review of planning activities that could be performed once the tool had been completed. The videos were output in a format 
allowing them to be hosted on online video platforms, such as YouTube. 

2.3 Field Tests 
Throughout both projects, a number of communities were engaged in field tests of both the tool and the support materials. To 
participate, a community was required to have the support of local authority director- and management staff who would be 
required to attend a “kick-off” workshop. Additionally, each community was to have completed a Hazard/Risk/Vulnerability 
Analysis prior to the field test. In total, seven communities engaged with the tool and support materials. These include an 
incorporated district municipality; a village municipality; two regional districts; and three cities. Six of the communities were 
located in British Columbia and one community was located in Saskatchewan.  

The first five field tests consisted of a JIBC staff member facilitating a one-day workshop in which local authority staff were 
providing an overview of CI concepts and training on the use of the tool. This was followed up by a second half-day workshop to 
examine and interpret the completed tool. Feedback was solicited from participants on changes and updates to the tool and 
support materials. These changes were evaluated and implemented; subsequent deliveries made use of the revised materials. The 
final two field tests focused on validating the efficacy of the supporting videos in guiding a community in completing the tool 
without outside assistance.  

Following the conclusion of these projects, final versions of the tool and support materials were provided to the Canadian Safety 
and Security Program for dissemination to the provincial governments. The provinces will in turn develop strategies to further 
distribute the materials to local authorities.   

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
This research project addresses the Hyogo Framework’s Priority for Action #3 - Use knowledge, innovation and education to 
build a culture of safety and resilience at all levels. The tool and support materials developed in these two research projects are 
designed to capture and organize the knowledge and expertise of local authority staff. Put differently, the assessment process is 
intended to be driven by local knowledge of hazards and the impact they might have on the local community. This structure is 
aligned with key activity 18.i.b, which calls for the “strengthening of procedures for using available expertise when agencies and 
other important actors develop local risk reduction plans”. ("Hyogo Framework For Action 2005-2015: Building The Resilience 
Of Nations And Communities To Disasters - Full Text - UNISDR") The tool presents a mechanism for capturing local 
knowledge, providing planners with context-specific information about local needs and priorities. Further, participants that 

91



  

engage in the process are familiarized with terminology and concepts that they might otherwise not be exposed to. While the 
formal outcome of engaging with the tool is the capture of basic data on interdependencies between locally-owned assets and 
services, local authority staff also have the opportunity to use the outputs of the analyses to inform broader disaster planning 
activities.  

4. CONCLUSIONS 
The tool and support materials created in these two projects have been shown to enhance a municipality’s awareness and 
understanding of CI while also providing a mechanism to analyze the interdependency between locally-owned assets and 
services. It is important to keep in mind the limitations of the tool, particularly the subjective nature of the outputs. While this 
tool does not replace the need for more rigorous analysis of each CI sector, it does reveal that useful, coherent, and relevant 
analyses can be performed incorporating the subjective, working knowledge of local government staff  
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1. INTRODUCTION 

This political science dissertation, to be defended sometime during early 2017, centers on whether and how power can be re-

distributed from privileged to non-privileged groups in the wake of disasters – an under-studied theme within disaster risk 

reduction research. The aim is to increase our understanding of how vulnerability can be transformed in social justice movement 

arenas after disasters.  

Disasters affect people differently due to issues of inequality – a phenomenon named structurally differentiated vulnerability. 

Disaster vulnerability is often conditioned by social and political structures which distribute vulnerability in unequal ways across 

social groups (Tierney 2014 p 141; Bankoff et al 2004, Enarsson et al 1998, Jones et al 2009, Wisner 2004; Fothergill et al 1999; 

2004). Socially differentiated vulnerability in disaster situations is thus closely connected to on-going processes of stratification 

in our societies. Vulnerable groups are often trapped in protracted situations of political, social and economic marginalization.   

From a political science perspective, we can think of the problem of stratified vulnerability as an issue of power. Differential 

exposures to the effects of disasters across social groups are often the outcomes of local political economics, where power in 

decision-making regarding, for example, land use and development mainly rests with elites (Tierney et al 2014 p 146). In other 

words, the same groups that are hit the hardest by disasters are often also the groups that have the least say about how risk is 

produced and managed. Vulnerable social groups are often politically marginalized and political scientists thus need to 

investigate possible ways to breach and challenge this marginalization – in essence we need to learn more about how to empower 

the powerless. Simply focusing on empowerment of vulnerable groups however is not enough. Part of the problem of structurally 

differentiated vulnerability is the unequal distribution of power between privileged groups on the on hand and vulnerable groups 

on the other. By looking only at who becomes empowered (as many empowerment scholars tend to do) we only get half of the 

picture. Instead we need to understand power as relational, and look at how power is distributed across groups and whether and 

how that distribution can be altered.  A re-distribution of power is here seen as a necessary condition for transformation of 

vulnerability.  

This thesis contributes to a particular sub-field of disaster risk reduction research – the field of social vulnerability. Scholars 

within this field have done a decent job in outlining the problem of structurally differentiated vulnerability. Studies focus issues 

of long-standing inequalities and theorize around how they are connected to the unequal effects of disasters (Tierney 2014 p 141; 

Bankoff et al 2004, Enarsson et al 1998, Jones et al 2009, Wisner 2004; Fothergill et al 1999; 2004). However there is a certain 

academic silence within this sub-field; a silence that this dissertation seeks to address. The conclusions drawn from the body of 

literature that analyze social vulnerability are often limited (Luft 2009). The fact that vulnerability is stratified, i.e. that it differs 

structurally across social groups in a way that is closely connected to on-going processes of economic, social and political 

marginalization – is a widely known phenomenon that has been established empirically as well as explored theoretically within 

this field. Yet, very few scholars draw that knowledge to its logical conclusion. If the problem is underlying structural 

marginalization – why is so little theoretical and empirical attention devoted to how such marginalization best can be breached? 

This puzzling silence within the disaster risk reduction scholarship is what motivates this dissertation. In essence, the dissertation 

is a study about power, and whether and how power can be redistributed from privileged to non-privileged groups, in the wake of 

disasters. It is a study about grass root political micro-processes after a devastating storm, in which previously marginalized and 

vulnerable groups of people, with help from outsiders, attempted to take matters in their own hand and alter the social and 

economic order they found themselves in and that had made them unequally vulnerable to the effects of the disaster. The thesis 
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brings together issues of disaster risk reduction and issues of social justice organizing and demonstrates how we need to 

understand these phenomena in tandem. Risk reduction in the context of this thesis is thus closely intertwined with social and 

political change processes that challenge marginalization.  

2. AIM AND CASE-STUDY 

Disasters can trigger political change processes and shine a light on underlying inequalities in a way that mobilizes people to take 

political action against injustices (della Porta et al 2006; Boin et al 2008; Hannigan 2012 p 107; Pelling et al 2010). Resilience 

thinkers, for example, talk about how a crisis might bring about ‘new ways of life’. The inspiration for this idea is the complex 

ecological system thinking which assumes that systems will re-organize at critical points of instability (Berkes et al 2003 p. 6). 

Disasters can be opportunities that enable actors to advocate new ideas and question pervasive assumptions and norms (see for 

example Goldstein 2009, Walker et al 2011). Disasters might pave the way for emerging informal organizations and networks 

which can function as arenas for social and political change. Social justice movements in particular are likely arenas for change 

of this type. Informal grass root arenas that are connected to larger social movements are most likely to advocate against 

injustices and towards structural change, because they are most likely to have a representation of people from non-privileged 

groups. We may thus expect social justice movements to be important venues for the struggle towards a more just society. More 

in detail, pre-conditions for power re-distribution between privileged and non-privileged groups are more likely to be found in 

social justice arenas, since truly critical perspectives on the social order can be developed there (Fisher 2006 pp 36; della Porta et 

al 2006).  An opposing force is however potentially present as well. Although positive change may come in the wake of disasters, 

they often also increase the divide between vulnerable and privileged groups – in the sense that they enhance vulnerability for the 

affected ones (Fothergill et al 2004 p 96; Enarson et al 1997). These two trends taken together makes post-disaster relief and 

recovery processes into interesting laboratories for scholars interested in re-distribution of power from privileged to non-

privileged groups. The two opposing forces might increase tensions and make conflicts more manifest, and thus easier to study 

empirically.  

With these notions in mind, the aim of this thesis is to increase our understanding of how vulnerability can be transformed in 

social justice movement arenas after disasters. Focusing on Hurricane Sandy that struck New York City in October 2012, 

empirical attention is on grass root organizing in Rockaway, an area in Queens which was severely hit by hurricane Sandy. 

Rockaway is home to many socio-economically vulnerable communities who had a difficult time recovering from the storm. 

Immediately after the storm a branch of the wider anti-authoritarian Occupy-movement started to engage in relief work under the 

banner of Occupy Sandy (OS). The network mobilized a large amount of volunteers and provided relief for many outskirt areas 

of the city where established organizations failed to deliver sufficient aid. When the immediate relief phase turned to long-term 

recovery the network continued its work in new organizational forms and started to focus on issues of inequality in relation to the 

storm. A grass root participatory hub was formed by Occupy activists, in Rockaway. In this hub, Occupy Sandy activists aimed to 

enable storm-affected residents of Rockaway to take the lead in local recovery efforts. The dissertation explores the temporal and 

functional phases of this shift from relief to recovery and asks whether and how power was re-distributed from the outside 

activists to the storm-affected residents of Rockaway who engaged in this group.  

If arenas such as this fail to re-distribute power, this is more problematic than if other types of organizational arenas fail, since it 

has as an explicit objective to re-distribute power, which sets it apart from other types of more formal and hierarchical 

organizations. Furthermore, if we find challenges in power re-distribution in this case, we will probably find such challenges 

elsewhere as well.  

3. PRELIMINARY EMPIRICAL RESULTS  

Occuoy Sandy accommodated 60.000 volunteers in a bottom-up relief network. Everyone who felt they had something to 

contribute was welcome. Volunteers sought out storm-affected residents who were doing small-scale relief work in their 

communities, and amplified their efforts by bringing in resources. OS’s organizing ideals of open inclusion, shared leadership 

and flexibility functioned to transfer power from outside activists to residents. Residents thereby escaped experiences of 

victimization and instead took on leadership roles in their community. However, when relief turned to recovery re-distribution of 

power from outside activists to residents was compromised. The OS network started to engage in long-term political organizing, 

based around the same principles that had steered them in the relief phase. In this phase however open inclusion, shared 

leadership and flexibility instead created a lack of transparency and accountability, which in turn led to mistrust, conflicts and 

compromised empowerment. Bottom-up in the relief phase thus seems to be contradictive to bottom-up in the recovery phase. 
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The results from this study contribute to a deepened understanding of how unjust power relations between social groups can be 

altered in the wake of disasters.  

4. CONCLUSIONS: ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The dissertation is motivated by two trends. Firstly, climate change increasingly takes its toll on our planet. The chances of a halt 

in emissions are very slim, and time is of the essence. The International Energy Agency refers to of a window of opportunity as 

tight as the end of 2016, if we want to honor the pledge to keep temperatures from increasing more than two degrees Celsius 

(International Energy Agency 2011 p 40). And even if we miraculously can pull this off, we are nonetheless facing increasingly 

frequent and more severe natural disasters as a result of the warming that has already taken place (Bullock et al 2009). Secondly, 

these natural disasters affect people differently due to issues of inequality – a phenomenon named structurally differentiated 

vulnerability. Disaster vulnerability is often conditioned by social and political structures which distribute vulnerability in 

unequal ways across social groups (Tierney 2014 p 141; Bankoff et al 2004, Enarsson et al 1998, Jones et al 2009, Wisner 2004; 

Fothergill et al 1999; 2004). Taken together, these two trends form a hotbed for future trouble. We are facing a world with more 

and harsher natural disasters and their consequences are unevenly distributed across social groups due to on-going social and 

political inequality.  

The UN Office for Disaster Risk Reduction (UNISDR), headed by the UN Special Representative of the Secretary-General for 

Disaster Risk Reduction, is responsible for the International Strategy for Disaster Risk Reduction (ISDR). With the adoption of 

the Hyogo Framework for Action (HFA) in 2005, UNISDR has been promoting and monitoring the implementation of the 

framework. The Hyogo Framework for Action notes five Priorities for Action that are seen as important to reach the three 

strategic goals of 1) integrating DRR into development policies and planning; 2) strengthening institutions, mechanisms and 

capacities to build resilience and; 3) to incorporate risk reduction into emergency response programs (ISDR 2005). Priority four 

notes the importance of reducing underlying risk factors, and specifies a number of sub-themes that can be done to do so. It is 

among other things proposed that DRR strategies be integrated with climate change adaptation, that food security is important for 

resilience and that critical public facilities should be protected (ISDR 2005). Following HFA a number of root causes that 

produce risks have been identified by the international DRR community of researchers and practitioners. Among other factors are 

poverty, hunger, disease, violence, inadequate health services, education, infrastructure, housing unemployment, land 

degradation, displacement and discrimination. Proposed actions to address these root causes are several, among them more 

systematic implementation of the International Health Regulation; the promotion of education services; the use of mechanisms 

for environmental protection; strengthening livelihoods; and leveraging existing social protection mechanisms to provide better 

services to vulnerable groups (ISDR 2013). There is a further a broad common understanding within DRR discourses that 

inclusion of and participation by vulnerable groups is an important step towards reduction of risks and building of resilience. 

Vulnerable communities are to be given a voice in decision-making processes that affect their safety (UNDP 2015 p 8). Studies 

focus communities’ vulnerabilities as well as their capacities in the form of less evident factors such as social networks, local 

knowledge, and suggest how both vulnerability and capacity can be assessed and analyzed in participatory DRR forums (Oxfam 

Australia 2012 p 3).  

However, neither of the reports, discussion proceedings and studies pays sufficient attention to the unequal distribution of social, 

economic and political capital between social groups. Nor is there much analysis of how such imbalances can be altered. Some 

critical contenders note that there is reluctance within DRR discourses to address social and economic inequality because doing 

so implies that power structures within our societies need to be challenged (Mercer et al 2008 p 173).  

This dissertation centers on socio-economic vulnerability and conceptualizes this vulnerability as relational – i.e. differentiated 

vulnerability is the outcome of an unequal distribution of social and economic capital between social groups. Given such unequal 

distributions it is further suggested that practitioners, researchers, and activists ought to pay closer attention to how power 

imbalances between groups can be challenged and altered, so that power can be transferred from privileged to non-privileged 

groups. Given this, attention is then directed to a case of a social justice movement that aims to do exactly that – but partially fail 

in their attempt, an analysis that allows a good demonstration of a number of challenges involved in re-distribution of power.  

Based on the work done in this thesis, further work within the Post 2015 Framework for Disaster Risk Reduction should include 

two focus areas: 1) reducing social and economic inequality beyond disaster situations; and 2) take seriously the challenges for 

participatory DRR.  

1) Reduce social, economic and political inequality: It is of importance that DRR research and practice explicitly 

acknowledge the inherent inequalities throughout our societies that underpin unequal distribution of risk across social 

groups. When strategies for action are suggested it is of outmost importance that they be critically assessed with this in 

mind. For example, private and public collaboration, so often held up as an ideal within DRR policy-making, might in 

fact decrease democratic accountability regarding risk management decisions, thus eroding political capital. 

Furthermore, nationally based insurance options, also a favored way of managing risks, might contribute to a situation 

in which tax bases come to bear the costs for private development. Suggested priorities and strategies for action within 

DRR should thus be screened so that they either a) contribute to decreased inequality by re-distributing social, 
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economic and political capital from privileged to non-privileged groups and; b) in the absence of a, does not (re-)-

produce further inequalities between groups.  

2) Take seriously the challenges for participatory DRR: inclusion and participation are difficult activities that require 

deep-seated knowledge from facilitators. Participatory forums that are not initiated by vulnerable communities 

themselves face a number of challenges that need to be navigated with caution, in order not to re-produce power 

imbalances between benevolent DRR program officers on the one hand and the vulnerable groups and individuals they 

are set to empower, on the other. Important for initiators is to acknowledge their own potential privileges and lack of 

local knowledge, back down from pre-designed agendas, be flexible in terms of how the participatory forum is to be 

structured, which topics to be covered and how decision-making and deliberation should be organized.  
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ABSTRACT: New Zealand’s Natural Hazards Research Platform (Platform) is a consortium of science providers dedicated 
to applying research knowledge for national benefit, with the overall aim of contributing to improved economic, 
infrastructural and social resilience to natural hazards. The Platform is obligated to provide the best science advice possible 
in the national interest, and research is aligned with the strategies of relevant Government agencies. The National Civil 
Defence Emergency Management Strategy provides the overarching strategic direction for the Platform. This strategy 
articulates the Crown’s vision for a ‘Resilient New Zealand: communities understanding and managing their hazards’. 

A particular strength of the Platform is its fostering of strong relationships between end-users and research teams, thereby 
encouraging research needs to be identified by and with the end-users and research outputs developed to be useful, useable 
and used. By taking this approach, outcomes from the research undertaken and the capabilities developed through the 
Platform link clearly with key needs identified in national and regional disaster risk reduction and resilience strategies. 

Several case studies are presented to demonstrate the effectiveness of the Platform’s approach to undertaking research. 
Research has been undertaken for a range of stakeholder sectors including central government, local government, civil 
defence, insurance companies and reinsurers. As well as informing risk reduction and preparedness for future events, some 
of this research was undertaken immediately following the 2010-11 Canterbury Earthquakes and has informed the recovery 
process. 

The Platform is the national committee for the UNISDR IRDR in New Zealand. Natural hazards research undertaken 
through the Platform contributes to the vision of a ‘Resilient New Zealand: communities understanding and managing their 
hazards’, and also the nation’s commitment to the Sendai Framework for Disaster Risk Reduction. 

Keywords: New Zealand, natural hazards, research, resilience. 

1. INTRODUCTION 
Established in 2009 to provide secure, long-term funding for natural hazards research, and to help research providers and 
end-users work more closely together, the Natural Hazards Research Platform (Platform) is a consortium of Government-
funded science providers, dedicated to increasing New Zealand's resilience to natural hazards via high quality collaborative 
research (NHRP, 2009). The aim of research both supported by and aligned with the Platform is to directly contribute to 
improved economic, infrastructural and social resilience to natural hazards in New Zealand. The science capability supported 
by the Platform is also available to assist decision makers during significant hazard events. The Platform is obligated to 
provide the best science advice possible in the national interest, and research is aligned with the strategies of Government 
agencies responsible for reduction, readiness, response and recovery from natural hazard events. 

The goals of the Platform are to: (i) develop strengthened relationships between end-users and research teams; (ii) develop 
strong collaborations between research organisations; (iii) support integration across all disciplines of research relating to 
natural hazards; (iv) align research with the strategic needs of government; (v) ensure research capabilities are maintained 
and developed; and (vi) improve transfer and uptake of knowledge resulting from the research. 

The Platform addresses natural hazards across five themes: (i) geological hazards; (ii) weather, flood and coastal hazards; 
(iii) resilient buildings and infrastructure; (iv) regional and national risk evaluation models; and (v) societal resilience. 

A Strategic Advisory Group (SAG) of key research users, including the Ministry of Civil Defence and Emergency 
Management (MCDEM), the Earthquake Commission (EQC), lifeline utilities, and central and local government, provides 
advice to the Platform on research directions and official endorsement of the research strategy. A Technical Advisory Group 
(TAG) is comprised of international scientists with expertise in the research themes addressed by the Platform; it has the 
primary role of assessing Platform's technical excellence in underpinning research, whether the research proposed is of 
international standard and how well the New Zealand research programme informs, and is informed by, international 
research (NHRP, 2009). 
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2. RESEARCH ‘DOWN UNDER’ 
The case studies presented here demonstrate the effectiveness of the Platform’s approach to undertaking research. In 
particular, strong relationships between end-users and research teams are fostered at all stages; as much as possible, research 
needs are identified by and with end-users, and research outputs are developed primarily for the end-users. Key end-users are 
also represented on the Platform’s SAG and project Steering Committees. By engaging end-users and stakeholders in these 
ways, the research outcomes and capabilities developed through the Platform link clearly with needs identified in national 
and regional disaster risk reduction (DRR) and resilience strategies. 

Since the Platform’s inception, research has been undertaken for a range of stakeholder sectors including central 
government, local government, civil defence, insurance companies and reinsurers. As well as informing risk reduction and 
preparedness for future events, Platform research was undertaken immediately following the 2010-11 Canterbury 
Earthquakes and has informed the recovery process. 

2.1 Research Informing Earthquake Recovery 

Following the 4 September 2010 Darfield Earthquake, response actions by Platform and wider research agencies instigated a 
range of applied studies, to provide rapid advice to stakeholders and to collect perishable data for further analysis. Following 
the 22 February 2011 Christchurch Earthquake, a much larger and more coordinated science response was undertaken, 
initially under the auspices of MCDEM and the National Controller, and latterly with the Canterbury Earthquake Recovery 
Authority (CERA). 

Following the Christchurch Earthquake, the NZ Government allocated $2 million in emergency funding for research projects 
addressing Christchurch recovery needs. Demand from end-users for research knowledge to support and inform their 
response and initial recovery activities saw a series of short term (up to 10 months) projects initiated by the Platform. 
Projects were identified and developed via consultation with a wide range of stakeholders, with the majority initiated in 
response to direct information requests. Projects generated critical data that was taken up by key stakeholders and also 
presented at the Royal Commission of Inquiry on the Canterbury Earthquakes (CERC, 2012a). 

One such project was designed to provide on-the-ground support to lifeline utility companies, with the main aims being the 
assessment of short- and long-term repair/restoration needs of lifelines, and facilitation of expert knowledge exchange 
between lifeline utility companies and researchers in the field of lifeline earthquake engineering and management. Through a 
holistic approach, the successes of this short-term project included: collection of perishable data and records of seismic 
performance, emergency and recovery management of lifelines; valued support to lifelines during the short-term response 
and the long-term recovery phases; long-term connections with international lifelines experts and projects involved with 
lifelines engineering and management and infrastructure resilience enhancement; increased awareness of the need for further 
research on lifelines seismic engineering in New Zealand (Giovinazzi & Wilson, 2012). 

Recognising that the Canterbury earthquakes were major events in New Zealand’s history of natural hazard impacts, 
additional funding of $12 million was subsequently approved in the Government’s 2011 Budget for the Platform to support a 
further 4 years of fundamental and applied studies to assist Canterbury recovery, and improve hazard assessment and 
mitigation options that better prepare New Zealand for response and recovery in future events. 

2.2 Research Informing Policy Development 

Further Platform research initiated following the Christchurch Earthquake investigated the landslide, cliff collapse and rock 
fall hazard and risk in the Port Hills area. With additional support from the Christchurch City Council (CCC) and CERA, 
studies have included the assessment of life safety faced by an individual living in the affected areas, and were used to 
inform the Government’s acquisition of ‘at risk’ properties, as well as underpin the hazard management zones in the CCC 
Replacement District Plan (CCC, 2016). 

This new knowledge from Christchurch is now also informing the understanding of how slopes in other parts of New 
Zealand (e.g. Wellington) may respond to strong ground shaking. As well as underpinning more robust hazard and risk 
modelling, the research will ultimately be used to develop ‘building standard’ type recommendations which would take into 
account the variable ground shaking loads on slopes. 

The Platform worked closely with the Ministry of Business, Innovation and Employment (MBIE) Building and Housing 
Group to expedite research called for in the recommendations of the Canterbury Earthquakes Royal Commission (CERC, 
2012b). The Platform also played a key role in supporting the MBIE Building System Improvement Programme, 
implemented following the Canterbury Earthquakes of 2010-11. The expertise and test facilities of Platform researchers were 
essential to provide the research needed to deliver results into the Building Code, its supporting documents and engineering 
design practices. MBIE actively worked with the Platform to map out how the research addressed priorities identified in the 
work programme and whether there were any gaps. This close engagement between the Platform and its end-users has 
ensured that research answers the relevant questions in a timely and effective way. 

2.3 Research with Cultural Connections 

The Tongariro National Park area is a special place in New Zealand, recognised for its volcanoes, biodiversity and cultural 
heritage. While New Zealand excels in conserving its biodiversity and managing the risk from its volcanoes, the recognition 
of its cultural value is something that many struggle with. Similarly, those working in the area of volcanic hazards 
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sometimes forget that Maori (the indigenous people of New Zealand) have been responding to, and recovering from, 
volcanic eruptions for over 800 years. In recognition of this, Platform researchers have worked with Maori to explore and 
document the matauranga Maori (Maori knowledge) of their volcanic landscape (Procter, 2013). 

With recent volcanic activity, Maori were asking questions about their role in emergency management and how they can 
maintain their cultural connections with changing management regimes. The Ngati Rangi tribe, whose area encompasses the 
southern side of Mt Ruapehu, were dealing with these and related questions following the 1995-96 series of eruptions at Mt 
Ruapehu and the subsequent tephra dam issues and 2007 lahar, particularly when the cultural values of the mountain became 
a public issue. Ngati Rangi recognised the need to articulate its beliefs and traditional practices to government agencies, local 
authorities and scientists in a form that fits with western science understanding of the landscape. 

Platform researchers have over the years worked with Maori, supporting them with volcanological information and assisting 
with archaeology, environmental management and ecological research. This relationship has been strengthened with Ngati 
Rangi through the development of research with their input and ensuring researchers are aware of Ngati Rangi tikanga 
(culture) when working on the volcano, as well as experiencing Ngati Rangi manaakitanga (hospitality) on their Marae and 
in their area. The project investigated Ngati Rangi oral histories, traditional monitoring systems and matauranga, with an aim 
to integrate traditional practices into current scientific thinking and future hazard management. 

This work also offered an opportunity to reinstate traditional language used to describe landscapes, geomorphology, geology 
and volcanic processes and products, and involve the next generation of Ngati Rangi. Having Maori more involved and 
developing and monitoring indicators that are relevant to their lives, will also help to communicate risk and aid remote 
communities to be better prepared in the face of future natural hazards (Pinal, Davies & Berryman, 2013).  

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
The Hyogo Framework for Action (HFA) and more recently the Sendai Framework for Disaster Risk Reduction (SFDRR) 
are key components of New Zealand's commitment to DRR nationally and globally. An important role for the Platform is to 
assist in building a resilient New Zealand society embracing a combination of evidence-based risk reduction, improved 
readiness and response, and accelerated community recovery from natural hazard events and associated impacts. Thus the 
aspirations of the Platform were well aligned with the HFA’s expected outcome of “substantial reduction of disaster losses, 
in lives and in the social, economic and environmental assets of communities and countries” (UNISDR, 2005), and are now 
equally pertinent to the SFDRR’s expected outcome of “substantial reduction of disaster risk and losses in lives, livelihoods 
and health and in the economic, physical, social, cultural and environmental assets of persons, businesses, communities and 
countries” (UNISDR, 2015). 

The range of research currently supported by the Platform reflects the top priorities of end-users and are relevant to all four 
priority areas of the SFDRR: Priority 1- Understanding disaster risk; Priority 2 - Strengthening disaster risk governance to 
manage disaster risk; Priority 3 - Investing in disaster risk reduction for resilience; Priority 4 - Enhancing disaster 
preparedness for effective response and to “Build Back Better” in recovery, rehabilitation and reconstruction. 

In June 2015, MCDEM hosted a symposium in Wellington, intended as the first step in a national conversation about an 
improved, whole-of-society approach to managing the country’s disaster risk (MCDEM, 2015). The aim was to share current 
research and best practice, and undertake an initial assessment of how New Zealand aligns with the SFDRR. It provided an 
opportunity for central government, local government, science and research, non-governmental organisations, community, 
Iwi, and the private sector to come together to evaluate their current approach to disaster risk, and how they can work 
together to improve outcomes for New Zealand. MCDEM is now reviewing the current National Civil Defence Emergency 
Management Strategy, as it considers where efforts could be better targeted to yield greatest benefit across the four priority 
areas of the SFDRR. Implementation of the new National Disaster Resilience Strategy (scheduled for adoption in late 2017) 
will demonstrate over time New Zealand’s progress towards the priorities of the SFDRR.  

4. CONCLUSIONS 
The Natural Hazards Research Platform was, and still is, the first national programme to address resilience to natural hazards 
in New Zealand; it is also the national committee for the UNISDR IRDR. Through its research, the Platform develops and 
communicates knowledge about natural hazards and their consequences that will directly contribute to improved economic, 
infrastructural and social resilience to natural hazards in New Zealand. The science capability supported by the Platform is 
also available to assist decision makers during significant hazard events. 

The Platform has a strong commitment to fostering strong relationships between end-users and research teams, ensuring the 
research outcomes and the capabilities developed link clearly with key needs identified in national and regional DRR and 
resilience strategies. Research undertaken through the Platform ultimately contributes to the vision of a ‘Resilient New 
Zealand: communities understanding and managing their hazards’, and also the nation’s commitment to the Sendai 
Framework for Disaster Risk Reduction. 
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ABSTRACT:  Large  scale  facilities  pose a  potential  risk  and  threat  because with  one isolated attack  large  damage  can be
obtained, for  example in a city,  potentially with a large number of human casualties. We present a solar energy harvesting
strategy which allows for the generation of fuel for housing and mobility in a decentralised form. A city or a part of a city cannot
be shut down from energy supply by a terrorist attack on this energy generation and storage infrastructure, because it is virtually
fully decentralised and independent (no electric grid). This system is based on photo-electrochemical cell technology and takes
advantage  of  the solar  energy arriving at  small  landscapes in  local  neighbourhoods  in  the range  of  few 100 sqm area per
operation unit. The fuel is hydrogen, or hydrocarbons such as methane or methanol, when carbon dioxide greenhouse gas is
included in the chemical process cycle. The necessary water for the process may come from the local sewage waste-water system.
The problem of energy storage after finish of sunshine during the day is also solved by this technology, because a storable fuel is
produced. The pronounced safety feature of this approach is that many small units are built, which are impossible to demolish in
a terror strike, as opposed to single large industrial complexes which are very attractive for terrorists to attack because of the high
destructive "efficiency" by a single plot, but also by the commensurate public attention and "terror", literally, which comes with
the attack on a landmark scale facility. The negative part in this calculation comes from the loss of efficiency by moving from
few large units to many small units. This is likely the price which society has to pay for the gain in safety from terrorism. 

Keywords: fuel supply, solar hydrogen, decentralized, disaster, explosion 

1. INTRODUCTION

Storage of energy in a central large installation poses a general risk for supply because one single accident, natural disaster or
man-made attack or sabotage can destroy or defunct this installation. If this installation is the centre of an energy supply network,
recipients of energy will be cut down from the consumption on this supply line (compare Walker 2013). Since we consider here a
concentrated energy storage installation,  we  have also the risk that the quick explosive release of energy by such accident,
disaster or attack has the potential of causing a large damage in property or even cause human fatalities. Prominent examples are
thermal runaways of nuclear power plants with subsequent meltdown of their core (Chernobyl, Fukushima), explosions in gas
power plants (PEMEX pipeline, plants and headquarters (Stratfor 2007, Navarro 2012, Knecht 2013, Reuters 2016)), failure of
water  dams (Banqiao Dam,  (Svensson 1998).  Decentralized small  scale energy supply systems are less prone to such risks
(Schütze 2013).

Photovoltaics (PV) has become a mature electric energy supply technology which can provide small scale and large scale electric
power in sunny regions during daytime. About 20% of the world energy use is in electric energy, which at least theoretically can
be produced by PV. The other 80% are in all kinds of fuels (fossil, nuclear, biomass, other renewables including wind, water, and
solar) (Thapper 2013). The storage of sunshine based electric PV energy for use overnight is supposedly a problem, but only a
technical one, which will eventually be solved.

We present an alternative solution (compare Falkenstein-Smith 2016) which produces solar hydrogen fuel by water splitting in
photoelectrochemical cells (Hu 2013). Photoelectrochemical cell (PEC) technology is based on the utilization of semiconductor
photoelectrodes which are contained in aqueous electrolytes (basically waste water with additional ionic charge carriers) and then
directly electrolyse the water into oxygen gas and hydrogen fuel when exposed to the sunlight. The continuous components
which we need is thus the solar radiation from the sun as the primary energy source, and water. The photoelectrodes can be made
from low cost metal oxide films which are coated on glass supports. Iron oxide, rust, basically, can be used for this purpose (Bora
2013) and has a solar-to-hydrogen efficiency of around 15%. 10 Watt per  sqm is a realistic power output for PEC, but 50 W are
projected for the future (Jung 2016). With a 100 sqm large rooftop installation we have a 1 kW “residential” power source which
produces solar hydrogen fuel during the day which can be stored as gas and later used in fuel cells for electric power generation.
This technology does not depend on an electric grid connection. The PEC reactor can have the shape of large panels similar like
windows. The power output and thus energy supply scales with the extent of access to light, i.e. the claimable area in sqm. 
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2. CONSIDERATIONS FOR RESIDENTIAL FUEL PRODUCTION SYSTEM

A residential fuel production setting comparable to the conditions as outlined in the Introduction is shown Figure 1. There the
rooftop is used for  water  collection and solar thermal water  heating.  This is a densely populated area in the city center of
Bangalore, India. We notice rain water storage containers (black and blue upright cylinders) and a solar thermal water heating
system (blue horizontal cylinder with “ramp” tube array). The entire roof top area can in principle be utilized for the deployment
of a PEC reactor with window panel based electrodes for hydrogen production from water, which still allow for the use of the
infrared radiation for solar thermal water heating underneath.

A large window type PEC reactor on the rooftop could be the decentralized solar fuel plant. A small 10cm x 10cm prototype is
shown in the right panel in Figure 1. While 10x10 is a typical area established for example in the PV technology, we at Empa
have panels for 20x20 systems as well. It should be possible to arrange them in larger arrays and thus obtain the suitable size for
covering the roof. The photocathode material used here is iron oxide as visible light absorber deposited on indium oxide as
transparent conducting oxide as current collector. The solid support is transparent glass on both sides. The counter electrode is
platinum (can  be replaced by cheaper copper oxide); here the hydrogen gas is generated and can be guided away to a gas storage
system. This approach is fundamentally not different from natural photosynthesis (Braun 2016).

Fig. 1:  (left) Photo of rain water storage and solar thermal energy installation for hot water storage on rooftop of single home in
the city of Bangalore, India (Photo credit Artur Braun). (right) Solar hydrogen prototype (laboratory scale) reactor designed and
manufactured at Empa. The prototype is based on iron oxide photoelectrodes and has 10cm x 10cm size (Photo credit Artur
Braun & Florent Boudoire, Empa).

Currently, researchers are working worldwide for the optimization of efficiency and durability and lowering of cost for such PEC
technology for solar fuel production (Thapper 2013, Braun 2016). Figure 2 (left panel) shows actual hydrogen production rates
from experiments on iron oxide electrodes at Empa.

Fig. 2: (left) Evolution of the hydrogen concentration from an iron oxide based photoelectrode under alkaline conditions and 1.5
AM solar simulator conditions in the laboratory as determined by  operando gas chromatography.  (right) Asst.-Prof.  Kondo-
Francois Aguey-Zinsou from UNSW Australia with his hydrogen powered fuel cell bike “Hy-Cycle”, Australia's first fuel cell
powered bicycle (Photo credit UNSW).
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The generated energy and power from such residential installations are - at maximum - commensurate with the solar power influx
of the claimed geometrical area. This certainly sets natural limits. A potential application for mobility purposes could be the use
of hydrogen fuel cell powered small vehicles, such as the “Hy-Cycle” bike shown in Figure 2 ( Griffith 2016). Particularly since
transportation is the obvious critical area of risk exposure, such application could be part of transition engineering of urban
transportation for resilience to peak oil risks (Krumdieck 2011).

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE

Thee suggested residential hydrogen production and storage system shows how a single home can become independent from a
fuel grid or electricity grid. It has been projected in 2002 that hydrogen from water could in the year 2020 would cost 20% more
than the prize of gasoline from petroleum (Bockris 2002). The storage of hydrogen fuel poses no higher risk than the storage of
any other conventional fuel at the same location. Hence there is no added risk. We have to wonder how society will organize in
the future. Will we favor increasing urbanization, with the result that agriculture may have to transform from rural to urban
(Wakeford 2014)? Will urbanization increase, or will it reverse towards more ruralization? The solution presented here seems to
be applicable for both scenarios. Accidental explosion of such small residential unit will not pose a great general danger to the
public unlike a large scale production plant. Such small units would also not be attractive for enforced explosion by a strike of
terror. The damage would be very limited. The media attention would be negligible. Given the considered transformation of
agriculture from a rural business to an urban business (Wakeford 2014), it is likely that with the necessary land use some form of
spreading out in urban areas in order to provide space for conventional farming would go along with spreading our for “ hydrogen
farming” (de Groot 2014) for the local supply of fuel. This approach satisfies partially the vision of urban resilience and urban
sustainability.

4. CONCLUSIONS

We want to conclude with the Future Vision, which was expressed in the recent Food Energy Water Nexus Issue which outlined
the  understanding of South Africa’s most urgent sustainability challenge (Von Bormann 2014). “It is possible to ensure that the
natural resource pillars on which our society and economy rest – clean water, energy and electricity, and nutritious food – are
sufficient for our needs even with rapidly growing global demand. It will take collaborative approaches, unique partnerships and
new forms of dialogue. It will take more efficient production and consumption through the wider deployment of technology and
informed, smart, sustainable thinking within the private and public sectors. It will require greater governance underpinned by an
integrated approach to policy, planning, management and development and, critically, appropriate institutional capacity. But
ultimately,  it  will  require a shift  in how we value the finite natural riches of our planet and a new approach to living
sustainably within the boundaries of natural systems.”  This challenge arises not only from the South African perspective.
Rather, this situation is faced by many countries on the globe and by the overwhelming majority of world population. However,
given the steady growing R&D activities and policy actions for renewable and decentralized energy solutions, there is no reason
for fear in view of the aforementioned challenges. Instead, there is plenty of reason for hope (de Groot 2014).
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ABSTRACT: An increasing number of coastal urban centers are considering relocation as an effective disaster risk reduction 
strategy contributing to the broader integrated efforts to ensure their long-term viability and resilience. Coastal communities are 
especially prone to the myriad of accelerating challenges such as sea level rise, storm surge, erosion, land subsidence, and 
ecosystem degradation due to development and unsustainable land use. Some of these impacts have already been forcing 
displacement of residents who could not afford to reduce their risk, keep up with insurance and tax costs, and/or pay for repetitive 
damages. In coastal urban areas, relocation may be further complicated by the high population densities and overdeveloped urban 
patterns. Under such circumstances, the policy mechanisms like rolling easements or local relocation a few blocks inland may not 
be possible due to lack of affordable/available lots and housing. Therefore, urban relocation would likely mean a movement to 
greater distances like the interior suburban locations, which may result in adverse psychosocial experiences, disruption of social 
networks and support systems, loss of familiar lifestyle, and interruption in livelihoods. This study utilizes a comparative analysis 
of two case studies to evaluate the possibility of relocation from the coastal high-risk fringes in the distinct urban contexts—
NY/NJ displacement and buyouts driven by a major disaster (Hurricane Sandy) and relocation risk in Norfolk metropolitan area 
due to chronic inundation. The assessment takes into account their contextual circumstances, including geospatial scale, level of 
urbanization, housing issues, land use patterns, jurisdictional complexity, geopolitical significance, and socioeconomic profile to 
identify the options for relocation receiving sites and the limitations that could influence the relocation outcomes. The 
presentation provides concise, relevant, and transferable best practices that will inform the dialogue on integrated and equitable 
relocation in highly urbanized areas among decision-makers, practitioners, and other coastal stakeholders.  
Keywords: coastal, sea level rise, relocation, displacement. 

1. INTRODUCTION 

The anticipated increase in intensity and frequency of coastal hazard events and resulting episodic and chronic flooding projected 
for this century will exert a significant pressure on the livability and vitality of coastal settlements (Frey et al., 2010, Nicholls et 
al., 2007; Sallenger et al., 2012). The extent of these impacts will vary between different communities and regions depending on 
their specific geophysical risks defined by elevation, topography, and land subsidence (Titus and Anderson, 2009), as well as the 
type and extent of development along the shoreline fringes (NCADAC, 2013). In addition to episodic evens such as hurricanes 
and tropical storms, the sea level rise will exert a persistent stress on social, legal, environmental, and economic sectors in coastal 
urban areas (Alexander et al., 2012). Furthermore, the sudden changes in melting of Greenland ice sheets and West Antarctic Ice 
Sheet (WAIS) may abruptly exacerbate these impacts (Church et al., 2013), leaving limited or no time for the anticipatory 
planning and implementation of disaster risk reduction interventions. The urban centers are especially vulnerable to the 
accelerating coastal hazards due to their high population densities, complex coupled social, economic, and built systems, as well 
as valuable assets and infrastructure in high-risk locations. Most of them are also highly developed, have aging infrastructure and 
built environment, and face other urban issues such as the lack of affordable housing, strained transportation system, legacy of 
industrial pollution, and various socio-economic problems.  

The costal urban communities have a number of different disaster risk reduction and adaptation strategies at their disposal to 
respond to chronic and episodic natural hazards, mainly different structural and non-structural measures. They can serve to 
protect, accommodate, or support retreat (Nicholls and Tol, 2006; Klein et al. 2007). Protection includes interventions designed 
to hold back the water such as like seawalls, bulkheads, dikes, breakwaters, sills, and levees; accommodation includes strategies 
that support living with water until the retreat becomes necessary such as rolling easements, elevation, and flood-proofing 
retrofits; and retreat involves moving away from the shoreline through property acquisition and relocation programs. The 
selection of individual strategies and their implementation will depend on the local context such as political and public support, 
financial and technical resources, institutional environment, affluence, and sociocultural determination to continue habitation in 
less stable environment. These efforts should be considered on a regional scale to prevent formation of vulnerability pockets that 
could undermine the broader disaster resilience by, for example, failing to flood proof their transportation infrastructure and 
causing bottlenecks during the evacuation. In addition, it is important to consider geospatial context of each coastal urban 
location, mainly topography, hydrology, ecosystem, land use, resource extraction, tourism, navigation, and technological hazards 
that may dictate the selection of optimal disaster risk reduction strategies.  

The sea level rise will likely permanently inundate some populated areas and lead to irreversible displacement (Oliver-Smith, 
2009). The third U.S. National Climate Assessment report (GCRP, 2014) states, “As sea level rises faster and coastal storms, 
erosion, and inundation cause more frequent or widespread threats, relocation (also called (un)managed retreat or realignment), 
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while not a new strategy in dynamic coastal environments, may become a more pressing option”. The report further notes that 
“up to 50% of the areas with high social vulnerability face the prospect of unplanned displacement under the 1 to 4 foot range of 
projected sea level rise” due to financial inability to afford structural protection, difficulty to justify public expense, and the lack 
of social and political support for more orderly retreat (GCRP, 2014). Therefore, it is vital for coastal communities to include this 
disaster risk reduction and adaptation strategy in the dialogue on response options, considering that it may be the only viable 
solution for some highly vulnerable areas, where other structural and nonstructural options may not be applicable and effective. 

In the United States, the coastal flood risk significantly varies between different coastal urban locations, depending on the type of 
inundation (e.g., storm surge, tidal, and sea level rise) and specific geomorphological and geospatial circumstances. The National 
Oceanic and Atmospheric Administration (NOAA, 2014) recently recognized nuisance flooding (also known as recurrent or 
repetitive flooding) as an emerging threat to viability and safety of coastal settlements. For the storm surge, the risk of largest 
loses can be anticipated only in a few places along the U.S. coast, with Tampa/St Petersburg being the most vulnerable to this 
type to flooding with potential loss of $175 billion, followed by New Orleans, LA, New York City, Miami, Florida, Fort Myers, 
Florida, Galveston-Houston, Texas, Sarasota, Florida, and Charleston, South Carolina (Karen Clark & Company, 2015). The 
more frequent nuisance flooding, often affecting stormwater and wastewater systems, potable water sources via salinization, and 
livelihoods, has been affecting cites in New Jersey, Delaware, Maryland, Virginia, North and South Carolina, Georgia, Florida, 
Louisiana, Texas and California (Sweet and Marra, 2016). The accelerating coastal hazards have been already directly and 
indirectly affecting many coastal settlements and their population, even resulting in relocation of the whole communities like 
Kivalina and Newtok in Alaska or Isle de Jean Charles in Louisiana. These villages decided to pursue a collective relocation to 
preserve their sociocultural cohesion and traditional way of life. The relocation process in the highly urban locations may follow 
a different path, reflecting the distinctive attitudes, behaviors, and risk perceptions of urban dwellers. Therefore, the main 
objective of this presentation is to assess the possibility of relocation process in highly urban metropolitan areas that have been 
experiencing coastal challenges along its fringes via two case studies in the U.S. mid-Atlantic region. The first one is in New 
York-Newark-New Jersey metropolitan area affected by Hurricane Sandy in 2012 which led to development of a comprehensive 
and innovative buyout program to prevent repetitive loses. The second one is in Virginia Beach-Norfolk-Newport News 
metropolitan area identified as a vulnerability hotspot of chronic impacts due to land subsidence, geomorphological and 
hydrological configuration, and land use/development patterns. The comparative analysis of these two case studies will help 
elucidate the complexity, options, and limitations related to urban relocation and resettlement in highly vulnerable coastal 
communities. 

2. MID-ATLANTIC COASTAL CHALLENGES  

The models of regional sea level rise combined with the ocean circulation changes suggest that highly populated areas of North 
Atlantic region will be at high risk of chronic inundation (Yin et al., 2009). In the mid-Atlantic region, the rates of relative sea 
level rise were higher than the global average and generally ranged between 0.1 and 0.2 inches per year with projected increase 
of 39 inches in the next century, eventually resulting in the substantial loss of wetlands and barrier islands disintegration 
(USGCRP, 2009). The mid-Atlantic coast is expected to see some of the greatest increases in flood frequency, especially in urban 
locations like Annapolis, Maryland, and Washington, D.C., that may experience up to 150 tidal floods a year, and New Jersey 
neighborhoods that may endure 80 tidal floods (Spanger-Siegfried et al., 2014). More extensive, prolonged, and intrusive floods 
could leave the whole neighborhoods isolated, prevent commute, and decimate local businesses along the East coast fringes of 
metropolitan areas such as Washington D.C., Annapolis, Boston, Norfolk, and Charleston (Spanger-Siegfried et al., 2014).  

2.1 Buyouts in New York/New Jersey after Sandy 
The Hurricane Sandy impacted Easter seaboard in 2012, leading to extensive damages to assets, housing, and property (FEMA 
2012), disruption in transportation and commercial operations, lack of electricity, shortage of food, medicine, and gasoline, 
sewage overflow, as well as population displacement (The White House, 2012; Kenward et al. 2013). This unexpected 
devastation emphasized vulnerabilities of New York-New Jersey metropolitan area to coastal disasters stemming from their 
physical location, high population densities, development patterns, historic urban context, and aging infrastructure. The 
leadership recognized this event as a window of opportunity to improve the long-term resilience by pursuing multiple disaster 
risk reduction options, including relocation via buyout programs. Compared to acquisition programs offered by FEMA and HUD 
designed to obtain highly damaged properties with possibility of rebuilding according to the safer standards, the buyout programs 
aim to obtain properties for demolition and permanent conversion of space into natural inundation buffers (Siders, 2013). 
Another key component of buyouts is incentivized compensation envisioned to support a more comprehensive and systematic 
participation in the program within the whole neighborhoods or blocks that would prevent a “Swiss cheese” appearance of patchy 
property abandonment. The New York Governor Andrew Cuomo buyout and Acquisition Program allocated $171 million dollars 
for attainment of properties with more than 50% of damage and offered a full pre-storm market value in 500-year flood plain plus 
incentives of 5% for staying locally within the same County, 10% for a relocation from the very high risk areas, and 10% for the 
collective/neighborhood level relocation. It obtained 1,200 properties of which 500 were converted to an open space and 700 
resold for rebuilding (GOSR, 2015). All 180 residents of Oakwood Beach neighborhood volunteered to participate in the State 
program after experiencing widespread destruction and the loss of life, partaking in $200 million dollar buyout incentivized 
package for 500 homes mostly due to fair market value compensation and the additional bonus (PBS, 2015). The buyout program 
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targeted only the low to medium income properties and offered only monetary payment, leaving participating homeowners to 
independently find a substitute housing within or outside the same jurisdictions (Figure 1).  

 
Fig. 1: New York-Newark-New Jersey metropolitan area (U.S. Census Bureau) 

The Sandy disaster elucidated many vulnerabilities of this urban area such as issues with medical assistance delivery, dependency 
on public transportation, resource distribution, infrastructure stability, and lack of affordable and temporary housing to shelter 
displaced people for a prolonged period of time. In addition, prolonged displacement resulted in numerous indirect impacts such 
disruption in schooling, loss of social support networks, and stress on work-life balance, demonstrating that some households 
considering relocation may benefit from a more integrated relocation support which will provide customized types of assistance 
to help families reestablish themselves in new locations, especially when relocating to the new jurisdiction.  

2.2 Costal challenges in Norfolk metropolitan area  
The Virginia Beach-Norfolk-Newport News metropolitan area consists of a number of smaller independent jurisdictions (Figure 
2) and interconnected urban systems such as transportation and commuting, navigation, infrastructure, and public safety. 

 
Fig. 2: Virginia Beach-Norfolk-Newport News metropolitan area (U.S. Census Bureau) 

The coastal fringes are experiencing frequent nuisance flooding that represents a priority natural hazard in this area due to land 
subsidence and low elevations at same locations. The highly affected locations are also fully developed with limited physical 
space for retreat and relocation-driven new development within the city’s boundaries. In addition, this area represents an 
important historic, geopolitical, and strategic location—with the naval base and many economically-vital ports being main 
employers in the area. Considering the contextual circumstances, the dialogue on relocation may eventually call for a regional 
approach in which all jurisdictions would work in synergy to share the burden of impacts, loss of population, and 
sociodemographic shifts, as well as to envision innovative development opportunities that will directly or indirectly benefit all 
regional stakeholders. 
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3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
This presentation is addressing an emerging problem of coastal flooding that increasingly affects urban communities and x their 
resilience. It elucidates complexities, barriers and opportunities related to relocation as one of the potential disaster risk reduction 
strategies that could increase the long-term resilience of coastal urban settlements. The cities have many advantages over semi-
rural and remote communities in responding to coastal hazards, including the resources and public/political support to invest in 
structural and non-structural interventions. They also have many challenges that may hinder their implementation, such as 
conflicting priorities, aging infrastructure and built environment, and various socioeconomic problems. This presentation 
analyzes the aforementioned urban complexities and their possible impact on the relocation outcomes; emphasizes the 
importance of cooperation across metropolitan jurisdictions on the integrated risk management efforts; and calls for a more 
transparent dialogue on all possible impacts scenarios, including those leading to relocation. It highlights the administrative 
complexities of individual jurisdictions and the need to consider flexible and non-standard disaster risk reduction strategies that 
will address other context-specific socioeconomic objectives.  

The future Disaster Risk Management efforts should tap into the immense resources already available on the local level, 
including traditional knowledge, technical expertise, and regulations, to facilitate the implementation of holistic disaster risk 
reduction measures. They should also be part of constant communication efforts with local community groups, residents, and 
other stakeholders like developers and real-estate agents to build the consensus on what needs to be done among all constituents 
in decision-making process. The future steps should emphasize the importance of localities in the identification of context-
specific support needs for the implementation of DRR interventions. This dialogue should also address the legal and moral 
responsibilities of all stakeholders in the integrative risk management process. 

4. CONCLUSIONS 
The relocation will not be only limited to rural areas but will also affect many coastal metropolitan communities and notably their 
coastal fringes like populated archipelagoes, barrier islands, and estuaries. Metropolitan areas share many benefits such as 
accumulation of creativity, affluence, resources, innovation, and legacy of working on interconnected issues such as 
infrastructure, transportation, and safety. They also share a history of other adverse issues such as jurisdictional conflicts, land 
degradation, pollution, shortage of resources, and public service pressures. Coastal disaster risk reduction efforts such as 
relocation projects should be cognizant of these complexities and build upon the existing institutional and socioeconomic 
foundations rather to facilitate their implementation. This is especially important when considering the potential outflux of people 
from the smaller jurisdictions whose tax base, socio-economic viability, and overall resilience may be significantly undermined 
by this outcome. A transparent dialogue on the worst case scenario and identification of innovative alternatives would help 
address some of the adverse impacts of relocation from the smaller jurisdictions, as well as focus attention on the opportunities 
that could emerge from this process both on the local and regional level.  
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ABSTRACT: The flooding of Mythe water treatment works during the severe floods of 2007 in the UK, demonstrated 

weaknesses in the multi-agency approach to the assessment of risk.  Water Service Providers (WSPs) were criticised for not 

providing vital information regarding the vulnerability and consequences of infrastructure failure during the risk assessment 

process.  This research aims to establish the current level of collaboration between responder organisations and WSPs and 

whether this approach can achieve a greater resilience of critical infrastructure failure during extreme events.  As defined within 

the Civil Contingencies Act, 2004, statutory duties of risk assessment are assigned to emergency responder organisations.  Whilst 

a statutory duty is not placed on the WSPs they are expected to support this process through collaboration within Local 

Resilience Forums.  The results of the risk assessment are delivered through the publication of Community Risk Registers, which 

are used to inform future emergency planning priorities and to help identify resilience capabilities.  Using a mixed methods 

approach, content analysis was performed on the Community Risk Registers for England, supported with qualitative interviews 

with Emergency Managers exploring the effectiveness of the multi-agency approach to the assessment of risk.   The analysis 

identified a number of inconsistencies that would suggest the WSPs are still not entirely engaged with the risk assessment 

process, though it could not be determined whether they are excluded or actively chose not to participate.  The results identified 

likelihood and impact scores were assigned to risk categories where the WSP was yet to provide details of the actual risk 

assessment.  Risk category and outcome descriptions had also been wrongly assigned and risk assessments had been performed 

within the same WSP area using a style of risk matrix different to the nationally proposed matrix. It remains to be determined 

whether UK WSPs can manage risk and resilience as part of a multi-agency approach, primarily as there needs to be greater and 

more consistent engagement of WSPs in the multi-agency risk assessment process. 

Keywords: Civil Contingencies, Emergency Planning, Risk Assessment 

1. INTRODUCTION 

The resilience of UK critical infrastructure to flooding was seriously challenged during the widespread flood event of 2007.  With 

a major electricity sub-station under threat in Gloucestershire, the emergency services installed temporary flood defences to 

prevent the inundation of floodwaters and the resulting loss of electricity to over 500,000 homes (Pitt, 2008; Environment 

Agency, 2010; Cabinet Office, 2011; McMaster and Baber, 2012).  However, Mythe water treatment works could not be saved 

and was inundated by floodwaters resulting in 350,000 people being left without a centralised water supply for 17 days (Pitt, 

2008; Environment Agency, 2010; Ofwat, 2010).  This was not just a local problem; throughout the country rising floodwaters 

threatened 5 water treatment works, over 300 sewage treatment works and seriously threatened the electricity supply in other 
parts of the country (Pitt, 2008). 

This single event highlighted the vulnerability of critical infrastructure to flooding and prompted the UK government to 

commission the Critical Infrastructure Planning Review (Cabinet Office, 2010; Cabinet Office, 2011).  Within the water sector, 

over 60 sites were identified at risk of a 1:200 year return period flood (Cabinet Office, 2010).  A national programme to improve 

the resilience of critical infrastructure within the UK to natural hazards was initiated through the development of sector resilience 

plans.  Produced annually by Lead Government Departments in partnership with WSPs, the sector resilience plans provide 

information regarding resilience in accordance with the risks identified within the National Risk Assessment (Cabinet Office, 

2010; Cabinet Office 2011).   

The flood event also provided the first real test of the effectiveness of the multi-agency approach to emergency management 

following the introduction of the Civil Contingencies Act, 2004.  Within the framework of the Act, the United Kingdom takes a 

multi-agency approach to the anticipation and assessment of threats and hazards at a local level (Cabinet Office, 2011; Cabinet 

Office, 2012).  Information regarding hazard and threat categories is provided on an annual basis by central government within 

the National Risk Register and Local Risk Assessment Guidance (Cabinet Office, 2012).  This information is used to inform the 

risk assessment process at a local level through the development of Community Risk Registers.  These are produced by Local 

Resilience Forums which are composed of Category 1 and Category 2 responders.  The category 1 responders include the 

emergency services, the Environment Agency and Health Trusts and have a statutory duty to conduct a risk assessment 

identifying the threats and hazards within their local area that may constitute an emergency.  Category 2 responders comprise the 
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Utility and Transport companies and whilst they do not have a duty placed on them to conduct a risk assessment they are 

expected to work in partnership to identify risks to critical infrastructure.  It is the intention that through the accurate 

identification and understanding of local risks, responders will be able to use the information to inform future planning and 

contingency capabilities (Cabinet Office, 2012). 

However, the consequences of critical infrastructure failure had not been anticipated prior to the 2007 flood event.  This was 

largely attributed to a lack of engagement and participation by the Utility companies throughout the risk assessment process (Pitt, 

2008).  To develop effective contingency plans and assess the capabilities required to respond to an emergency situation requires 

accurate information regarding the potential impact of critical infrastructure failure.  This information was not adequately shared 

by the Utility companies, highlighting a weakness in the multi-agency approach to emergency management and the ability to 
achieve resilience of critical infrastructure failure due to flooding.   

2. AIM AND METHODOLOGY 

The aim of the research reported in this paper is to establish the level of engagement of WSPs with the multi-agency risk and 

resilience assessment process since the Pitt Review. This research is a pilot study that forms part of a 3 year research project to 

critically evaluate the impact of system failure within the water sector and how improved resilience to extreme events can be 

achieved through effective emergency planning.  

 

The first step in this process was to identify the statutory duties and recommendations of best practice within Chapter 4, Local 

Responder Risk Assessment Duty (Cabinet Office, 2012) of the Emergency Planning Guidance.  This information was used to 

determine how each Local Resilience Forum fulfilled these duties from an analysis of the Community Risk Registers.   

 

Content analysis was then performed on 38 Community Risk Registers for England.  The risk categories relevant to the water 

sector were identified.  These included the failure of water infrastructure to accidental contamination or a major accident, drought 

and the failure or collapse of a major reservoir dam.  Where possible the lead assessor, likelihood and impact scores, risk rating 

and the current controls in place for effective emergency management and to achieve future resilience were recorded.  This was 

to provide evidence of the level of engagement of WSPs and how resilience is incorporated within the risk management process.  

 

The results of the content analysis were compared to the information provided within 3 water service provider water resource and 

drought plans and the nationally produced sector resilience plans. This was to establish whether the results of the risk assessment 

correlated with information provided within WSP reports and whether the information was used to inform future planning 

priorities. Exploratory interviews were also conducted with Emergency Managers to test the findings of the content analysis. 

3. RESULTS AND DISCUSSION  

The risk assessment guidance aims to encourage consistency in the risk assessment process. However, there is a great deal of 

variation in the style, structure and level of detail provided within each individual register.  6 Local Resilience Forums had taken 

the option to publish the Community Risk Register in a brochure format providing general information regarding the nature of 

the risks but omitting the likelihood, impact and risk rating scores.  7 risk registers contained a detailed assessment of the risk 

category outlining the nature of the hazard, likelihood and impact scores, risk ratings, lead assessors and controls measures that 

were in place. This difference in approach made it difficult to assess the level of engagement of the WSP in the risk assessment 

process for every Community Risk Register.  Additional information and supporting evidence was sought from each Local 

Resilience Forum website and further information will be obtained through semi-structured interviews with water service 

provider representatives and members of the Local Resilience Forums.  

Of the 32 registers that provided information regarding date of issue, 16 had not been updated since 2014 and one register had not 

been updated since 2012.  The recommended best practice is to update the Community Risk Registers in accordance with new 

information provided annually within the National Risk Register and the Local Risk Assessment Guidance.   With Sector 

Resilience Plans also updated on an annual basis, information regarding the current resilience of critical infrastructure is not 

being updated within these Community Risk Registers.  As demonstrated in the 2007 flood event, information regarding the 

resilience of critical infrastructure to threats and hazards is essential for effective emergency management.  The information 

contained within Community Risk Registers is used to inform local planning priorities and to determine the capabilities required 

for effective emergency response.  This is difficult to achieve without accurate information.  Exploratory interviews with two 

local Emergency Managers also revealed that whilst WSPs provide information regarding the likelihood of a particular hazard 

occurring there is a reluctance to provide enough information regarding the potential impact. Further interviews are required to 

develop an understanding as to why this is the case.  This information is important in order to assess the resources and 
capabilities required for effective emergency management and to achieve greater resilience of critical infrastructure. 
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There were differences in the level of detail provided within the registers where the lead assessor for the risk category was the 

WSP.  In these examples there was a clear understanding of the risk and the control measures that have been put in place should 

these hazards occur.  This was in contrast to the Community Risk Registers that stated the category 2 responders had been 

consulted as part of the process.  These provided limited or no information regarding the risk control measures that were in place.  

There were examples where the WSPs were not included as part of the risk assessment group and were not designated as the lead 

assessor for the water related hazards.  It is unclear whether the WSPs were invited to participate in the process and declined to 

attend or were excluded. Again, this made it difficult to assess the level of engagement of the WSP in the risk assessment 

process, as well as their participation in Local Resilience Forums. This requires further investigation through in-depth interviews 

with WSP representatives and members of Local Resilience Forums to understand whether inconsistencies arise due to exclusion, 
actively choosing not to participate or passivity about the process.  

Local Resilience Forums are established within Police operational boundaries.  In some parts of the country, WSP boundaries 

extend over a wider geographical area and may cross or encompass a number of Local Resilience Forums.  For many WSP areas 

it was discovered that the same risk category was being assessed by each Local Resilience Forum using a different risk matrix.   

In total 4 different risk matrices were identified from analysis of the Community Risk Registers with one risk matrix being 

specifically designed by a Local Resilience Forum for their local area and not consistent with nationally published guidance.  For 
one water service provider area, 3 different risk matrices were applied to the same risk category.   

The Local Risk Assessment Guidance provided to the Local Resilience Forums on an annual basis provides details of the most up 

to date risk matrix that should be used for the risk assessment.  However, with each Community Risk Register in a different stage 

of update, this has not been applied. There is also an inconsistency within Chapter 4, Local Responder Risk Assessment Duty 

(Cabinet Office, 2012).  This refers to an out of date risk matrix where the likelihood descriptors have been changed.  It could be 

argued that within the areas covered by the larger WSPs there will be geographical variations that will affect the likelihood and 

impact scores that are assigned by Local Resilience Forums to particular risks.  However, it is difficult to compare the results of 

the same risk category and assess capability requirements if each Local Resilience Forum is using a different risk matrix.   

There were also instances where a likelihood and impact score had been assigned to a particular risk category with the caveat that 

‘risk assessment to be provided by the Utility Company’ and within another risk register ‘work is ongoing to better understand 

the risk’.  This would suggest that there was limited engagement with the WSP prior to the register being published, though again 
it is difficult to determine why there was limited engagement.   

Within many of the Community Risk Registers, risk category and outcome descriptions had been wrongly assigned for drought.  

The Local Risk Assessment guidance refers to a drought affecting London.  Whilst the majority of Community Risk Registers 

tailored the outcome description to cover a drought within their local area, there were a number of registers that had assigned 

likelihood and impact scores to a drought occurring within London and not within their local area.  Drought had also been 

assigned as low risk within one WSP area with the lowest likelihood of occurrence.  However, analysis of the water resource 

plans for this location indicated that the Local Resilience Forum was within a water scarce location and at particular risk of 

drought.  Again, this would suggest there was limited engagement of the WSP in the assessment of this risk. 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

 

This research supports the findings of the UNISDR Peer Review Report (2013).  It has been identified within the lessons learned 

report from the 2007 flood event (Pitt, 2008) and the Cabinet Office Civil Contingency review (UNISDR, 2013) that the level of 

engagement between Category 1 and Category 2 responders requires improvement, particularly in the assessment of risk to 

achieve resilience of critical infrastructure from extreme events that will impact society.  This extended abstract presents the 

findings from a pilot study conducted at the beginning of a 3 year research project to critically evaluate the impact of system 

failure within the water sector and how improved resilience to extreme events can be achieved through effective emergency 

planning. 

5. CONCLUSIONS 

The research presented in this paper aimed to establish if UK WSPs could manage risk and resilience as part of a multi-agency 

approach through the development of Community Risk Registers.  However, there were so many differences in the style, 

structure and level of detail provided within the registers that this was difficult to assess for every Community Risk Register.  In 

order to overcome these difficulties information was sought from WSP, water resource and drought plans.  Many of the 

Community Risk Registers had not been updated for a couple of years despite annual guidance and information being provided 

through the National Risk Register and the Local Risk Assessment Guidance.  This resulted in a number of different risk matrices 

being applied to the same risk categories within a single WSP area.  Likelihood and impact scores were assigned to risk 

categories even though the WSP had not provided any details of the risk assessment and there were examples where the risk 
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category and outcome descriptions were wrongly assigned to the local area.  These inconsistencies would suggest the WSPs are 

still not entirely engaged with the risk assessment process. What is less clear is whether they are excluded from the process or 

just not actively participating. The results of exploratory interviews with Emergency Managers further revealed that WSPs are 

reluctant to share information regarding the impact of particular hazards and yet this information is required to identify the 

capabilities needed for effective emergency response. 

There were differences in the level of detail provided within the Community Risk Registers where the WSP was the lead assessor 

for the risk category.  In these instances there was a clear understanding of the risk and the control measures that have been put in 

place should these hazards occur.  However, this approach is not consistently applied. If Community Risk Registers are used to 

inform local emergency management decision making and resource capabilities for effective emergency response to extreme 

events, then it is important that accurate information regarding the risk and resilience of critical infrastructure is approached in a 

consistent manner throughout the country.  It remains to be determined whether UK WSPs can manage risk and resilience as part 

of a multi-agency approach, primarily as there needs to be greater and more consistent engagement of WSPs in the multi-agency 

risk assessment process. 

This research was funded by the UK Engineering & Physical Sciences Research Council (EPSRC) project Safe & SuRe 

(EP/K006924/1). 
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ABSTRACT: The risk assessment of energy technologies is a mature and established scientific field with a strong quantitative 
foundation. Numerous important conceptual and methodological achievements since the 1980s continuously advanced its state-
of-the-art. Particularly in the past two decades a more integrated perspective on risk assessment has emerged by combining it 
with the overarching concepts of sustainability, energy security and resilience. This complex interplay is illustrated by a case 
study that assesses the energy security and sustainability implications of different global energy scenarios using Multi-Criteria 
Decision Analysis. No single scenario meets all sustainability and security of supply criteria, but the results indicate a trade-off 
between strong CO2 policies and economic performance, whereas environmental and social objectives do not seem to be in 
contradiction to a secure supply. In summary, there are clear synergies between protection of climate and security of supply.  

Keywords: comparative risk assessment, sustainability; energy security, resilience. 

1. INTRODUCTION 

1.1 Historical considerations and definition of risk 

Historical considerations of risk assessment sometimes go back to our prehistoric ancestors (Inhaber, 2004), but the term risk in 
its present-day meaning came first in use in the 12th and 13th centuries when seafarers and merchants in Italian city states (e.g. 
Genoa, Venice) began to take uncertainties as a chance to improve their welfare (Zachmann, 2014). In the late 14th century 
merchant bankers began to split the finance and insurance components by drawing up separate contracts for the debt and the 
marine insurance (Buckham et al., 2011).This innovation then spread through Europe and about 300 years later was adopted in 
England in places like Lloyd’s Coffee House (Daston, 1987). According to Artikis and Artikis (2015) a dispute between Voltaire 
and Rousseau about the earthquake of Lisbon in 1755 marked the start when risk moved into the logical space. 

Despite the long history of risk and its assessment, there is still no unique and generally agreed definition of the term and concept 
of risk. Haimes (2009) and Aven (2012) offer comprehensive overviews on the topic by discussing the many existing definitions, 
the elements that they are constituted of, and the disciplines in which they are used. Many of the definitions emerged in the last 
30-40 years, which also coincides with the development of risk analysis into a quantitative and mature scientific field (Aven, 
2012). A simple and still widely used definition of risk in engineering and natural sciences is the one given for example in 
Lowrance (1976) where “risk is a measure of the probability and severity of adverse effects.” For example Renn (2008a) adds 
one more element to this definition, i.e. the specific context in which the risk may materialize. This is also in line with the earlier 
definition given by Kates et al. (1985). For a concise overview of disciplinary risk concepts and integrated approaches the 
following two articles provide a good starting point (Renn, 2008a, Renn, 2008b). 

1.2 Major developments and milestones in risk assessment and its application to energy systems 

While the above mentioned insurance trade was at the beginning towards a quantitative understanding of risk, applications and 
problems in electrical engineering (e.g. Bell Telephone System) pioneered quantitative approaches to system safety and 
reliability (Zachmann, 2014). Furthermore, safety engineering in the aerospace and defense sector promoted quantitative and 
qualitative methods of risk assessment (Rip, 1986). The US Reactor Safety Study led by Rasmussen resulting in the WASH-1400 
report represents a landmark in Probabilistic Safety Assessment (PRA), and spread to other disciplines and countries (US NRC, 
1975). More recently, the most important achievements in risk analysis since the 1980s were discussed by Greenberg et al. 
(2012), whereas Aven and Zio (2014) present an overview of foundational issues in risk assessment and management. 

Early applications to accident risks of energy technologies include the studies by Inhaber (1979), Rasmussen (1981) and 
Fritzsche (1989). In 1998, a comprehensive report on accident risks of various major energy chains was published, based on the 
Energy-related Severe Accident Database (ENSAD) that was developed at the Paul Scherrer Institut (PSI) (Hirschberg et al., 
1998). Since then, ENSAD has been regularly updated and extended to keep up with the steadily growing historical experience, 
to take into account emerging and novel risks, and to accurately respond to specific user needs (e.g., Burgherr et al., 2014, 
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Burgherr et al., 2013). For an up-to-date overview several recent publications and references therein can be recommended 
(Burgherr et al., 2015, Burgherr and Hirschberg, 2014, Burgherr et al., 2013). 

2. INTEGRATION OF RISK ASSESSMENT IN OVERARCHING CONCEPTS 
On the one hand, the concepts of risk, sustainability, energy security and resilience experienced significant advancements in the 
past four decades, concerning both conceptual frameworks and methodological approaches (see for example Ang et al., 2015, 
Aven, 2016, Ganin et al., 2016, Hosseini et al., 2016, Pasman and Rogers, 2015, Sala et al., 2015, Singh et al., 2009, Winzer, 
2012, and references therein). On the other hand there have been numerous attempts to compare and/or combine some of these 
concepts by looking at common elements, interfaces and relationships and their complementary or synergistic potentials to 
analyze the same problem or system from different perspectives.  

Risk and sustainability are two concepts that often rely on quantifiable indicators to measure and/or compare specific 
characteristics of systems that are relevant in decision making processes (Gray and Wiedemann, 1999). Concerning the 
comparative assessment of energy technologies, the joint evaluation of safety (i.e. risk related) and sustainability aspects is well 
established, including conceptual and methodological overviews and developments (e.g., Hirschberg and Burgherr, 2015, 
Musango and Brent, 2011, Santoyo-Castelazo and Azapagic, 2014) as well as evaluation of different energy technology 
portfolios (e.g., Burgherr and Hirschberg, 2014, Sovacool et al., 2016). 

The International Energy Agency defines energy security as “the uninterrupted availability of energy sources at an affordable 
price” (IEA, 2014). Although energy security has been a concern for more than a century, it has been long focused on the aspect 
of security of supply (e.g., Cherp and Jewell, 2011), it is nowadays recognized as an umbrella term and it has been 
conceptualized in many different ways (e.g., Chester, 2010). Furthermore, numerous studies proposed approaches to combine or 
integrate the concepts of energy security, sustainability and resilience in the past decade or so. 

In their study for Northeast Asia, von Hippel et al. (2011) argue that a broader definition of energy security has many overlaps 
with the concept of sustainability, and thus policies to enhance energy security can also be beneficial from a sustainability 
perspective. Radovanović et al. (2016, in press) propose a new energy security indicator including long-term sustainability that 
they then apply to the 28 European Union countries. The energy security assessment of Sovacool (2013) compares 18 countries 
across the globe that differ in their level of development and industrialization. Lastly, Narula and Reddy (2015) highlight the fact 
that different indices to measure the level of energy security and sustainability of individual countries may lead to inconsistent 
rankings because they do not measure the same aspects and/or how the final aggregated scores are calculated. 

The concept of sustainability and sustainable development has become the dominant model of societal development since the 
1990s (Noll, 2002), energy security particularly emerged as a major priority of national and international energy policy efforts in 
the 2000s (Winzer, 2012), whereas the more recent government and policy emphasis on resilience is also reflected in academic 
research publications that have strongly increased since 2010 (Hosseini et al., 2016). Despite these distinct “waves”, there are 
also numerous studies that jointly address two or all three of these concepts. While Grafakos and Flamos (2015) compare 
different low-carbon energy technologies in Europe against a set of sustainability and resilience criteria, Redman (2014) provides 
an analysis if resilience and sustainability approaches should be combined or applied separately to make best use of their 
strengths. Examples for evaluations of all three concepts together include studies for urban planning (Coaffee, 2008) and energy 
systems (Kisel et al., 2016, Molyneaux et al., 2016). 

In the remainder, a case study conducted within the European Union Project SECURE (Security of Energy Considering its 
Uncertainty, Risk and Economic implications) is presented to demonstrate necessary tradeoffs and potential synergies between 
sustainability and energy security aspects, suggesting that integrated policies can ultimately increase overall system resilience. 

3. CASE STUDY: POLICY OPTIONS FOR SAFE, SECURE AND SUSTAINABLE ENERGY SUPPLY 
A detailed overview of the Multi-Criteria Decision Analysis (MCDA) to assess the energy security and sustainability 
implications of different energy scenarios within the SECURE project is given in Eckle et al. (2011). Four policy scenarios were 
analyzed, namely the ”Baseline scenario” (BL) without CO2 policies, “Muddling Through” (MT) with weak and non-coordinated 
climate policies in the different world regions, “Europe Alone” (EA) where Europe implements stronger climate policies than the 
rest of the world, and a “Global Regime” with sub-scenarios for two carbon markets (FT1) and full trade for CO2 (FT2). To test 
the sensitivity of the policy scenarios, three types of external shocks were introduced into the main scenarios: a “fossil fuel price 
shock” (BL, MT, EA), a “nuclear accident” (BL, MT, FT), and “no Carbon Capture and Storage (CCS)” (MT, EA, FT). In total, 
13 indicators were quantified for the four baseline policy scenarios and the associated shock scenarios. The indicators represent 
the three pillars of sustainability (i.e. environment (ENV), economy (ECO) and society (SOC)), but also address specific energy 
security (ESC) aspects (Table 1). For the MCDA, the weighted-sum algorithm was used because it provides a transparent and 
simple way to derive scenario rankings, including contributions from individual indicators, and thus generally has a good 
acceptance particularly among high-level stakeholders responsible for policy formulation and strategy development. 

The scenario space was explored systematically by varying indicator weights. Figure 1 shows results of two example preference 
profiles, focusing on security of supply and economic aspects, respectively, i.e. 75% of the total weight is given to the ESC or 
ECO indicator groups, and the remaining indicators weighted equally. Generally, the most stringent CO2 policies consistently 
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outperform the scenarios with weaker CO2 policies, except for the economy centered profile, as illustrated in Figure 1. This 
indicates a trade-off between strong CO2 policies and economic performance, whereas environmental and social goals seem not 
to be in contradiction to a secure supply. Concerning shocks, the price shock and nuclear accident scenarios perform better 
respectively considerably worse than the corresponding baseline scenarios under all investigated preference profiles, whereas for 
the CCS shocks the results differ between the scenarios and strongly depend on the chosen preferences.  

Table 1: Overview of MCDA indicators. *: Diversity is 
calculated using the Shannon-Wiener index. 

Figure 1: MCDA-based scenario ranking for security of supply and economic 
centered preference profiles. Abbreviations are explained in the text. 

Indicator (Unit) 
ENV: CO2 emissions world (t CO2 / capita) 

ENV: CO2 emissions EU27 (t CO2 / capita) 

ECO: Energy expenditure world (USD / GDP) 

ECO: Energy expenditure EU27 (USD / GDP) 

SOC: Average accidental fatalities (Fatalities / year) 

SOC: Consequences of worst accidents (Fatalities) 

SOC: Oil spill risk (million tons) 

SOC: Terrorism risk (Fatalities) 

ESC: Diversity* EU27 Consumption (Factor) 

ESC: Share of energy imports EU27 (Factor) 

ESC: Diversity* world oil market (Factor) 

ESC: Diversity* world gas market (Factor) 

ESC: Diversity* world coal market (Factor) 
 

 

4. CONCLUSIONS 
No single scenario meets all sustainability and security of supply criteria, i.e. trade-offs are inevitable. Given balance between 
environmental, economic, social and security of supply criteria, the global regime scenarios (without shocks) perform best while 
the baseline scenario is consequently worst. This result is with two exceptions quite stable with respect to the variations of 
preference weights. The exceptions are economy-centered profiles and/or high importance assigned to the aversion towards worst 
consequences of severe accidents. Under the assumptions made in the SECURE project, the global regime scenarios are highly 
vulnerable to shocks in form of a very severe nuclear accident and/or failure to implement carbon capture and storage on a large 
scale. In summary, there are clear synergies between protection of climate and security of supply. Meeting ambitious GHG-
emission reduction goals by means of successful decarbonization of the energy supply system through expansion of renewables, 
nuclear and CCS, combined with very extensive efficiency improvements, is also highly beneficial for security of supply. 
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1. Women, Risk, and Gendered Vulnerability: Why does Gender Matter in Safety Policy? 

 

Risks and violence arise from power relations built in the social structure. Too often, these power relations are 

gender-based and work unfavorably towards women. Consequently, women are often likely to be situated in 

riskier or less unsafe circumstances compared to their male counterparts. Thus, safety policies for women should 

be broad enough to respond to the diverse contexts of risk occurrences rising from gender inequality and 

discrimination. Gender-based violence, such as domestic and sexual violence, is a major risk factor for women. It 

is particularly shaped by private relationships between women and men, which varies widely depending on the 

characteristics of the violence that occurs.  

In this study, we argue that safety policies for women to prevent gender-based violence require a more 

micro-approach than before. By micro, we mean that policies should focus on the level of local communities, 

places in which women actually reside and maintain their daily life. Each local community differs in its physical 

and intangible infrastructures. Such infrastructures determine gendered risk factors that might affect causes, traits, 

and results of occurrences of gender-based violence. Our study focuses on and analyzes the intersection between 

regional traits and gender-based violence to design more effective plans for risk management by the government.    

We investigate potential factors in the local environment that might induce a higher possibility for gender-

based violence in Seoul City, South Korea. Our study employed two empirical strategies.  

First, we developed the Women’s Safety Index (hereafter, WSI) with the local community as the measurement 

target group. WSI measures a number of items reflecting local characteristics of women’s safety – e.g., socio-

economic status, the proportion of female-headed households, etc. We found that a correlation exists between 

WSI and women's safety conditions in several cases. Then we categorized Seoul’s regions into three different 

clusters according to the safety level of gender-friendly environment.   

Second, we conducted a comparative analysis between regional spots in Seoul that have a relatively high 

frequency of gender-based violence (hot spots) and spots that have a relatively low frequency of gender-based 

violence (cold spots). We employed two sources to differentiate between hot spots and cold spots. We analyzed 

42,617 cases of domestic violence in 2014 obtained from the domestic violence helpline operated by the Seoul 

Metropolitan Police Agency (SMPA); next, we were provided with 389 cases of sexual violence. The cases were 

                                           
i This study is based on parts of “Chang, Mi-Hye., Park, Bok-Soon., Sunghoon, Rho., and Jiyoun Jeoung. 2014. Current situation 

of women’s safety in local setting and ways to strengthen capability to respond to crisis: centered in Seoul Metropolitan City. 

Korean Women’s Development Institute.”  
ii Director, Research Department for Women’s Human Rights & Safety, Women's Development Institute (Correspondence 

author: mhchang@kwdimail.re.kr) 
iii Associate professor, the Department of public administration, Korean National Police University 
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sexual and indecent assaults occurring from 2012 to 2013 in the Gangseo district of Seoul. The data was provided 

by the Korea Information System of Criminal Justice Services (KICS). Then we employed geo-coding analysis by 

using an X-Ray map which divides Seoul into 25 different administrative districts. We found that a significant 

difference exists between hot spots and cold spots depending on the environmental traits of a given local 

community.  

Our study results positively affirm that intentional and cooperative efforts should be put into setting up a 

prevention system against gender-based violence. Such a system possesses high potential for drastically reducing 

violence against women in local communities around the world. 

 

2. A Comparison Analysis between Regions in Seoul City and the Developing of a Women’s 

Safety Index  

 

In order to determine the safety status of women in Seoul, we developed an index measuring the environmental 

factors that affect the community regarding gender-based violence and analyzed the correlations. The candidates 

to be included in the Women’s Safety Index (WSI) were selected after a review of precedent research and 

conducting of FGIs (Focus Group Interview) regarding violence against women. The selected indicators were 

converted into weighted scores standardization through the Z- score method. The final selection of indicators for 

WSI is described in <Table 1>. 

Zscore𝒾 = X𝒾=Mean𝒾
Standard Deviation𝒾

   (𝒾 = Index) 

 

<Table 1> Constructing Women’s Safety Index (WSI) for Cross-Regional Comparisons 

Types Sub-indices Calculation of Indices Sub-weights Weights 

Socio-

demographical 

factors  

Population density - 1 0.16 

Residential population Residential Pop. = general households + 

group households (households in non-

family relationship over 6 persons 

including dormitories, social facilities etc.) 

1 

Floating population Populations coming in and out in the 

district with reporting as residents 

2 

Proportion of Early divorce Early divorce(%)=total pop. who were 

divorced/mid year pop., per year 

2 

Proportion of women - 2 

Socio-

economical 

factors 

Subjective recognition of the 

class 

10 point scale: subjective recognition on 

household income level 

1 0.15 

Households receiving public 

assistance 

- 1 

Proportion of Female-headed 

households 

Female-headed households/total 

households X 100 

2 

Experience of Job insecurity Per district, in 2013 3 

Financial independence of 

districts 

- 1 

College graduates - 1 
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Residential 

environment 

Regional recognition on Crime 

and violence occurrences 

Per district, in 2013 4 0.17 

Regional recognition on 

insanitary streets 

Per district, in 2013 1 

Regional recognition on traffic 

violation 

Per district, in 2013 1 

Proportion of Apartments１ -  1 

Regional sale price of a house - 1 

Social trust - 1 

Regional Life satisfaction  10 point scale, average 3 

Public security Number of police officers - 2 0.25 

Number of CCTV installations Per district 1 

Managing population Per patrol 

unit 

Population reported as residents/Total 

patrol units per district 

3 

Number of entertainment 

business or restaurants 

- 4 

Safety-related 

infrastructure 

Experience of risks Per district, in 2013 1 0.25 

Experience of crimes  Per district, in 2013 4 

Residential security - 4 

Recognition on Safety of the 

Districts 

- 1 

 

<Figure 1> The Relation between WSI and Total Cases Reported Domestic Violence per 1,000 Pop. 

ID WSI ID WSI ID WSI 

 

001 -16.12 010 -8.45 019 -17.83 

002 -9.97 011 35.85 020 -0.95 

003 -13.29 012 -4.02 021 -7.53 

004 -11.33 013 -12.08 022 36.05 

005 14.67 014 7.71 023 21.64 

006 -7.71 015 22.45 024 16.39 

007 -14.43 016 -6.80 025 10.01 

008 21.97 017 -16.55   

009 -10.10 018 -29.57   

 

 

Upon calculating WSI for Seoul’s 25 administrative districts, we found that Gumchun-gu２

                                           
１Apartments are a usual form of housing for the middle-class households in South Korea 

 has the lowest WSI 

(-29.57), and Seocho-gu (36.05) has the highest WSI. In particular, the most affluent regions in Seoul, such as 

Gangnam-gu (21.64), Seocho-gu (36.5), and Songpa-gu (16.39) are all ranked high as safe areas for women. Such 

a result suggests that income inequality may be an influential factor related to gendered risk. 

２The word of ‘Gu’ means a formal administrative district in Korean. 
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When considering the five indicators composing of socio-demographic factor, socio-economic factors, 

residential environment, housing, public security and safety-related infrastructure, we were able to distinguish 

between three clusters with regard to the correlation between WSI and the total cases of reported domestic 

violence per 1,000 persons. The [1st Cluster] showed the lowest WSI among the three clusters, and it was the 

cluster with the highest risk level in the occurrences of domestic violence. Although the [2nd Cluster] does not 

differ much in WSI from the [1st Cluster], the regions in the [2nd cluster] showed lower cases of domestic violence. 

The [3rd Cluster] is the safest area as it showed the highest WSI and reported the least occurrence of domestic 

violence.  

 

3. Cross-regional Comparison of Hot spots for the Investigation of Gendered Risk Factors in 

Seoul    

 

In order to investigate the local environment regarding women's risk and safety, we employed the Hot spots 

(violence-frequent areas)-Cold spots (control areas) analysis. Hot spots refer to areas with high concentration of 

crime. Crime is likely to occur repeatedly in certain areas according to the spatial distribution of risk factors. Hot 

spots show a distinct quality in terms of social, physical, and environmental factors that cause crimes as compared 

to other regions. We adopted geo-coding techniques as an analysis method, which help to differentiate between 

hot spots and cold spots regarding gender-based violence and women's safety. Through our analysis, we 

identified areas with a higher occurrence of domestic and sexual violence among the 423 sub-districts belonging 

to the 25 districts of Seoul. Then we used Anselin Moran’s I coefficient of ArcMap to visualize the similarity and 

the dissimilarity between the regions. The equation used is shown below.３

 

  

𝐼 =
𝑛∑∑𝑤𝑖𝑗(𝑥𝑖−�̅�)(𝑥𝑗−�̅�)

𝑊∑(𝑥𝑖−�̅�)2
  (wij = spatial weights４, x� = means, n = observations) 

 

We used the grid as a basic unit of spatial analysis. By utilizing the Spatial Join Method, we calculated the 

incidence of domestic violence and sexual assault cases reported in each grid. To compare the regional 

differences between hot spots and cold spots, we conducted a survey examining the traits of local communities 

at the selected areas represented as hot spots and cold spots.  

 

1) The Results of Domestic Violence 

 

We conducted a T-test to compare the spatial difference between hot spots and cold spots to examine which 

factors of the local community would affect the concentration of gender-based violence. We found that hot spots 

were lower in the standard of living than cold spots. The difference was statistically significant. The result means 

that one of the most important factors to affect the occurrence of domestic violence is the economic factor. In 

addition, economic level is a more influential factor than the civic participation in the local community to 

                                           
３ Concerned with Moran’s I coefficient, we referred to Aselin, Luc. 1996. “The Moran scatterplot as an ESDA tool 

to assess local instability in spatial association.” in M. Fisher, H. J, Scholten, and D. Uniwin (eds.) Spatial Analytical 

Perspectives on GIS. Taylor and Francis. PP. 11-125. 
４ The wij have higher values when the i and j of separate spatial units are in shorter distance.  
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determine the difference between hot spots and cold spots.  

 

<Figure 2> Hot Spots of Domestic and Sexual Violence by District  

    
Gumchun-gu, Seoul 

(Domestic Violence) 

Dobong-gu, Seoul 

(Domestic Violence) 

Jungrang-gu, Seoul 

(Domestic Violence) 

Gangseo-gu  

(Sexual Violence) 

 

<Figure 3> The Example of choosing hot spots and cold spots: Gangseo-gu, Seoul 

 

 

2) The Result of Sexual Violence 

 

We found that the only factor which causes the 

regional difference in sexual violence was the extent of 

exchange with neighbors. These results were 

consistent with the Social Capital or Collective Efficacy 

theory, which means social trust and networks 

contribute to strengthen women’s safety in the local 

community.  

 

4. Discussions 

 

Our study’s results can contribute to improve government policies of risk management strategy that enables 

women to reside, maintain and enjoy a safe life in their local community. We suggest several policy designs that 

can be possibly adopted at the local level. First, providing new safety services for women by developing ITC 

(information technology Communication) applications(e.g., enlarging the installation of CCTVs, developing a 

location tracing app for safety commuting services, establishing safety map for women, etc.) can be a useful and 

effective measure. Second, the development and implementation of region-specified plans are critical. Such plans 

should be connected with the unique characteristics of each local community or life space for women’s safety. 

Third, the government should strengthen bottom-up risk governance. Such governance should bring about a 

local community collaboration system between public institutions, advocating groups, and other civic members.  
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ABSTRACT: In a cosmopolitan age, it is inevitable situations that many tourists and business people have visited various 

countries. It promoted worldwide economic growth and cultural exchanges. However, it also has brought side effects which are 

frequent terrorist attacks and the outbreak of the pandemic diseases. For instance, a Korean was infected with the Middle East 

Respiratory Syndrome. Actually, the MERS is a viral respiratory syndrome that was frequently reported in the Middle Eastern 

nations such as Saudi Arabia. The pandemic disease caused many deaths in Korea where is located in the eastern of Asia. The 

damages were a fall of the Korea Composite Stock Price Index, negative consumer sentiment, domestic stagnation and social 

unrest atmosphere. Before the MERS was reported in Korea, the SARS and the Novel swine-origin influenza A(H1N1) were 

prevalent and it sent shock through the Korean society. It means that Korea is not a clean country from infectious diseases. As a 

result, we need to study to manage infectious disease. When the infectious diseases are prevalent, wrong awareness, prevention 

education and belated responses made various economic and social damages. So a government, businesses and private sectors 

have taken an active interest in pandemic diseases management Especially, the government has more interest in the management 

system because the infectious disease management capacity is a kind of national capacity and status. In this study, we studied 

Korean infectious disease control system and found out the weakness. Finally, we tried to make up for the weak points in the 

current infectious disease control system in Korea and then suggest complementary control system. 

Keywords: Infectious Diseases, MERS, Infectious Disease Control System. 

1. INTRODUCTION 

In 2015, the Middle East Respiratory Syndrome, MERS threw Korea into a chaotic state. The full consequences of the MERS 

outbreak could top 186 cases, 38 deaths and the 16,000 people in quarantine. Korea had the second-largest number of MERS 

cases in the world after Saudi Arabia, which has reported more than 1,000 cases since 2012.  

The situation caused widespread panic in South Korea. MERS paralyzed the normal function of hospitals, schools and public 

offices, and lives of people became harder. The Korea Composite Stock Price Index fell and tourist didn’t visit Korea. At that 

time, Korea experienced the economic slump. The rumours about MERS had been bruited but the rumours turned out to be false. 

However, Korean society was gripped by a state of fear.    

As a result of the experience, Korea recognized the needs for infectious disease control system which could respond effectively to 

the occurrence of an infectious disease and manage outbreak from the disease.  
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2. BODY 

2.1 theoretical background 

The concept of infectious diseases isn’t strange because there were various infectious diseases since ancient times. However, the 

infectious disease shed new light in these days. Regional infectious disease could spread all over the world with the development 

of transportation. As infectious disease became one of the major disasters in modern society each government focused on the 

infectious control system. If a government failed initial countermeasure to infectious diseases the government would be deprived 

of power to lead and control the country.  

In Korea, there were some infectious diseases after the 2000s. For example, they were SARS in 2003 and MERS in 2015. SARS 

stands for severe acute respiratory syndrome. The horrible infectious disease had even changed the life style of people. In case of 

MERS it especially had done enough damage to economic and social aspects in Korea.  

 

2.2 Methodology 

Research process follows bellow order 

1. Doing comparison analysis between SARS and MERS cases. 

Table 1: SARS(2003) vs MERS(2015) 

 SARS(2003) MERS(2015) 

First occurrence  November 2002(China) September 2014(Saudi Arabia) 

First occurrence in Korea  April 2003 May 2015 

The number of infections 8,400 (Korean: 3 ) 1,100 (Korean: 186) 

The death toll 810 (Korean: 0 ) 470 (Korean: 38) 

The number of the quarantined 2,200 16,000 

 

In Korea, those diseases produced different results such as economic and social damages. Because they had different response 

strategies and actions. When the SARS occurred Korean Government responded actively. For example, the government 

organized an advisory committee to control the disease and frantically tried to track the infected patients. Also Korean 

government disclosed information about the disease and it made the people have caution. Early detection made that Korea could 

control effectively and bring less damages.  

However, in case of MERS it brought various and huge damages. According to CDC of USA early detection for patients and 

contact brings effective control following implementing home care and isolation or quarantine of people not requiring 

hospitalization for MERS-CoV. Korea also need the kind of guidelines for first response.  

 

2. Surveying recognition and needs of Korea Center for Disease Control and Prevention personnel about infectious control 

system.  

 

3. Studying foreign case; infectious disease control system of USA. 

Table 2: comparison analysis between Infectious control system of USA and Korea 

 USA KOREA 

Infectious control system 

Supervision of Center for Disease Control and 
Prevention(CDC) 

Support from Department of Homeland 

Security(DHS) 

Supervision of Korea Centers for Disease 
Control and Prevention(KCDC) 

Role of 
supervision 

Response 
CDC Emergency Operation Center in KCDC 

The central government control tower Early detection & rapid response 
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department Epidemiological survey 

Situation 
management 

Emergency Operation Center(EOC) in CDC Emergency Operation Center(EOC) in KCDC 

Disaster situation management situation management with a 24-hour EOC 

Specialized 
supports 

National Institute of Health Korea National Institute of Health 

Infectious disease studies Infectious disease studies 

National Disaster Management 
DHS Ministry of Public Safety and Security 

Overall coordination Overall coordination 

  

4. Suggesting infectious control system concepts and improvements.  

  

Fig 1: Governance network (Lee, 2006)          Fig 2: Governance dimensions and economic performance (Joachim, Patrick, 2006) 

The Governance which includes accountability, participation, transparency, predictability is a base on network among people, 

administrative agencies, enterprises and NGO. The network’s goal is an effective disaster management by coordinating 

stakeholders. Especially, infectious disease control is an important role of a government so the government focused on a key to 

the settlement of an infectious disease outbreak. The Governance is a kind of ways to coordinate in the process of managing 

national economic and social resources (World Bank, 1992) and solutions to control infectious disease outbreak.  

 

3. CONCLUSIONS 

The infectious disease could be a catastrophe to many countries and it causes various damages. Countries around the world 

recognized the need to study new infectious diseases and began heightening vigilance against Infectious diseases. Also Korean 

society is exposed to the disaster and needs to review and make improvements to control the disaster. Korean society are not only 

creating a system that responds various infectious diseases but training the staff of the related ministries to prevent the outbreak. 

Furthermore, efficient disaster management could be achieved through many studies about infectious diseases and sharing 

information. 
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ABSTRACT: In order to prepare and response for the flooding damage in an urban area due to abnormal climate 

and disaster circumstance changes, the integrated inundation prediction model, which is dependent on the 

complicated drainage systems of an urban area, is necessary to forecast and warn about inundation. The purpose of 

this study is to develop inundation prediction model that interlinking ground and rain water pipe network space in an 

urban area. Especially the model was developed in consideration of factors such as the buildings, roads, grate inlets, 

and underground that affect the flow in an urban areas. In order to verify the applicability of the developed model it 

was applied to a pilot for different urban areas and rainfall events. In addition, a comparative analysis was carried 

out with the existing model to verify the accuracy of the developed model. As a result of the comparison, the 

developed model was more accurate than the existing model and had higher availability. The developed model in 

this study can be utilized to build real-time urban flood forecasting and warning system in the future. 

Keywords: urban flood, flood forecasting, real-time, inundation analysis 

1. INTRODUCTION 

Recently, from abnormal climate and disaster circumstance change due to urbanization and industrialization, 

damage scale of urban areas becomes bigger and the prediction for flooding inundation is harder. To create a strong 

city against urban flood disasters, development of flood inundation prediction model that can take into account the 

runoff and flow characteristics of the urban areas is needed. This study puts the final goal to propose the 

development of inundation prediction models correlated with urban ground-rainwater pipe network on the basis of 

real time in order to predict inundation phenomena occurring in urban areas. By modularizing each component such 

as roads, buildings and grate inlets in the urban areas, this study sought to overcome the commonly-used existing 

model's limitations and develop a model that can trace flow more practically.  

2. DEVELOPMENT OF URBAN FLOOD ANALYSIS MODEL  

2.1 Development of ground runoff prediction model 

To study rain water falling on the surface of city areas, a good model should be chosen, which can appropriately picture the 

general ground appearance of the surface water. The existing runoff analysis based mainly on the empirical study has utilized 

mostly to look in undeveloped areas' surface runoff and been unable to factor into diverse facilities. Urban areas where are 

affected on surface rain water runoff by all kinds of infrastructure and facilities such as road, storm water grate inlets, 

embankment road, buildings, trenches, and water permeable pavement can never be disregarded, such existing runoff analytical 

methods give only limited outcomes. Considering these, we selected, for this study, a grid-based distribution type model capable 

of reflecting the status of urban surface. Independent drainage area not affected by the downstream water level (employing the 

nonlinear storage equation) 

To estimate rain water inflow rate through the storm water grate inlets, water flowing into rainwater pipe-network(RWP-

Network) via the storm water grate  inlets should be measured first and through flow deliberation to the trench RWP-Network 

model analysis module, its connection with the RWP-Network model should be established. The surface model compares the 
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allowed max discharge capacity of the RWP-Network linked to a node and the inflow rate from storm water grate inlets. If the 

inflow is smaller than the discharge capacity, it is eliminated from the surface and in the other cases, it is left on the surface . 

                      

Figure 1. Process of surface rain water inflow into                               Figure 2.Concept map of storm water grate inlets module 

RWP-Network via storm water grate inlets 

 

If coordinate system is divided horizontally and vertically at identical intervals, the right side of the upper left corner is the 

forward direction of x, and the down side of it is the forward direction of y. For the convenience of calculation, every grid in the 

scope will have one-dimensional arrangement (k) and then its own turn. Urban surface situation affecting rain water flow 

includes surface cladding, buildings, embankment road, storm water grate inlets, retention type terrain, detention facilities, etc. 

This study modularizes these elements and structured as follows. 

                         

Figure 3. Coordination of ground runoff prediction model                  Figure 4.Concept map of storm water grate inlets module 

2.2 Development of rainwater pipe network runoff prediction model 

Considering the fact that, of the models appropriate for this study, source codes of models other than EPA SWMM are not 

available, The EPA SWMM's Extran block was selected as the RWP-Network runoff prediction model in this study. In order to 

link the two models (ground runoff and rainwater pipe network runoff prediction model), some coding of the SWMM4.4H 

model's Extran blocks has been modified. 

 

Figure 5. Concept map of module linking ground runoff prediction model and RWP-Network runoff model 

2.3 Development of urban flood analysis model  

In this study, we dismantled two models (ground runoff prediction model and RWP-Network runoff model) into pieces and re-

made as a single model to build the urban flood analysis model. In case flooding is indicated as a results of RWP-Network 

analysis and concerned grids' ground runoff. The final flooding inundation is combined and assigned to the grids. 
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Figure 6. Combination of hydrograph from surface runoff analysis and flooding flow hydrograph 

 

3. APPLICATION OF URBAN FLOOD ANANYSIS MODEL 

3.1 Selection of Study and Establishment of Input Data 

Taking into account the past flooding damage history and downtown drainage system together, this study selected Seocho-gu and 

Gangnam-gu(the whole area of Gangnam Station) as the study area for urban flood inundation analysis. The Table. 1 shows input 

data which were used for simulation of the developed urban flood analysis model (UFAM). 

 

Table1. The used input data 

Rainfall 
Frequency 10yr, 20yr, 30yr, 40yr, 50yr 

Duration 30min 60min, 120min, 180min 

Test-bed Gangnam Basin(Seocho-gu and Gangnam-gu) 

Input-data 
Rainfall data, Subbasin data, Swer-network data, DEM data, Land use data, Hydrological 

Soilgroup data, Building data, Impermeable wall data, Grate inlet location and slope data 

 

3.2 Results and Analysis 

3.2.1 Review of Inundation Aspects 

This study analyzed the UFAM Model and XP-SWMM Model as the existing model simultaneously for comparative review of 

the inundation analysis results; the analysis results showed that the inundation range of UFAM Model was distributed in wider 

areas in comparison with that of XP-SWMM Model. The such an inundation analysis result can be interpreted as the inundation 

occurrence phenomenon by the integrated discharge while rain water was flowing down along the topographical slope before it 

was brought in street inlets, showing good expression of strong points of UFAM Model.  

                 

(a) UFAM                                                                   (b) XP-SWMM 

Figure 7. Comparison of inundation analysis results  
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3.2.2 Hydrological balance 

For hydrological balance analysis, This study carried out calculation of the error rate over the gross amounts of precipitation after 

subtracting infiltration volume, inflow into the sewer network, and the earth surface residues of the last simulation from the gross 

amounts of precipitation falling within the basin.  As a result of analysis, the error rate was calculated to be under 3.0% in all 4 

areas, and it is judged that the error rate stays at an optimum level considering that the 4 areas are were large scale basins on a 

'Gu' unit. 

Test-bed 
(a) Rainfall 

(m³) 

(b) Infiltration 

(m³) 

(c) Pipe inflow 

(m³) 

(d) Ground remain 

(m³) 

Error 

(%) 

Gangnam 2,986,833 1,243,214 1,556,800 116,893 2.3 

※ Error(%) = [∣ (a)-(b)-(c)-(d))∣ ] / (a)] × 100 

3.2.3 Extended application and verification of UFAM  

For the extended application and verification of the model, we simulated three areas (Dongseo-ogeori in Ulsan, Samsan pump 

station in Ulsan city and Oncheoncheon in Busan city). In the case of the Dongseoogeori basin, the retention type land nearby 

Suam-market was flooded. In UFAM model, the rain water flowed into the pipe network well. However, in the XP-SWMM 

model, the surface water could not flow into the pipe network because basin does not have some nodes. The result of the 

comparisons showed that inundation depths of the UFAM model are similar to real inundation depths. So applicability of the 

UFAM model is satisfactory. 

       

(a) UFAM                                       (b) XP-SWMM                       (c) XP-SWMM(Node addition) 

Figure 8. Inundation analysis results (Dongseo-ogeori basin in Ulsan) 

4. CONCLUSIONS 

To effectively predict the inundation phenomena occurring in urban areas and conduct the real-time forecast and 

warning, correct traces of rainwater flows occurring in the ground and pipe network spaces of urban areas and short 

simulation time can be essential. So, we are developing the ground-pipe network integration inundation prediction 

model through algorism development of connected interpretation of the ground runoff prediction model and pipe 

network runoff prediction model. This study made it possible to substantially flooding inundation analysis in urban 

by integrating the flow of ground and pipe network. Based on such findings of this study, we expect that a urban 

flood forecast/warning system can be realized. 
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MULTIMEDIA  ATLASES  of  SEISMO-MATRICES  
and  SEISMO-SHAPE  GAME 
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ABSTRACT: This Extended Abstract summarizes some original, “unthinkable tools” for Transferring Knowledge from Seismic 
Research into Practical Application. The said tools are part of a forefront Research-Project (in progress since 2008, about “Italian 
Earthquakes”), carried out by «intraVidére» and focused on creating and developing new Concepts for organizing – in each 
Country, as a Research-Format –  suitable “Earthquake-Forecasting-Models”, opening new ways for Seismic Prevention and 
reduction of Vulnerability. An original Seismo-Shape Game is also briefly described. 

Keywords: Creativity, Interdisciplinary approach, Integrated Processes, School, Vulnerability, Awareness. 

1. INTRODUCTION:  OVERTURN the VISION 

[i] MULTIMEDIA ATLASES of SEISMO-MATRICES and SEISMO-SHAPE GAME are “Unthinkable Tools” for 
Transferring Knowledge from Science into Practical Application .  
These are just some of the goals of the interdisciplinary Project JOURNEY in ITALIAN EARTHQUAKES, a visionary global 
Research-Project – in progress since 2008 – focused on the creation of a new "Conceptual Format" together with its Innovation 
Processes, capable of revolutionizing the traditional approaches in the study and management of Seismic problems. 
For this purpose, we must have, more and more, an open mind to changes; an open mind to interdisciplinarity; we must have the 
courage to experiment "new things": even unconventional methodologies and technologies; we must have the enthusiasm to walk 
at the forefront of innovation. In a few words, we must  “Overturn  our  Vision”, for providing new answers to ancient problems.   
 

[ii] The private Research firm intraVidére is the evolution of creative, entrepreneurial experiences, pursued in a variety of 
geographical and cultural backgrounds. It provides continuity for interdisciplinary scientific and professional experiences, that have 
evolved from as far back as 1949. To do Research for producing innovative goods and services, “revealing” what exists in reality, 
but that the eye is unable to see [this is the meaning of the Latin word «intraVidére»], is the mission of «intraVidére». 
Its important added values are the strong synergy between Creativity and Science and the capability to create innovation, by 
designing and implementing “Technological Integrated Processes”, in which different advanced Technologies and avant-garde 
Methodologies interact (thanks to sophisticated Algorithms tailor made) for achieving visionary goals and opening new ways, 
helping to build a better Future . 

 
2. EARTHQUAKE  PREVENTION and VULNERABILITY STUDIES: “NEW CONCEPT”  

[i] The proposed Conceptual Innovation revolutionizes the usual approaches according to which the analysis of Historical 
Earthquakes is carried out only from a Statistical Point of View.  
 

[iì] On the contrary, studying a Historical Earthquake Catalogue means to organize “intelligent synapses” within and among 
all the different multi-thematic aspects of the Historical Memory. 
 

[iìì] The present Research Project is based on a Process Innovation: the integration among Avant-garde Environmental 
Geotechnics Analyses, Multispectral Satellite Image Processing and discovering of “New Data” {the so called invisible 
information} within Historical Memory and Earthquake Chronicles, thanks to sophisticated methodologies and devoted 
Algorithms. The main parts of the logical sequence are summarized in the next points. 

 
3. EARTHQUAKE STUDIES: NEW FRONTIERS for OVERTURNING  the VISION  

3.1 First Section:  Historical Memory and Earthquake Chronicles Digitizing and Processing  

[ì] Important Historical Works and Earthquake Chronicles, even some very rare books  and documents, are selected to be 
fully digitized. Among all, it is important to mention (for the present Research) a complex work (the book is much more than an 
“arid” seismic catalogue) written by a pupil of professor Mercalli, the famous seismologist, father of the “Mercalli Intensity Scale”.  
 

 

[iì] The Creation and the Design of  Innovative Algorithms open new incredible frontiers to extract from digitized texts 
(books, documents etc.) new information  already existing but “invisible”.  

Important tool within the mentioned Algorithms is an “Integrated Knowledge Process”, innovating the “philosophy” of 
optical acquisition and reaching the so-called “intelligent digitalization”  (Kerisel, 1991). 
  

132



  

3.2 Second Section:  SEISMO-MATRICES  for  Processing  “Invisible  Information”  

3.2.1 Designing and Implementing  Seismo-Matrices   

Each “invisible information” is analyzed, filtered and normalized. All data are characterized, grouped and classified. The 
classes and the groups generated are merged all together into the following 7 designed basic matrices, where the earthquakes 
studied (about 1.400 in more than 2.000 years) are always the rows of each matrix.  

Seismo-Cities Matrix – The research activity relates to about 
700 Italian cities with more than 15,000 inhabitants. 
 

Seismo-Water Matrix – Sea, rivers, springs and other 
keywords, a total of more than 17, are selected for processing. 
 

Seismo-Soil Matrix – Landslides, foundation, settlements 
and other keywords, a total of more than 14, are selected for 
processing (Prakash, 1981). 
 

Seismo-DNA Matrix – The duration of earthquakes and of 
seismic swarms are calculated on the basis of Algorithms 
designed for this purpose; in some cases it is possible to 
discover earthquake epicenters and depths, together with 
other parameters, also “unexpected” parameters . 
 

Seismo-Damages Matrix – The research activity relates to 
different classes and types of damage, occurred on 
monuments, cultural heritage, churches, foundations, etc.; 
also processed are the number of people killed and injured by 
the earthquakes. 

Fig. 1: Seismo-Cities Matrix (partial example of a page)  
 

Seismo-Anomalies Matrix – Seismic Precursors electromagnetic phenomena, pre-Seismic EQL (lightning, fires, etc.) cosmology, 
tides, Archaeoastronomy and other keywords, a total of more than 12, are selected for processing (Freund F., Langhoff S., 2014). 

 

Seismo-Life Matrix – The research activity investigates, from a social and economic point of view, the quality of life and the 
various effects generated by the selected Earthquakes. 

3.2.2 Creating and Implementing Seismo-General Matrix   

[i] Combination of Mathematical Classification Procedures and Matrix Analysis Techniques have been designed and 
implemented, for creating the “basic models” of the mentioned matrices, together with the related computational Algorithms, “ad 
hoc” devised. The normalized results generated within the 7 basic matrices are grouped again into a Seismo-General Matrix to be 
further processed all together.  

 

[iì] The higher-level interaction among Earthquakes, Water Bodies, Geotechnical Aspects and other parameters generates 
Innovative Results suitable to be integrated with new data collected by Remote Sensing Integrated Processing, prevalently 
Multispectral  Satellite Calculations. 
In this way, it is possible to reach the extraordinary opportunity: to make so that the 1.400 selected Earthquakes are able “to talk 
among them” !  
 

[iìì] These advanced processing allow making new discoveries, in some cases revolutionary discoveries.  
 
 
 
 
 
 
 
 
 
 
 
 
. 
 
 

Fig. 2: From Seismo-Matrices to Seismo-Atlases 
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4. SEISMO-ATLASES for TRASFERING KNOWLEDGE into PRACTICAL APPLICATION  

[i] JOURNEY in ITALIAN EARTHQUAKES is generating  new Multimedia Research Products. Among these, it is 
important to mention a set of  different Multimedia Seismo-Atlases , very useful for Transferring Knowledge from Seismic 
Research into Practical Application. 
The said Seismo-Atlases are designed and implemented for showing – in original and captivating ways – the dynamic sequences 
of the innovative results and the New Knowledge generated.  
 

[ii] The Multimedia Research Products (including the Multimedia Seismo-Atlases) are designed for offering (international 
markets) different sets of  DIGITAL PRODUCTS, as summarized in the following two points.  
A) Non-Physical electronic editions: e-books, e-PDF, App; other solutions (e.g. download, streaming, etc.) on a large number of 
Web Platforms; new Interactive Television Programs , etc. 
B) Physical editions, prevalently electronic editions:  DVD Box Sets etc. 
Original Copyrighted Scripts – created ad hoc together with capturing Story-Telling –  are designed with contents on demand, for 
the said Non-Physical and Physical editions: particular attention has been given to the engaging Interactive Television Programs.  

 
5. SEISMO-SHAPE GAME for SEISMIC VULNERABILITY of SCHOOLS 

5.1 Collective Awareness Platforms for Teaching to Live with Natural Disasters 

[i] The simplified procedure called Seismo-Shape Game is part of the larger devised program “COLLECTIVE 
AWARENESS PLATFORMS  for  TEACHING to LIVE  with   NATURAL  DISASTERS” . 
The procedure is a simplified version of the global procedure based on processing data generated by “Remote Sensing Techniques”, 
for designing and implementing two different square matrixes: Building Vulnerability Matrix and Soil Vulnerability Matrix.  

[ii] Combination of mathematical classification processes and matrix analysis techniques have been designed and 
implemented, for creating the “basic models” of the said matrixes, together with the related Algorithms, “ad hoc” devised. The 
classes and the groups generated within the described two basic matrixes are merged all together into a designed Urban 
Vulnerability Matrix. Further matrix calculations are performed, generating new “Earthquake Vulnerability Zones”. It will then 
be possible, from such matrix, to construct (for any Urban Area )  an Urban Earthquake Vulnerability Zoning Map (Ciuffi, 2010). 

5.2 School Earthquake Safety Activities: Implementing an Enjoyable and Original Game for Students 

[i] Millions of people – mostly young students – study and work, worldwide, in structurally vulnerable school and university 
buildings. The problem is even more serious in seismic areas.  
In many cases, school buildings have been constructed prior to adequate seismic building codes.  
In addition, many cities have been classified "Seismic areas", over the years. For this reason, many buildings have been designed 
and built "before" the mentioned classification and, therefore, without respecting the seismic standards ! An example is the 
Earthquake of October 31, 2002 ([Magnit.: M = 5.7 on the Richter scale), which damaged many towns located between Molise and 
Puglia Regions, in Italy. Particularly serious and touching was the collapse of a school building in “San Giuliano di Puglia”: the 
collapse of the building killed 27 children and a teacher . Many other children and teachers were seriously injured. 
The urban area of “San Giuliano di Puglia”, until that date, had never been classified "Seismic area" ! 

 
Fig. 3: Earthquake, Oct. 31, 2002 – San Giuliano di Puglia, Italy –27 Children and a Teacher died for the collapse of the School. 

 
In any case, SCHOOL EARTHQUAKE SAFETY is an enormous social problem.  But it is also a very important question from an 
ethical point of view. How has well illustrated the Report from US “Advisory Committee on Earthquake Hazards Reduction” 
(ACEHR) of the “National Earthquake Hazards Reduction Program” (NEHRP): School children have a right to learn in buildings 
that are safe from earthquakes. Protecting our schools and children from the impact of natural hazards is one of the cornerstones 
of a socially responsible community resilience campaign. A comprehensive approach to resilience requires that education (both 
facilities and course content) fulfill an essential community role (“Advisory Committee on Earthquake Hazards Reduction”, 2012). 
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[ii] On these topics of investigation, our “Research- Institute” had developed earthquake vulnerability procedures, beginning from 
1978, performing researches on the prediction of the effects that could occur, in a built-up area, after an earthquake. These Research-
activities were intensified (and have been more and more improved and validated, over the years, until the present day) after the 
very strong Italian Earthquake of Nov. 23, 1980 [M = 6.9 on the Richter scale; Length = about 88 seconds; nearly 4.000 deaths]. 
In 1990, we planned and started a forefront “Social Program” – the ambitious  School Earthquake-Check Initiative (“scuola si-
cura”) – by testing original Approaches and new “Technological Integrated Processes”, ad hoc devised and designed.   
On the basis of the mentioned new “Integrated Processes”, innovative “Interdisciplinary Seismic Check” were designed and 
implemented on an important School Building, in the city of Potenza, capital of Basilicata Region, in a high Seismic area.  
The innovative results of the “Seismic Checks”  – headed by the eminent Prof. Ing. Giuseppe GRANDORI, President of IAEE 
(International Association for Earthquake Engineering) –  were donated to the Mayor of Potenza (Ciuffi 2004). 
 

[iii] The strategic goals of the copyrighted BUILDING’s SEISMO-SHAPE GAME can be summarized as follows: designing and 
implementing new “Educational and Social Programs”, focused on Transferring Simplified Procedures (ad hoc created and 
designed) from Seismic Research into Practical Application, in order to discover unknown data and information, very interesting 
and useful for checking Seismic Vulnerability of Schools and of Cultural Heritage . 
 

[iv]-The SEISMO-SHAPE GAME (applicable worldwide to any built-up area) is based on the mentioned construction of Urban 
Earthquake Vulnerability Matrices, through different processing-stages of data collected, prevalently, by Remote-Sensing-
Integrated-Analyses. Among the most important Logic Architectures of the said processing-stages, there are the Concept and the 
related calculation (“simplified” and easy to make in short time) –for each building – of the so-called  PaVRI “Plan and Volume 
Regularity Indexes”.  
 

[v]-The dissemination of the “Educational and Social Programs” uses mainly  Web-platforms and Social Media Networks.  Also 
involved are Public Institutions, active in Civil Protection, School Construction and Cultural Heritage . 
The “playfulness” of the “Educational and Social Programs” excite and involve students and members of cultural associations, 
thanks to a set of “playing” integrated activities and thanks to the SEISMO-SHAPE GAME: enjoyable and innovative “game” 
(easy to make, as said) for young people. 

 
6. ADDED VALUE for INTEGRATIVE RISK MANAGEMENT and URBAN RESILIENCE 

[i] The present Research-Work is supporting the Hyogo Framework for Action, by giving innovative contribution within 
the 5 “Hyogo Priorities for Action”, and in particular in the following 4. N° 2) Identify, assess and monitor disaster risk and enhance 
early warning: 2.1) Risk assessments and maps, multi-risk: elaboration and dissemination – 2.2) Indicators on DRR and 
Vulnerability – 2.4)Early Warming…  2.5)…Earth Observation. N° 3) Use Knowledge Innovation and Education to build a Culture 
of Safety and Resilience at all levels: 3.1) Information sharing and cooperation – 3.2) Networks across disciplines and regions; 
dialogue – 3.4) Inclusion of DRR into School curricula, format and informal Education – 3.7) Public Awareness and Media. N° 4) 
Reduce the underlying Risk factors: 4.5) Protection od critical public facilities – 4.7) Vulnerability reduction with diversified 
income options – 4,10) Land use planning. N° 5) Strengthen disaster preparedness fore effective response at all levels: 5.3) Regional 
Approaches to Disaster – 5.6) Voluntarism & Participation 

[ii] Summarized are  most urgent needs in Disaster Risk Management, that should be addressed in the Post 2015 Framework 
for Disaster Risk Reduction.  1) Transferring Knowledge and Know-How for creating, designing and making (in concrete ways)  
Technological Integrated Processes”, unimaginable and powerful tools to make new discoveries and generate new Knowledge.  
2) Developing (in the filed !) more and more Interdisciplinary Approaches, implemented (in the filed !) by open minds.  3) Teaching 
to Create, Design and Implement Quantitative instruments and tools, not only Qualitative !  

 
7. CONCLUDING  REMARKS  

[i] Summarized in the present “extended abstract” are some “Unthinkable Tools” for Transferring Knowledge from Science 
into Practical Application :  MULTIMEDIA ATLASES of SEISMO-MATRICES and SEISMO-SHAPE GAME.  
These tools are part of a larger Research Project: JOURNEY in ITALIAN EARTHQUAKES. The New Concept and the Process 
Innovation of the said  Research Project together with its Designed Algorithms and Methodological Architectures ad hoc created 
(briefly described in this “extended abstract”) can be implemented in all countries, as a new Interdisciplinary Research Format. 

[i] The said Format is a very useful tool for making – in each country – new discoveries  and for designing and organizing 
innovative and suitable “Earthquake Forecasting Models”: in this way, it is possible to give original Knowledge (in many cases, 
unknown Knowledge) to the Seismic History of each country, opening new horizons for Seismic Prevention and reduction of 
Vulnerability.  

[ii] In any case, all this is a very great effort, also done with a social purpose. The greatest satisfaction is the birth of a 
Research Format, generated by the Research Project , an “open adventure” in continuous development, with the pleasure of 
always creating new visionary lines and opening new ways, giving also innovative contributions to the “Charming Challenge of 
Earthquake Prediction”.  And this is an inestimable encouragement for the  “Future  we  can  Build  together”. 
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ABSTRACT: Natural hazards, such as earthquakes, floods and landslides, have the potential to cause extensive damage to 

transport infrastructure. This damage can lead to significant losses due to the cost of repairs and the increase in travel times for 

passengers, which may have significant economic impacts. The EU-funded INFRARISK project has developed a stress testing 

methodology for critical transport infrastructure exposed to low probability, extreme natural hazard events. The aim of the project 

is to assist decision making with regard to the protection of critical transport infrastructure to ensure the resilience of such 

infrastructure against natural hazards. To demonstrate the methodology, stress tests are performed for a road network in Bologna, 

Italy, to evaluate the potential losses associated with low probability, extreme earthquake hazard scenarios. The selected road 

network is located along the Scandinavian-Mediterranean corridor of the trans-European transport network (TEN-T), which is 

considered a vital axis for the European economy and provides access to the city of Bologna. The vulnerability of the road 

network is evaluated according to the potential damage to the network due to seismic loading and earthquake-triggered 

landslides, and the risk is assessed in terms of the repair costs and the costs associated with the functionality loss of the network. 

The objective of the case study presented herein is to demonstrate the systematic application of a stress tests methodology for 

transport infrastructure to improve the resilience of urban environments to natural hazards.  

Keywords: Critical transport infrastructure, natural hazards, risk assessment, stress tests. 

 

1. INTRODUCTION 

Natural hazards have the potential to cause catastrophic damage to transport infrastructure, resulting in widespread disruption to 

transport services, which can lead to substantial economic losses, particularly where infrastructure provides critical transport 

links. For example, the 6.8 magnitude Northridge earthquake that occurred in Los Angeles, California, in 1994 resulted in 

widespread damage to the regional highway network. The cost of the physical repairs to the network was in the region of $25 

billion and it was estimated that the closure of some of the most of the heavily used roads in this region cost approximately $1 

million per day (DeBlasio et al., 2002). Similarly, the fluvial flooding that occurred along the Austrian-Slovakian border in 2006 

caused damage to approximately 10km of an important rail line linking Vienna to the Czech Republic, and resulted in repair costs 

of more than €41.4 million and a complete shutdown of passenger and freight operations for several months (Moran et al., 2010; 

Kellermann et al. 2015). To evaluate the potential impact of natural hazards, the risk to transport networks may be quantified in 

terms of the hazard likelihood (Crowley and Bommer, 2006; de Moel et al., 2009), and the vulnerability of the network elements, 

using fragility functions to represent the physical vulnerability of structures (Silva et al., 2014) or the potential loss of 

functionality (Scawthorn et al., 2006). The consequences of such natural hazard events are generally assessed according to losses 

associated with the cost of restoring the network to the level of service that existed prior to the natural hazard event (i.e. the direct 

consequences) and the additional losses due to functionality loss of the network (i.e. the indirect consequences), such as increased 

passenger travel times and the associated economic losses (Shiraki et al., 2007). Evaluation of the potential risk to transport 

networks associated with natural hazards provides decision makers with the necessary information to assist in the protection of 

critical transport infrastructure, ensuring urban resilience to such catastrophic events. 

1.1 EU-Funded INFRARISK Project 

To assist decision makers in relation to the protection of critical transport infrastructure, the EU-funded 7th framework project 

INFRARISK has developed a stress testing methodology for road and rail networks due to natural hazards. Stress tests are 

commonly employed in the other sectors, such as the finance and nuclear power industries, to determine the impact of abnormal 

shocks on systems (Avdeeva and van Gelder, 2014). To perform stress tests for critical transport infrastructure, a structured 

process has been proposed in the INFRARISK project, as described by Adey et al. (2016). To demonstrate the systematic 

application of the stress test methodology, the proposed methodologies have been applied to two transport infrastructure 

networks along the trans-European (TEN-T) network, which comprises Europe’s core network corridors that act as crucial axes 

for the European economy. Stress tests performed for one of these networks, a road network in Northern Italy, are described 

herein. 
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2. ROAD NETWORK: BOLOGNA, ITALY 

The selected road network is located in the province of Bologna, in the Emilia-Romagna region of Italy, which comprises a 

metropolitan area of approximately one million people and is one of the most important business centres in Italy. There are over 

600,000 work or study related passenger trips per day within the province of Bologna and the Emilia-Romagna province supports 

over 13% of Italy’s road freight transport per year (ISTAT 90). The selected road network is located along the Scandinavian-

Mediterranean TEN-T corridor; a crucial north-south axis for the European economy that provides an important transport link 

from the city of Bologna to the neighbouring Italian cities of Florence and Milan. Bologna is a seismically active region (Fig. 1a), 

which is also prone to landslides and, therefore, stress tests were performed in relation to these hazards. The selected road 

network consists of 3,410km of road, along which 340 bridges and 30 tunnels are located (Fig. 1b).  

  

a) Seismic hazard: 10% exceedance probability in 50 years 

(Giardini et al., 2013) 

b) Selected road network 

Fig. 1: TEN-T Road Network in Bologna, Italy  

2.1 Stress Tests 

Stress tests were performed for the selected Bologna road network to quantify the risk in terms of the direct and indirect 

consequences due to earthquakes and the associated landslide cascading effects. Low probability, extreme earthquake scenarios 

were analysed for the stress tests according to a seismic hazard methodology that predicted ground-motion scenarios in terms of 

peak ground acceleration (PGA) for a specific extreme value threshold at a reference site (D'Ayala et al., 2014). The reference 

site was linked to the location of a critical infrastructure element along the network (Fig. 1a), which was determined according to 

the betweenness centrality method; a method used to identify network elements that are most commonly used by traffic and, 

therefore, are critical to the network functionality (Medda and Taalab, 2016). The cascading landslide effects were considered by 

calculating yield acceleration (ky) values, which determine the horizontal accelerations that results in a factor of safety equal to 

1.0 for slopes (D'Ayala, et al., 2014).  

The vulnerability of the road network was evaluated according to the susceptibility of the network bridges and tunnels to physical 

damage due to seismic loading, as well as the susceptibility of the roads to physical damage due to earthquake-triggered 

landslides. To characterise the physical vulnerability of the network elements, fragility functions were assigned based on their 

structural characteristics, which provide the probability exceedance for a given physical damage state as a function of the hazard 

intensity (D’Ayala and Gehl, 2015). For the network bridges and tunnels, five damage states were defined based on a review of 

the literature (D’Ayala and Gehl, 2015), and four damage states were defined for the road sections based on the available fragility 

functions (NIBS, 2004; Bray and Travasarou, 2007). For each damage state, functionality loss and repair parameters were also 

defined, as outlined in Table 1, to characterise the consequences to the road network based on a survey that was distributed to 

infrastructure managers and experts within the INFRARISK consortium (D’Ayala and Gehl, 2015). 
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Table 1: Functionality loss and repair parameters for road network elements 

Bridges  (per individual structure) 

Damage State None Slight/Minor Moderate Extensive Complete 

Functional Capacity Reduction (% Lane Closure) 0 0 50 100 100 

Repair Cost (€1000s) 0 100 750 1000 1000 

Repair Duration (Days) 0 120 120 150 150 

Tunnels (per individual structure) 

Damage State None Slight/Minor Moderate Extensive Complete 

Functional Capacity Reduction (% Lane Closure) 0 0 75 100 100 

Repair Cost (€1000s) 0 150 1000 3000 10000 

Repair Duration (Days) 0 120 120 120 365 

Road Sections (per 1km length) 

Damage State None Slight/Minor Moderate Extensive  

Functional Capacity Reduction (% Lane Closure) 0 0 50 100  

Repair Cost (€1000s) 0 50 100 350  

Repair Duration (Days) 0 7 15 30  

 

3. STRESS TEST RESULTS  

Three ground-motion scenarios were performed for the stress tests described herein. For each scenario, the location of the critical 

network element shown in Fig. 1a was selected as the reference site, at which an extreme value threshold that corresponded to the 

0.9 fractile was specified. The ground-motion scenarios corresponded to a high activity seismic activity model and a low 

attenuation ground motion model, which were deemed to be appropriate for the network region. The stress tests considered three 

return periods; a 2500 year return period for Scenario 1, a 5000 year return period for Scenario 2, and a 10,000 year return period 

for Scenario 3. For each scenario, Monte Carlo sampling was conducted to evaluate the probable consequences. The results of the 

stress tests are presented in terms of the total repair cost for the network, which quantifies the losses in millions of euro (Fig. 2a). 

In addition, the cumulative repair time is presented (Fig.2b), which represents the total time needed to repair the network 

elements. However, the duration of the network restoration period, which will impact the indirect consequences, depends on the 

repair sequence of the network since multiple network elements may be repaired simultaneously. The outcome of the stress tests 

may subsequently be evaluated based on whether or not the level of risk is deemed to be acceptable. Risk acceptability may 

depend on a variety of factors, for which threshold factors may be considered (e.g. percentage GDP), as discussed by Adey et al. 

(2016). The stress tests results may be used to assist in decision making with regard to the implementation of network invention 

measures to improve the resilience of such critical transport networks to natural hazards. 

  

a) Total Repair Cost b) Cumulative Repair Time 

Fig. 2: Stress Test Results  

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The EU-funded INFRARISK project supports the implementation of the Hyogo Framework for Action (ISDR, 2005) through the 

development of a stress testing methodology to quantify the risk to new and existing critical transport infrastructure due to natural 
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hazards and their multi-hazard effects, and through the dissemination of reliable methodologies that can be employed by decision 

makers to assist in the protection of critical infrastructure networks, ensuring the resilience of urban areas. The expansion of 

stress tests to multi-modal transport infrastructure, which also supports risk assessment for international transport networks are 

the next steps to be taken in this field for the effective disaster risk management of transport infrastructure and urban 

environments. 

5. CONCLUSIONS 

The development of reliable risk assessment methodologies for infrastructure networks is necessary to ensure the resilience of 

urban environments to natural hazards. The INFRARISK project has developed a stress testing methodology for critical transport 

infrastructure to evaluate the impact of low probability, extreme natural hazard scenarios. This methodology has been applied to a 

road network along the Scandinavian-Mediterranean corridor of the European TEN-T network in the province of Bologna, Italy. 

Initial results in terms of the direct consequences have been presented herein, however the methodology also considers the 

indirect consequences in terms of increased passenger travel times and the associated economic impacts. 
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ABSTRACT: A number of risks could cause widespread electrical failure, including a series of high-altitude 

electromagnetic pulses (HEMPs) caused by nuclear weapons, an extreme solar storm, and a coordinated cyber attack. Since 

modern industry depends on electricity, it is likely there would be a collapse of the functioning of industry and machines in 

these scenarios. As our current high agricultural productivity depends on industry (e.g. for fertilizers) it has been assumed 

that there would be mass starvation in these scenarios. We model the loss in current agricultural output due to losing 

industry. Then we analyze compensating strategies such as reducing edible food fed to animals and turned into biofuels, 

reducing food waste, burning wood in landfills for energy, phosphorus, and potassium, and planting a high fraction of 

legumes to fix nitrogen. We find that these techniques could feed everyone, and extracting calories from agricultural 

residues, fishing with wind-powered ships and expanding planted area could feed everyone several times over. 
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1. INTRODUCTION 

There are several human-caused and natural catastrophes that could result in global-scale temporary long-term electrical grid 

failure, which would be expected to halt the majority of industries and machines. A high-altitude electromagnetic pulse (HEMP) 

caused by a nuclear weapon could disable electricity over part of a continent (Foster et al., 2004). It is conceivable that multiple 

HEMPs could be detonated around the world, due to a world nuclear war or due to terrorists commandeering nuclear weapons. 

This could destroy the majority of electrical grid infrastructure globally, and as fossil fuel extraction and industry is reliant on 

electricity (Foster, Jr et al., 2008), industry would be disabled. Similarly, solar storms have destroyed electrical transformers 

connected to long transmission lines in the past (Board, 2008). There is evidence that within the last 2000 years, two solar storms 

occurred that were much more intense than modern society has endured (Mekhaldi et al., 2015). Though solar storms may last less 

than the 12 hours one might think would be required to expose the entire earth, the earth's magnetic field lines redirect the storm to 

affect the opposite side of the earth (Board, 2008). Therefore, it is possible that an extreme solar storm could disable electricity and 

therefore industry globally. Finally, cyber attacks could compromise the electric grids. Stuxnet was a computer virus that destroyed 

Iranian centrifuges (Kushner, 2013) to disable their nuclear industry. There is also evidence that a computer virus disrupted 

electricity in the Ukraine (Goodin, 2016). It is conceivable that a coordinated attack on many electric grids could also disrupt 

industry globally. As our current high agricultural productivity depends on industry (e.g. for fertilizers) it is has been assumed that 

there would be mass starvation in these scenarios (Robinson, 2007). 

Repairing these systems and re-establishing electrical infrastructure would be a goal of the long term and work would start on it 

immediately after a catastrophe. However, human needs would need to be met immediately (and continually) and thus to remain 

conservative we consider the scenario of industry being disrupted indefinitely. We leave the actual recovery time (and mechanisms) 

from various catastrophes for future work (though we note that on continents with excess people relative to food growing capacity, 

the excess people would have greater resources to restore industry). In some of the less challenging scenarios, it may be possible 

to continue running the majority of machines on the fossil fuels that had previously been brought to the surface or from the use 

microgrids or shielded electrical systems. In addition, it may be possible to run some machines on gasified wood (Dartnell, 2014). 

However, in the worst-case scenario, all existing un-shielded electronics would be destroyed, so to address this challenge we 

conservatively assume that no electrical machines will function immediately after the catastrophe. Here we focus on what is 

technically possible, and leave economics and politics for future work. 

2. ESTIMATING AGRICULTURAL PRODUCTIVITY WITHOUT INDUSTRY 
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One way of estimating the impact of losing industry on agricultural productivity is examining this productivity before the Industrial 

Revolution. The rice yield per hectare in Japan in 1870 was approximately 40% lower than the global average value in 2000, while 

the wheat yield per hectare in the U.S. in 1860 was approximately 70% lower than the global average in 2000 (Lomborg, 2001). 

The Industrial Revolution in the U.S. preceded 1860, but the productivity growth from 1860 to 1940 was only about 15%. There 

has also been some improvement in global productivity since 2000. Therefore, we estimate that preindustrial productivity was 

approximately 60% lower than the current global average.  

There are several reasons why agricultural productivity given the sudden loss of industry may be higher than preindustrial, and 

several reasons why it could be lower. On the higher side, humanity has learned techniques not dependent on industry in the last 

150 years. For example, the role of fertilizers is now well understood, and farmers can return the nutrients from human waste to 

the farm fields as was done in directly in China (McClintock, 2010) and with reduced pathogen transfer using composting 

techniques on even the small scale (Jenkins et al., 2005). Also, society has developed integrated pest management strategies that 

do not rely on industrial pesticides (Pimbert, 1991). The supply of draft animals would also be higher per hectare now (see below). 

One way of seeing what society has learned is the fact that there is a raging debate of the productivity of organic agriculture 

compared to conventional agriculture, where some find that it is only about 25% lower land productivity than conventional 

agriculture (Seufert et al., 2012), others find organic agriculture higher (Lansink et al., 2002) and some studies find approximate 

equivalence (Posner et al., 2008). It is not realistic to expect full current organic productivity without industry because now nutrients 

can be imported from other places, tractors can be used, and even some naturally occurring pesticide compounds that are 

synthesized by industry can be used. But still it may be reasonable to expect significantly smaller than a 60% drop in productivity 

due to losing industry.  

However, on the negative side relative to preindustrial agricultural productivity, most people who will be needed to farm by hand 

do not know how to farm by hand nor are they accustomed to physical labor. Furthermore, it will take some time to construct 

appropriate farm tools. In addition, there may be inadequate labor in some regions. Finally, some land that is currently farmed may 

be infertile without industry, such as land that is mechanically irrigated. However, these issues will generally be short-lived, and 

current storage could help to bridge the gap. To remain conservative, we assume preindustrial agricultural productivity. 

3. FARMING WITHOUT INDUSTRY 

First we estimate the current food production. Grain production is ∼2.7 billion tons (Gt)/yr (Tilman et al., 2002), and grains are 

∼29% total of fiber and moisture (Hurburgh, 2006; United States Department of Agriculture, 2006). Thus, this is ∼1.9 Gt/yr dry 

carbohydrate equivalent. Grains make up roughly half of the calories produced (Meadows et al., 2004); therefore, the total food 

production is ∼3.8 Gt dry/yr. A step to increase food supply is reducing the postharvest losses, which are currently ∼35% (Godfray 

et al., 2010). This includes improving harvest, storage, and transportation systems. The harvest losses with mechanization are large, 

but the labor savings offset this economically (Kantor et al., 1997). Therefore, without industry, farmers would use more labor-

intensive harvesting techniques, which would have the benefit of reducing losses. Loss reduction also includes reduction of waste 

in retailing and household use, which people can implement even more rapidly. Though the loss of refrigeration would be a 

significant setback in terms of the overall food system, drying of food would both reduce its transportation weight and preserve it. 

Drying can be achieved by burning local biomass. Therefore, we assume a reduction in these types of wastes of a factor of two.  

Another step is reducing the amount of losses of edible food fed to livestock and pets and used to produce biofuels. We assume the 

catastrophe will make these food losses negligible, especially because farmers would still produce some animal products on land 

that is unfit for human food production directly and on cellulosic food residues (eating draft animals at the end of their useful life). 

Non-draft animals would be quickly killed and dried with biomass fires to preserve the meat. 

For fertilizer, we will focus on potassium, phosphorus and nitrogen. There is a tremendous reservoir of organic material in landfills 

that has not decomposed, such as wood construction waste. This would not be a desirable source of food directly by the conversion 

of cellulose (Denkenberger and Pearce, 2014). However, if it can be burned (possibly as an energy source), the resulting ash would 

be rich in potassium, but unfortunately low in phosphorus (Karoline, 2012). Generally, landfills would not be too far away from 

farm fields, so transportation should not be difficult. If the loss of industry is extended, the current housing stock would be 

excessive. Therefore, as buildings deteriorate, they could also be used as a fertilizer source. In either case, lead paint would be 

problematic, though it could be removed. Polymer binders in plywood, oriented strand board, and particleboard would likely be 

acceptable if combusted completely. If the phosphorus from these sources is insufficient, additional sources include the waste 

material from converting leaves and wood into alternate foods (see Options For Feeding More People). Unfortunately, combustion 

releases the nitrogen in the form of gases, so another source of nitrogen must be found. Nitrogen can be recycled from human and 

animal wastes. However, inevitably there will be some loss of nitrogen through runoff and volatilization (conversion to a gaseous 

form). Fortunately, legumes (beans, peas, peanuts, etc.) harbor nitrogen-fixing bacteria in their roots. The ideal scenario would be 

planting these legumes next to other crops, as Native Americans did (Staller et al., 2009). This is because the nitrogen could be 

released to the other crops even during the growing season (Mann, 2011). Legumes tend to be high protein, which is advantageous 

with the nearly vegan diet. However, the nitrogen levels will still be lower than with application of chemical fertilizers, which 

would reduce yields. 

Draft animals require food, though this generally could come from non-edible agricultural residues. There are 1400 million cattle 

in the world (Crutzen, 2006). Though many of these are dairy cows, they could still perform some work. Also, other animals could 
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be used for farming, such as horses, mules, donkeys, llamas, alpacas, camels, elephants, yaks, water buffalo, and reindeer. Some 

of these would be required for inland transport, but we assume the number of cattle would be representative of the amount of work 

that could be done by a preindustrial draft animal. The global cultivated (not grazed) area is 17.25 million km2                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

(World Geography 2016, CIA World Factbook, 2016). This yields 1.23 hectare cultivated per draft animal. A typical preindustrial 

value was 7.4 hectares per draft animal (Prak, 2001). This means there would be a significant excess of draft animals, even if 

cultivated area is expanded (see Expanding Planted Area). This would allow some of these animals to be used for grazing. Some 

relocation of draft animals would be beneficial and feasible (since the relocation of people is feasible by an order of magnitude 

(Abdelkhaliq et al., 2016)). 

In order to convert back to a non-industrial farm, equipment such as plows will need to be fabricated. This could be done with iron 

from landfills or even wood. Animals could perform additional tasks, such as pulling harvesting machines. This would allow a 

single farmer to feed many people, but would probably not happen until several years after the catastrophe. 

Though genetic modification would cease, it may be possible to continue using improved varieties indefinitely. For pest 

management, biological control could be used. Furthermore, even hot water can kill some pests. If preindustrial productivity were 

assumed, it could meet 115% of human requirement.  

Table 1 shows the estimated agricultural productivity as a percent of preindustrial. European wheat is approximately 7 times 

preindustrial productivity and U.S. productivity is similar to global (Lomborg, 2001). Asia and South America underwent the green 

revolution, roughly doubling productivity. However, African productivity has lagged. 

Table 1. Productivity as percent of preindustrial, number of people relocated from and to, and months of storage for each continent 

Continent 
Productivity as 

% of 

preindustrial 

Number of people to be 

relocated from (million) 

Number of people to be 

relocated to (million) 

Months of food 

storage 

Total consumption 
per person without 

industry (kcal/day) 

N. America 240% 0 400 9.7 5500 

S. America 200% 0 0 5.0 3300 

Europe 700% 280 0 6.9 1300 

Asia 200% 0 0 3.4 2200 

Oceania 240% 0 40 13.2 7400 

Africa 130% 160 0 1.7 1800 

Total 230% 440 440 4.1 2400 

 

One difficulty is that there would be excess people in some parts of the world (Europe and Africa), and possibly a deficit of people 

to farm the land in other areas (North America and Oceania). This challenge can be solved by relocation of people even in such 

extreme situations as complete lack of electrically-dependent industry (Abdelkhaliq et al., 2016). Following (Abdelkhaliq et al., 

2016), Table 1 also shows the number of people to be moved from and to different continents and the food produced per person on 

each continent. Since grain is inexpensive and relatively easy to store, it likely makes up the majority of food storage. The minimum 

global wheat storage is ~2 months at current wheat consumption (Do et al., 2010), and we assume that this applies for all grains. 

Given that global grain production is ∼1.9 Gt/yr dry carbohydrate, and that human consumption is approximately 1.5 Gt/yr, this 

gives approximately 3 months of human consumption. In addition, we estimate that there is a 1-month supply at crisis levels of 

consumption of food total in the following locations: households, stores, and warehouses. Therefore, we estimate four months of 

storage at near vegan and low waste consumption globally. We assume that this storage is distributed on the continents based on 

grain production. Table 1 also shows the number of months of storage for each continent.  

To maximize the time allowed to relocate people, the ships returning to the locations of excess population should be filled with 

grain. The majority of people that would need to be relocated would be moving from Europe to North America, and Paris to New 

York City is only about 6000 km (Port distance, 2016). However, given that sea transport will be much lower cost than land 

transport (Abdelkhaliq et al., 2016), ships will be favored. For instance, since Oceania can absorb a minority of the required African 

flow, a common route could be Eastern Africa to the Gulf of Mexico (Nairobi, Kenya to Houston, U.S. is approximately 18,000 

km by ship (Port distance, 2016)). Therefore, we consider 12,000 km as a typical ocean distance. The relocation of people would 

be feasible with wind powered ships by an order of magnitude (Abdelkhaliq et al., 2016). 

4. OPTIONS FOR FEEDING MORE PEOPLE 

In previous work, alternate foods such as mushrooms growing on trees and bacteria growing on natural gas were found to be 

sufficient to feed everyone even if the sun were mostly blocked (Baum et al., 2016). However, this was assuming that industry was 

still functioning. Without industry, these solutions become more challenging but some are feasible (Denkenberger et al., 2016).  

Another method we do not quantify is converting some of the land that currently undergoes grazing to farming. Because some of 

the plant matter would go directly to humans, this would be more efficient. Society could also reduce the acreage devoted to 
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nonfood plants (such as tobacco and lawns) and those plants that produce lower calories per hectare (such as coffee). Similarly, 

high productivity plants could be favored, like sugarcane and potatoes.  

5. EXPANDING PLANTED AREA 

The preceding calculations indicate that humanity’s food needs could be relatively easily maintained even with a protracted lack 

of electricity and industry. However, even in the event that the techniques outlined above were inadequate in a region, planted area 

could be expanded by deforestation. This should only be used if other options are exhausted. Cutting down the entire forested area 

would be feasible in one year with industry (Denkenberger and Pearce, 2015). However, it would not be feasible without industry. 

Nonetheless, it would be relatively easy to girdle (remove a strip of bark completely around the base of) trees to kill them. After 

the trees dry out, they could be burned. A concern is that the smoke could enter the stratosphere and cause global climate change, 

like in the case of nuclear winter (Robock et al., 2007). Even when there is no fire, a strong thunderstorm can inject air from near 

the surface into the stratosphere (Fischer et al., 2003). However, this scenario could be avoided by setting fires when atmospheric 

conditions are more stable. Of course forest fires can burn for a long time, so only girdling trees in limited areas could help to limit 

the fire spread. In addition, efforts should be made to reduce the net biodiversity impact as starving people would engage in 

desperate behavior, such as eating species to death. Damage to biodiversity could be limited by first clearing areas of forest that 

have already been cleared (not old growth), which would also limit the carbon dioxide production because of the shorter trees. 

Also, forests could be cleared in areas that have low biodiversity. Endangered plants and animals could be relocated or even put in 

captivity. As a last resort, seeds and eggs could be stored in natural low temperature storage like at the Svalbard seed vault (Fowler, 

2008). 

The global forested area is 40 million km2 (Food and Agriculture Organization, 2000). Generally, areas that are forested have 

sufficient precipitation and temperature to be cultivated. Therefore, a rough approximation of the increase in food output associated 

with clearing all the forests would be 230%. Some food production comes from grazing currently, but grazing could also be 

expanded into natural grasslands. Therefore, if all of the forests were cleared, 380% of food requirement could be met. 

6. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

In the Hyogo Framework for Action, this work supports preparedness and identifying risks. However, in order to be prepared, these 

solutions for industrial loss must be distributed (because of the loss of communication), so this is a gap in the Post 2015 Framework 

for Disaster Risk Reduction. Training for the scenarios considered here could be done at the same time that other training is done. 

Given the loss of industry, many people would need to vacate the cities in favor of the farmland. However, for those remaining, it 

is possible to provide food. 

7. CONCLUSIONS/FUTURE WORK 

If industry is disabled abruptly, the impact on agricultural output is complex, but here where it is conservatively assumed that it 

equals preindustrial agricultural productivity, it is found that conventional farming would be sufficient to feed everyone with some 

relocations. In reality, with all the other food sources considered, relocation would likely not be required, at least between 

continents. 

It would be preferable if the loss of industry could be prevented. This could also be achieved by preventing the source of 

catastrophes such as HEMPS and cyber attacks, although it is not possible for solar storms. Another option is hardening the 

electrical systems, which would be relatively straightforward in the case of solar storms as it is mainly about protecting 

transformers. Protecting against HEMPs would be much more expensive because the damage includes electronics connected to 

the grid and even vehicles. In a small part this can be done by improved electronics shielding to critical equipment and movement 

to distributed generation of hardened microgrids. Protecting against a coordinate cyber attack would also be difficult, although 

there is already a considerable literature on improving grid security and such an attack on a global scale would be highly non-

trivial. Even if all this prevention and protection is feasible and justified, until it is all implemented, a backup plan is required. 

One such backup plan would be storing up food. However, this would not be effective if it took more than a few years to restore 

industry, would inflate the current price of food (exacerbating current mortality due to undernutrition) and would be very expensive 

(Baum et al., 2015). Conversely, having a plan for how to feed everyone if industry is disabled along with some targeted research 

would be very inexpensive. 

In order to save almost everyone if industry collapses, people would need to know how to provide their food needs without industry. 

Depending on the catastrophe, there may be a window of opportunity to distribute this information after a catastrophe although 

some of them could halt the vast majority of electronic communication.  It is preferable if this information were disseminated before 

the catastrophe. This would reduce the chance of civilization collapsing, from which humanity might not recover. This reduced 

risk would benefit the far future, which has overwhelming importance (Beckstead, 2013).  

Loss of industry locally is considerably more likely, caused by scenarios such as the breakdown of international trade. These 

techniques could be applied to individual countries that lose industry. Future research includes running experiments and more in-

depth simulations on the means to generate food without the use of electricity and conventional industry.  
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ABSTRACT: The internal armed conflict in Colombia reduces the resilience of the community to face the consequences of 
climate phenomena such as La Niña, which occurred in Colombia, between 2010 and 2011. I selected a case study area in 
Colombia based on previous studies in the topic of deforestation due to illegal crops. Correlation and regression analysis are 
employed to demonstrate the relationship between the rates of deforestation, the number of affected households and the events of 
violence. The statistical analysis explores the rate of deforestation between 2002 and 2007, the number of affected households 
due to La Niña phenomenon in 2010-2011, and the number of events related with armed violence occurred between 2012 and 
2013. A significant correlation (+0.865) exists between the number of La Niña affected households, and the number of violent 
events two years later. No correlation exists between the rate of deforestation, neither with the number of affected households, 
nor with the events of violence. Moreover, we demonstrated that the number of households affected accounts for 74.8% in the 
number of events related with armed violence. In conclusion, the problem is not the hazard or the intensity of the phenomenon, 
the real problem is the low resilience of the communities affected by La Niña that are simultaneously involved in the internal 
conflict of Colombia. Communities involved in forced displacement are not able to construct social capital, in order to develop 
capacity to anticipate, respond to, and recover from hydro-meteorological events related to climate change, or any other natural 
phenomena. 

Keywords: armed conflict, climate change, La Niña, resilience, deforestation, Colombia. 

1. INTRODUCTION 
In Colombia there have three kinds of illegal armed groups: guerrilla groups, paramilitary forces, and criminal gangs. The 
guerrilla groups began operating in Colombia more than 50 years ago, while the paramilitary forces appeared in the middle of the 
1990’s, as response of the farmers, cattle ranchers, and drug-traffickers to systematic extortion by the guerrillas to fund their 
illicit activities. After the process of disarmament and demobilization of paramilitary groups, which started in 2003, some of the 
members have decided not to reintegrate into civilian life and begin lives in organized crime. 

The paramilitary groups are mainly present in the north, the west and in the central region of Colombia, while guerrilla is mainly 
located in the east and the south of Colombia. The areas where these groups operate have in common, resources such as land, 
minerals, and transport corridors used for traffic of drugs. The land is needed to grow illicit crops such as marijuana, coca, and to 
a lesser degree poppy. The boom of the illicit crops in Colombia started since the middle of the 1960’s. The west and the north-
east of Colombia constitute drugs traffic corridors, and the culture of violence and armed conflict in these areas is rooted in the 
drug trade (González, 1999).  

Illicit crops and illegal mining activities usually take place in remote areas, making it difficult for police to locate and the 
government to eradicate. To develop illicit crops, large tracts of land are deforested every year, contributing to floods, land 
degradation and reduction of fresh water availability. Already in the 90’s, González (1999) highlighted that Colombia had one of 
the highest deforestation rates in the world, caused mainly by the illicit crops, besides the expansion of the agricultural frontier, 
the new settlements, extensive livestock, and illegal mining (Herrera, 2013). It is estimated that three hectares are deforested to 
implement one hectare of coca (Contreras, 2008). 

Between 2010 – 2011 La Niña phenomenon dominated in Colombia, four million Colombians, or 9% of the total population were 
somehow affected. By May 2011, 448 people had died, 524 were injured, and 73 people were reported missing. There were 
447,482 houses damaged, and 13,110 houses were totally destroyed. The economic loss estimated at US$7.8 billion, representing 
damage of infrastructure, flooded crops, and financial assistance to affected people. The high number of people affected in 
municipalities located in the lower Magdalena River, and Atrato River are the result of not only the hazard exposure, but also to 
the high social vulnerability. In these zones, the social vulnerability is intensified by internal armed conflict (Hoyos et al., 2013).   

The government stated that environmental problems are related with the deforestation rate in Colombia (0,25%), which according 
to UN is nearly the double of the global average (0,16%). These problems are concentrated in the same departments, in which 
floods and droughts have taken place in the last years (Billar and Fontalvo, 2014). 
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2. HYPOTHESIS 
Illegal armed groups with their activities related with illicit crops and illegal mining, contribute not only to the degradation of the 
environment, but also to stress the consequences of regular climate phenomena such as La Niña.  

3. METHODOLOGY  
To administrative purposes, Colombia is divided in departments. Taking into account the contribution of deforestation to the 
floods (Reuveny, 2007), for the analysis, only the set of departments from Colombia with problems regarding deforestation in the 
period between 2002 and 2007, are considered (SINCHI, 2010): Caquetá, Meta, Guaviare, Putumayo, Amazonas, Vichada 
Vaupés, Cauca, and Nariño. This set of departments which made up our case study area, are the same considered in a previous 
study by Armenteras and Retana (2012). These authors demonstrated the correlation between fires for land clearing, 
deforestation, cattle ranching, illicit crops, other crops and the presence of people, including armed and illegal groups. However, 
the same authors admitted that the spatial relationships of the climate and fire variables in the different years did not show similar 
patterns, and the relationships between precipitation anomalies (accumulated rainfall) and fire hotspots were also not consistent 
during the same period. The case study area is depicted in Figure 1. 

 
Fig.1: Case study area in Colombia. 

Besides the yearly average rate of deforestation per Km2 in each department of the case study area, we took the corresponding 
number of affected households due to La Niña phenomenon between 2010 and 2011 (CEPAL, 2012), and the number of events 
of violence, which took place in the same departments between January 1st, 2012 and July 15th 2013 (Baracaldo Orjuela, 2013). 
The data collected is presented in Table 1.  

Table 1: Comparison of the number of Km2 deforested in Colombia between 2002 and 2007, the number of affected households 
by La Niña phenomenon between 2010 and 2011, and the number of events of armed violence between 2012 and 2013. 
ND: No data. 
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DEPARTMENTS 

DEFORESTATION 
2002 - 2007 

AFFECTED HOUSEHOLDS 
2010 - 2011 

ARMED VIOLENCE 
2012 - 2013 

Km2 Number Number of events 
Caquetá 2093,36 6248 339 

Meta 1711,84 5545 213 
Guaviare 1315,26 95 60 
Putumayo 1090,48 4171 221 
Amazonas 413,89 695 0 
Vichada ND ND 6 
Vaupés 257,08 3 3 
Cauca 91,58 71220 657 
Nariño 41,06 47438 331 

 

4. RESULTS 
We can express the relationship between variables statistically by looking at the correlation coefficient. In spite that the 
correlations are a powerful research tool, it is still essential to perform a regression analysis in order to test the predictive power 
of the variables chosen.  

4.1 Correlation analysis 

Statistically, we demonstrated the correlation between the number of affected households, and the number of violence events 
afterwards (+0.865). There was not correlation between the rate of deforestation, neither with the number of affected households, 
nor with the events of violence. The correlation analysis is presented in Table 2. 

Table 2: Pearson's one-tailed bivariate correlation between the number of Km2 deforested in Colombia from 2002 to 2007, the 
number of affected households by La Niña phenomenon between 2010 and 2011, and the number of events of armed violence 
between 2012 and 2013. 

 

DEFORESTATION 
2002 - 2007 

AFFECTED 
HOUSEHOLDS 

2010 - 2011 

ARMED 
VIOLENCE 
2012 - 2013 

 DEFORESTATION 
2002 - 2007 

Pearson Correlation 1 -,423 -,031
Sig. (1-tailed)  ,129 ,471
N 9 9 8

AFFECTED 
HOUSEHOLDS 
2010 - 2012 

Pearson Correlation -,423 1 ,865**

Sig. (1-tailed) ,129  ,003
N 9 9 8

VIOLENCE 
2012 - 2013 

Pearson Correlation -,031 ,865** 1
Sig. (1-tailed) ,471 ,003  
N 8 8 8

           **.Correlation is significant at the 0.01 level (1-tailed). 
 

4.2 Regression analysis 

In the regression analysis of number of affected households affected and violence, R has a value of 0.865. The value of R2 is 
0.748 which demonstrates that the number of affected households due to la Niña phenomenon account for almost 75% in the 
number of armed violence events in the case study area afterwards. The value of the correlation coefficient or R, and the derived 
R2 for the model are presented in Table 3. 

Table 3. Regression analysis between the number of affected households by La Niña phenomenon in Colombia between 2010 
and 2011, and the number of events of violence in the departments of the case study area. 

Variables Entered/Removeda 
Model Variables Entered Variables Removed Method 

1 AFFECTED 
HOUSEHOLDSb . Enter 

a. Dependent Variable: ARMED VIOLENCE 
b. All requested variables entered. 
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Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .865a .748 .706 118.7693 
a. Predictors: (Constant), AFFECTED HOUSEHOLDS 

 
 

ANOVAa 
Model Sum of Squares df Mean Square F Sig. 

1 Regression 25,0736.584 1 25,0736.584 17.775 .006b 
Residual 84,636.916 6 14,106.153   

Total 335,373.500 7    
a. Dependent Variable: ARMED VIOLENCE 
b. Predictors: (Constant),  AFFECTED HOUSEHOLDS 
 

 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
Our work supports the development and strengthening of institutions, mechanisms and capacities to build resilience to hazards. 
This strategic goal is defined in the Hyogo Framework for Action. There are feedback loops between violence and climate 
change and subsequent impacts on livelihood resilience (Tellman et al., 2014).The forced displacement of the community makes 
it difficult to develop capacity to face hydro-meteorological events related to climate change. 

5. CONCLUSIONS 
The problem is not the hazard or the intensity of the natural phenomenon, the real problem is the low resilience of the 
communities involved in the internal conflict of Colombia, when they have to face an extreme climate phenomenon such as La 
Niña. To construct social capital and develop resilience to face phenomena such as La Niña and El Niño, it is necessary to 
increase the presence of the government in the areas where there are natural resources, which are usually geographically far from 
the institutional control. One of the most urgent policies in Colombia is a land reform beside the process of land restitution, and 
more support for the farmers. 
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Coefficientsa

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 (Constant) 111.155 50.411  2.205 .070 

AFFECTED 
HOUSEHOLDS .007 .002 .865 4.216 .006 

a. Dependent Variable: ARMED VIOLENCE 
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ABSTRACT: Chile is one of the countries located at the Ring of Fire. This belt concentrates subduction zones such as between 

the Nazca and South America Tectonic Plate, which is the reason for the intense seismic and volcanic activity in Chile. The 

strongest earthquake in the last years (Mw 8.8), took place the 27th February 2010. The earthquake triggered a tsunami which 

devastated several coastal towns in south-central Chile. The official death toll was 521, while the number of missing was 56. The 

Government declared 6 regions as zone of Catastrophes: Valparaiso, Metropolitana, O’Higgins, Maule, BioBio, and Araucania. It 

is estimated that the earthquake generated a power outage that affected the 93% of the country; therefore, the electricity and 

communications were initially interrupted, but later mostly restored. However, it took some days in the case of some locations. 

Electricity infrastructure is key for the function of critical services (health, traffic control, water supply), which are necessary for 

undertaking the emergency response tasks after an earthquake and/or a tsunami. In normal times, the electricity infrastructure is 

necessary to sustain human and economic wellbeing since it supplies energy to industrial, commercial financial sectors, 

communication networks, and hence almost all activities in modern societies. There are four electricity supply systems in 

Chile: the Central Interconnected System, the Norte Grande Interconnected System,  the Aysén and Magallanes. Nevertheless, 

the biggest system regarding installed capacity (75%) and population served (93%) is the Central Interconnected System, 

therefore the most important. In this project we want to support the implementation of community resilience due to power 

outages caused by earthquakes and tsunamis. To achieve this aim we plan to collect and analyze qualitative data to identify the 

needs of the affected population due to the power outage and its coping strategies.   

 

Keywords: Resilience, earthquakes, tsunamis, electric power systems, power outages. 

1. INTRODUCTION 

Chile is a country located in South America and one of the countries located at the Ring of Fire. This belt includes subduction 

zones such as between the Nazca and South America Tectonic Plate, which is the reason for the intense seismic and volcanic 

activity in this country. At 03:34 on the 27th February 2010, an earthquake with magnitude 8.8 Mw struck the Chilean coast. The 

epicenter of the earthquake was located 325 Km southwest of Santiago (35 Km depth), and Concepcion, the second largest city in 

Chile, was most affected area (OCHA, 2010a). It is estimated that 1.5 million houses were damaged, several buildings in 

Santiago and Valparaiso collapsed (OCHA, 2010c). The Government declared 6 regions, as zone of catastrophes: Valparaiso, 

Metropolitana, O’Higgins, Maule, Bio-Bio and Araucania. The earthquake triggered a tsunami which devastated Juan Fernandez 

Island, and several coastal towns in south-central Chile were impacted by waves that advanced 3Km inland in certain areas 

(OCHA, 2010b). The official death toll was 521, while the number of missing was 56 (OCHA, 2010g).The location of this zone 

and the location of the country are depicted in Figure 1.  

It is estimated that the earthquake generated a power outage that affected the 93% of the country; therefore, the electricity and 

communications were initially interrupted (OCHA, 2010a). Two days after the earthquake, in Valparaiso and Metropolitana, the 

electricity was established in 80%, but in Maule 18 communities continued without power supply at that time, and the same 

situation was reported in Bio-Bio. The Chilean government asked the international community for electricity generators as well 

as field hospitals equipped with surgery facilities, autonomous dialysis centre, satellite phones and related stations, salt water 

purification systems and field kitchens, among others (OCHA, 2010b). On the 3rd March 2010, Russia, Australia and Japan sent 

generators (OCHA, 2010c) but still access to food, drinking water and electricity remained among the priority needs, because 

shortfalls persisted in electricity supply (OCHA, 2010d). The 8th March 2010, the access to electricity and water was still a 

concern. Australia sent 50 generators and China sent 100 portable generators among other humanitarian aid (OCHA, 2010d). 

Eleven days after the earthquake was reported that more than 150 rural water supplies systems were damaged and others were not 

working due to the interruption and damage in the electricity network in coastal and rural areas, affecting 200, 000 people. 

However for the same time, the army reported that the electric supply was restored to 80% in the provinces of Conception, Bio-
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Bio and Maule, but the coverage in the region of Araucania was still very poor (only 29% coverage) (OCHA, 2010e). The 10th 

March the World Health Organization supplied four generators to two hospitals in Chillan, and two others more in Talcahuano 

and Lebu (OCHA, 2010f). 

 

Fig. 1: Zone of catastrophes in Chile after the earthquake on the 27 February 2010. 

 

Electricity infrastructure is key for the function of critical services (health, traffic control, water supply), which are necessary for 

undertaking the emergency response tasks after an earthquake and/or a tsunami. In normal times, the electricity infrastructure is 

necessary to sustain human and economic wellbeing since it supplies energy to industrial, commercial financial sectors, 

communication networks, and hence almost all activities in modern societies. There are four electricity supply systems in 

Chile: the Central Interconnected System, the Norte Grande Interconnected System,  the Aysén and Magallanes. Nevertheless, 

the biggest system regarding installed capacity (75%) and population served (93%) is the Central Interconnected System, 

therefore the most important. 

 

2. LITERATURE REVIEW 

Natural phenomena such as earthquakes, tsunamis or extreme weather events like droughts can affect electric power systems in 

different forms. Likewise, these systems can be damaged due to non-intentional or intentional anthropogenic actions such as the 

terrorist attacks of the 11th of September 2001 in New York (Mendonça and Wallace, 2015). Electric power systems are critical 

infrastructures of modern societies, therefore is essential to boost their resilience to severe weather and other challenges (Panteli 

and Mancarella, 2015).  
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Extreme weather events such as hurricanes and storms are considered one of the main causes of wide-area electrical disturbance 

worldwide (Panteli and Mancarella, 2015). These events poses a serious challenges to the safety and wellbeing of communities 

(Ghanem et al., 2016). 

The term resilience has been used in many disciplines, including psychology, natural and human ecology, engineering and 

geography; however, there is not an agreed upon definition of resilience. This concept is multifaceted and adaptable to several 

context and disciplines (Adger, 2000, Forino, 2014). Holling (1973) defined resilience as the time required for an ecosystem to 

return to equilibrium following a perturbation. Later, Timmerman (1981) elaborated on the concept, and defined it as the 

“capacity to adapt to absorb and recover from the occurrence of a hazardous event”. Godschalk (2003) associates resilience with 

redundancy, efficiency, autonomy, and adaptability. Davoudi and Strange (2009) define resilience in terms of connectivity, 

fluidity, contingency, and multiplicity (Lu and Stead, 2013). Vale and Campanella (2005) consider resilience as the capacity of a 

zone to rebound from destruction, while UNISDR (2009) describes it as the ability of a system to recover in an efficient manner. 

Zhou et al.(2010) explained the concept as the capacity to face loss after a disaster and to recover from it (Forino, 2014). Pelling 

cited by Guo (2012) formulated the definition of resilience as “capacity to adjust to threats and mitigate or avoid harm”. Aldrich 

(2012) defined resilience in the context of the community, as the capacity of the neighbourhoods to address crises through 

coordinated efforts and cooperative activities to achieve effective and efficient recovery. According to Alexander (2013) the term 

used in the context of disaster risk reduction means: “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 the preservation and 

restoration of its essential basic structures and functions”(Alexander, 2013). Ifejika Speranza et al. (2014) cited the definition of 

resilience as “the capacity of individuals, communities or social-ecological systems (SES) to cope with disturbances, to self-

organize, and to learn with the aim to improve essential structures and functioning”. 

The bioecological theory formulated by Bronfenbrenner (2004) considers that a lack of individual resilience can decrease 

resilience at other scales. Nevertheless according to Alexander (2013) it is not easy to extrapolate psychological resilience to 

other scales and especially to community resilience. In the framework of the Resilience Academy 2013-2014, one of the 

highlighted definitions of resilience was the power or ability to return to the original position, structure or function, after being 

disturbed, shocked or impacted by stress (UNU et al., 2013). Recovery in the resilience paradigm is easier when you have the 

capacity to anticipate and cope with stress (Aldrich, 2012). Resilience also considers the rate of recovery (Ifejika Speranza et al., 

2014). According to Ganor & Ben-Lavy (2003) the basic ingredients of community resilience, termed as the “Six Cs” are: 

communication, cooperation, cohesion, coping, credibility and credo. According to Coaffee et al. (2009) resilience is part of 

urbanism and it is a goal for cities exposed to hazards (Guo, 2012). Social resilience is defined by Shaw et al., (2014) as the 

ability to avoid disaster, cope with change and recover from disaster. 

In the context of power systems, resilience is defined as the ability of a power system to withstand the shock, recover from the 

disruptive event and apply adaptation measures for mitigating the impact of similar events in the future. Five elements are 

associated to the short. as well as the long term short-term resilience in power systems: robustness/resistance, resourcefulness, 

redundancy,response and recovery, and adaptability. Likewise, fourth phases are proposed in the resilience assessement 

framework of electric power systems: threat characterization, vulnerability assesment of the system’s components, system’s 

reactions, and system’s restoration (Espinoza et al., 2016). 

In February 2014 several storms affected UK, 80,000 homes were left without power for several days. The impacts of power 

outages on households, the description of the challenges faced and the strategies adopted by them were decribed by Ghanem et al. 

(2016). According to these authors the capacity of the households to respond to and recover from power outages, depends not 

only of the household itself, but also on other actors and the social resilience of the whole community. However, little is known 

about the capacity of the community to face daily life with power outages caused by earthquakes and tsunamis in Latin America.  

3. EXPECTED RESULTS 

In this project we want to develop a framework to support the implementation of community resilience due to power outages 

caused by earthquakes and tsunamis. We will gather information related to societal impact associated with past events, identify 

critical case studies, and determine societal impacts of severe power cuts. To achieve this aim we will collect and analyze 

qualitative data to identify the needs and coping strategies of an affected population during power outages. The aim is for citizens 

to have response strategies that are complemented by resilience measures prepared for (and by) the community. 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The results of this project will contribute to the reduction of the vulnerability and the implementation of priority for action 4 in 

the Sendai Framework for Disaster Risk Reduction 2015 – 2030: Enhancing disaster preparedness for effective response and to 

“Build Back Better” in recovery, rehabilitation and reconstruction (UNSDR, 2015). The results of this project will allow to 

citizens and communities build resilience by how they prepare for, and respond to power outages due to earthquakes and 

tsunamis. This project will promote the preparedness among the community, and the cooperation with electricity companies by 

sharing accountability. 
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ABSTRACT: After the earthquake in 2009, L’Aquila (Italy) started a torturous recovery process, characterized by a delay in the 
reconstruction of the city center, the political and legal intrigues, and the dissatisfaction of the population with the decisions made 
and actions taken by the government. Between 2010 and 2014 we formulated a recovery index based on spatial indicators, such 
as building condition and building use, to measure the progress of the recovery process in L’Aquila. Now, seven years after the 
earthquake, we are not only interested in measuring the progress of the recovery in L’Aquila, but also in validating the usefulness 
of the proposed recovery index. To achieve this objective, we are going to consider the same set of spatial indicators and expert 
criteria that we considered to determine the progress of the recovery in L’Aquila by 2010, 2012, and 2014. Over these years, the 
city center of L’Aquila was selected as the sampling area, to establish the progress of the recovery in the whole city. In 2016 we 
found that the number of reconstructed buildings and buildings under ongoing construction has significantly increased, followed 
by the number of inhabited buildings. The number of buildings classified as partially enabled, propped, reconstruction projected, 
and damaged had greatly decreased by 2016, while the number of demolished buildings and buildings with restricted use slightly 
increased. The number of buildings with residential and commercial use increased along the main roads by 2016. Paradoxically, 
while progress was observed in the overall building condition, there was no significant progress in the building use. This poses 
several questions about the dynamics of the returning process of the former habitants of the city center in L’Aquila. We can 
conclude that the proposed recovery index is useful for identifying the spatial pattern of the recovery process in an urban area 
affected by an earthquake. At the same time, this recovery index allows us to quantify the recovery progress based on indicators. 

 

 

Keywords: Disaster recovery, spatial indicators, recovery index, earthquakes, GIS. 

1. INTRODUCTION 
 

On April 6th of 2009 an earthquake with a magnitude of 6.3 MW and a hypocentral depth of 10 km struck the Italian city of 
L'Aquila (population 72,800). The epicenter was located in Poggio del Roio, 3.4 km to the southwest of the L’Aquila city center.  
L’Aquila is the capital of the province by the same name, and the administrative capital of the Abruzzo region.  
 
The historical city was badly damaged, 67,500 people were left homeless (Alexander, 2010), 1,500 people were injured (202 
seriously), and 308 people lost their lives. About 10,000 buildings were damaged and between 1.5 and 3 million tons of waste 
were generated (Brown et al., 2011). The cost of the damage was estimated to be 16 billion Euros (UNIFI, 2009). 
 
The recovery of L’Aquila has unfortunately been surrounded by political intrigues and scandals, not to mention several legal and 
administrative failures (Arens, 2014). The mayor of L’Aquila resigned several times (but then always withdrew his resignation). 
In 2014 he was under investigation. The person in charge of allocating funds was also accused and then acquitted of 
mismanagement of funds. The conflict between the financial manager of the reconstruction and the mayor of L’Aquila 
contributed to the delay of the reconstruction process. There were other debates going on simultaneously regarding the cost of the 
support scaffolding (Ciorra, 2014). Several discussions took place within the government with respect to the recovery of 
L’Aquila, which included the idea of relocating the whole city (Arens, 2014). 
 
In our research, we select the historical city center as a sampling zone to test the progress of the recovery because it was the most 
affected area after the earthquake, and because there was an existing damage indication map of this zone, elaborated by Tiede 
(2010). An additional reason for selecting the historical city center as the sampling zone is that it is the most representative 
district of a city according to Kevin Lynch (1960). The location of the case study area is shown in Figure 1, together with a map 
showing the ground motion intensity during the earthquake. 
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Fig. 1: a) Case study area: L'Aquila, Italy; b) Ground motion intensity during the L’Aquila earthquake. 
Source a) Google Earth – QuickBird/DigitalGlobe, distributed by European Space Imaging on 11 September 2011; b) USGS 
(http://earthquake.usgs.gov/earthquakes/shakemap/global/shake/2009fcaf/). 
 

2.  METHODOLOGY 
Between 2010 and 2014 we formulated a recovery index based on spatial indicators, such as building condition and building use, 
to measure the progress of the recovery process in L’Aquila. These recovery indicators were identified during the fieldwork visits 
to L’Aquila in 2010, 2012, and 2014, and validated in 2016. 

Table 1. Monitoring schedule of the post-disaster recovery progress in L’Aquila (Italy). Adapted from (Contreras et al., 2016). 

TIMELINE REMOTE SENSING (RS) 
GROUND 

OBSERVATIONS 
(GO) 

GEOGRAPHIC 
INFORMATION SYSTEM 

(GIS) 
N* YEAR MONTH SENSOR Analysis MONTH TOOLS SOFTWARE/APPLICATIONS 
1 2010     April GPS 

Analogue 
maps  

interviews

Arc GIS 9.3-10 
Google Earth  
Google Maps 

 2011 September  Quickbird OBIA 
GIS

    

3 2012       September GPS 
Analogue 

maps 

Arc GIS 10.1 
Google Earth  
Google Maps 

 2013           

5 2014 
 

      April GPS 
Analogue 

maps  
interviews

Arc GIS 10.3 
Google Earth  
Google Maps 

7 
10 

2016 
2019** 

 
April 

 
Quickbird

OBIA 
GIS 

June 
April 

GPS 
Analogue 

maps  
interviews

Arc GIS 10.4 
Google Earth  
Google Maps 

 
*Number of years after the earthquake.  
** Fieldwork planned.  
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Fourteen categories of building conditions were identified: inhabited, new buildings, repaired, reconstructed, partially enabled, 
construction ongoing, reconstruction ongoing, reconstruction projected, propped, earthworks, debris removed, demolished, 
restricted use and damaged. Thirteen categories of building use were recognized: residential, commercial, transport, amenity, 
religious, hospitals, office, educational, industrial and sports facilities, hotels, monuments, and not inhabited. These categories 
were later considered as variables. The methodology to assess the progress of the recovery is depicted in Figure 2. 

 

Fig. 2: Methodology to assess the progress of the recovery after an earthquake. Adapted from: (Contreras et al., 2014). 

3. RESULTS 

Figure 3 depicts the visualized results of applying the spatial recovery index to measure recovery in L’Aquila. 

  
 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Spatial recovery index applied to monitor the recovery of L’Aquila in a) 2010 and c) 2016. Note: 2012 and 2014 were not 
included because the changes were minimal compared to 2010 and 2016.  

a b)
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4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
A number of indices have been developed for measuring the vulnerability to disasters, but little attention has been paid to 
recovery indices, particularly with respect to earthquakes. The aim of this research is to provide a tool for monitoring and 
evaluating the progress of a recovery process, to avoid the emergent vulnerability, and therefore reduce the risk to an acceptable 
level. Identifying the drivers of a successful recovery process and learning from the lessons of other cases provides the 
opportunity of building resilience through the formulation of pre-impact recovery plans based on the known best practices of 
recovery.   

5. CONCLUSIONS 
Some damaged and propped buildings in L’Aquila have remained in the same stage for 7 years, because no owner or authority 
has made any decision regarding their future. This uncertainty has delayed the recovery of the city center. Some propped 
buildings were partially enabled, with some stores opened on the ground floor, while the above floors remained empty between 
2010 and 2014. In 2016 we found that these buildings started to be reconstructed instead of being repaired, which represents a 
somewhat ambiguous step in the recovery process because it constitutes an advance in building condition, but a setback regarding 
building use. A similar scenario occurred with buildings that were found inhabited in the past fieldwork visits and are now in 
restoration. These facts demonstrate that spatial indicators are necessary to measure the progress of recovery, because the limits 
between post-disaster phases are always fuzzy (Contreras, 2016). 

We found that the amount of reconstructed buildings and buildings with ongoing construction, as well as the number of inhabited 
buildings has significantly increased since the last fieldwork visit in 2014. The number of buildings classified as partially 
enabled, propped, reconstruction projected, and damaged had greatly decreased by 2016, while the number of the demolished 
buildings and buildings with restricted use slightly increased. The number of buildings with residential and commercial use 
increased along the main roads by 2016. Paradoxically, while progress was observed in the overall building condition, there was 
no significant progress in the building use because several reconstructed buildings are still inhabited. This poses several questions 
about the dynamics of the returning process of the former habitants of the city center in L’Aquila. This returning process will be 
interesting for further research. The reconstruction and returning process advances faster around the historical city center, perhaps 
because the larger road size makes it easy to locate and organize the requested machinery and materials for the reconstruction 
process 

We can conclude that the proposed recovery index is useful to identify the spatial pattern of the recovery process in an urban area 
affected by an earthquake. At the same time, this recovery index allows us to quantify the progress in the recovery based on 
indicators. 

6. REFERENCES 
Alexander, D. (2010). The L'Aquila Earthquake of 6 April 2009 and Italian goverment policy on disaster response. Natural  

resources policy research, (2), 325-342. 
Arens, R. (2014). Der Zerstreung L'Aquilas. Salzburger Nachritten, April 5th, 2014. 
Brown, C., Milke, M. & Seville, E. (2011). Disaster waste management: A review article. Waste Management,(31), 1085-1098. 
Ciorra, P. 2014. L'Aquila: Five years after the earthquake [Online]. The Architectural Review. Available: 

http://www.architectural-review.com/laquila-five-years-after-the-earthquake/8666396.article [Accessed August 18th, 2015 
2015]. 

Contreras, D., Blaschke, T., Kienberger, S. & Zeil, P. (2013). Spatial connectivity as a recovery process indicator: The L'Aquila 
earthquake. Technological Forecasting and Social Change, (80), 1782-1803. 

Contreras, D., Blaschke, T., Kienberger, S. & Zeil, P. (2014). Myths and realities about the recovery of L׳Aquila after the 
earthquake. International Journal of Disaster Risk Reduction, (8), 125-142. 

Contreras, D., Blaschke, T., Tiede, D. & Jilge, M. (2016). Monitoring recovery after earthquakes through the integration of 
remote sensing, GIS, and ground observations: the case of L’Aquila (Italy). Cartography and Geographic Information 
Science, (43), 115-133. 

Contreras, D. The fuzzy boundaries between post-disaster phases: L'Aquila - Italy FIG Working Week 2016. Recovery from 
disaster, 2016 Christchurch, New Zealand.: FIG. 

DÍEZ, I. (2010). L'Aquila languidece un año después de la tragedia [Online]. rtve.es. Available: 
http://www.rtve.es/noticias/20100405/laquila-languidece-ano-despues-tragedia/326423.shtml [Accessed March 15th, 2013 
2013]. 

Gigantesco, A., Mirante, N., Granchelli, C., Diodati, G., Cofini, V., Mancini, C., Carbonelli, A., Tarolla, E., Minardi, V., 
Salmaso, S. & D'Argenio, P. (2013). Psychopathological chronic sequelae of the 2009 earthquake in L’Aquila, Italy. Journal 
of Affective Disorders, (148), 265-271. 

Tiede, D. (2010). Experiment on the "L'Aquila Area Earthquake", with VHR images before and after the date of the event (April 
6, 2009) Salzburg: Centre for Geoinformatics (Z_GIS), Salzburg University. 

UNIFI (2009). Integrated Health, Social and Economic Impacts of Extreme Events: Evidence, Methods and Tools. Annex 2 - 
Proposal Part B. 

158



  

The Fight of the Wayuu Ethnic Community against the Drought in La 
Guajira, Colombia 

Diana Contreras1, Srirama Bhamidipati2, Sandra Contreras3 

1UNIGIS Latin America/University of Salzburg, Salzburg, Austria. E-mail: diana.contreras@team.unigis.net   
2  Faculty of Technology, Policy and Management - Delft University of Technology, Delft, Netherlands. E-mail: 

s.k.bhamidipati@tudelft.nl 
3 Press/Grupo Planeta Colombia, Bogotá D.C., Colombia. E-mail: scontreras@planeta.com.co  

ABSTRACT: Wayuu community in Colombia constitutes about half of the population of department of La Guajira, located in the 
northeast of the country. According to the National Department of Statistics in Colombia (DANE), between 2008 and 2013, 
about 4,151 children have died in La Guajira. Among these, 278 deaths were due to undernourishment. The shortage of food is a 
consequence of bad water management policies and loss of crops due to the prolonged drought that started in 2012. In year 2006, 
the upper course of river Rancheria was altered while building the El Cercado dam. This further reduced the access to water for 
these communities located in the middle and lower course of the river. The effects of climate change had deteriorated their 
conditions. The severity of the current situation and the corruption involved in handling this issue has attracted unparalleled 
criticism from within the country and internationally. Some institutions even equate it to genocide and demanding more 
immediate action from the government to protect this community. Our investigation has shown that there is no awareness in the 
scientific community about this situation. This has motivated us to investigate further and present the basic status quo that will be 
helpful to build the capacity in addressing this problem methodologically. To build such a capacity, we use spatial analysis to 
develop spatial indices for each settlement like the proportion of population that benefits from the current water sources and to 
identify the populations that lack access to water. We expect to determine, with participation from the Wayuu community, 
adaptation measures for both short and long-term access to water. 

Keywords: Wayuu ethnic community, drought, climate change, adaptation measures, capacity building. 

1. INTRODUCTION 
Colombia is divided into 32 departments and one of them is La Guajira. La Guajira is located in the north of the country along 
the border with Venezuela. It is a desert area where the temperature varies between 35°C and 42°C along the year (Calderón, 
2016). The capital of the department is Riohacha and other important municipalities include Uribia, Manaure, and Maicao. The 
location and extent of the case study area is depicted in Figure 1.  
Majority of the population in La Guajira belongs to the Wayuu community. This is the biggest group in the Colombia and they 
represent the 30% of the indigenous population in this country (Calderón, 2016). Members of this ethnic group have both 
Colombian and Venezuelan citizenship, because their territory falls in both countries. They live in the rural area of the 
department in small settlements called: rancherías. These are small settlements made up of few houses built up with mud and 
bamboo (Calderón, 2016). 
The presence of the State in this region is scarce. This region is one of the poorest and isolated areas in Colombia (Calderón, 
2016). A walk to access drinking water can take hours (Cosoy, 2015, Capital, 2015). The water and sewage system only covers 
about 5.3% of this population (Humanitario, 2014, Guarnizo, 2014) and very few places have access to electricity. There are 
neither roads (Calderón, 2016) nor medical facilities (Cosoy, 2015, Pirry, 2014). There is no public transport between some of the 
rancherías and municipalities. There are very few schools with very scarce resources. The children only attend primary school 
and the level of illiteracy is high (Capital, 2015).  
According to the National Department of Statistics in Colombia (DANE), between 2008 and 2013, about 4,151 children have 
died in the whole Guajira. Among these, 278 deaths were due to undernourishment, 2,671 due to illness without treatment and 
1.202 were fetal deaths. The child mortality rate in Guajira is nearly 45%. The percentage of children suffering from chronic 
undernourishment in Guajira is as high as 30%. This percentage of children suffering from undernourishment could be even 
higher if all of the Wayuu children were included in the national census (Guarnizo, 2014). The undernourishment and the related 
illnesses are the consequences of the shortage in food. The effects of the undernourishment are also visible in pregnant and 
breastfeeding women, teenagers and elderly people (Capital, 2015, Pirry, 2014).  
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Fig. 1: Location of the case study area in La Guajira – Colombia. 
 
The shortage in food is a result of loss in crops from the drought and bad water management policies in the department. There has 
been no rainy season in La Guajira since 2012, that used to seasonally replenish the streams that crossed the region. The course of 
the Rancheria river (the main river in the region) was altered to provide water to the nearby mining industry. The food shortage 
affects mainly the north and the centre of the department, known as Alta and media Guajira, respectively.  
The problem of the drought and the food shortage is aggravated due to: El Niño Phenomenon, the high degree of corruption in 
the department (Calderón, 2016) and the political situation in Venezuela. In the past, the members of the Wayuu community had 
other sources of income in legal or illegal trade with Venezuela, or working in Venezuela in dairy farming (Calderón, 2016). The 
recent closing of the border by the Venezuelan government and the food shortage in this country eliminated this possibility 
(Humanitario, 2014, Guarnizo, 2014, Calderón, 2016). 
The problem of lack of water in La Guajira existed since long. Between 1953 and 1957, the Government installed some water 
mills to extract ground water but, corruption (Calderón, 2016), the lack of maintenance and the lack of financial resources has put 
most of the mills idle and out of service. The few that still function are located in private farms owned by politicians (Pirry, 
2014). Since 2007 the situation is getting critical for the Wayuu community, because they can neither farm their lands nor can 
rear animals for consumption or sale. The course of the main river in the department: the Rancheria river, which used to supply 
water for the communities (EJAtlas, 2016) changed when the El Cercado dam was built (Caballero, 2016). The river disappeared 
along its middle and lower course where the settlements of the Wayuu community are located. At present, the water coming from 
the dam is primarily used for irrigation (rice and palm oil) for the extraction industry in El Cerrejón coal mines and not for energy 
generation and drinking water supply as was the original intention (EJAtlas, 2016). 
A situation of public calamity in Guajira was declared in 2014 by the Government of Colombia (Calderón, 2016). In December 
2015, the Inter-American Court of Human Rights (ICHR) ordered the Colombian Government to take precautionary measures to 
protect the children of the Wayuu community in the towns of Manaure, Uribia, Riohacha and Maicao in La Guajira (Rojas, 2015, 
Radio, 2016). 
It is ironic and difficult to understand the level of poverty in La Guajira. It is one of the departments in Colombia that receives 
most royalties from exploitation of salt, gas and coal. Some estimates show this to be close to USD$ 1.500 million in the past 25 
years (Calderón, 2016). This is an area also rich in culture and tradition with an incredible landscape and a great touristic 
potential (Capital, 2015). The most memorable image of this region is of the women of the Wayuu community in their colorful 
traditional dresses, called mantas Guajiras and their self-knitted backpacks, known as mochilas (Pirry, 2014).  
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2. OBJECTIVES  
In the context of multiple problems discussed in the previous section about Wayuu community, we would like to develop various 
spatial indices and metrics of existing conditions and available resources in the region. We will build upon these metrics to 
address the following objectives: 

 To identify available and potential alternative water sources in Guajira. 
 To define measures that can improve the supply and access of drinking water to Wayuu community in short and long term. 
 To define a policy based on water management and climate change adaptation that ensures the food security for the Wayuu 

community. 

We believe these metrics will also help other researchers in understanding this grave challenge faced by the Wayuu community 
and in building capacity of the planning communities to find feasible and practical solutions for this serious problem.  
 

3. METHODOLOGY 

In order to build capacity of the Wayuu community to these extreme drought conditions and in implementing any adaptation 
measures, it is essential to know: their social organization, their traditions, census per Rancheria, history of the water 
management policies in La Guajira and changes in the livelihood of the Wayuu community over time. Each rancheria’s location 
along with the available and potential water sources in the area will be geocoded along with the current and traditional 
livelihoods among the Wayuu community must be characterized. 
Based on the census data, it will be possible to estimate the population density in the region. Juxtaposing these densities with the 
location of available and potential sources of water will give accessibility indices for each settlement. Using spatial overlay and 
neighborhood analysis, we will estimate for each settlement, the proportion of population that benefits from the current water 
sources and identify the populations that lack access to water. This will help in framing water management policies in short term 
and give an estimate of relocation of portions of the community as a long-term solution. 
 

4, EXPECTED RESULTS 

This research aims to develop a framework for policy initiatives: to improve water management in La Guajira, and reduce the 
impact of the severe weather phenomena such as drought. We hope that the framework can be extended to, and adopted by areas 
affected by similar climate related droughts in other developing countries. We also hope to propose policies to define adaptation 
measures to climate change for the Wayuu community in the long term.  

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
This work shows the gaps in the achievement of the strategic goals of the Hyogo Framework for Action. This case study 
demonstrates the lack of integration of disaster risk reduction into sustainable development policies in La Guajira and the failure 
of the institutions on building capacity among minority ethnic groups such as the Wayuu community. Interrelated problems such 
as climate change, drought, bad water management, corruption, food insecurity and undernourishment must be addressed in the 
Post 2015 Framework for Disaster Risk Reduction. 

6. CONCLUSIONS 
The water scarcity is not only because of the lack of rain, it is also because of the human action (Jaeger et al., 2013). The mining 
activity and the built of El Cercado dam generated a big environmental impact, regarding changes in the landscape and in the 
conditions in the soil (Capital, 2015, Pirry, 2014). In the case of La Guajira the stress on food was induced by economic crisis 
and climate change. The cause of the famine in the Wayuu community is the lost in crops and the death of animals due to the 
drought. They can not sell their livestock as coping strategy because either they have already eaten or they have already died, or 
they need them for the dowry. This fact is added to the loss of alternative sources of livelihood such as selling products coming 
from Venezuela, and the lower prices paid for the handcraft that they produce. Therefore, it is necessary to built-up livelihood 
resilience (Tellman et al., 2014) among the Wayuu community.  
The officials of the State declared that without drinking water available, any efforts delivering food rations, will be not useful in 
the fight against the undernourishment (Pirry, 2014). The government has invested a lot of resources in the assessment of the 
needs of the children, but not in the solution of these needs (Capital, 2015). 
The government is not undertaking enough actions to protect this community as it is stated in the Colombian Constitution 
(Capital, 2015). The current problems in La Guajira are the mix of bad water management, climate change, absence of the state 
and corruption, and this mix is currently exterminating the Wayuu community. The Government has not been able to reduce the 
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level of corruption in the department (Pirry, 2014). If there is no effective actions from the government, Colombia will face the 
extinction of the Wayuu community (Pirry, 2014, Capital, 2015). 
 

7. RECOMMENDATIONS 
 
The Wayuu community must be compensated due to the environmental impact caused by the exploitation of the coal mine and 
the built of El Cercado dam (Adams et al., 2015). This compensation should be oriented to guaranty the provision of water, 
improve the infrastructure (roads, health facilities and schools) around the rancherias, and providing employment for the 
members of the community. It is necessary that the companies, which work on the extraction industry generate more employment 
among the local population (Galván, 2016) It is necessary to open harbours in the region (Calderón, 2016). The high solar 
radiation and the mean monthly sunshine hours in La Guajira Peninsula during the whole year generates the biggest potential in 
Colombia for the utilization of the solar energy (IDEAM, 2016). It shows the opportunity to develop a solar plant similar to the 
solar plant built in Morocco (Theguardian, 2016). 
In the social dimension, it is necessary to improve the school conditions. The centres for the development of the childhood in the 
region should be built up and good equipped. The Wayuu women working at these centres should have a contract with a fair 
salary according to their responsibilities. The food rations must arrive to this centres and it must be enough for the number of 
children and according to the nutrient requirements of their age. The State should promote the birth control among the Wayuu 
women with the aim to contribute to the reduction of the poverty in the community.  
In the economic dimension, the Ministry of Bussines, Industry and Tourism should promote the ecotourism in the region and 
support the organization among the Wayuu community of an association to regulate the market and the prices of the Wayuu 
handcraft. In the institutional dimension, the Government must castigate the corruption (Pirry, 2014). The National Council of 
Economic and Social Policy (CONPES) document announced by the Government must consider all the problems in a holistic 
way (Calderón, 2016). Cooperation reduces drought damage costs and there is a need of new water allocation mechanisms based 
on the involvement of stakeholders (Kahil et al.). It is necessary to work in desalination methods and community based water 
management. In the cultural dimension, having in mind the importance of preserving this community (Capital, 2015), it is 
necessary to discourage the migration.  
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ABSTRACT: The research of vulnerability has become an important part in disaster risk management. The aged is especially 

vulnerable to natural hazards, one basic problems of which is the perception to disaster. Beijing is taken as an example for its 

high population density and serious population aging. Based on the study of literatures, three indexes are taken as the different 

aspects of perception: experience, preparedness and knowledge. An index called perception bias index is built to analyze the 

effect of location, education, age and gender. Results: (1) The main influence factors to disaster experience are location and age: 

it is higher in the mountain area (the town and village) and decreases with the increase of age; The main influence factors to 

disaster preparedness are education and age: with the improvement of education and decrease of age, the preparedness increases; 

The main influence factors to disaster knowledge are education and age: with the improvement of education and decrease of age, 

the knowledge increases.(2)The perception bias is mainly affected by education, and then age and location. With the 

improvement of education and the increase of age, the perception bias decreases. The perception of the elderly in the plain area 

(the downtown area) is lower than in the mountain area. (3)The haze disaster and drought are the two types of disasters that get 

the most perception. The perception of different types of disasters is influenced by the demography characteristics. The study of 

the perception in the different indexes and in different group of demography characteristic is expected to provide some scientific 

basis to improve the perception of the elderly. 

Keywords: perception, natural disasters, bias index, the elderly, Beijing 

1. INTRODUCTION 

China has suffered serious losses in the context of frequent natural disasters. The vulnerability of the human as disaster bearing 

body should be considered (Jing’ai Wang, 2016). The perception is one of the most important part of the vulnerability (Rogers, 

1997). One of the most vulnerable group is the elderly (Armaş Iuliana, 2006), while there is seldom study about the difference 

among the elderly and the factors that influence the perception of the group.  

2. Data and method 

2.1 Study area 

Considering the topography types of the natural disasters, and the demographic and economic characteristics, two areas in 

Beijing are chosen as the case study areas: the first one is the urban areas in Beitaipingzhuang sub-district of Haidian (Area 1), 

the second is the rural areas in Miyun (Area 2).The main types of natural disasters in Beijing are haze, flood, drought, sand storm 

and earthquake.  

2.2 Complex network diagram and the questionnaire 

Based on the literature (Renato Miceli, 2007; Gisela Wachinger, 2013; Armaş Iuliana, 2006 ; Lai Julian, 2003; Renato Miceli, 

2007; Ho Ming-Chou, 2008; Deguen Séverine, 2012; Rajib Shaw, 2004; Xingming Shi, 2015; Yun Su, 2009; Qi Zhou, 2009; 

Genying Chang, 2011; Benyong Wei, 2013), a complex network diagram is built by considering the clustering coefficient, as 

well as the times involved in the literatures. According to the results of the complex network diagram, the indexes and 

questionnaire design are as Tab.1. 
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Tab.1 Indexes of Perception and Questionnaire Design 

Index Code Indicator 

disaster experience  E Disaster experience 

disaster preparedness P Material preparation 

Emergency plans 

Activity participation 

disaster knowledge  K Knowledge of earthquake 

 Knowledge of flood 

The sampling method is random sampling. 1235 effective questionnaires are obtained eventually(Tab.3). 

Tab.3 Demography Characteristics of Respondents 

Age 60-64 65-69 70-74 75-79 80-84 ≥85 Gender male female 

 318 238 267 197 164 39  595 531 

Education  illiteracy   primary 

school 

middle 

school 

high 

school 

college or 

above 

 Location Area1 Area2 

 160 386 300 177 199   609 626 

The distribution of population in each group is relatively balanced with some correlation among these groups: there is (1)a 

significant negative correlation between age and location, namely the elderly people in Area2 is older than in Area1;(2)a negative 

correlation between location and education, namely the education level of elderly people in Area1 is higher than in Area2;(3)a 

significant positive correlation between gender and education, namely the education level of the female is higher than the male. 

2.3perception bias index 

The perception bias index is defined as the difference between the perception and the real situation, which is measure by the 

difference between the percentage of a certain disaster perception in a group and the percentage of the frequency in Beijing. 

3. Result 

3.1 Main influence to perception indexes 

The change range of different group in certain demography index is showed in Table. The E is sensitive to location and age; the P 

is sensitive to education and age; the K is sensitive to education and age. 

Tab.5  Characteristics of the perception indexes in different group 
Demography 

index 

group E Range of 

different group 

Sig. P Range of 

different group 

Sig. K Range of 

different group 

Sig. 

Location  Area1 0.194 0.115 0.000 0.768 0.108 0.000 0.336 0.009 0.669 

Area2 0.309 0.660 0.332 

Gender  Male 0.253 0.059 0.004 0.647 0.099 0.000 0.325 0.015 0.000 
Female 0.279 0.746 0.341 

Education  Illiteracy  0.235 0.075 0.000 0.471 0.389 0.000 0.275 0.116 0.000 
Primary school 0.295 0.615 0.306 

Middle school 0.266 0.711 0.361 

High school 0.286 0.860 0.390 

Collage or above 0.22 0.700 0.332 

Age  60-64 0.307 0.108 0.000 0.758  0.181 0.000 0.348  0.082 0.000 

65-69 0.263 0.702  0.337  

70-74 0.251 0.721  0.328  

75-79 0.202 0.662  0.318  

≥80 0.199 0.576  0.265  

3.2 characteristics of E, P, K 

Taking the effect of location into consideration, E-score is higher in Area2 than Area1. Taking the effect of age into consideration, 

a decline of E-score with the increase of age can be seen.  
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Taking the effect of education into consideration, P-score has an increase trend with the improvement of education. Taking the 

effect of age into consideration, P-score has a decrease trend with the increase of age. 

Taking the effect of education into consideration, K-score has an increase trend with the improvement of education. Taking the 

effect of age into consideration, K-score tend to decrease with the increase of age.  

3.3 Analysis of perception bias index 

The perception bias index shows that the perception bias is higher in Area2 than Area1, higher in the female group than the male 

group, and has an increase trend with the improve of education and the increase of age. From the variation of different group, it 

can be seen that perception bias is sensitive to education, then age and location, while there is little difference between gender 

groups. 

Tab.6 Difference analysis of perception bias about elderly people in Beijing   

Demography index Group Perception bias index Range of different group 

Location  Area1 0.587  0.128 

Area2 0.715  

Gender  Male 0.225  0.009 
Female 0.234  

Education  Illiteracy  0.721  0.525 

Primary school 0.369  

Middle school 0.277  

High school 0.196  

Collage or above 0.519  

Age  60-64 0.311  0.197 

65-69 0.362  

70-74 0.279  

75-79 0.358  

≥80 0.165 

The most perceptive types of disaster are drought and haze. 

4. VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

China has suffered serious losses in the context of frequent natural disasters. However, the prevention and reduction of natural 

disasters mainly focus on the disasters and ignore the human system. The vulnerability of the human as disaster bearing body 

should be considered.  

The perception is one of the most important part of the vulnerability, which will have a deep impact on the reaction, response, 

attitude to the disasters and the basic capacities for disaster reduction. The study of factors to the perception can be used to 

improve the perception and reduce the disaster risk. From the literature we can see that the perception vary with each individual 

and is influenced by many factors, such as the gender, age, education, eta..  

One of the most vulnerable group is the elderly, while there is seldom study about the difference among the elderly and the 

factors that influence the perception of the group. The aging problem is becoming an urgency in China and the people aged 60 

and over made up 12.5% in Beijing in 2010. The study of the perception in the different indexes and in different group of 

demography characteristic is expected to provide some scientific basis to improve the perception of the elderly. 

5. CONCLUSIONS 

 (1)The main influence factors to disaster experience are location and age: the experience of the elderly in the plain area (the 

downtown area) is high than the elderly in the mountain area (the town and village). With the increase of age, the experience is 

decrease. 

The main influence factors to disaster preparedness are education and age: with the improvement of education, the preparedness 

increases. With the increase of age, the experience is decrease. 

The main influence factors to disaster knowledge are education and age: with the improvement of education, the knowledge 

increases. With the increase of age, the knowledge is decrease. 

(2)The perception bias is mainly affected by the education, and then age and location. With the improvement of education and the 

increase of age, the perception bias decreases. The perception of the elderly in the plain area (the downtown area) is lower than 

the elderly in the mountain area (the town and village). 
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(3) The haze disaster and drought are the two types of disasters that get the most perception. The perception of different types of 

disasters is influenced by the demography characteristics. With the increase of age, the perception of the elderly is increased in 

health-effected diasters and sudden and catastrophic incidents, while the perception is decreased in the disasters related to 

agriculture work, such as drought and flood. 
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Defining Resilience: Public-Private Partnerships are essential to attaining continuity 
By Chloe Demrovsky, Executive Director, Disaster Recovery Institute International 

 
Cyber security, globalization, effective communications across industries and countries. The list 
of challenges continues to grow almost exponentially annually. Last year, the United Nations 
Office for Disaster Risk Reduction (UNISDR) hosted its third World Conference on Disaster Risk 
Reduction in Sendai, Japan. More than 6,500 participants from around the world attended with 
the goal of finalizing the Sendai Framework for Disaster Risk Reduction to outline United Nations 
(UN) member states’ commitments to promote resilience within the context of the post-2015 
Sustainable Development Agenda. The goal of signing a new framework was both admirable and 
ambitious. Now that it has been release, implementing it will require cross-sectoral and 
international cooperation on a daunting scale. 
 
UNISDR initiated the post-2015 Sustainable Development Agenda to continue making progress 
as the 10-year timeframe for the prior accord, the Hyogo Framework for Action, ends. Overall 
goals include scaling-up disaster risk reduction efforts that can be measured against 
development outcomes, emphasizing increased local and community outreach and ensuring 
considerations from all stakeholders are included. Advancing resilience worldwide through 
these types of global initiatives is imperative because disasters are affecting populations with 
unprecedented frequency and severity. Research from the Centre for Research on the 
Epidemiology of Disasters (CRED) shows that climate-related disasters alone have more than 
doubled since the 1980s. Today, they account for more than 80% of all reported disasters 
worldwide.   
 
In addition, the globalization that has allowed for advances in economic development to bring 
millions out of poverty has also created a nearly worldwide dependency network. A crisis that 
occurs on one side of the world may directly impact organizations on the other side. This 
interconnectivity increases the risk profile for all stakeholders and requires greater 
preparedness across sectors. With critical goals like disaster risk reduction and resilience, 
establishing a diverse coalition of committed stakeholders with a practical plan of action is 
essential. To support this endeavor, following are some key best practices for and observations 
on designing public-private partnerships for resilient development. 
 
Recognize that disasters don’t respect national borders or sectoral boundaries. 
The reality is that large-scale hazards do not respect manmade constructs, such as borders or 
property. For example, the tsunami that accompanied the Great Eastern Earthquake flooded 
more than 200 square miles of land across cities along Japan’s coastline. Ensuing disasters can 
affect anyone, anywhere, but the impacts can be lessened through proper planning, 
coordination, and cooperation.  
 
The business continuity discipline is the private sector’s version of disaster risk reduction and 
should be integrated into the international community’s general strategy for sustainability.  An 
organization should aim to be nimble in the face of any contingency, no matter the size. 
Business continuity helps companies prepare for dramatic large-scale hazards while aiding the 
critical yet mundane activity of running a lean business. It helps uncover alternate ways of 
accomplishing objectives and promotes a strategically flexible culture so that practices do not 
become rigid.  Among other advantages, the public sector would benefit from the capacity 
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development gained from learning this model and the private sector would benefit from public 
sector cooperation during large-scale response and recovery.  
 
Make a partner a real partner. 
The public sector and private sector are culturally different.  While this may seem obvious in 
theory, in practice it poses challenges.  It is all too easy to sign an agreement, obtain some 
positive feedback from the public and press, and then let a project languish.  
 
Constant commitment is required from both sides to overcome this potential challenge with 
open communication about expectations and requirements. Both sides have much to gain from 
exposure to the working process of a different kind of entity and both partners bring a lot to a 
well-designed partnership. Trust should not be taken for granted -- it must be earned and 
nourished. It may be necessary to work with a partnership consultant or other third party if the 
key personnel on both sides are not accustomed to cross-sectoral work. It may also help to 
collaborate on a specific project as a starting point rather than attempting broader cooperation 
right away. 
 
Partners that prepare together, stay together. 
Partners need to ensure that they have a plan in place and that they test it. The plan needs to 
include the full scope of affected stakeholders including organizations, governments, 
communities or societies depending on the mandate of the partnership. Senior leaders from all 
organizations should be involved from the start, express their full support, and allocate 
sufficient resources to the partnership.  
 
To prepare for an incident in advance, organizations should apply best practices:  

 Conduct a risk assessment to identify hazards that may impact the organization. Assess 
organizational vulnerabilities to those hazards.   

 Determine the impact of potential hazards. Then, create a good plan for operating 
under duress.  The focus should be on the critical function or core mission of the 
partnership.  

 Once a plan is in place, partners should practice implementing it through a system of 
testing and exercising. A post-exercise debrief should be conducted to determine what 
has been learned, the plan should be then be improved, and the cycle should 
recommence. 

 It is important to include all individuals who could be affected by an incident.  When 
something occurs, the first person to arrive on the scene will most likely be an ordinary 
citizen – a neighbor, family member, or coworker. Experts need to communicate their 
message and train the broader public affected by the partnership about some key best 
practices.   

 
Don’t forget about small business. 
After a high-profile disaster, there is a short window of opportunity in which there is broad 
public support for change – it must be leveraged to promote resilience. We saw many successes 
in the Japanese response and recovery to the Great Eastern Earthquake, triggering the tsunami 
and subsequent Fukushima nuclear meltdown that devastated northern Japan on March 11, 
2011. It is rightly considered to be one of the most resilient nations worldwide. Some companies 
were able to restore operations incredibly quickly because they had implemented and tested 
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full-scale business continuity plans prior to March 2011. Others showed their coping ability by 
partnering with businesses in the same industry to share facilities for a period of time. 
 
Not all small businesses, however, fared as well in the aftermath of the earthquake and tsunami. 
From a private sector standpoint, the still unsolved systemic problem facing Japan is how to 
better promote small business resilience. Small businesses are embedded in most supply chains 
and are integral to the Japanese economy and many national economies worldwide. Because 
they are for-profit entities, small businesses are often overlooked by civil society and 
governments in the response and recovery process, but they do not have the resources that 
medium and large businesses invest in preparedness. Larger businesses can help these entities, 
their communities and ultimately themselves by identifying small businesses in their supply 
chain and including them in their planning and testing. The small businesses will gain from the 
best practices, expertise and resources of the larger organizations and the big businesses will 
gain by addressing potential gaps in their own process. 
 
Private sector preparedness frees public resources for vulnerable communities. 
Vulnerable communities are always the hardest hit during a large-scale disaster and it is 
important that the government deploys enough resources quickly enough to help them recover. 
If the private sector is adequately prepared, that will reduce the government burden and allow 
them to focus resources on the most adversely affected communities. It is essential that aid 
money is allocated and distributed in a timely and effective manner to those who need it most.  
 
If the public sector has partnered with the private sector in advance, it will have a greater 
understanding of what those actors need from them in order to recover and will be able to 
direct more time and resources to under-prepared entities.  The private sector can help by 
restoring services to their communities as quickly as possible.  
 
Beyond this first line of duty, many corporations are investing in ways that they can deploy their 
expertise and unique resources to aid public sector partners in an emergency. For example, a 
major retailer could assist a public agency to deliver emergency goods to a community in which 
they work. The retailer’s knowledge of logistics and the supply needs and buying habits of their 
customers in that particular community will be a more important resource than money alone. 
 
Reducing the impact of disasters creates a more resilient and equitable world. 
As part of its research, UNISDR releases the annual Global Assessment Report on Disaster Risk 
Reduction. The third inception of the report published in May of 2013 focused on private sector 
engagement and was appropriately titled “From Shared Risk to Shared Value: The Business Case 
for Disaster Risk Reduction.”  The report outlines the case for partnering with business as well as 
making the case to business for why it should be prepared.  
 
As expressed in their own report, it is important that the UNISDR secretariat seeks to engage 
and learn from those organizations that have been successfully implementing these strategies 
for years and incorporate proven models. Partnering with private sector organizations to 
provide technical assistance and leadership for disaster risk reduction will provide a framework 
for success. Considering that writing policy inevitably moves at a slower pace than creating 
business process, policymakers should not work in a silo when they can learn from those 
individuals and organizations with experience in the field and use them as a resource.  The 
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private sector needs to be included in every stage of the process in order for it to be an asset 
rather than a potential detractor from the major goals of the initiative. 
 
It is not possible to predict what the next big threat will be. Ultimately, the hazard itself is 
beyond the control of either sector. What can be controlled is their preparation for it and 
reaction to it so that it does not result in a disaster for the affected community. Society can and 
should be more resilient so that it can limit the impact of unforeseen events and bounce back 
from them. In order to facilitate that, experts need to communicate the need to stay informed, 
be prepared, and plan for potential impacts. If the public and private sectors can collaborate to 
design a practical action plan for preparedness in Sendai and beyond, it could be possible to 
limit the impact of the next big disaster.  
 
About Disaster Recovery Institute 
Disaster Recovery Institute International (DRI) is the leading nonprofit that helps organizations 
around the world prepare for and recover from disasters by providing education, accreditation, 
and thought leadership in business continuity and related fields. Founded in 1988, DRI 
International has 14,000+ certified professionals and conducts native-language training in more 
than 50 countries, offering in-depth courses ranging from introductory to master’s level, as well 
as specialty certifications. The organization’s annual DRI Conference brings together leading 
business continuity professionals from both the public and private sector to share best practices 
and participate in continuing education and volunteerism. Through its Collegiate Conferences, 
DRI is helping to create the business continuity professionals of tomorrow, partnering with 
universities to introduce students and faculty to this rapidly-growing field through day-long 
networking and educational programs. As a recognized expert resource, DRI acts in an advisory 
capacity to international organizations and government institutions worldwide, helping to 
create industry standards and promote greater resilience through public-private partnerships. 
DRI is an ANSI-accredited Standards Development Organization and a member of the United 
Nations Office for Disaster Risk Reduction ARISE Initiative. 
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1. INTRODUCTION (relevance for risk practitioners, developing countries and UN World Food Program) 

In this decade, a Global Catastrophic Risk (GCR) or the effect of several extreme weather events could lead to multiple bread 

basket failure and a 10% global food deficit or worse (Denkenberger and Pearce, 2014).  Lloyds of London recently published a 

scenarioi describing a possible food system shock with global impact (GFSS).  Research for the UK Foreign Office suggest that 

due to extreme weather events alone there is an 80% risk of this degree of shock in this century (Bailey et al., 2015). The 

reinsurance industry in the London and USA is now addressing many of these risks. GCRs from non-weather causes include so 

many quantifiable “low probability high impact” risks to the food-transport-energy nexusii  that in aggregate they have a greater 

than 1 in 10 probability of occurring in any given 10 year period (D C Denkenberger and Pearce, 2016). In addition, more than 5 

shocks of less than 3% of global output can also be expected with high confidence.  This is only from known extreme weather 

events, so the total risk is greater (3% is still very serious – the 2008 food price spike was linked to a loss of less than 0.2% and 

perhaps more a result of factors other than actual shortage). So it can be considered extremely likely that disaster risk reduction 

(DRR) staff and others involved with the Hyogo/Sendai framework and food, security, logistics, diplomacy, consulting or politics 

will be involved in preparedness for or responding to at least two such unprecedented global events in their lifetime.  Awareness 

is also increasing concerning the specific and multiple vulnerabilities of regional and global transport systemsiii For journalists or 

those who are skeptical about reinsurers or the predictability of individual events, it is possible to simply make this argument: 

“Make an allowance for stresses from climate/ population growth/ resource pressure, and for unknown risks, and then assume a 

normal or poisson distribution of shocks in any given century, and take account of the obvious likelihood that everyone will have 

to deal with at least one outlier or Black Swan event. Taken together, it is not hard to believe that most people alive today can 

expect with fair confidence to live through several food shocks worse than 2008 and at least one major global food system shock 

GFSS or, in the worst case, 'actual global famine' ”. This would put 100 million people at risk of starvation within months, and 

conceivably up to 2 billion deaths across Africa, Asia, the Middle East and the Americas within 2 years  (Helfand, 2013). 

“Sometimes the worst case does happen.” John Ewert, USGS 

 

Pinatubo,  a VEI 6 eruption during Typhoon Yunya.  

June 15, 1991 

'“Climate impact was stronger than an El Nino event.”' 

(USGS) 

Note that VEI- 7 eruptions put 10 times more material 

into the atmosphere than Pinatubo, with correspondingly 

greater impacts on temperature and rainfall, putting 

harvests at risk globally. 

 

In these scenarios, given no additional preparedness, the UN’s World Food Program and other major relief agencies would be 

completely unable to source sufficient food/logistics capacity for famine relief, which implies a need for alternate approaches, so 

very relevant for Sendai and SDG target 1.5 (resilience in developing countries). 

Among known examples of GCRs are atypical crop pathogen, abrupt climate change, regional nuclear war, and level 7 volcanic 

eruption. In almost all of these, reinsurance and increased grain storage are not sufficient to prevent sustained food shortages, or 
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even viable and fundable given shipping constraints and other currently pressing global priorities such as already existing 

malnutrition, poverty and insecurities. 

The Hyogo/Sendai Framework, does not explicitly address all non-climate global catastrophic risks (GCRs). Nevertheless, the 

Hyogo framework sections on regional and national actors and coordination provide a necessary foundation for effective 

preparedness, response and gap identification in relation to GCRs. 

Our goal is to support preparedness work, response planning and assessments of convertible/re-deployable capacity which would 

support national and regional DRR networks to save many lives in the event of any global catastrophic risk which affects 

multiple breadbaskets. (SDG target 11.5) Our particular concern is scenarios affecting populous developing nations, or scenarios 

where WFP and other major relief agencies were unable to source serious quantities of any staples at all from exporting nations 

or on open markets for a period of 2-24 months. (SDG target 13.1 resilience and adaptive capacity) 

In our full paper we intend to address issues of climate/water stress, sovereignty, participatory planning, impacts on and 

leadership by women of the Global South, Amartya Sen's work, transport, distribution etc. Chatham House staff in London are 

among those looking at economic and diplomatic aspects of potential freight choke points in nexus shock scenarios (i.e. the food-

energy-transport nexus, as defined by the Global Sustainability Institute, UK.)ii, iii 

2. CATASTROPHIC RISKS and REGIONAL/GLOBAL FOOD SYSTEM VULNERABILITY 

Duty of Care = Duty of Preparedness (Sendai Priority Areas 1 & 2) 

We are here discussing a large number of low probability high impact risks, mostly not climate related, though in most cases 

droughts/floods/heat stress/storm damage are likely to be pre-existing or complicating stressors.  (Denkenberger and Pearce, 

2015). In aggregate, these risks, where known and quantifiable, added to extreme weather risks have around a 10% probability of 

occurring per decade (Bailey et al., 2015; D C Denkenberger and Pearce, 2016). They don't all destroy crops immediately, but 

what would affect food prices immediately (and is in itself a hazard) despite the best efforts of the Rapid Response Forum, would 

be media reports of a projected global food deficit. The reinsurance industry (including Willis Re and a major US reinsurer) is 

now addressing these high impact risksiv . This means that some industries are being forced to show investors they have 

addressed these risks. There are historical precedents for thisv. Taking as a given that lives matter more than money, we consider 

that some degree of preparedness is also a professional duty of care for governments, academics, funders, relevant private sector 

organisations and senior DRR professionals. Current learning in integrated risk management, especially at the regional level, can 

and should be scaled up to address such risks.  IMF, World Bank, WWF, US Navy analysts, Mars, several foreign ministries (e.g. 

UK, USA), Mars Cargill and others are looking at aspects of thisvi. The UK's recent EU referendum experience has recently 

shown how a lack of preparedness even for a predictable event with few physical impacts can cause economic trauma, so it is not 

hard to imagine that an unexpected event with major physical impacts on crops or transport systems would need good 

preparedness in place, including not only DRR professionals, but the whole range of integrative risk disciplines, also diplomats 

and media professionals (and their older colleagues and on-call lawyers, who can potentially act as an “institutional memory and 

prompt” during periods of crisis). 

When considering shocks to the global food system, most current research focuses on scenarios which cut total global output by 

much less than 5%. A sub-group of the GCR research community looks specifically at “lifeboat scenarios” where 90%-100% of 

global output is hit. There is therefore an obvious gap in published literature for scenarios in the 5-20% and 20-90% ranges. 

These scenarios are both much more likely than 100% scenarios, and offer researchers much more scope to contribute to saving 

large numbers of lives. Now that many of the risks have been assessed quantitatively, and no longer form part of poorly thought 

through science fiction and distorted Hollywood alarmism, the lack of literature and preparedness is unconscionable and (perhaps 

legally?) negligent. We have a collective duty of care to redress this before we find ourselves struck by an impact we have no 

readiness for, at a time when front line staff and budgets are already overstressed responding to climate stress, conflict and 

refugees. Hoping that we are no longer alive “before or after the comet strikes” is not a sufficient response, now that we know 

that zero cost and low cost preparedness is possible. 

2. PRAGMATIC SOLUTIONS 

Cheaper than storage, better than refugees 

The kind of operation conducted by the US military and civil marine to avert a famine in India in 1965vii (when there was more 

than a few months’ warning) would be a tremendous challenge for any merchant fleet currently available, even with several 

months warning. So, for similar or worse or more sudden scenarios, advance work is needed to determine what could be done, by 

whom, and what other options there are for worst case scenarios (other than conventional deliveries of food aid by WFP and 

others). Without stress tests, apparently quite minor problems become very significant: for example, as of March 2016, there are 

no ports in South Africa where sufficient silt has been dredged to enable the docking of major relief supplies, meaning that even 

media reports alone of corn harvest failure could cause a crisis, not just in South Africa itself but across the whole of southern 
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Africa. In most cases, these GCRs (combined with choke points/limitations on distribution) can not be protected against simply 

by increased grain storage, especially if North America is affected by the GCR (as the US and Canada supply so much grain to 

WFP and others). However, recent work on catastrophic risks, risk mitigation, ramp-up rates and alternate foods suggests that 

these scenarios, given good preparedness and prompt decisions nationally and multilaterally, could, given prompt decisions, play 

out much more favourably, probably at very low cost per life saved (D C Denkenberger and Pearce, 2016). In one of the very 

worst (and very unlikely) scenarios, a VEI 8 eruption, there would be a 5 year winter, but even here, Baum, Denkenberger and 

Pearce have shown how, with “cooperation between continents”, enough food could be produced to feed 10 billion people and 

also some populations of large mammals (Baum et al., 2016). A small but clear example is that biofuel plants could be quickly 

converted to produce food. A key intervention would be making protein from natural gas via bacteria, a technology already in use 

in fish farming. There are even historic precedents relevant to the urban context which we have space only to list: (a) the nation-

wide introduction of building regulations reduced US fire-deaths massively and this elimination of a “local catastrophic risk” and 

was forced by reinsurersv (b) in the UK during World War 2, there was a massive increase in domestic food production (c) during 

US prohibition, breweries were converted to produce carbonated beverages and baked goods. In an emergency, a brewery is a 

giant biological plant with chemistry that can produce carbohydrate and much else from a variety of inputs. In Africa, many 

women brew at home, so scale here is adaptable - many traditional survival strategies could become very valuable across multiple 

regions with similar climate/soil/human resources. 

Research gaps 

Risk and 

consequence 

Research is needed to establish likely starvation and malnutrition rates with a range of scenarios. (This has been done for 

nuclear war scenarios and human epidemics, but for little else (David C Denkenberger and Pearce, 2016)) 

Industry/ 

technologies 

What are the ramp up rates in both conventional and alternate food production, and also in distribution, and what could be 

done in advance to increase them? Which technologies currently available but not in extensive and widespread use, would 

become useful and affordable with a severe food deficit? 

Legislation Would legislation (e.g. to ensure rapid convertibility of biofuels plants to safe human food production) be helpful? 

Strategic studies What stress tests be conducted to identify hazardous and critical choke points have been done, and what others are needed? In 

>10% GCRs, or extreme catastrophes affecting  30%-90% of harvests on just 1-3 continents, could preparedness work on 

affected and unaffected continents make the difference between a billion casualties and tens of thousands? Would some 
regions need to rely on traditional resilience and/ or organised migration and/or specialised support teams? 

Politics/ 

communication/ 
emotion 

Would, in reality, the US or another industrial power assemble a coalition of cooperators, and if so, what advance work would 

ensure the Global South would be fully included? What led to non-cooperative choices in the 2008 food price spike, and what 
led to cooperation in the following food price crisis?  There is no published response plan for any global shock impacting 

>10% of global food supply, and little for anything over 5% – is there perhaps a good reason why not? What has been the 

effect of communication on these topics to date? Why? Are there lessons from swine flu and Ebola about alarmism vs 
complacency, emotions and speed of response? Can responses to global catastrophic events be prepared effectively in 

advance at multi-lateral levels? Can they be drilled? If not, can they usefully be simulated or stress tested or prepared using 

scenario planning exercises? Does the reality of the internet, and the reality that most over 20s don't yet see its full potential, 
mean that we under-estimate national and global response capacities? 

Global media & 

response 

Is there a useful role for media work in presenting a case for pragmatic GCR preparedness? Could the media inform public 

and politicians about preparedness and cooperation options in a helpful or unhelpful way now, in the 2020s, or in the event of 

a catastrophe? Would advance training be necessary, and who should receive it? What would make the difference between 
helpful and unhelpful, defining helpful as leading to inter-continental cooperation and unhelpful as encouraging escalating 

conflict or beggar-thy-neighbour? Will more communication and media attention to these topics enhance and support 

cooperative action, or, as in examples of early-warning, could it lead to buck-passing, and what determines the difference? 
And how will social media, the internet and virtual reality change everything in these scenarios? 

Economics What is the value of research on these topics compared to climate adaptation, income generation in least developed countries, 

etc? 

 

FURTHER STEPS: Integral Global Catastrophic Risk Management and Sendai Framework / SDGs 

In the middle of a chaotic environmental or military crisis in 2018, 2028 or 2038, politicians, diplomats and civil servants will 

already be dealing urgently with a host of immediate negative consequences, and international negotiation or conflict, and 

worried or angry domestic populations and (perhaps most challenging of all) distressed family members and ambitious or 

maverick colleagues. In such an environment (which may include financial collapse or breakdown of trading systems) it is 

unrealistic to expect them to think and plan months ahead to ensure the recovery of food systems, especially if this requires 

mobilising resources which haven't been previously identified, assessed, tested and (ideally) researched and drilled over a period 

of 3 years. The situation would be much better if industry, academics, DRR planners and logistics/ food/ agriculture/ freight/ 

energy/ consulting companies, etc had already (i.e. during 2016-2019) looked at what production could be ramped up (or 

converted or created, where, how quickly) and how quickly food could be moved to where needed, without needing or expecting 

politicians to be able to focus on this and give a clear lead in the initial days and weeks – they will have enough to deal with 

already, and intelligent choices by industry, NGOs, cities, towns and media leadership may make the difference between a 

difficult but valuable struggle, and global panic or despair and folly. 
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We recognize that this all needs to be set in the context of duties, responsibilities, entitlements and capabilities at state and 

community levels. So, our goal is to encourage work now which can help the DRR community and others save many lives in the 

event of a >10% shock, secondary to a global catastrophic event, a global catastrophic disaster risk response (GC-DRR?!) 

As I write this I hear in the background on the BBC World Service radio an account of the Mount Pinatubo eruption (from which 

I took the USGS quote about how the worst sometimes does happen). Although this was “only” a VEI level 6 eruption, it 

happened at the same time as a typhoon, and caused an almost 1F drop in global average surface temperatures. In 2008 and again 

in 2011, two individuals were able to persuade governments of Japan and Ukraine respectively to release food onto markets, 

preventing sustained high prices and so stopping a long uptick in malnutrition-related deaths. In a more extreme scenario, with an 

actual global deficit (which was not the situation in these two cases) it would not be possible to prevent mass starvation in this 

way. 

We propose: 

1. INTEGRATIVE DIALOGUE (Sendai Priority  Areas 1, 2): publications and an online seminar series or e-symposium to 

bridge the gap between two very distinct communities of researchers, practitioners, policy makers and funders: 

   DRR           - // -  GCR *   

 disaster risk reduction     global catastrophic risk 

 

2. EXPERTISE (Sendai 1, 4): creation of a combined GCR-DRR web-gallery of expert advisers, companies, consultancies, 

departments and faculties. (E.g. in some scenarios there is a huge increase in UV light, so need fast-growing UV-resistant crops.) 

3. STRATEGY (Sendai 2, 4): convene a joint DRR-GCR working group and/or lean project to collect recommendations on 

priority preparedness work from DRR & GCR professionals, aimed at specific industries, universities, funders and governments. 

4. INTEGRATION (Sendai 1): formally recommending the initiation of seminar series at “integrating schools” (e.g. Oxford 

University's Martin School & FHI, CSER Cambridge, University of Western Cape/Pretoria, FLI Boston, GSR Princeton and 

others in strategic locations such as Cornell, Beijing, Stanford/Berkeley Tokyo/Hyogo/Seoul, Colombo/Trivandrum/Dacca, 

Wellington, St Petersburg, Buenos Aires, etc) …. with an initial focus on this theme which has struck a chord at Cornell: “scope 

for re-deploying existing research and applications (other than storage) in the case of a global systemic shock or catastrophic 

event”. 

5. INDUSTRY (Sendai 3): assessments of convertible capacity and rapid ramp up potential, country by country, in both 

conventional and alternate food production and distribution. Specifically, GRF, WFP and Rapid Response Forum to invite 

governments and industry bodies to assess their potential “GCR ramp up rates” in conventional and alternate food production, 

adjusted for seasonality, as well as deployable and convertible shipping capacity and ability to create agricultural or engineering 

recovery teams, and to consider a range of national response and preparedness options for a 10% or 20% global GFSS. 

6. RESPONSE PLANNING (Sendai 2): appropriate response planning and preparedness at national, academic, GRF and (if 

possible and not counter-productive) at regional/global levels (not forgetting, for both rich and poor countries, traditional 

subsistence & survival practices, bachelor crops, scope for organised migration to areas with viable aquifers, etc) 

COORDINATION – NO. We specifically do not propose creating a new supra-national body or committee, as the existence or 

convening of such a body at any time would likely become an amplifier or secondary cause of instability – better, we currently 

suspect, to strengthen existing capacities and organizations, including media legal staff, who can remind news teams about the 

resource pack held by in-house science editors and producers for use in the event of a major catastrophe, famine or cataclysm. 

Conclusion 

Being well-prepared globally, by sector and regionally can reduce the likelihood of panic export bans and other self-defeating 

options in the future, and build current self-interested trust/cooperation between countries, continents and industries. We have 

proposed next steps for the DRR community, GRF, academics, governments and private sector. Taken together, these steps can 

prevent 100 million-2 billion starvation and malnutrition deaths in the lifetime of younger readers of this paper at GRF Davos in 

2016. The role of the Global Risk Forum as a whole may be to convince industry, large consultancies and at least one scientific 
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body to take on this work (namely, practical preparedness for shocks affecting 10%-20% of global harvests) in a focused and 

coordinated way.viii 
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viii  Abstract:  

 Lloyds of London and others have demonstrated how a global systemic shock and multiple bread basket 

failure in the near future could lead to starvation deaths or war. We show how such scenarios are both likely 

and preventable.  

 Research for the UK's Foreign Office suggest that there is an 80% risk of systemic shock cutting ~10% of 

agricultural output in this century caused by known extreme weather risks alone. The largest reinsurers and the 

Nexus Shock Network are now addressing these risks. There are in addition abrupt and known non-weather 

“low probability high impact” risks which could lead to a similar or greater global food deficit. These “Global 
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Catastrophic Risks” collectively have ~1 in 10 probability of occurring per decade. With the possible 

exceptions of China, USA and South Korea, current resilience, financial systems and relief capacity are 

designed to mitigate only limited food price increases (such as in 2008 which was caused by impacts totalling 

<1% of global output) and not an abrupt 2-10% shock or worse, where without more preparedness it could be 

expected that governments, even with support from WFP and other major relief agencies, would be unable to 

source and distribute enough food to prevent food riots and government collapses. Without both internationals 

(industry, IMF, markets, Rapid Response Forum, UN insurers, disaster professionals, etc) and nationals 

(governments, broadcasters, private sector logistics, agriculture, etc.) having extraordinary stop-gap famine 

preparedness measures ready and stress tested, the run-up in global food prices would likely be much more 

severe than 2007-8 and last for months or years, leading to mass refugee flows, perhaps in unexpected 

directions.  So food shortage and distribution problems or conflict could cause “actual global famine”, with 

widespread economic collapses, potentially putting 100 million people at risk of starvation and within 2 year 

conceivably up to 2 billion deaths across Africa, Asia, the Middle East and the Americas (Helfand, 2013). 

 As a duty of care, current learning in integrative risk management can and should be scaled up to address 

such risks through the UN Sendai process, building on the Hyogo framework. The IMF, World Bank, Chatham 

House and several governments (e.g. UK and USA) are looking at specific aspects of this, leaving many gaps, 

especially in relation to Africa, Asia and the Americas where (e.g.) Nigeria, Brazil and India have additional 

challenges such as distribution and total population. 

   We explore some possible responses, preparedness options, research gaps and usefulness of “alternate 

foods” such as quick diversion of modified biofuels to edible oils/carbs and innovative uses of residues, waste, 

leaves, woody matter, methane and bacteria. These options together with distribution readiness would 

dramatically reduce mortality in a global catastrophic risk event. Food secure continents attract more sustained 

investment. Some of the preparedness options and alternate foods have further present time benefits, making 

them more easily fundable. Being well-prepared globally can reduce the likelihood of panic export bans and 

other self-defeating options in the future, and build present time trust/cooperation between countries, 

continents and industries, preventing beggar-thy-neighbour scenarios. 

 We make suggestions for the Hyogo / Sendai framework and to the risk and disaster communities for (1) 

immediately doable preparedness actions with high value and low cost per life saved, and (2) initial 

assessments and research (3) integration and knowledge exchange opportunities (4) funding strategies and 

financial sustainability. 
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ABSTRACT: The coastal populations of Bangladesh are more exposed and sensitive to disasters and they have less coping 

capacity to tackle those externalities. Kalapara, a coastal sub‐district of Bangladesh is largely affected by different cyclones, 

storm surges and floods regardless of same scenario. Kalapara has faced several cyclones, floods, storm surges in the recent 

years. Loss or damage of human life, livestock, bio‐diversity, valuable goods etc. is significant consequences which press 

especially the low income people in a severe miserable platform. The study analyses the vulnerability of these low income people 

in respect to the last 25 years’ natural disasters. After that, it represents some key strategies both for household and community 

levels to minimize the risk. 

The study based on both primary and secondary data. The primary household survey was conducted mainly to realize the fact on 

social vulnerability and secondary information dealt with hazard vulnerability. At the end, total vulnerability score was calculated 

through compilation of the social and hazard vulnerability index at total value of 1 in the context of exposure, sensitivity and 

adaptation. The structured household questionnaire responses facilitated different scenarios under sensitivity and adaptation 

which later on shaped the scale of vulnerabilities referring the renowned models of Haki and others. The outputs were flourished 

through vulnerability mapping dividing the total study area into small grids using GIS which outlines the high spatial 

susceptibility in those urban clusters where the concentrations of poor people are higher. It also attempted to correlate the 

vulnerability score with household perception level (local weather patterns and changes with global climate, their institutional 

linkages, local climate policy etc.) which predicts worrisome situation defining the impact of disasters in the next century may be 

even worse than today’s. 

Keywords: Disaster, Vulnerability, Low Income People, Hazard, Adaptation 

1. INTRODUCTION 

Coastal urban centres in low and middle income countries concentrate a large proportion of low income people who are at risk from 

the effects of natural disasters- as lives, assets, environmental quality and future prosperity are threatened by the increasing risk of 

storms, floods, landslides, droughts etc. About 75% people live in urban areas in middle and low income countries at greatest risk 

from storms, flooding, landslides, heat waves that climate change brings and it is significantly true that only a few people have the 

capacity to cope with climate change induced hazards in a developing country like Bangladesh (Eriksen & Naess, 2003).  

Bangladesh is one of the most vulnerable countries to climate change and sea level rise with experience of several natural disasters. It 

faced 219 natural disasters between 1980 and 2008. The vulnerability extends due to its geographical location, land characteristics, 

multiplicity of rivers and the monsoon climate render. The coastal morphology of Bangladesh has added fuel to the flame 

accelerating the impacts of natural hazards- floods, cyclones, storm surge, river bank erosion, earthquake, drought, salinity intrusion, 

fire and tsunami. In recent years, cyclones and floods particularly caused enormous damages. Massive cyclones occurred in 1970, 

1991, 2007 and 2009 and killed 364,000, 136,000, 3,363 and 190 respectively (ADRC, 2008). 

The coastal sub-district Kalapara is situated in the south-west coastal region of Bangladesh under the district Patuakhali. The total 

area of Kalapara sub-district is 491.89 square meter with population of 237,831 (Bangladesh Bureau of Statistics, 2011). The 

numbers of cyclone occurrences are increasing in Kalapara with the rising numbers of cyclone incidences in coastal Bangladesh. The 

study area faced 5 cyclones within the time frame of 1821-1960 while 8 major cyclones have occurred during last 40 years, among 

them 3 were within last 10 years (Ahamed et. al, 2012). The area has been largely affected by cyclones in 1997, 2007 (Sidr) and 2009 

(Aila) and by floods in 1998, 2004 & 2008. In Sidr and Aila, the numbers of total affected populations in Kalapara were 210,000 and 

93,675 with 27,895 and 181,28 numbers of houses totally or partially damaged (UNO Office, 2011).  

The purpose of this study is to explore the socio-spatial dimension of natural disasters occurred in last 25 years and to portray the 

asset vulnerability of low income people due to those natural disasters. It also analyses the effectiveness of different interventions to 

articulate the vulnerability through an indexing method. Finally it represents the vulnerability score spatially using Geographic 

Information System (GIS) to correlate between level of vulnerability and the low income population residing in the study area.  

2. AIM & OBJECTIVE 

The aim of the research is to explore the vulnerability of low income people due to consecutive natural disasters and strengthening 

the risk reduction mechanism in urban center.  
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2.1 Objective 

To find out the socio-spatial dimension of natural disasters 

To identify asset vulnerability of poor individuals, households and communities due to these natural disasters and climate change 

induced hazards 

To draw some disaster risk reduction mechanisms in the urban center 

3. METHODOLOGY 

This study mainly focuses on the impact of natural disasters or climate induced hazards and existing vulnerability context of low 

income people in the study area. There, this research paper consists of some qualitative data. In this respect theoretical analysis was 

possible. At the same time, this study requires some quantitative information in terms of magnitude, intensity, affected area of natural 

disasters or climate change induced hazards. On the other hand, this study also requires some exploratory information for analysis. 

Therefore, this study is a cross hood of descriptive research and exploratory research. 

The study focuses on mainly the three areas of Kalapara sub-district namely Kalapara Paurashava, Nilganj Union and Mithaganj 

Union. Union is the lowest administrative tier of Bangladesh. Total 426 low income households were selected for questionnaire 

survey. The sample size was determined through using the formula of stratified random sampling.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Study Area Map     Source: Adapted from Banglapedia, 2001 

The study deals with different types of analysis- effect analysis, social vulnerability analysis, hazard vulnerability analysis, 

perception analysis etc. The social vulnerability was measured through the Haki’s model. Haki’s Model provides a methodology to 

define vulnerable groups in terms of their social conditions for any possible hazard. He used this model to define the vulnerable 

groups at Pendik in Istanbul of Turkey (Haki et. Al, 2004). Education, Income, Age, Sex & household size are the prime factors. 

Maximum value for each factor under this model is 1.   

      V is the social vulnerability index 

                                                             m the numbers of factors 

        ai the relative importance of factor i 

                                     qi is the amount of factor i 

Example: income below 2000 Bangladeshi Taka (BDT) = 1, 2000-3500 BDT = 0.66, 3501-5000 BDT = 0.33, Above 5000 BDT = 0   

                            m 

Social Vulnerability, V = ∑ aiqi 

                                           i=1 
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The formula of Hazard Vulnerability is: Hazard Vulnerability = Exposure + Sensitivity + Level of Incapacity. Exposure is the 

frequency of occurrences. If the community faces disaster at every year, the vulnerability score will be 1. After 1-2 years = 0.8, after 

3-4 years = 0.6, after 4-5 years = 0.4 and after 5+ years = 0.2. Sensitivity means intensity of effect. Very severe = 1, severe = 0.66, 

not severe but affected = 0.33. Level of incapacity was measured through the yes/no factors at 0/1 level. There were several factors 

like collect information beforehand of possible disaster to ensure secure shelter, ensure safe keeping of household valuables while 

leaving for secure shelter, contingency plan to overcome the crisis period, deposit/save maximum possible of income in good time to 

use in bad time, ensure easy access to social safety net etc. The composite vulnerability was calculated through averaging the social 

and hazard vulnerability. At last grid map was represented to portray the spatial vulnerability of low income people.   

3. ANALYSIS & DISCUSSION 

The study area has been largely affected by cyclones (occurred in 1998, 2007 and 2009), floods (occurred in 1998, 2004 and 2008), 

river erosions, water logging etc. The study conducts several focus group discussions to map the affected areas in different levels. It 

also collects several secondary maps and information to validate those information. Affected area mapping due to cyclone Sidr 

(2007) has been presented below:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Affected Area Cyclone Sidr (2007) 

The study had produced map for all the disasters and climate induced hazards using GIS technology and then overlay with each other 

to represent the most affected areas. The effect analysis explores loss of homestead (including dwelling unit), loss of crop production, 

loss of valuable goods etc. An example has given below:  

Table 1: Loss of Homestead (Dwelling Unit) due to Disasters (%) 

Variable Cyclone 1998 Flood 1998 Flood 2004 Sidr 2007 Flood 2008 Aila 2009  

House got flooded 74.30 72.73 74.24 80.76 75.76 77.23  

Roof damaged/blown off 10.55 1.09 1.06 7.58 6.06 6.56  

Damage to wall 1.51 12.55 7.03 1.03 4.55 2.42  

Damage to items 6.06 4.55 7.06 4.06 6.06 5.02  

 Others 7.58 9.09 10.61 7.58 7.58 8.77  

The table clearly shows that 70-80% houses got flooded due to major disasters so the houses of low income people are highly 

vulnerable due to several disasters.  
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The social vulnerability index shows further risks to these people as their education level, income status and other variables are not in 

good state. The scores for Kalapara Paurashava, Nilganj and Mithaganj Unions are 0.55, 0.65 and 0.71 respectively. In terms of 

hazard vulnerability, the exposure is 0.8 for the study area. The sensitivity analysis was conducted through effect analysis. So it was 

done for different disasters. The hazard vulnerability for Kalapara Paurashava, Nilganj and Mithaganj Unions are 0.71, 0.805 and 

0.74 respectively. The level of incapacity for Kalapara Paurashava, Nilganj and Mithaganj Unions are 0.82, 0.86 and 0.90 

respectively. The composite vulnerabilities are 0.63, 0.75 and 0.73 for Kalapara Paurashava, Nilganj and Mithaganj Union.  

  

The map clearly shows that the river side areas are much vulnerable where the numbers of low income people are also much higher. 

Those areas are vulnerable due to devastating floods and storm surges due to massive cyclones.  

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

In Hyogo Framework for Action, it is well mentioned in the section titled challenges posed by disasters A.2 and A.3 that disaster loss 

puts the survival question for the livelihoods of the poor and risk arises when hazards interact with physical, social, economic and 

environmental vulnerabilities. But in the designed priorities, actions particularly related with the low income people are few. 

Furthermore, actions are not designed segregating different types of vulnerabilities. So this paper can provide a plinth to reconsider 

the actions focusing the poor addressing their types of vulnerabilities- social, physical, economic and environmental vulnerabilities.   

5. CONCLUSION 

Bangladesh is a disaster prone country in the world. The frequency and the intensity of several disasters are increasing. The situation 

is too much severe for the study area as it is the nearest coastal zone comprising web of rivers. Low income people are unable to 

protect their gains and livelihood assets which demands immediate actions (e.g. social safety-net, contingency plan, adaptation 

mechanism, capacity building, awareness raising, linkage with authorities, empowerment etc.) in the local level focusing the poor.  
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ABSTRACT: Immediately following a disaster, local communities are at the frontlines for both the initial impact of an event and 
the lifesaving actions required for response. One way to reduce the impacts of a disaster on a community is to invest in enhancing 
resilience. For Indigenous communities like the Nuu-chah-nulth First Nation, this is no exception. Identified as some of the most 
physically ‘at-risk’ communities in British Columbia, Canada, the Nuu-chah-nulth First Nations see disaster resilience as an 
imperative undertaking in safe guarding their communities to hazards such as earthquake, tsunami, coastal flooding, and extreme 
weather events. Through an Indigenous worldview and a qualitative approach of narrative analysis, this research explores Nuu-
chah-nulth knowledge within the context of how they define Indigenous resilience within their own community.  

Keywords: Indigenous knowledge, disasters, resilience, colonial legacies, Nuu-chah-nulth. 

1. INTRODUCTION 

Over the course of history, and to this day, Indigenous communities have continuously relied on locally specific forms of 
knowledge to prevent, mitigate, prepare, respond to and recover from disasters. For these communities, this locally bound 
knowledge is acquired from cross-generational experience, study, sharing and observation, and as such, it becomes a critical 
component in the development of a disaster resilient Indigenous community (Chakrabarti, 2009; Resture, 2009).   

 
For the Nuu-chah-nulth First Nation, this interplay between Indigenous knowledge and disaster resilience is no exception. The 
people of the Nuu-chah-nulth First Nation have been living in communities along the Pacific Coast of Vancouver Island, British 
Columbia, Canada for thousands of years. From earthquakes to climate change and colonization to state constructed present day 
policy, the Nuu-chah-nulth communities have experienced countless natural and unnatural disasters. Although many of these 
events have challenged the communities’ capacity to cope, each event has invariably added to the depth of Nuu-chah-nulth 
knowledge that is bound within and between these communities.    
 
As defined in this manuscript, resilience is a communities’ ability to survive, adapt and grow, regardless of the stresses and 
shocks they experience (Rockefeller, 2015). When exploring community resilience beyond the Western perspective of ‘the ability 
of a community to bounce back and carry on in the face of adversity’ (Berkes & Ross, 2013); for the Nuu-chah-nulth First 
Nation, the concept of Indigenous resilience draws upon additional community resources such as spirituality, family values, 
teachings from Elders, ceremonial rituals, oral traditions, cultural identity, and support networks (Kirmayer et al., 2011).  

 
Through an Indigenous worldview, this manuscript utilizes narrative analysis to develop an interpretative-descriptive approach to 
conceptually understand what constitutes Nuu-chah-nulth knowledge in relation to community resilience and how it is 
understood and applied at the community level.  

2. STUDY AREA 

The Nuu-chah-nulth First Nation is comprised of sixteen autonomous nations whose traditional territory spans approximately 300 
kilometres along the Pacific Coast of what is now known as Vancouver Island in British Columbia, Canada and the Pacific 
Northwest of Washington State, USA. With its name meaning “all along the mountains and sea”, the Nuu-chah-nulth have lived 
and thrived on the lands and waters since time immemorial. It was in 1958 that these autonomous Nations formed the West Coast 
Allied Tribes and on August, 14, 1973 incorporated as a non-profit society called the West Coast District Society of Indian 
Chiefs. Since April 2, 1979 they have been known as the Nuu-chah-nulth Tribal Council, with the fifteen Nations on the 
Canadian side of the border divided into three regions: (Southern Region) Ditidaht, Huu-ay-aht, Hupacasath, Tse-shaht, and 
Uchucklesaht (Central Region) Ahousaht, Hesquait, Tla-o-quk-aht, Toquaht, and Yuu-cluch-aht (Northern Region) Ehattesaht, 
Kyuquot/Cheklesaht, Mowachaht/Machalaht, and Nuchatlaht. Presently, there are approximately 9,500 registered Nuu-chah-
nulth members, however only about 3,200 of these members are living on reserve.  

3. METHODS 

In an attempt to decolonize Western research paradigms, this study follows an Indigenous methodology and adheres to the 
guidelines in the Tri-Council Policy Statement on the Ethical Conduct for Research Involving Humans through the Human 
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Research Board at the University of Victoria. Grounded in Indigenous beliefs systems, Indigenous methodologies subscribe to a 
relational understanding and accountability to the world (Wilson, 2008). This methodology represents a holistic approach that 
acknowledges the entirety of the research process, from philosophical perspectives to data analysis. With this culturally 
comprehensive approach to research, Indigenous methodologies aim to protect Indigenous knowledge from misrepresentation, to 
tell Indigenous peoples’ stories in their own voice, and to give credit to the true owners of Indigenous knowledge (Porsanger, 
2010). 

For the purposes of this research, six of the sixteen Nuu-chah-nulth communities were included within the fieldwork. These 
communities span each of the regions and include: Nuchatlaht, Ehattesaht, Ahousaht, Huu-ay-aht, Hupacasath, and Tse-shaht. All 
interviews were physically conducted within each community on reserve, but included community members who may or may not 
have been permanently living on reserve at the time. 

In following a qualitative research design, this research utilizes non-probability sampling techniques and places emphasis on 
purposive and theoretical saturation rather than the probabilistic sampling recognized within quantitative research (Hay, 2010). 
Specific to the techniques of non-probability sampling, purposive and snowball sampling have been utilized as methods of 
engagement within this research. In utilizing these approaches, the goal of this recruitment process was not to achieve objectivity 
or to make sweeping generalizations of the research participants; rather this strategy aimed to explore the intricacies that exist 
within and across the participant communities. In total, 5 group interviews and 6 one-on-one or small multi-generational family 
interviews were conducted across the six participating Nuu-chah-nulth communities. 

In seeking to humanize the human sciences, this research utilizes narrative analysis to create a space for people and meaning 
through a reflexive method that not only explores the actual, but also the possible (Bochner & Riggs, 2014). With the intention to 
minimize the power differential between researcher and participant, Indigenous methodologies fit nicely with the underpinnings 
of narrative analysis (Denzin & Lincoln, 2004; Kovach, 2009). As a method within narrative analysis, storytelling is used as a 
communicative activity, where the emphasis is on how the Nuu-chah-nulth use language to find meaning within life’s experience. 
Utilizing a mixed approach of both hyperorthodox and exceptionalist forms of storytelling narrative analysis, this research seeks 
to find a balance between using narrative inquiry to identify key themes within the stories (hyperorthodox) as well as 
understanding the stories as a whole and exploring the deeper meaning within and between the stories (exceptionalist).  

4. RESULTS AND DISCUSSION 

The Nuu-chah-nulth First Nation have long advocated learning that affirms their own way of knowing. Since time immemorial, 
the Nuu-chah-nulth have honoured their cultural traditions and values through cross-generational teachings that have been passed 
down through oral traditions such as storytelling, ceremonies and song. With a knowledge base that is rooted in Nuu-chah-nulth 
language, their knowledge is expressed through a range of spiritual beliefs and social values that integrate, where appropriate, 
with Western knowledge. As an outcome of this research, Nuu-chah-nulth knowledge, as it relates to disaster resilient Indigenous 
communities, has been thematically summarized into eight overarching categories: hunting, gathering, food preservation and 
storage; oral traditions and histories; environmental connections and cues; healing, health and wellness; spirituality and religion; 
family and community relationships; traditional governance; and historical resettlement and colonial legacies. It is important to 
note that a critical aspect of Nuu-chah-nulth knowledge is that it is not fragmented into isolated and discrete concepts. Rather, it 
is based on the belief that all things are connected and must be considered within the context in which they interrelate. To uphold 
this aspect of Nuu-chah-nulth knowledge, this research explores the interconnections both within and between each of the eight 
categories.  

Hunting, Gathering, Food Preservation and Storage: Historically, and to this day, the Nuu-chah-nulth people are hunter-
gatherers, whose economic base and subsistence lifestyle are highly reliant on the rich West Coast fishery. Fish (particularly 
salmon and halibut) as well as sea mammals and shellfish are mainstays in their diet, which is also supplemented by fowl, deer, 
elk, bear and plant foods. Today, even though the Nuu-chah-nulth have seamless access to Western dietary staples, traditional 
foods are still a major component of daily nutrition and ceremonial feasts.  

From the perspective of Indigenous resilience, the act of hunting, gathering, food preservation and storage forms a direct link to 
community disaster preparedness. Many traditional approaches to food preservation allow goods to be smoked, dried or canned, 
eliminating the requirement for refrigeration or cooking. Traditional approaches to hunting, gathering and food preservation also 
encourage strong family and community networks, with workloads being shared within and between families and communities. 
Should a Nuu-chah-nulth community become isolated due to disaster, pre-existing food stockpiles would ensure they are able to 
meet their basic dietary requirements.  

Oral Traditions and Histories: For the Nuu-chah-nulth First Nation, culture, knowledge and traditions are often shared through 
stories and are depicted as either oral traditions or oral histories. Oral traditions are often related to the stories transmitted down 
through the generations, while oral histories are usually connected to personal recollections. Within the Nuu-chah-nulth 
communities, different families hold different stories that are unique to them and are passed down throughout their lineage. These 
oral traditions extend into the space of mythology, spiritualty and environment, and speak to historical truths within the family 
context.  

182



  

Oral traditions and histories have many benefits and uses. Through stories, today’s generation is linked to the beliefs and 
traditions of their ancestors. Within Nuu-chah-nulth communities, storytelling inspires communal sharing that binds families and 
communities together, both relationally and spiritually. The Nuu-chah-nulth use their oral traditions and histories for 
communication, education, relationship building, preservation of culture, entertainment, historical memory, and as a coping 
mechanism to deal with death, illness and tragedy. It is these elements of oral traditions and histories that support a Nuu-chah-
nulth approach to Indigenous resilience within their own communities.  

Environmental Connections and Cues: For the Nuu-chah-nulth First Nation, environmental cues are closely tied to oral traditions. 
Throughout Nuu-chah-nulth oral histories, there is deep meaning in seeing animals and the environment act and respond in 
certain ways. As an example, there are Nuu-chah-nulth families that hold stories depicting birds and fish flying inland shortly 
before the sea meets the mountains. These families acknowledge this oral narrative as an account of a historical tsunami or what 
they call ‘the great flood’.  

By sharing these narrative accounts of environmental connections and cues, they are transmitting cross-generational knowledge 
of risk and warning. Although many of these narratives extend into the mythological realm, they hold physical truths that we 
know to be accurate regarding tsunami science. Through the sharing of these stories, the Nuu-chah-nulth are enhancing their 
Indigenous resilience by practicing culturally specific approaches to public safety education.  

Healing, Health and Wellness: Traditional approaches to healing, health and wellness are central to the Nuu-chah-nulth First 
Nation. Each family and community may exercise a unique approach to healing, which is often guided through elements of 
spirituality. For generations, the Nuu-chah-nulth have long advocated acknowledgment of traditional health and healing practices 
and now with the existence of the British Columbia First Nations Health Authority, there is a more formalized space for these 
practices to be exercised within and outside of the community.  

Through the lens of psychosocial planning as well as community recovery, health plays a central role in ensuring a 
comprehensive approach to disaster resilience. By understanding this, the Nuu-chah-nulth can influence aspects of their 
community recovery and psychosocial plan to ensure their unique health and spirituality needs are met following a disaster.   

Spirituality and Religion: The Nuu-chah-nulth are very spiritual people and since time immemorial, the ‘Creator’ has played a 
central role in daily life. Practiced along side this traditional understanding of spirituality, is a deeply rooted, post-colonial 
commitment to Christianity. Through both spirituality and religion, prayer remains an important practice in Nuu-chah-nulth daily 
life. For the Nuu-chah-nulth people, spirituality acts as a point of connection to their ancestors, extending cross-generationally 
into the mythology of oral traditions.  

As with healing, health and wellness, spirituality and religion are critical to effective psychosocial planning and comprehensive 
community recovery. As an outcome of colonization and the residential school process, Christian systems and their interventions 
are entrenched in the communities’ social fabric and act as a foundation in building resilience. This study found that both 
spirituality and religion are an important coping strategy within the community when dealing with disaster.   

Family and Community Relationships: There are strong partnership and kinship ties within and between Nuu-chah-nulth 
communities. From Elders to children, relationships are fostered and knowledge is shared cross-generationally within families 
and across the community. Due to the isolated nature of many Nuu-chah-nulth communities, members will develop and hold 
specific aspects of family or community knowledge, through unique skillsets and/or responsibilities. By diversifying the 
knowledge and skillsets that different members hold, it allows the community to collectively work together, relying on each other 
to navigate complex challenges.  

The study participants identified that a strong extended family system, as well as community relationships, were critical for 
support following a disaster. By fostering these relationships, the Nuu-chah-nulth have intuitively improved coordination of 
disaster response and enhanced overall coping strategies to address recovery. As a critical element in enhancing Indigenous 
resilience, family and community relationships act as a foundational element in many of the other seven categories, such as the 
sharing of oral traditions and histories, the collective activities associated with hunting, gathering and food preservation, as well 
as the interpersonal support required for healing, health and wellness as well as spirituality.  

Traditional Governance: The traditional governance system of the Nuu-chah-nulth communities still exists today and is 
represented by Hereditary Chiefs who are responsible to the people of the community and the hahuulthi (ancestral territories and 
resources). As identified by one respondent, “the existence of governing has always been there. [In] December and January our 
people would get together and the ceremonies would take place. This was governing at its best. Our chiefs would bring out their 
wolves as it’s called. These wolves were the law and order of governance”. Through the Canadian Indian Act of 1876, the 
legislation states that each community must also operate with an Elected Chief and Council system. These members of council 
are responsible for the day-to-day administrative operations of the Nations.  

Understanding and incorporating the roles and functions of traditional Nuu-chah-nulth governance structures into emergency 
management programs is essential and a critical component of enhancing Indigenous resilience. The role of traditional leadership 
and the active involvement of local governance cannot be underestimated or ignored. Their involvement in the planning and 
implementation of emergency management programs will ensure that local knowledge and culturally appropriate approaches are 
applied and that there is community buy-in and support for activities.  
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Historical Resettlement and Colonial Legacies: Traditionally, Nuu-chah-nulth communities had multiple settlement sites that 
were utilized at different times of the year. These sites were dependent on seasonal hunting/fishing practices and environmental 
determinants such as weather and access to fresh water. Through the Canadian Indian Act of 1876 under the Reserve section, 
communities were required to settle in one location. Although the Nuu-chah-nulth did not surrender their land, through federal 
legislation, the Canadian government created small reserves for each community in the late 19th century. Along with limiting 
access to land, this oppressive act also curtailed hunting and fishing, including a prohibition on salmon, which essentially 
deprived the Nuu-chah-nulth of their traditionally rich economic base. 

For all Nuu-chah-nulth communities, past and present colonial legacies represent the edifice of a catastrophic unnatural disaster 
that has spanned generations. This decidedly unnatural disaster began in the late-1700’s by eroding the social, cultural and 
spiritual fabric of the communities and continues today in the form of settler colonialism. In spite of colonial attempts at 
assimilation and the cultural genocide of residential schools, the Nuu-chah-nulth First Nation have been able to hold onto an 
extraordinary amount of cultural knowledge and are actively engaged in the revitalization of their language, culture and 
teachings.   

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

In support of the priorities identified by the Hyogo Framework for Action, this research acknowledges the importance of 
localized Indigenous knowledge. In following a community-driven approach, this research promotes the Sendai Frameworks call 
for action in engaging directly with the Indigenous groups whose knowledge is being understood for the purposes of promoting 
disaster risk reduction. Although, even with the 2015 theme of the International Day for Disaster Reduction being “Knowledge 
for Life”, with the purpose of raising awareness for the use of traditional, Indigenous and local knowledge; Indigenous groups 
still remain one of the most vulnerable, marginalized and disadvantaged peoples globally. Within the Hyogo Framework for 
Action and the UN Declaration on Rights of Indigenous Peoples, much of the global research and work has taken place within the 
borders of developing nations. This has resulted in the silence of Indigenous voices from the world’s largest colonial nations, 
namely Canada, Australia, New Zealand and the United States. The time is now to create social change and honour the 
Indigenous voices within developed nations that have been suppressed by colonial oppression.   

6. CONCLUSIONS 

In exploring Nuu-chah-nulth knowledge across the six participant communities, this research highlights eight interconnected 
themes identified by the Nuu-chah-nulth First Nation that reflect their understanding of what constitutes disaster resilient 
Indigenous communities. Through this qualitative approach utilizing narrative analysis, the research participants provided 
localized insights into Nuu-chah-nulth ways of knowing, that, when exercised within their communities, can lead to enhanced 
levels of disaster resilience. In sharing this knowledge beyond the community, it provides an important impetus for the 
governments of British Columbia and Canada to embrace an Indigenous approach in programming for First Nations emergency 
management. By advocating for the inclusion of an Indigenous worldview into the lexicon of emergency management practices 
and the dialogue on disaster resilience, this research supports the Nuu-chah-nulth First Nation in recognizing that their knowledge 
is a powerful tool in enhancing their communities’ resilience to disaster.  
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ABSTRACT: Enforcement data for 2015, across the main financial centres, confirms that the financial 
services industry continues to face non-compliant behaviour. As such, organizational practices are often 
loosely coupled to or decoupled from regulatory requirements, enforcement actions and organizational 
control systems. Why’s that? The present paper assesses the role that the formal-informal organizational 
culture asymmetry plays in explaining compliance dynamics. First, it develops a typology of compliance 
practices derived from the nexus between the degree of external risk and the degree of informal 
organizational culture pervasiveness. Second, it presents a managerial alignment practice solution, 
composed by a series of tools, for reducing the formal-informal organizational culture asymmetry.  
 
Keywords: organizational culture; financial services industry; behaviour; risk management.  
 
1. INTRODUCTION 
 
The post-2007 regulatory landscape across the main financial centres has drastically shifted in its scope, reach, and 
enforcement, as a response to the prudential and conduct failures during the global financial crisis. This perfect storm is set 
to continue, as 70% of financial services companies are expecting regulators to publish even more regulatory information in 
2016 (Thomson Reuters, 2015). Within this perfect storm, 2015 was, again, a year of first time cases for enforcement 
actions, among financial services companies, with total fines amounting to £6.2 billion across the FCA (i.e. exercised rarely-
used power to prevent Bank of Beirut taking on new customers), the CFTC (i.e. largest fine, $800,000,000, in its history has 
been imposed upon Deutsche Bank), FINRA (i.e. 21 cases of supersized fines), the SEC (i.e. major actions against 
gatekeepers and stirred concerns over Compliance Officers liability) and the SFC (i.e. increase of 37% from previous 
financial year of cases on corporate governance and non-disclosure) (Dobra, 2016). Despite that enforcement actions further 
add to the cost pressure, they do not seem to be enough of a deterrent for avoiding non-compliant behaviours.  
 
Meanwhile, to identify and prevent non-compliant behaviour, financial services companies continue to further fine-tune their 
organizational control systems, across the three levels of: core control system, organizational structure and organizational 
culture. Hence, they are investing in the latest data analytics-driven compliance and risk frameworks. Recently, on the 15th 
of June 2016, SAP and AxiomSL have announced a partnership to provide next generation financial risk and regulatory data 
management infrastructure. However, core control systems are limited in terms of their effectiveness because they fail to 
meet the contingent situated demands that an individual faces. In addition, core control systems and organizational structure 
can also distort the decision-making process of an individual therefore encouraging behaviours intended to outsmart the 
system (Tenbrunsel & Messick, 1999). They can also create a perception of safe-harbour whereby an individual tends to 
shift their responsibility, with regard to compliant behaviour. Finally, especially following the Saltz Review in 2013, 
financial services companies continue to implement organizational culture change programmes as these have been 
acknowledged as one of the most influential factor (Gherardi & Nicolini, 2002) in explaining the dynamics of compliance. 
However, critics argue that these are mere window-dressing techniques.  
 
Organizational practices are often loosely coupled to or decoupled from regulatory requirements, enforcement actions and 
organizational control systems. Why’s that? Whilst these initiatives are necessary, they fail to act upon the financial 
industry’s invisible challenge, namely informal organizational culture. Given the underlying plurality of individuals, actions, 
resources, spaces and norms within an organization, individuals coalesce around local informal organizational cultures and 
compliant behaviour therefore becomes a signifier with multiple meanings (Parker & Nielsen, 2011). These informal 
organizational cultures are difficult to permeate by external challengers and, yet, pervade every single level of an 
organizational control system. As a consequence, organizational control systems will continue to be sub-optimal as long as 
they are overshadowed by strong formal-informal organizational culture asymmetries.  
 
This paper adds to previous research on informal organizational culture, or informal systems, and its impact on compliance 
dynamics (Roy, 1952; Pfeffer & Salancik, 1978; Salancik, 1979; North, 1990; Knack & Keefer, 1997; Lauth, 2000; 
Tenbrunsel et al., 2003; Trevino & Weaver, 2003; Helmke & Levitsky, 2006; Kish-Gephart et al., 2010; Bazerman & 
Tenbrunsel, 2011) by developing an alternative account. Specifically this paper is conceptual, whilst also practical, and 
focuses on the financial services industry – although it is applicable to any “tough guy, macho” organization (Deal & 
Kennedy, 1983) – by drawing from the literature on anthropological reflexivity, Durkheimian sociology and cognitive 
psychology and, therefore, contributes to the management control body of knowledge that acknowledges the everyday social 
and organizational context (e.g. Hopwood, 1976) and more specifically to the behavioural risk management body of 
knowledge. This paper is structured in two sections and presents (i) a typology of compliance practices developed from the 
nexus between the degree of external risk and the degree of informal organizational culture pervasiveness; and (ii) a 
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managerial alignment practice solution, composed by a series of tools, for reducing the formal-informal organizational 
culture asymmetry.   
 
2. INFORMAL ORGANIZATIONAL CULTURE. WHY DOES IT MATTER?  
 
This section, anchored into a conceptual approach, aims to present the definition, function, adherence and behavioural 
impact of informal organizational culture so as to develop a typology of compliance practices.  
 
Definition. The informal organizational culture has a determinant role over the formal organizational culture for explaining 
compliance dynamics (Roy, 1952; Knack & Keefer, 1997; Tenbrunsel et al. 2003; Trevino & Weaver, 2003; Bazerman & 
Tenbrunsel, 2011), which is consistent with strands of institutional theory (Helmke & Levitsky, 2006; Lauth, 2000; Knack 
and Keefer, 1997; North 1990), social information processing theory (Salancik & Pfeffer, 1978, 1977) and psychological 
meta-analysis (Kish-Gephart et al., 2010). The informal organizational culture is composed of a set of informal rituals, rules, 
communication styles and relationships that are hidden but powerful as they informally reinforce certain values and 
behaviours and are felt, often through conformity pressure, by organizational members (Selznick, 1943; Lawler & Rhode, 
1976; Lange, 2008). Informal organizational culture is identifiable through a series of injunctions such as: “play the game”, 
“don’t rock the boat”, “don’t make waves”, etc. Complex organizations are constituted through the interactions of long 
chains of loosely coupled unscripted and interstitial practices that guide compliance dynamics. As such, the informal 
organizational culture is enacted at the interactional level of everyday practices (Burgess & Akers, 1966; Brief et al., 2001; 
Ashforth & Anand, 2003; Warren & Smith-Crowe, 2008; McPherson & Sauder, 2013).  

Proposition 1: Informal organizational culture takes precedence for explaining compliance dynamics.  
 
Function. The main function of the informal organizational culture is to offer comfort and reassurance to its members. Thus, 
it responds to an individual’s basic need for control and ceases to be a subject of critical examination. The informal 
organizational culture is a premade and socially shared enacted environment (Weick, 1979) that provides individuals with 
cognitive maps, comparative benchmarks, norms and models (Aebischer & Oberlé, 1998). These cognitive maps 
fundamentally guide decision-making, perceptions and memory in particular directions to reduce the equivocality and 
uncertainty of events. Especially in organizations with a high degree of competition, risk and uncertainty, characterized as 
“tough guy, macho” (Deal & Kennedy, 1982), the informal organizational culture tends to be highly pervasive. The informal 
organizational culture offers also the occasion for the individual to receive attention in the form of informal rituals, as 
opposed to giving attention through his work-related obligations, and therefore an indirect incentivization can occur.  

Proposition 2: The degree of comfort and reassurance of the informal organizational culture and the degree of 
coherence of the cognitive map will determine the degree of the informal organizational culture pervasiveness and 
the likelihood for an individual to revert to it.  

 
Adherence. The adherence to an informal organizational culture can further be attributed to the fact that an individual is 
defined as a multidimensional “self” with various affiliational anchorages (Erikson, 1968). Therefore, an individual’s 
different “selves” and subsequent compliance practices are mediated, inter alia, by the most pervasive culture, which is most 
often the informal organizational culture (Roy, 1952; Salancik & Pfeffer, 1978, 1979; North, 1990; Knack & Keefer, 1997; 
Lauth, 2000; Tenbrunsel et al., 2003; Trevino & Weaver, 2003; Helmke & Levitsky, 2006; Kish-Gephart et al., 2010; 
Bazerman & Tenbrunsel, 2011). As part of this multidimensional “self”, an individual needs to be part of groupish 
affiliational anchorages (Ehrenreich, 2006). Informal organizational structures tend to be highly groupish due to their 
manifold ritualistic and narrative characteristics that promote the transcendence (Paladino et al., 2010) of the individual from 
the level of the profane to the level of the sacred (Durkheim, 1897). This is consistent with semiotics group coherence theory 
(Barley, 1983; Stamper et al., 2000), the psychology of the collective level (Wilson & Wilson, 2007; Wilson, 2002) and the 
psychoanalytic theory of mass identification (Freud, 2004). These ritualistic and narrative characteristics are not 
homogeneously shared across the members of an informal organizational culture. Rather, they are the result of a number of 
particular individual actions, inferences, interpretations and uncertainties that are part of a shared frame of an organization. 
Hence, it is this shared frame, as opposed to a homogenously shared understanding (Donnellon et al. 1986; Fiol 1994), 
alongside the collective emotional intensity generated by the ritualistic and narrative characteristics that contributes to the 
adherence of an individual to the informal organizational culture. As such, it is not the absence of pluralism, across 
individuals, within a given informal organizational culture that helps explain the contagion of the adherence. Empirical 
evidence suggests that this transcendence increases cooperation (Wiltermuth & Heath, 2009; Valdesolo et al., 2010), 
altruism and compassion (Desteno, 2009), as well as compliance with orders to aggress against individuals in other groups 
(Wiltermuth, 2011).  

Proposition 3: The degree of the need for groupish affiliational anchorages will determine the degree of the 
informal organizational culture pervasiveness and the likelihood for an individual to revert to it.  

 
Behaviour. The informal organizational culture can contribute to nurture unintended behavioural consequences. Based on 
the concept of system 1 and system 2 thinking (Kahneman, 2003; Kahneman, 2011), long-held beliefs about the conception 
of the individual as a homo economicus, who is rational, unbiased and utility-maximizing have been challenged, as the 
existence of numerous behavioural biases was acknowledged. System 1 thinking is defined as an individual’s faster, 
automatic, intuitive and emotional mode of thinking, while System 2 thinking is defined as an individual’s slower, more 
effortful, and deliberate mode of thinking. In situations of cognitive strain, characterized by multiple, difficult and, often, 
conflicting information, or little and ambiguous information, System 2 thinking is mobilized. An increase in a perceived risk, 
which often comes in the form of a strong affective signal, can also mobilize System 2 thinking by way of obliging the 
individual to demandingly change and adapt to change. An informal organizational culture can contribute to nurture 
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behavioural biases, which in turn can lead to non-compliant behaviour. For example, if the informal organizational culture 
overemphasizes top performance, individuals will face self-worth stresses that lead to rationalization, self-serving 
behaviours, alongside other biases (which are especially relevant in asset management companies). Ultimately, these biases 
will drive the individual away from cultivating one of the key factors for avoiding non-compliant behaviour, namely critical 
judgement.  

Proposition 4: The degree of the informal organizational pervasiveness, alongside the degree of risk, will 
determine the occurrence of situations of cognitive strain and the likelihood for an individual to revert to System 1 
or System 2 thinking.  
 

Typology. Subsequently, a typology of compliance practices, at the aggregate level of a financial services company, can be 
derived from the nexus between the degree of external risk and the degree of informal organizational culture pervasiveness. 
The typology of compliance practices is applicable in situations where an individual is aware of the existence of risks, has 
both a practical and a theoretical experience of risk and exercises both cognitive and emotional processing. The degree of 
external risk is defined as the level of multiple, difficult and, often, conflicting information of risk, related to (financial) 
market, the financial services company at large and/or the clients. The degree of informal organizational culture 
pervasiveness is defined as the level of the informal organizational pervasiveness in comparison to the formal organizational 
culture and other affiliational anchorages. Even in the presence of high informal organizational culture pervasiveness, an 
individual can experience a cognitive dissonance. However if such a cognitive dissonance is resolved by being at odds with 
the informal organizational culture, the individual will be at risk of being excluded from it, which entails a high cognitive, 
emotional and social risk. Hence, the typology accommodates for a low degree of informal organizational culture 
pervasiveness, which can be a function of the resolution of the cognitive dissonance (individual level) or a function of the 
absence of a coherent informal organizational culture (organizational level).  

 
The four ideal-types of compliance practices are: (i) critical, 
where the compliance practice is actively assimilated from the 
collective memory of the formal organizational culture and 
other affiliational anchorages; (ii) automatic, where the 
compliance practice is intuitively assimilated from the 
collective memory of the formal organizational culture and 
other affiliational anchorages; (iii) ritualistic, where the 
compliance practice is objectifiedly assimilated from, and 
situated in, the collective memory of the informal 
organizational culture; and (iv) cohesive, where the compliance 
practice is mimetically assimilated (with the aim of limiting 
occasions of conflict and rivalry) from the collective memory 
of the informal organizational culture.  
 

 
 
Depending on the characteristics of the informal organizational culture, the ritualistic and cohesive compliance practices will 
impact positively or negatively compliance dynamics.  
 
3. INFORMAL ORGANIZATIONAL CULTURE. HOW TO FIX IT?  
 
This section, anchored into a practical approach, aims to present the managerial alignment practice solution so as to reduce 
the formal-informal organizational culture asymmetry.  
 
Solution. To achieve a sustainable organizational culture change, the formal-informal organizational culture asymmetry 
must be tackled – assuming that the characteristics of the informal organizational culture impact negatively compliance 
dynamics in the ritualistic and cohesive compliance practices categories. This can be best achieved by devising new tools, as 
part of a managerial alignment practice solution, which includes three stages: 

1. Diagnostic Stage: (i) develop and update, through machine-learning algorithms, an informal organizational 
culture database and (ii) develop a formal-informal organizational culture asymmetry map.   

2. Awareness Stage: (i) communicate the features of the informal organizational culture and (ii) raise awareness 
about the consequences of informal organizational culture. 

3. Reconciliation Stage: (i) develop behavioural de-biasing techniques and tools to reduce the formal-informal 
organizational culture asymmetry and (ii) institutionalize the formal-informal organizational culture symmetry as 
part of the day-to-day work. 
 

Diagnostic Stage. Overall, organizational culture diagnostic is conducted through surveys. Two main limitations can be 
acknowledged, namely their inability to uncover the deeply rooted cultural features (i.e. symbolic meaning, semiotics and 
fundamental assumptions) and their use of a priori content, which may fail to capture all relevant features of culture. As part 
of the diagnostic stage of the informal organizational culture, rituals, rules, communication styles and relationships, 
understood as nodes of coordination, must be reviewed together with their behavioural consequences. These could be 
observed or captured through extensive open-ended interviews, thus palliating to the shortcomings of surveys. However, 
such a manual information-gathering process would be time-consuming, cross-sectional and requires a high-degree of 
observational neutrality. Hence, organizations should develop and update machine-learning algorithms from which an 
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informal business culture database tool could be built. More precisely, by running normative-analysis, linguistic-analysis, 
sentiment-analysis and social network-analysis, inter alia, as part of all written communications between employees, 
longitudinally aggregated as a database. To further complement this database tool, annual sentiment-based surveys, gauging 
the aspects of rituals as part of the informal organizational culture, could be sent for completion. The features of the informal 
organizational culture would then be compared to the formal organizational culture, therefore developing a formal-informal 
organizational culture asymmetry map, with scores assigned across different dimensions.  
 
Awareness Stage. The awareness of consequences – defined as whether an individual is aware of the negative consequences 
for other or for other things he values when not acting prosocially – affects the ascription of responsibility – defined as 
feelings of responsibility for the negative consequences of not acting prosocially – which affects, indirectly, an individual’s 
intentions and behaviour. Hence, individuals must be made aware of the consequences of adhering to an informal 
organizational culture. As part of the awareness stage, workshops – as participants are usually very motivated and because 
immediate feedback can be provided to the participants – aimed at communicating the features of the informal 
organizational culture should be conducted by senior- and mid-managers. These workshops should also be the occasion for 
triggering reactive feedback from the various individuals with regards to the features of the informal organizational culture. 
This reactive, and emotional, feedback, which can take the form of a “want-self” and “should-self” conflict (Bazerman et al., 
1998), could be used as an informal organizational culture-individual bond-breaking tool. In addition, round tables aimed at 
raising awareness about the negative consequences of the informal organizational culture, also conducted by senior- and 
mid-managers, should clearly outline the negative impact of the informal organizational culture, upon the internal and 
external stakeholders, so as to deconstruct its comfort and reassurance features and to stimulate an individual’s capacity to 
place himself into a wider interactional context that has the potential of challenging the informal organizational culture as a 
point of reference.  
 
Reconciliation Stage. An individual is not only a carrier of institutional meaning but is also an active interpreter (Scott, 
1994) of organizational phenomena in the efforts to make sense out of the world (Weick, 1995). Therefore, an individual’s 
sensemaking is an important form of institutional agency and plays a role in both shaping and being shaped by the 
organizational context. In order to influence the role of the individual in shaping and being shaped by the informal 
organizational culture, de-biasing efforts should be implemented. De-biasing on large scales face a high level of pragmatic 
issues, however, this is not to say that efforts should not be deployed. As part of the reconciliation stage, behavioural de-
biasing techniques and tools to reduce the impact of the informal organizational culture should be introduced. Such 
behavioural de-biasing techniques could be led during annual interactive training sessions or interactive team breakout 
sessions and should trigger deliberative thinking and reflexivity. Tools could include bench cards (i.e. perspective-taking 
exercises) to prompt an individual to reflect on and scrutinize the reasoning behind his compliance practice. In addition, an 
individual should be directly exposed to examples and counter-examples of behavioural biases generated by informal 
organizational cultures (e.g. Blair & Lenton 2001; Dasgupta & Greenwald, 2001; Olson & Fazio, 2006). The formal-
informal organizational culture symmetry as part of the everyday work must be institutionalized and communicated, both 
horizontally and vertically, between internal and external stakeholder groups. Based on the generation of new 
institutionalized myths, capturing the formal-informal organizational culture symmetry, extant organizations can expand 
their formal structures so as to become isomorphic with these new myths and therefore to secure legitimacy internally and 
externally (Scott & Lyman, 1968). As part of everyday interaction, taken for granted meanings and behaviours based on this 
new formal-informal organizational culture symmetry will also be generated.  
 
3. CONCLUSION  
 
Initiatives for regulating and monitoring the conduct of individuals within an organization, especially “tough guy, macho” 
organizations, appear to have failed in preventing non-compliant behaviour from occurring. This is, to a great extent, due to 
the fact that such organizational control systems do not consider the importance of informal organizational cultures in 
explaining compliance dynamics. Informal organizational culture is an integral part of the everyday social and organizational 
context and analysing it, therefore, contributes to the interdisciplinary management control body of knowledge and, in 
particular, the behavioural risk management body of knowledge. Control is never isolated to micro-actor or macro-
constructions but is relational in nature. Rather than further fine-tuning organizational control systems and increasing the 
financial regulatory burden, the focus should be on diagnosing the formal-informal organizational culture asymmetry in 
order to reduce it. The question of non-compliant behaviour within the financial services industry is complex and reducing 
the formal-informal organizational culture asymmetry is one factor for preventing non-compliant behaviour to arise in the 
future. However, it is one of the most important factors to act upon.   
 
One potential avenue for exploring how to reduce the impact of the informal organizational culture would be to determine if 
and how professional cultures, defined as transversal, could be substituted for informal organizational cultures.  
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ABSTRACT: Sierra Leone’s economy is substantially dependent on foreign aid from agencies like the World Bank, the African 
Development Bank, and the International Monetary Fund. The Government of Sierra Leone (GoSL) continues to implement 
structural adjustment programs recommended by these multilateral agencies, in order to continue to qualify for debt forgiveness 
and aid. Though not specifically related to the Hyogo Framework of Action (HFA), the commitments made by the government to 
these agencies in the health, education and critical infrastructure sectors directly impact the progress to be made towards disaster 
risk reduction and economic resilience. As an example, the GoSL, to satisfy the HFA, took measures to evict slums without 
concomitant housing provisions, eventually forcing people to move to unsafe locations. As well, when salary base is reduced, 
subsidies on essential necessities removed, and privatization of public services encouraged, especially in the face of natural 
disasters, economic sustainability becomes a concern. In light of Sierra Leone’s recent battle with Ebola epidemic, this research 
analyzes the country from the lens of economic sustainability in a post-Ebola recovery phase. 

Keywords: Sierra Leone; Economic sustainability, Hazards; Ebola. 

1. INTRODUCTION 

The HFA and the recent Sendai Framework for Disaster Risk Reduction (SFDRR) aim to reduce disaster risk and associated 
losses. 168 countries including Sierra Leone adopted the HFA with different outcomes for developed and developing countries. 
Severity in terms of lives lost is high and associated costs are low for developing countries while the reverse is true for developed 
countries. The recent Ebola Virus Disease (EVD) outbreak in West Africa with 28,616 cases and 11,310 deaths was a reminder 
(WHO 2016). It was evident as the EVD outbreak unfolded that disasters continue to have a huge impact in terms of lives lost for 
developing nations like Sierra Leone.  

Sierra Leone’s current population is close to 6 million, over half of which live on less than US $1.25 a day (UNDP 2014). 
Overcrowding and squatter settlements are a culmination of the 2 million internally displaced persons (IDP) from the 10-year 
civil conflict (1991-2002), poverty stricken rural area migrants and refugees from neighbouring warring Liberia. 2014 marked 
nine years since the country adopted HFA and committed to integrating disaster risk reduction into its development plans. For 
example, recognizing that poverty is key to reducing disaster vulnerability and risk, the GoSL drafted and implemented – not 
quite fully – two series of Poverty Reduction Strategy papers for 2005-2008 and 2009-2011. Sierra Leone received close to US5 
billion in development assistance (World Bank Group, 2016) since it adopted the HFA, to help propel the country’s disaster risk 
reduction (DRR) policies to meet HFA targets. Yet the 2014 country profile shows that three quarters of its population is 
multidimensional poor that is they are depraved in three spheres – health, education and living standards.  

Sierra Leone continues to struggle with underdeveloped and scant infrastructure - utilities, transportation, water and sanitation 
including sewage treatment plants (UNDP 1993; GoSL 2008; UNEP 2010; UNDP 2011; UNEC 2015), which inhibits the 
nation’s disaster management capacity. Foreign aid is anchored to vicious cycles of interest payments and tied to commitments 
that sometimes prohibit investment in public infrastructure (Global Issues 2014c; UNEC 2015; Zayid 2014). A steady decline in 
GDP observed in the 1980s was due to structural adjustment policies and were the precursor of the civil conflict. Fig. 1 shows 
real GDP growth rates for the past ten years, including the downward trend projected for 2015 (GoSL 2014). Ebola and severe 
flooding factor in recent trends (International Crisis Group 2015; Koenig and Schultz 2014; Konneh 2014). 

 

2. HISTORICAL AND ONGOING DISASTERS IN SIERRA LEONE 

The impact of the Sierra Leone’s 10-year internal conflict that started in 1991 is evident in the lack of social structure, high 
unemployment, weak governance and endemic poverty. Post-conflict conditions ⎯ weak public health and barely functional 
critical infrastructure ⎯ were exacerbated further by IMF loans requirements that favoured macroeconomic policies instead of 
investment in public services and infrastructure (International Crisis Group 2004; Hanlon 2005). Infectious diseases like cholera 
and the recent emergence of EVD have had deleterious effects for Sierra Leone. 
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Fig. 1: Real GDP growth rates, 2005-2015: (e) estimates and (p) projections (AfDB Statistics Department). 

 

The country has experienced an increasing number of natural disasters in the last two decades (Figs. 2, 3). Climate change has 
affected weather patterns (Douglas and Alam 2006; EM-DAT 2015), as evidenced in the recent heavy rains, flash floods 
(Douglas et al 2008), and mass land movements. Floods have affected over 200 thousand people and killed 166 persons (EM-
DAT 2015). 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Epidemics caused by, both viral and bacterial diseases in Sierra Leone since 1985 (based on OECD 2012 data).  

 

 

 

 

 

 

 

 

Fig. 3: Number of occurrences of natural disasters in Sierra Leone 1975-2015. 

3. METHODOLOGY 

For this research, a total of 77 articles from various sources including public and private sectors, non-governmental organisations, 
multilateral agencies, peer reviewed scholarly articles, and media reports were surveyed, in order to understand and identify 
underlying factors that increase disaster vulnerability that will impact Sierra Leone’s economic sustainability in the post Ebola 
period. The NVivo qualitative analysis software was used to review these specific keywords and phrases. 
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4. ANALYSIS 

A total of 16 themes emerged as factors hindering economic sustainability and disaster resilience in the country (Fig. 4). It is not 
surprising, that the themes that emerged for each source type correlates with the institution’s nature and type of work. Themes 
from scholarly articles concentrated on public health. Multilateral agencies’ interests are Aid, Economic Impact, Globalisation, 
and Governance. NGOs have a strong interest in Poverty and Public Health. All source types, except for Government documents, 
viewed Education as an important instrument for poverty reduction. Insidious corruption emerged as one of the major factors 
impeding development and is consistent with the fact that the amount of aid that Sierra Leone has received in recent years, yet its 
public health sector is scant and as a result many lives were lost to Ebola. Vice News (2015) cites “Corruption and weaknesses in 
accountability in Sierra Leone’s health sector have been identified as impediments to its development and effectiveness 
throughout its history.” 

 
Fig. 4: Plot showing percentage coverage of each of the 16 themes’ in the five source types. 

On Disaster Risk, the extent of the Ebola outbreak, explained in the Ebola Recovery Assessment (2015) report: “In addition, they 
had no laboratory capacity to confirm the disease quickly and had to send ill patients to the capital for diagnosis, which led to 
further delays in the confirmation of cases and facilitated the spread of the virus to capital cities. Stating further that, “In general 
terms, the countries have limited capacity and mechanisms for disaster risk management.” Bulman et al. (2014) on the socio-
economic theme states that “Beyond the terrible toll in human lives and suffering, the Ebola epidemic currently afflicting West 
Africa is already having a measurable economic impact in terms of forgone output; higher fiscal deficits; rising prices; lower real 
household incomes and greater poverty.” Low Education levels emerged as a factor that inhibits development and poverty 
reduction. The high case fatality rate and the difficulty with surveillance and monitoring during the recent EVD outbreak were 
attributed to poor education. The analysis confirms that years of development aid and Sierra Leone’s commitment to HFA, has 
yet to move the disaster risk pendulum. World Health Group (2014) cited “…food security, protection, water, sanitation and 
hygiene, primary and secondary health care, and education.” as barriers to disaster resilience. The analysis shows a correlation 
between disasters and negative economic impact. Sierra Leone’s GDP dropped significantly from 2014 to 2015, food insecurity 
was high as agricultural production declined, foreign investment dropped sharply and so did revenue from tourism and related 
sectors. Unemployment increased sharply as well. 

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Unprecedented deaths and socioeconomic impact from the 2014 Ebola Outbreak is a stark reminder of the greater need for 
disaster risk reduction. The analysis shows a disconnect between multilateral agencies and NGOs who work in silos and only 
collaborate when a disaster event occurs. This study highlights the need for greater cooperation and partnership between national 
and local government, multilateral agencies, international and local NGOs, local communities and individual stakeholders. With 
Sierra Leone’s weak infrastructure and inadequate human capital, a multi stakeholder arrangement will ensure that disaster risk is 
integrated into development policies to reduce risk and increase resilience. 
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6. CONCLUDING REMARKS 

Natural disasters like flooding, landslides and the recent Ebola outbreak have brought economic sustainability and disaster 
resilience to the forefront of Sierra Leone’s priorities. Both exports and the capacity to raise revenue via taxes were severely 
affected by the Ebola crisis. As a result, Sierra Leone’s sluggish GDP growth had serious implications for both foreign and 
private investment, further weakening the economy. The epidemic is a stark reminder that Sierra Leone’s fragile economy and its 
dependence on foreign aid and investment can have harmful impacts in the event of a disaster shock. In the post recovery phase, a 
renewed emphasis and commitment to resilience, economic, social, and environmental sustainability, and improved public health 
is vital. Although the socio-economic impacts of Ebola will linger on for quite some time, a sense of optimism was found in most 
documents. 
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ABSTRACT: Due to the high volume of investment and establishment of many facilities and economic tools and most importantly 

because of accommodating a large population, cities are highly vulnerable during crises. Therefore, today appropriate locating of 

these facilities and especially energy resources, in the event of natural or human- made disasters is considered as a vital issue in 

order to increase urban resilience. According to studies conducted in this area, three principles of: finding a safe arena, using terrain 

topography and dispersion are considered as the key issues which are being raised in the discussion of locating these facilities in 

the cities. This study initially investigates the situation and problems of warehouses of Kerman Oil Company, based on locating 

principles, by focusing on improving resilience through conducting passive measures, in the event of crises and also by considering 

influential urban indicators, such as population density, land plots and by studying limits of each of these urban facilities; then it 

identifies suitable locations, on the basis of information inserted to the software GIS and at the end it selects the best and the most 

appropriate locations for these urban facilities through utilizing Analytic Hierarchy Process method . 

Keywords: resilience and passive measures, urban facilities, energy resources, GIS locating, AHP. 

1. INTRODUCTION 

This study is conducted as a new innovation in urban management systems, at the times of crisis in order to enhance the 

resiliency of the city and urban infrastructures during occurrence of natural disasters (earthquake) and it is presented to 

Integrative Risk Management and urban resilience Conference.. 

2. Method 

Using AHP method with geographic information system (GIS) to analyze and discuss the criteria, provided the pwerful tool in 

processes of the location decision. To investigate and identify the most suitable place for the construction of municipal utilities 

after identify factors and the effective factors by using GIS, AHP Analytical Hierarchy Process can recognize the areas and places 

where most compatible in the location of the facility is capable. In this research factors of population density, micro lithic plots of 

land and investigation of Privacy of installations as factors in locating with passive defense approach and to minimize damages 

examined and maps of each is provided. In order to achieve this it is necessary that these maps are integrated with one another. 

With regard to performance and geographic information System Performance positioning Stages with this system is as follows:  

1. Understand the phenomenon of effective in the location of Urban Facilities with passive defense approach 

2. Determine the parameters affecting on the positioning 

3. Collect and prepare data 

4. Select the model of combining and weighing 

5. Create maps of Factor and determine their weight with the Analytic Hierarchy Process 

6. Factor incorporating the maps based on selections and weight set 

7. Provide the necessary output in relation to the selected area and prioritize them. 

The most important process in this process is how to integrate GIS data and weighting factors which different methods and models 

for weighting and integration of GIS data is used due to the advantages and disadvantages of each, using Analytic Hierarchy Process 

AHP is recommended as the best option. 

 

3. The factors affecting on the positioning 

Fossil fuel storage depots including oil, gasoline, diesel and fuel oil in urban areas are considered as one of the most critical of 

urban infrastructure. These caches as up surface or sub-surface containing storage tanks of hydrocarbon materials. Because of the 
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importance of safety issues and environmental issues locating according to civil defense approach location of mentioned 

warehouses should be done with special attention. Although the construction of this infrastructure in areas of outside the city or the 

periphery of cities in terms of safety issues and partly environmental issues is important but due to consider economic issues special 

attention of urban planners, on the creation and development of such stocks focused on the metropolitan area. To Locating 

stockpiles of fuel (Petroleum hydrocarbons) several criteria can be considered because of the importance of the three criteria in the 

midst of the criteria, in this study, three criteria have been used. A) Population density B) Distance to the the warehouses                     

C) micro lithic parts of the city building. 

 

Table1 

 

 

3.1 Weighting to the the sub criteria used in the locating process  

As noted above each floor of the criteria used in the locating is called a sub criteria. It is necessary in locating operations weight or 

impact of each sub critic identified. In this research for weighting the sub criteria from the Analytic Hierarchy Process be used. In 

the Analytic Hierarchy Process (AHP) a creating the matrix of paired comparison sub criteria (Or criteria) and the use of the 

proposed preferred numbers this method (Table 1), the weight of each sub-criterion in the comparison with other sub criteria 

number map layer Detail 

1 

 

The population 

density raster layer: 

 

This raster layer with the Operation the reference ground 

of scanned map of population density is obtained by 

Georeferencing program. 

2 

 

Distance raster 

layer 

To the warehouses 

With the help of exfoliating hydrocarbon storage position 

in Kerman, is provided by using the Spatial Analyst 

program and function of Distance raster layer straight-line 

distance to the warehouses. 

3 

 

Raster layer 

of microlithic 

building blocks 

 

With the help of Layers of building blocks in Kerman 

first, calculate the area of each piece in the software and 

after conversion layers of building blocks polygon-to-

point mode with the function of Feature to point and then 

interpolating values area by using IDW, raster layer is 

prepared. 

4 

 

Reclassification 

(Reclassify) raster 

layers 

 

Since the in Locating operations the need to combine 

raster layers are important and raster layers has different 

dimensions its necessary With the reclassification all 

raster layers are semi-dimension. This operation by using 

spatial Analyst program Program and Reclassify function 

is performed. For example raster layer classification is 

shown the Profile of distance hydrocarbon reservoirs. 

5 

 

 

Preparation of 

raster layers 

AHP weights 

of Sub-criteria 

in this level weight which is obtained from the pair-wise 

comparison matrix s solution to the layers were 

reclassified Paragon   transferred and the conversion of 

existing layers changed to the Raster layers AHP weights 
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obtained (Saati et al., 1990). To determine the weight of sub criteria it is necessary at the first pairwise comparison matrices are 

resolved. There are different ways to address these matrices the used method of this research is vector Method of Egon.  

3.2 determine the weight or importance of each criteria in the in locating operations 

In this level to calculate the weight or the importance of cretia, matrix of paired comparison criteria (Three measures) prepared and 

in the form of AHP and solving matrix with the method of Egon operation weights are calculated. Mentioned of paired comparison 

matrix are shown in Table 2. 

Table 2: Matrix of paired comparison for criteria 

  population density Distance to warehouses Microlithic of building blocks Weight 

population density 1 4 6 0.7 

Distance to warehouses   1 2 0.19 

Micro lithic of building blocks     1 0.11 

C.I 0.005 

3.3 raster layers integrated AHP weights of sub criteria and prepared in accordance with the raster layer. 

In the following relationship SV is right amount of any point for construction of warehouses hydrocarbon, Gp is the criteria weight of P and Rp is 

rating below of P criteria. 

  )( pp RGSV

 

 

Figure 6: Land suitability raster layer for the construction of hydrocarbon reservoirs (Source: the author) 

4. CONCLUSIONS 

Extract the best areas 

In this level the maximum amount of suitable land (Maximum SV) from Fitness raster layer extracted and with a exfoliating, areas 

that have the best situation for the construction of hydrocarbon reservoirs have specified. The result is shown in the figure. Of 

course, these areas in the sparsely populated areas in Kerman, with coarse-grained structure of building blocks and dispose of 

existing stockpiles have been chosen. It is necessary to mention mentioned research puts only a road map in the hands of managers 

and urban planners and the exact locating of hydrocarbon stocks and fuels need to consider criteria and more qualitative and 

quantitative data and urban surveys. 

 

Figure 7: Suitable areas for the construction of hydrocarbon reservoirs (source: the author) 
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ABSTRACT: In the event of an earthquake, hospitals must provide not only standard community healthcare services but also 

emergency medical care related to the event. Damage on structural and non-structural components impact the functionality of the 

hospital, decreasing the efficiency of the healthcare service. We propose herein an innovative methodology to quantify hospital 

seismic performance by taking into account structural response of the building, damage of non-structural components, loss of 

functionality of the hospital, and increased patient arrivals due to the earthquake. The proposed approach uses nonlinear dynamic 

analysis to compute the structural response of a hospital in the city of Iquique, Chile, when subjected to a given ground motion, 

which enables us to calculate inter-story drift ratios and floor accelerations at every location within the building. The non-structural 

damage is linked to the response through the use of specific fragility curves. The loss of functionality, expressed as the number of 

rooms that were rendered inoperative, is estimated from non-structural damage. A discrete event model of the emergency 

department (ED) is then used to simulate the flow of patients within, this model describes how the hospital responds to the 

earthquake over time. Finally, the performance of the hospital is quantified using the mean ED waiting times. The model runs under 

a risk framework and provides annual rates of exceedance of this performance variable, which is of great relevance in long term 

risk management of critical infrastructure. 

Keywords: seismic risk, loss of functionality, performance model, healthcare, hospital. 

1. INTRODUCTION 

Chile is one of the most seismically active countries in the world, and as such, it needs to manage the preparedness and deal with 

the consequences of future earthquakes. Seismic risk assessment of critical infrastructure, say hospitals, is a key evaluation that can 

inform decision makers. In a post-disaster environment, the role of hospitals is critical in maintaining continuity of healthcare 

delivery to the population while effectively coping with potential losses of functionality. These losses are mainly due to physical 

damage in the facility (i.e. structural, non-structural, and contents damage), loss of utility lifelines (e.g. water and electric supply), 

failure in supply chains, and reduction of personnel. Even though Chile has a modern seismic code that limits the structural damage 

of buildings during strong earthquakes, non-structural damage in hospitals can still be extensive and cause significant losses of 

functionality (Favier et al., 2016; Kirsch et al., 2010). Various methodologies have been used to predict earthquake induced losses 

of functionality in hospitals, such as fault-tree analysis models (Jacques et al., 2014; Lupoi et al., 2012; Miniati et al., 2014) and 

discrete event simulation (DES) models for calibrating metamodels that summarize the inputs of the hospital model to the number 

of beds, operating rooms, and operations per operating room in a year (Cimellaro et al., 2009; Yi et al., 2010). However, fault-tree 

analysis can hardly figure out a refined time description of the functionality of the hospital, and hence, it cannot be used alone to 

assess the continuous seismic resilience of a hospital. On the other hand, metamodels only include rough penalty factors to account 

for the effect of physical damage in the hospital model. In Poulos et al., 2015, the direct use of DES models has previously shown 

good results in scenario analyses of an emergency department (ED). Here, we extended this scenario analyses to a risk framework 

in order to assess the loss of performance of a public hospital’s emergency department in Chile due to all possible earthquakes that 

can affect the system. First, a risk assessment methodology is presented in order to account for different levels of earthquake 

intensity. Then, the structural response of the hospital building is computed using inelastic dynamic analyses for different ground 

motions, and then results are related to non-structural damage by using fragility curves. The physical damage is used to assess the 

loss of functionality of the rooms composing the ED. Finally, the loss of functionality, together with the increase of arriving patients 

due to the earthquake injuries, is the input for the DES model of the ED. The performance of the ED is evaluated using the total 

waiting time of patients. 

2. RISK FRAMEWORK 

The effect that all possible future earthquakes have on a system can be quantified by assessing seismic risk. This consists in 

computing the annual rate of events that exceed a certain value of a given performance variable (PV) by conditioning on a local 

intensity measure (IM) (e.g., peak ground acceleration) and using the law of total probability: 

 𝜆𝑃𝑉(𝑝𝑣) = − ∫ 𝑃(𝑃𝑉 > 𝑝𝑣|𝐼𝑀 = 𝑖𝑚)𝑑𝜆𝐼𝑀(𝑖𝑚),

𝑖𝑚𝑚𝑎𝑥

𝑖𝑚𝑚𝑖𝑛

 (1) 
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where 𝑃(𝑃𝑉 > 𝑝𝑣|𝐼𝑀 = 𝑖𝑚) is the exceedance probability of random variable PV given the occurrence of an earthquake with 

intensity 𝐼𝑀 = 𝑖𝑚, which defines the vulnerability of the system and will be computed using numerical simulations; [immin, immax] 

is the range of intensities considered in the analysis; and 𝜆𝑋(𝑥) is the mean annual rate of events of an arbitrary variable 𝑋 exceeding 

the value 𝒙, and is the inverse of the return period T=1/λ. The mean annual rate of intensities, 𝜆𝐼𝑀(𝑖𝑚), is normally known as the 

seismic hazard curve, and is computed using Probabilistic Seismic Hazard Analysis (PSHA) (Cornell, 1968). This analysis adds 

the contributions of earthquakes of all possible magnitudes originating from all seismic sources in a region. The link between global 

parameters of the earthquake (e.g., magnitude and depth) and the local intensity is given by a ground motion prediction equation 

(GMPE). The GMPE used in this study is that proposed by Abrahamson et al. for subduction zone earthquakes (Abrahamson et al., 

2016), and the seismic source information was taken from previous work (Alvarez, 2001). The IM used in this study is the spectral 

acceleration at the fundamental period of the structure, and the PV that is calculated is specified in section 4.  

In order to compute the vulnerability of the studied system, i.e. its response to different intensity levels, a set of ground motion 

records need to be considered in the dynamic structural model of the hospital. The ground motions that were selected as possible 

candidates were recorded in Chile at sites with similar soil to the one of the Hospital’s site, characterized by a difference in average 

shear wave velocities in the top 30 meters (Vs30) by less than 200 m/s. The 10 ground motions that required less scaling to reach 

each intensity level were used in the analysis. 

3. LOSS OF FUNCTIONALITY 

Floor accelerations and inter-story drift ratios, which are required to estimate the non-structural damage, were computed using a 

3D nonlinear structural model of the Hospital in OpenSees (McKenna et al., 2000). The structure is a two story reinforced concrete 

frame building, which slabs were modelled using an in-plane rigid diaphragm, and beams and columns were modelled using the 

“beam with hinges” element in OpenSees, with Concrete02 and Steel02 as material models for concrete and steel fibers 

respectively. The seismic mass considered the dead load, plus 25% of live loads, and it was assigned to the three translational 

degrees of freedom of the diaphragm. For damping, a Rayleigh matrix was assumed with 3% damping ratio for periods 1.5 and 0.2 

times the fundamental period. Further details of the structural model can be found elsewhere (Poulos et al., 2015).  

The considered non-structural components prone to damage are partition walls and doors (drift sensitive), and suspended ceilings 

(acceleration sensitive). The moderate damage state is estimated using fragility curves available from the literature, i.e. from 

Retamales et al. 2013, Lupoi et al. 2014, and Badillo-Almaraz et al. 2006 for partition walls, doors, and suspended ceilings, 

respectively. Examination rooms and operating rooms were assumed to be the only rooms that can lose functionality in the ED. An 

examination room has a probability of losing functionality directly related to the percentage of fallen ceilings in the room. Adapted 

from Kuo et al., 2008, the relation is built using a piecewise linear function of three segments defined by four percentage of fallen 

ceilings/probability of functionality couples: (0,1), (20, 0.38), (50,0), (100,0). It is arbitrarily assumed that an operating room is out 

of service if any non-structural element inside the room, i.e. partition wall, door, or ceiling, reaches a moderate damage state. The 

downtimes, i.e. the time a room is out of service, is assessed by sampling a uniform distribution U(1,7) (days), according to field 

observations reported after the 2010, Chile earthquake (Kirsch et al., 2010). 

4. HOSPITAL’S EMERGENCY DEPARTMENT MODEL 

A Discrete Event Simulation (DES) model has been developed using the Python SimPy library (Müller and Vignaux, 2003) to 

dynamically reproduce the treatment of patients arriving at the ED of the hospital. A DES model is a queueing theory model using 

stochastic processes Patients can pass through four types of healthcare attendance stations and stay a given time in each station, 

which is sampled from statistical distributions. There is a single triage station with a staying time following a uniform distribution 

U(0, 5.5/60) where the two parameters are expressed in hours (h); 10 examination boxes where patients are assisted by a physician, 

with a staying time following a truncated normal distribution N(0.6, 0.09) (h) with a truncation of 0h and 2h; 7 operating rooms 

with a staying time following a lognormal distribution LN(0.5, 0.6) (h); and 16 observation stations where patients occupy a bed 

for short recovery with a staying time following a Triangular distribution, Tri(0, 2, 12) (h). The triage aims to classify patients into 

four categories, namely C2 to C5. Category C1 is allocated to patients needing immediate attention and are categorized outside of 

the hospital (e.g. in the ambulance). Categories C2, C3, C4 and C5 are assigned to patients needing fast attention, attention within 

1.5 hours, attention within 3 hours, and no urgent attention, respectively. The flow of patients in the ED depends on their injury 

severity level. The model assumes that C1 patients skip the triage in the ED and go directly to an examination box for vital 

emergency care, then go to the operation room and finally stay in an observation room. C5 patients only pass through the triage 

station before being redirected to other medical services independent of the ED. Based on historic data, it is also assumed that 

100% and 22% of C1 and C2 patients, respectively, undergo operations and need an observation stay, and 3.4% of C3 patients need 

an observation stay in the ED. Remaining patients only pass through triage and examination. The arrival of patients in normal 

condition is sampled from a nonhomogeneous Poisson process with a rate parameter depending on the hour of the day. To account 

for the total number of patients coming after the earthquake, the arrival of patients in normal condition and the earthquake-induced 

arrival of patients are added. The earthquake-induced arrival rate was estimated scaling the data from a well-documented 

Californian hospital during the Mw 6.7 1994 Northridge earthquake, as proposed by (Malavisi M. et al., 2015). The scaling was 

based on the Modified Mercalli Intensity (MMI) and the mean annual arrival rates. The MMI of the Northridge earthquake at the 

Californian hospital location was IX. To calculate the MMI for each earthquake, the PGA given by the Conditional Mean Spectrum 
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𝑃𝑉 = ∑ 𝑝𝑑
𝑙 × (𝑊𝑇𝑑

̅̅ ̅̅ ̅̅ − 𝑊𝑇𝑑𝑛
̅̅ ̅̅ ̅̅ ̅)

𝑑𝑓

𝑑=𝑑𝑖

. (2) 

 

(Baker, 2010) was transformed to a MMI value following (Worden et al., 2012). To take into account the difference of size between 

the California and Iquique hospitals, the arrival rate was also scaled by the ratio between mean annual arrival rates for both hospitals 

in normal condition, which is equal to approximately 2. The total scaling factor was obtained by multiplying by both factors, i.e. 

the one based on the MMI and the factor 2.  

The waiting time (WT) is defined as the performance base indicator of the ED and is calculated as the sum of the time a patient is 

not being attended in a healthcare station. The daily mean waiting time 𝑊𝑇𝑑
̅̅ ̅̅ ̅̅  is defined as the mean waiting time of all patients 𝑝𝑑

𝑙  

leaving the ED during day d. During every consecutive day, from day di to day df, it is assumed that the earthquake impacts the 

ED. Day di is defined as the first day during which the waiting time is greater than the mean waiting time in normal conditions; di 

is by definition, a subsequent day following the earthquake occurrence, dEQ. The extra daily mean waiting time is calculated as the 

difference between the daily mean waiting time when the earthquake has an impact in the ED, and 𝑊𝑇𝑑𝑛
̅̅ ̅̅ ̅̅ ̅, which is the average of 

the daily mean waiting time in normal conditions. The performance variable is calculated as: 

 

5. RESULTS 

Figure 1a shows the mean daily waiting time calculated when the model is subjected to one seismic scenario of an earthquake of 

intensity im=0.37g. The effect of the earthquake is calculated as the sum of the extra waiting time occurring during days following 

the earthquake, i.e. from day di to day df. The seismic risk of the hospital was quantified using Equation (1), and was expressed in 

terms of the extra waiting times that people spent in the ED due to the effect of an earthquake (Equation (2)). Figure 1b shows the 

return period of events that generate different values of this performance variable, which is the reciprocal of the mean annual 

frequency of exceedance.  

 

Fig. 1: Hospital seismic performance considering: (a) a seismic scenario of intensity im=0.37g, and (b) the seismic risk expressed 

as return period of events versus extra waiting times inside the ED. 

6. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

This study is part of the International Disaster and Risk Conference, which supports the Hyogo Framework for Action (2005-2015) 

proposed by the United Nations to improve the resilience of nations to disasters. In this context, we studied the ED of a public 

hospital considered as a key critical infrastructure. Our investigation identifies the total waiting time of patients as a seismic 

performance measure of healthcare facilities. The assessment is done integrating structural and nonstructural damage, loss of 

functionality and the increase of earthquake-induced patient arrival for all possible scenarios considered for the risk quantification. 

Further developments of the model could help improve disaster risk management, e.g. the analysis of different configurations of 

the healthcare system to propose optimal mitigation measures that can be implemented by governments. 

7. CONCLUSIONS 

In this paper, a seismic risk framework combining the quantification of the Chilean seismic hazard and the physical vulnerability 

was used to assess the seismic performance of a hospital in terms of the annual rate of exceedance of extra waiting time in an ED. 

The model considers the nonlinear response of the structure, the non-structural losses, and the functional impact in a systemic way, 
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avoiding the use of metamodels or arbitrary penalty factors in a risk framework. The numerical results provide a patient-oriented 

performance measure, based on the waiting time before attendance, which could be of high interest for long-term seismic risk 

management (e.g. mitigation) of critical infrastructure and its key subsystems, such as the ED of public hospitals. 

This study has been sponsored by the National Commission for Scientific and Technological Research (CONICYT) under grant 

Fondecyt 1141187, grant Fondecyt 3160483, and by the National Research Center for Integrated Natural Disaster Management 

CONICYT/FONDAP/15110017 (CIGIDEN) which are gratefully acknowledged. 
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ABSTRACT: In this study, we use a rather simple method to estimate the probability of losses from meteorological droughts in 
China by using observed and simulated/projected drought data. The data are based on the Standardized Precipitation Index (SPI), 
which has been calculated from observed monthly precipitation data for the period 1961–2014 and from simulated/projected 
precipitation data for the period 1950-2100. The SPI time series are assessed on their monthly intensity and the area of drought 
occurrence. The projected data and further results are validated on observed past events and annual loss information. Based on 
the spatial-temporal information of SPI intensities, the probability empirical and simulated time series are calculated. The final 
results include estimated return periods for drought intensities and economic drought losses, which are presented for the probable 
average annual losses and probable maximum event losses from meteorological droughts in China.  

Keywords: Drought, Probability, Observation, Simulation, China. 

 

1. INTRODUCTION 

Based on past drought events, China is prone to costly drought impacts, with an average annual drought-affected crop area of 
200,000 km2 and annual direct economic losses of more than 32 billion Yuan (according to 2013 price levels) during the period 
from 1949 to 2013. Previous studies on observation data found significant trends towards dryness mainly in a regional band from 
the southwest to the northeast of China, while significant trends toward wet conditions were mainly observed in the northwestern 
parts of China. In recent decades, drought events occur more frequently and more severe in this regional dryness band. Currently, 
studies on future drought characteristics in China mainly use GCMs with RCPs or regional climate models (RCMs) with SRES. 
For more precise regional drought analyses it seems necessary to apply state-of-the-art RCMs with RCPs to further increase the 
knowledge of potential drought impacts in China. Most of the existing studies on drought mainly focus on station- or grid-based 
parameter projections only without considering the contiguous area of drought events. In order to better understand the future 
drought characteristics, Huang et al. (under review) evaluate the RCM CCLM on observations for the baseline period 1961-2005, 
and project future changes in drought events for China by using the CCLM under different RCPs. The modeled climate 
parameters are then used to calculate the SPI. Following the research by Zhai et al. (2016) and Huang et al. (under review), the 
objective of this study is to estimate probable economic losses due to drought by using the observed and simulated SPI.  

Changes(in(drought(intensity(and(dura0on(in(China((196062013)�

Increasing*trends*in*drought*intensity*and*dura1on*are*mainly*found*in*the*South*and*Northeast*of*China.�
 

Fig. 1: Changes in Drought Intensity and Duration in China (1961-2014) 
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2. DATA AND METHODOLOGY 

Quality-proven monthly precipitation from 530 meteorological stations in China for the period 1961-2014 as provided by the 
National Meteorological Information Center of the China Meteorological Administration were used in this study. The regional 
climate model CCLM has been used. The atmospheric circulation is described on the basis of primitive thermo-hydro-dynamical 
equations at resolutions between 1 and 50 km. In this study, the Earth System Model running on a low-resolution grid (MPI-
ESM-LR) serves as the data input for global climate change projections. CCLM, based on downscaled GCMs under different 
SRES scenarios, has already been applied in various studies on changing climate parameters in China. The CCLM-simulated 
datasets of precipitation for China are evaluated for the years 1961-2005, while projected future changes in drought parameters 
under three RCPs are analyzed for the years 2016-2100. The used RCP2.6, RCP4.5, and RCP8.5 represent a low concentration, a 
stable concentration, and a high concentration of emissions, respectively. For the period 1984-2014, the annual economic losses 
due to drought events on provincial and countrywide scale, as well as drought affected area and population have been made 
available by the National Climate Center of the China meteorological Administration. 

In our study, the well-known multi-scale standardized precipitation index (SPI) is used. The 1- to 3-months SPI/SPEI is usually 
used to reflect the status of soil moisture. The changes in soil moisture in the lower layers as well as in river runoff are better 
reflected with a 6- to 24-months SPI. Similar as the research by Zhai et al. (2016), we focus on the hydrological drought, which is 
assumed to be best reflected with the 12-months SPI, as with a time scale of 12 months the highest correlation coefficients 
between SPI and runoff anomaly are found in numerous river basins of China. The multi-scale index is used to analyze past and 
future hydrological droughts in China. A detailed description of the design of the SPI can be found in Wu et al. (2005). For the 
SPI, the shape parameter and scale parameter of precipitation are estimated based on the fitted Gamma distribution. Following 
this, the SPI is calculated by transforming the fitted distribution to a normal distribution. By using the estimated parameters, the 
cumulative probability of observed (1961-2014) and simulated (1950-2100) SPI values can be compared and then transformed to 
a normal variable.  

 

Fig. 2: Observed SPI of River Basins in China   Fig. 3: Simulated SPI of River Basins in China 

The simple adjustment of losses with the consumer price index (CPI) does not reflect the realistic impact on the socio-economic 
status of an affected population (Fischer et al., 2015). Neumayer and Barthel (2011) used a relative normalization approach to 
show the differences of damage in spatial and temporal extent. They estimated the relative impact of annual hurricane losses on 
the then existing wealth, as presented in the equation: Normalized losses = Original economic losses / Wealth. Due to the 
unavailability of spatial data at the scale used by Neumayer and Barthel (2011), we use the modified normalization approach as 
applied by Fischer et al. (2015). Here, the general income per province is used as a proxy for wealth. To obtain the relative 
annual normalized loss amounts, we divide the drought losses of each province and year with the absolute income (of the same 
year) of the drought affected province. This approach delivers a lean way to compare the economic impacts of droughts at 
different provinces and different years. For comparison purposes, the derived relative values (percentages) for the past 31 years 
(1984-2014) are presented as estimations based on the total income of 2014. 
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Fig. 4: Original Economic Drought Losses in China  Fig. 5: Normalized Economic Drought Losses in China 

 

3. RESULTS 

The ability of CCLM in reproducing drought characteristics in China is evaluated on observed monthly climate datasets. The 
simulated SPI show similar to more intense characteristics as the observed SPI (Huang et al., under review). A dryness band from 
the southwest to the northeast of China has been observed for the period 1960-2013 (Zhai et al., 2016). This has also been 
simulated for the future period 2016-2100 with CCLM, which shows a continuing trend to dry condition along this observed 
dryness band in China, with strong drought tendencies mainly found in the Zhujiang, Southeast, and Northwest river basins. 
From low emission to high emission RCPs, the drought centers are more likely to experience a southeastward or northwestward 
shift mainly caused by the decrease in precipitation or the increase in evapotranspiration, respectively, according to the 
differences between the spatial patterns of the SPI. In regard to these expected changes, the simulated drought events are used to 
generate a 140-year drought event catalogue for all major river basins and for a countrywide average of China. The catalogue has 
been validated with the observed SPI on an annual basis. Finally, from the simulated event catalogue, the probable annual losses 
and probable event losses are estimated based on the relationship of the normalized economic drought losses and the basin-
averaged annual SPI values. 
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Fig. 6: Normalized and Estimated Economic Drought Losses Fig. 7: Simulated Probability of Economic Drought Losses 

 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

In this study the estimation of probable drought losses in China, which is of great concern, as most droughts have rather adverse 
impacts in the socio-economic sectors of China. For example, the availability of water resources during the severe drought in 
Southwest China in 2011/2012 was 26% below the annual average, while also significant impacts on the vegetation productivity 
have been detected. Shifts and increases in the intensity, areal extent, and duration of future droughts will put more stress on the 
population, the agriculture, and the water resources in China. Therefore, this study assists the implementation of the Hyogo 
Framework for Action, which emphasizes adaptation measures at regional and local scale to be prepared for severe future 
drought impacts in China. Among others, large uncertainties still exist in the model assumptions as well as in the spatial and 
temporal resolution. Further research on local impacts of droughts and potential adaptation measures is of great demand. 
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5. CONCLUSIONS 

With the simulated increase in drought intensities as well as China’s socio-economic factors (e.g. population and income), a 
higher vulnerability and exposure to drought events can be assumed. In the near future the number of people exposed to droughts 
will increase due to the demographic pressure and the exacerbation of disaster risks and drought intensity. On the basis of the 
applied normalization method, no apparent increase to higher annual drought losses has been detected. Nonetheless, an increase 
towards more intense drought events has been simulated, which probably will affect larger areas and more people. Additionally, 
the estimated return periods of simulated probable economic drought losses should be especially considered when the focus lies 
on the socio-economic factors of drought affected regions in China. The findings present a sound basis for the decision-making in 
integrative disaster risk management, as they can assist in identifying adaptation measures towards the reduction of economic 
losses from droughts in China. 
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ABSTRACT: This paper summarize the investigation results about geomorphological processes, which have been 

considered as a threat due to torrential floods and landslides, considering these like disastrous events that have affected towns in 

Boyacá, a Colombian department. It has caused the relocation of some towns through the past time. Historically other towns have 

been affected by disaster events and today the risk still high due to being exposed to the threats. Although these towns do not 

have different alternative than the territorial reordering and the relocation of the urban areas, they have not counted with the 

leading of the disaster risk management authority and the affected communities.  

Keywords: Hazard, risk, vulnerability, relocation, landslides. 

 

1. INTRODUCTION 

The department of Boyacá is located in the north east of Colombia, where most of the landscapes are mountains with 

intermountain valleys from the foothills and hillsides from the Andes’s Eastern Cordillera and a northeast preferential direction. 

This topographic configuration defines the hydrography of the region, resulting in two large basins; the first one characterized by 

drains to the west and discharge in the Magdalena River that pass in south north direction in the west boundary of the department. 

The second one drains to the east, specifically to the rivers, which form the Orinoco River. The results shown here are parts of an 

investigatory project about applied morphology to the modeling of the territory of Boyacá. In these investigations besides the 

morphometry, morphogenesis and the morphodynamic, the environmental history has been included, it addresses 

geomorphological processes that have represented threats and have caused impacts to the towns in the department since the 

XVIII century. 

The landscapes in this territory correspond to reliefs and models where the structural, glacial, denudational and fluvial 

geomorphological environments take precedence. In addition to the aforementioned environments, recently has been evident the 

anthropogenic environment that remains above the volcanic environment. In the adjacent physiography, geomorphological 

processes related to mass movements and flooding are highlighted. These processes are related mainly with rainy periods and 

occasionally with seismic events, which have represented threats. Therefore the disasters caused by natural phenomena are of 

great interest of Colombia (Hermelin Michel, 2005) and particulary to Boyacá. This country and department have lost a great 

number of human lives and materials.  

Finally, these contributions to the environmental history and disasters of our natural territory pretend to keep alive the memories 

and involve it with the risk disaster management as an “Added Value for Integrative Risk Management and urban resilience” 

 

2. RELOCATED POPULATIONS OR WITH RECOMMENDATION TO BE RELOCATED 

90% of the towns and cities from Boyacá have had serious effects by mass movements and torrential floods. Spanish founded 

many of these towns during the conquest. That reason guaranteed their domination in the conquered territories. Some of these 

urban centers that were used as bases in the next expeditions did not take into account the limits from the nature (Musset Alain, 

1996), specifically the geoclimatic threats. Most of the towns in the flat land were founded since 1549 to 1767 were located in 
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order to establish an operations base to explore the territory and find the mythical province “El Dorado”. It was the population of 

Chita founded in 1551 by Jiménez de Quesada who accomplished that function, resulting in the creation of some indigenous 

towns and cities in the foothill (Rueda Enciso José, 2013). It is also the Chita’s population who was reported as the first 

population relocated after a heavy rain period between august the 31st and September the 15th of 1706 and some others mass 

movement events between November the 27th of 1724 an January the 30th of 1725. These movements were caused by the rain. 

although them built their houses and plant their crops in the same valley “La Candelaria”. Its relocation was commanded on 

march the 28th of 1727, this time 2km away in the north east direction in a high and firm place (Amaya Martin, 1930), with a 

2950m altitude where now a town of 2100 inhabitants and their infrastructure is located. 

 

In 1993 many disasters took place in the north and east part of Boyacá, closely related to landslides and torrential floods, because 

of a period of heavy rain. These events resulted in the relocation of prospering regions such as Sativa Norte y La Paz, and serious 

damages to Socha Viejo, Guacamayas and Labranzagrande. 

 

Sátiva Norte also known as Sátiva Viejo in 1933 was a prospering town of 2200 inhabitants located in a plateau between 2340 

and 2385 meters above sea level, 5.4 km to the west of the Chicamocha River and just 200 meters away from the Soapaga 

geological fault. According with the report of Alvarado y Hubach presented to the industrial ministry of Colombia in 1933, after 

a recognition visit in the area affected by the landslides, they described that the population center had been affected by the 

landslides years before. During 1918, a great landslide partially affected the municipal seat. Motivating its relocation but as the 

landslide stopped, the idea was dismissed. Besides the long and intense period of rain in this region, during 1933, a rainy period 

of 3 weeks in a row saturated the clay soil, expanding the tension cracks left by previous events. All of this, plus the contributions 

of the water from the irrigation and the aqueduct caused a big landslide, which affected a great deal of the population and 

destroyed around 200 houses. It motivated the relocation of 2200 people, due it was impossible to stop the movement because the 

dimensions of the movement and the absence of firm soil to put containment structures. Besides the geological and geotechnical 

recommendations to relocated the new Sátiva Norte's municipal seat, 2.7 km away to the north. They recommended take into 

account prevention measures developed from bad practices that caused the previous disaster and highlighted the spirit and 

tranquility during the relocation process, known nowadays as resilience and adaptation 

 

The intense rains of November in 1933 that had given rise to the relocation of  Sativa Norte also affected drastically the 

population of La Paz, located 11km to de south west, at 2750 meters above the sea, 4.1 km away in the west direction to the 

Chicamocha river and 2 km from the geological fault of Soapaga. In this case, two thirds of the houses were destroyed or 

damaged until being not suitable to live (Alvarado y Hubach, 1933). The conditions of the ground after the disaster limited the 

reconstruction possibilities in the same place. As happened before in Sativa norte, the population center of La Paz was considered 

as totally destroyed, and the reconstruction of the center in a place that guaranteed the security was recommended. The causes 

that originated the destruction and relocation of the center and more than 1000 inhabitants were cracking and slipping of a thick 

clay mass. In 1934 started the relocation of the town toward the new settlement, denominated Paz de Rio in the confluence place 

of Soapaga river and La Chapa ravine, 4km to Chicamocha river in the south west, 2210 meters above the sea. Although this 

place has been less vulnerable,it has been exposed to threats by landslides in the hillsides next to the population center, Soapaga 

River damming in the west and periodical torrential floods from the la Chapa ravine in the east. 

 

 

Very close to Paz de Rio 3.3 km to the east is located, what today is known as Socha Viejo village, founded in 1540 and 

destroyed by a landslide in 1870, since then many of its inhabitants moved to what today is Socha city. Also known as Socha 

Nuevo (Manjarres Gilberto, 1971). Later in 1966, another event happened with greater impact than the previous one, which 

forced the rest of the population to guard against in surrounding areas with less vulnerability. Since then the mass movements 

have continued affecting the village and the road that leads from Paz de Rio to Socha. The constant obstruction of transport in 

this road and the risk for the inhabitants who still living in the affected area, forced the regional administrative authorities to 

request in 1971 to INGEOMINAS (Nowadays Servicio Geologico Colombiano) sending geologists to make appropriate 

recommendations. Despite recommendations about total relocation, the village still exists with its inhabitants, who year after year 

are exposed to the same problems: colluvial deposits that periodically invade the houses and roads, triggered by rains, and 

retrogressive landslides at the bottom. In the last years, threats have increased, with the presence of underground coal mining in 

the area of influence, and location of coal storage facilities in the affected area, increasing the burden on the masses swiped. 

 

In addition to these, three study cases about relocation of population centers, which are located within an action radius no longer 

than 7 km in the basin of the river Chicamocha. They are listed below other populations from the north and east of Boyacá, 

which have had a similar history of damages by landslides and torrential floods, and despite the recommendations, today are 

exposed to the same threats, maybe, fueled by anthropic processes. 

 

 

One of these villages is Guacamayas, located 45 km North East of Sativa Norte, founded in 1764, 2200 meters altitude, in a 

gently undulating area at the base of a rocky escarpment, at the exit of a highly torrential ravine during the rainy periods. The 

population center was affected by torrential floods in 1935 and 1944 (Cucalón Ignacio, 1968).  
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On June 5, 1968, it was affected again by a water draining from headers of the Surcaváciga ravine, which at its output to the 

population center, spread a layer of mud that covered and destroyed more than half of the urbanized area. The destabilization of 

the slopes at the top of the ravine, happened after a rainy period, as a result of the saturation of clay soil during the rains, with an 

additional contribution, because the filtration of water accumulated in a lake formed in the part high mountain, product 

destabilization. Among the recommendations suggested in 1968 were:  the expansion of the outlet canal of the ravine in its 

passage through the town; construction of an embankment on the margins of the canal; channel water into the ravine on the 

hillsides; dry  the sliding lakes on top of the mountain, and reforest the watershed of the creek to regulate the water drainig.  

 

Comparing the photographs of FIG. 1, one taken during the event of 1968, and the other taken in 2016, no significant changes are 

observed after 48 years of the last event, in terms of growth of the population center. Although the evacuation canal of the ravine 

as it passes through the village was expanded and the expansion of urbanization in the area affected by the last event area today 

has been limited. Destabilization of hillside and threats by torrential flows and mudflows on the municipal head still present.  

 

 

  
Fig.1: In the left, Guacamayas in 1968 affected by the mud (picture by Vicente Blanco); in the right, Guacamayas in 2015 (picture by Héctor 

Fonseca). In both pictures, in the left in the back is present population center El Espino. 

 

 

Finally, with the aim of highlighting threats associated with landslides and torrential floods that match with wet periods of heavy 

rain as triggers of disastrous events, processes in Labranzagrande North East Boyacá Department are described. 

 

The population of Labranzagrande is located in the basin of Cravo Sur River, in a fan under construction on the east watershed of 

the Eastern Cordillera of Colombia. The village that is located on the left bank of the distal part of the fan under construction and 

undetermined by the Cravo Sur River, it was hit by a torrential flow in 1938. The material removal slip corresponds to 

carbonaceous shales and sandstones with high dip on which reposed colluvial deposits. The drainage channel, coincided with the 

bottom of a preexisting ravine with radial dissection, while the accumulation zone formed a trail of debris that reached the 

population center. Later, in 1954, an event was presented again that began with a slide of a hill in the apical part to the North 

West of the town. During a heavy rainy season, the black shales were saturated, constituting a torrential flow that incorporated in 

its path colluvial deposits and large sandstone blocks, which flowed through the radial channels for several kilometers, reaching 

the population center and destroying some buildings (Van der Hammen Thomas, 1954). Among the recommendations made by 

Van Der Hammen during his visit in 1954, it is the relocation of the population center to a less threatened sector downstream of 

the Cravo Sur river. Later, during a rainy period in April 1992, there was a new slide in the birth of the Quebrada Grande ravine, 

at the apex of the fan, which threatened the town center again (Justo Padilla, 1992). There have been torrential events that have 

reached the urban part, being the last reported in 2014, when along the Ahuyama ravine a torrential flow was presented with 

overflow on the arrival in the municipal head endangering 190 constructs. 

 

In Fig. 2, the Labranzagrande fan is observed, with the location of population center in the distal part. Also, you can see the radial 

and lateral fan drains, being the closest, the Ahuyama ravine, once approaching to the population center, it has a strong turn, that 

every time peaks of precipitation are presented in basin threatens to torrential flows and flooding the city center, infrastructure, 

and roads to the towns of Paya, Pisba and El Morro. Similarly, the process of undermining the fan by South Cravo river and its 

dynamics is observed 
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Fig. 2: Overview of the fan under construction and population of Labranzagrande (Picture by Fabian Fonseca). 

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

This work aims to incorporate historical memory in the preventive stage of the risk cycle, with the aim of reducing vulnerabilities 

and increase resilience of the communities, not only those who are still in environments affected by disasters, even those, that in 

the future might be affected by similar processes. It is vital, incorporating environmental history and particularly the history of 

disasters in knowledge of the territory and changes in risk perception over time and its assimilation by the communities, In order 

to canalize their strengths, to avoid that the processes that are threateners do not finish in disasters. Similarly, we must prepare 

our communities in adapting to global and local changes in the environment, and particularly in Colombia, where we must work 

on reducing risk factors associated with the deterioration of our hillsides and valleys. Given that, unfortunately it has been 

worryingly lost the ability to control vegetation, causing that the extreme of rains and drought are more notorious nowadays, 

reflecting in high geoclimatic risks during rainy periods, and scarcity and hydric stress for people and ecosystems during periods 

of low water. 

4. CONCLUSIONS 

Topographical, geological, geomorphological and climatic conditions of the Department of Boyacá environment, grant to the 

territory ideal conditions for the occurrence of geomorphological processes that can become geo-climatic threats to communities 

and infrastructure. 

Since its foundations, some populations of  Boyacá had not taken into account the limitations imposed by the natural 

environment. Some of them were relocated from the XVIII century, although the most affected were in 1933. 

Knowing the territory and its processes, allows us to adapt, reduce vulnerability and increase the resilience of our communities 
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ABSTRACT: The current global climate change research focuses on the temperature and precipitation, the study of 

the wind is relatively small. As an important climate factor, change of wind has a very important influence to the 

environment, and is mainly manifested in the change of wind speed. In recent decades, with serious haze pollution 

problem increasingly prominent, wind speed research is very urgent. Utilize China's national meteorological site 

observation data, this study analyzes and the long-term variation characteristics of haze and near surface wind speed 

in Beijing-Tianjin-Hebei and their correlation, the results show that: (1) the overall wind speed showed a trend of 

decline from 1961 to 2014 in Beijing-Tianjin-Hebei, and declining rate of spring and autumn is greater than the 

summer and fall season,(2) the haze days in Beijing-Tianjin-Hebei from 1961 to 2014 is increasing and the haze 

days has increased dramatically in recent years, winter and spring haze days significantly more than summer and 

autumn.(3) the results of variance analysis showed that wind speed has significant influences on the haze, the results 

of correlation analysis showed that the winds in rain season present positive correlation with visibility.  

  

Keywords: Beijing-Tianjin-Hebei，wind speed change, haze change, spatial-temporal evolution, 

 

1. INTRODUCTION 

Wind speed is an important climate factor for the formation of climate and climate change, less attention in the 

current study, many researches about wind speed are mainly focus on the long-term trend of near surface wind speed,, 

a large number of studies have found that the near-surface velocity showed a trend of decline in different regions of 

the world, such Australian（McVicar T R,2008），Italy（Pirazzoli P A，2003），Canada（Wan H, 2010），Czech 

Republic（Brázdil et al, 2009）,but Kousari M R find that The overall wind speed in Iran is rise, but decline very 

significantly in the local area. The study of China indicate that the overall wind speed in China is declining（Wang. 

et.al, 2004；Jiang Y,2010）,different areas show different decrease rate.  

 The change of wind speed will produce important influence to the environment, with China's rapid 

urbanization（Xuemei Bai, et.al, 2014）and industrialization, more and more industrial waste gas is released into 

the atmosphere. People observe the haze days in China gradually rising in recent years（Ding and Liu, 2014；Song 

et al, 2013）, a high incidence of serious pollution incident in present situation, wind is an important driver of 

contaminant distribution, the decline of wind speed is not conducive to the spread of pollutants in the atmosphere

（Wang et al, 2015）. For wind speed decline in China area, the haze days showed a trend of increasing, this article 

choose Beijing-Tianjin-Hebei region as the study area, through the analysis of spatial and temporal variations of 

wind speed and haze in 1961-2014, in order to reveal the change of wind speed on the influence law of haze days 

change. 

 

2. DATA AND METHOD 

In this research we use average wind speed data, relative humidity and visibility data in 1961-2014 from China 
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Meteorological Administration, In order to eliminate the influence of other factors on the visibility observation, so 

we select visibility data at14:00, at the same time to eliminate the site with the lack of measured values over 0.5%, 

the missing values instead of the average of adjacent two days or the average of years before and after at the same 

day, get the 538 sites for analysis, and 23 sites in the Beijing-Tianjin-Hebei. 

In order to eliminate small periodic vibration on the influence of the original sequence，this article take five 

years moving average processing in original sequence, linear regression analysis is used to calculate trend of each 

time sequence, and get different significance level 

 

3. RESULTS 

  3.1 The trend of average wind speed 

Figure 1 shows the trend and it’s spatial pattern of annual and seasonal average wind speed in Beijing-Tianjin-

Hebei from1961-2014 , From that, the whole wind speed all showed a trend of decline in Beijing-Tianjin-Hebei, the 

average wind speed in spring and winter decreases faster than in , decline rate in southern and eastern coastal is 

significantly greater than in north, wind speed in north increased slightly,  

    

    
Figure 1 Trend of wind speed in Beijing-Tianjin-Hebei from 1961-2014 (a: annual mean, b: spring, c: summer, 

d: autumn, e: winter). 

 

3.2 The trend of wind speed with different size in Beijing-Tianjin-Hebei from 1961-2014 

From the above analysis, we can see that average wind speed is decreasing in Beijing-Tianjin-Hebei from 1961-

2014, in order to further understand the change of wind speed, this paper statistics days of wind speed with different 

size (0 and 1 m/s, 1 to 2 m/s, 2-3 m/s, 3-4 m/s, 4-5 m/s, 5-6 m/s, 6 to 7 m/s, 7 to 8 m/s, 8 to 9 m/s, 9-10 m/s, more 

than 10 m/s), analyzes the trend of days of wind speed with different size (Table.1). The results show that 1-2 m/s, 
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2-3 m/s wind days is gradually increasing from 1961 to 2014, days of wind speed with other size is rising, wind 

speed over 3 m/s dropped sharply make whole wind speed showed a downward trend. 

 

Table 1: The trend of wind speed with different size in Beijing-Tianjin-Hebei from 1961-2014 

*Statistically significant trends were defined as those p<0.10 (in bold and in parenthesis) and p<0.05 (in bold) 

 

3. 3 The long-term trend of haze days 

Atmospheric observations on the haze is mainly composed of two meteorological variables for determining: (1) 

the horizontal visibility less than 10 km; (2) the relative humidity is generally less than 80% (Ding, et al, 2013), 

Figure 2 and Figure 3 shows the spatio-temporal change pattern of haze days in Beijing-Tianjin-Hebei region from 

1961 to 2014, it can be seen that most sites haze days are on the rise, change trend on 0 to 10 day/decade, haze days 

increase of Beijing –Tianjin- Tangshan was most pronounced, these areas as well as industry and the most developed 

area in the Circum Bohai region. Therefore, increased haze days in Beijing-Tianjin-Hebei may be closely related 

with industrial emissions and decrease in wind speed.   
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[0-1) （-0.28） -1.62  （-0.60） -0.36  -2.87  

[1-2) 2.59  3.91  4.17  4.30  14.97  

[2-3) 2.62  1.34  -0.13  0.79  4.89  

[3-4) -0.39  -1.37  -1.33  -1.08  -4.18  

[4-5) -1.29  -1.11  -0.93  -1.29  -4.62  

[5-6) -1.21  -0.58  -0.63  -0.93  -3.35  

[6-7) -0.87  -0.32  -0.35  -0.57  -2.11  

[7-8) -0.51  -0.15  -0.21  -0.35  -1.23  

[8-9) -0.31  -0.06  -0.11  -0.22  -0.70  

[9-10) -0.18  -0.03  -0.06  -0.13  -0.40  

≥10 -0.17  -0.02  -0.07  -0.14  -0.40  
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Figure 2. Annual change of haze day in Beijing-Tianjin-Hebei from 1961-2014(Black solid line is 1980-2010 

average) 

                

Figure 3: The trend of haze day in                     Figure 4: Results of variance analysis 

Beijing-Tianjin-Hebei from 1961-2014 

3.4. Correlation analysis of wind speed changes and haze days 

3.4.1 Variance analysis 

Variance analysis is applied to show the diversity between haze days wind speed and no haze days wind speed of 

all the sites in Beijing-Tianjin-Hebei from 1961 to 2014, figure 4 shows the significance test results of variance 

analysis, all sites are passed the significance test of variance analysis, one of the site through the 0.1 significance 

level inspection, other sites are through the significance level of 0.05 test, variance analysis results showed that wind 

speed in the haze days and no haze days have notable differences, so the wind speed have significantly influence on 

the haze. 

3.4.2 Correlation analysis 

From the above analysis, we found that most of the sites in Beijing-Tianjin-Hebei from 1961 to 2014 presents 

downtrend wind speed, and the haze days are increasing, so we concluded that overall decrease of wind speed may 

be an important cause of the haze days’ increase. Because wind speed is one of the important meteorological 

conditions to the atmospheric pollution diffusion, with the higher wind speed, the haze should be less easy to form, 

the greater the atmospheric visibility. First we select each site’s rainy season (January - May and October - December) 

in 54 year, and calculate the correction coefficient of average wind speed and corresponding period daily visibility , 

the results show that most of the sites’ correlation coefficient is positive (table 9), and the Beijing and Tianjin- 

Tangshan region’ correlation coefficient is bigger, this suggests that the greater the wind speed is conducive to the 
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spread of pollutants in the air, and the higher the atmospheric visibility. 

 

 

Figure 5. Correlation between wind speed and visibility 

4. RESULTS AND DISCUSSTION 

From the above analysis we can find that whole wind speed is decrease in Beijing-Tianjin-Hebei from 1961 to 

2014, The causes of wind speed reduced is wind speed of the larger decrease and wind speed of the smaller (1-2 m/s, 

2-3 m/s) increase significantly, the smaller wind speed is not conducive to the spread of the atmospheric pollutants 

(Wang Yong .et.al, 2015), The decrease of the wind speed could be the cause of haze days increase gradually in 

recent years, from the perspective of the seasonal change of wind velocity, the average wind speed decline rate of 

winter and spring are significantly higher than that of autumn and summer, and spring, winter are the season of 

heating, so the spring and winter average haze days also significantly higher than the other seasons. Through analysis 

time evolution of the different season’s haze days, we found that the change of haze days have obvious seasonal 

difference, and the different season average haze days was a sharp increase in recent years, on the one hand, related 

to increased emissions of Beijing-Tianjin-Hebei region, on the other hand may also be related to abnormal changes 

of atmospheric circulation (Sen Zhao, et al, 2016). 

 

5 CONCLUSION  

This paper analyzed the spatio-temporal variation characteristics of haze days and wind speed in Beijing-Tianjin-

Hebei from 1961to 2014, in view of the overall decline of wind speed and increase of the haze days, and further 

explores the correlation between wind speed and haze days. The results showed that: 

(1) Wind speed show a dramatic drop in Beijing-Tianjin-Hebei from1961-2014, the overall decline rate is 0.14m ▪s-

1 ▪decade-1, declining rate of spring and winter wind speed is the largest, wind days of 1-2 m/s and 2-3 m/s are rise. 

(2) 1961-2014, overall haze days in Beijing-Tianjin-Hebei growing at a rate of about 1.38 d/decade, and haze days 

has increased dramatically in recent years, haze days of winter and spring are less than autumn and summer. 

(3) The size of the wind speed has a significant difference in non-haze day and haze days, decreases of wind speed 

is not conducive to the improvement of atmospheric visibility,, increased of haze days related to the decrease of 

overall wind speed. 
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 Introduction 

Flood is one of natural hazard which ranks the most one just like earthquake and drought according to the report of the 

natural hazard program of the United Nations. Besides physical factors, and lack proper management will increase the flood 

potential. Therefore, in order to prevent flood damage it seems to be necessary to provide essential requirements before 

physical expansion of cities. Floods not only in developing country but also in developed country cause life and property 

damages.  Such as these disasters was hurricane Katrina that had serious damages for the united sated of America. 

Occurrence of several flood disaster in Karaj city during few last years, such as 31March 2009 disaster flood that cased many life 

and property damages, indicate that flood researches are necessary for this area. Many studies had done by researchers related to flood 

in Iran and around the world. The flood map zonation for Helmand basin in Afghanistan was produced by using revers engineered flood 

hazard (Hagen, et al., 2010). Another studies related to flood had done by (Sinnakaudan, et al., 2003, Hudson, et al., 2003, Wolski, et al., 

2006, Baldassarre, et al., 2003). Hossain zadeh and Jihadi (2009) were studied the effects of physical urban expansion on drainage 

natural pattern and urban flood intensity of Mashhad city in Iran. By using HEC-HMS hydrological simulation method characters of 

flood were studied in Kron plain in Iran (Amir Ahmadi, et al., 2011). The result of this research shows that it's not necessary to relate the 

characters of final flood to the pick flood sub basins. The flooding areas in Farahzad basin of Tehran, Iran were studied by using 

analytical hierarchy process (Ghanavati, et al., 2012).            

Material and methods 

The Karaj as the fourth biggest city of Iran is situated between 35 39′ latitude north and 51 10′ east longitude in the Alborz province. 

This area has 1108m   minimum altitude and 3239m   maximum altitude. Yearly average precipitation in this area is 251mm and about 

42 percent of them raining in winter season. Karaj city has moderate climate and its mean yearly temperature is 14.1 degree in 

centigrade scale. The Karaj plain is situated between Kane and Karaj river basin. So, the physical bed of this area was formed by 

deposited of fluvial cone of these rivers. In this research to identified areas of high risk flooding and high risk prone to flood, 

teen factors as: slope, profile curvature, planimetric curvature, precipitation, drainage density, distance to river, geology, 

geomorphology, landuse and soil that affect flooding  were used for preparing flood risk map of Karaj area. These data 

layers provide and extract by many sources such as geology maps of the area, satellite imagery, and data of climatology and 

hydrology stations. The fuzzy model was used to weighting each factor related to their effects on flooding.        

Fuzzy model is based on fuzzy logic that used in fuzzy condition. According to fuzzy logic each member belongs to different 

sets but in different grade. Membership grades are between 0-1 and also zero and one themselves. The fuzzy theory has been 

developing from the beginning to now and has had different usages. This theory has been used widely in modeling the 

physical phenomenon, survey and classification. In the theory of exact set if we consider a set each member of the mother set 

is in the set or it isn’t and we can define the below function for each set like(A).        

  ( )  {
                      
                      

 

In this function each member of (A) set is attributed to (1) and the members out of the set are attributed to (0). A fuzzy set is 

represented by membership function. This function is indicating the member's grade of dependency by a real number 

between [o-1]. So, before executing the fuzzy model, membership function is determined for each layer (below table). By 

determining the functions to each layer, the value of each layer is located between [0-1]. As the area are having the most 

effect on flooding attributed to (1) and the areas having the less effect on flooding attributed to the less possible number or 

(0). 
By using Arc GIS sum and product fuzzy operators on layers, the fuzzy sum and product maps are provided. To adjust the 

maximum and minimum values of risk, the gamma operator was used to provide the final map. 

Result and discussion 

The final mapping flood risk is provided according to determine fuzzy membership for each layer and performing flood 

model based on Gama 0.9, 0.7 and o.5. To find the most appropriate Gama for flooding map, between effective factors and 

the flood maps that provided by different Gama correlation were calculated using ArcGIS software(table No.1). 

According to the evaluations, the Gama 0.9 has the most correlation with effective factors and so Gama 0.9 was selected for 

providing the final flood map. Based on the natural fraction method, the final risk zonation flood map is classified in five 

categories from very high risk areas to very low risk areas.  
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Table 1. Factor correlation in three different Gama 

Gamma slope soil geomorphology landuse 
profile 

curvature 

plani metric 

curvature 
precipitation 

drainage 

density 

distance 

to river 
geology 

Gamma 
0.9 

0.74 0.05 0.82 0.1 -00.3 0.06 0.78 -0.2 0.26 -0.69 

Gamma 
0.7 

0.67 0.03 0.72 0.11 -0.09 0.09 0.76 -0.24 0.34 -0.68 

Gamma 
0.5 

0.56 0.02 0.6 0.1 -0.1 0.11 0.67 -0.21 0.33 -0.63 

 
 Conclusion 
According to the final flood map (Gama 0.9), the areas which caused the most flood situated in north eastern, north and east 

of Karaj city. These areas have slope between 30-75 % and precipitation between 600- 900mm. Their location is between 

1500-3000m far from the rivers. The drainage densities of these areas are between 0-0.5.   Also, the flat and low area such as 

valises, talvegs, terraces and flood plains have the highest potential for flooding. These landmarks are located mostly in 

western south and eastern south of the studied area. These areas have slope between 1-5 % and height between 1000- 

1400m. Their location is between o-1500m far from the rivers.   
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ABSTRACT: Geological  and  geotechnical  hazards  such as landslides, earthquakes, floods and drought  threaten numerous 

cultural heritage sites around the world. Persepolis world heritage and Naghshe – e Rustam sites which are among the significant  

legacies of Iran are the obvious examples. These historical monuments have remained from Achaemenid period (530-330 

B.C).The sites are located in the Marvdasht  plain of the province of  Fars , south eastern part of Iran. Integrated disaster risk 

reduction research in  these areas is one of the most fundamental prerequisite to the introduction of any disaster risk reduction 

policy. 

A recent hydrological study indicates that more than 20 meters of  the earth’s crust layers have  been  subsided due to drought  

and  extensive  digging of  water wells and also over  extraction of water have resulted in the creation of long deep cracks on the 

nearby surface layers detected  for the first time in 2012. 

In this paper, the authors through the deployment of reliable documents as well as field observations, present an evidence–¬based 

description of the issues and recommend some practical strategies to eliminate underlying causes of disaster risks such as 

drought, excessive ground water withdrawal and inefficient irrigated agricultural system of the plain. 

Keywords: Persepolis, Naghshe – e Rustam, Earth cracks, Reduction,Crisis, Drought, Subsidence. 

1. INTRODUCTION 

Geotechnical and geological hazards, such as landslides, earthquakes, floods and drought threaten numerous cultural heritage 

sites around the world [1]. Moreover, Water saturation and flow in subsoil layers change the subsoil conditions, resulting in 

damages such as volumetric changes resulting from swelling or drying processes and the loss of material strength. This process 

ultimately leads to the failure of structures [2,3].It has been shown that climate change could be a potential drastic threat to 

historical sites[4]. 

Since 2012, some superficial profound earth cracks have been observed in vicinity of Persepolis World Heritage Site (WHS) and 

Naqsh-e Rustam. These cracks are, increasingly, expanding day by day and have reached to the nearby of these sites.  

  The subsidence of the earth has been arising worries among experts. Some experts from Shiraz University geology department 

have warned about this crisis during recent decade. 

  In this case report study, we are to describe and depict the dimensions of the crisis regarding the worries about the ever-

expanding cracks.1.1 First Subsection – Fonts & Sizes 

The font used in this template is Times New Roman. The applied font sizes are displayed in Table 1 on the next page. Please do 

not change the paragraph settings. 

1.1 Persepolis world heritage site(WHS) and Naqsh-e Rustam 

Persepolis WHS is one the important legacies of Achaemenid period (530-330 B.C) which is located at south east of Iran.(Fig. 1) 

 

Fig.1: The location of Persepolis in the Province of Fars, Iran 
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It was established by Darius the great on the skirt of Mount Rahmat (Kooh-e Mehr) with the area of 12500 m² and altitude of 

1620 m above the sea level, 58 Kms far from Shiraz  (the center of Fars province, Iran) in Marvdasht plain(52° 53´ 30"E 29° 

56´04"N). (Fig2) 

  This historical site used to be the ceremonial capital of achamenid empires governing for about 200 years over the ancient 

Persia. It was constructed by three kings and comprises Apadana Palace (Bar-e am), Tachara Palace, Throne hall, Hadish Place, 

Treasury and The Gate of All Nation. (Fig3) 

  Persepolis is the best example of Old Persian art and architecture which is combined with styles of various obedience of 

Achaemenid dynasty in the details of structures. 

  It was excavated by a delegation supervised by Prof. Ernest Herzfeld in 1931. UNESCO declared the citadel of Persepolis as a 

World Heritage Site since 1979. 

   Naqsh-e Rustam is situated 8 Km northwest to the Persepolis WHS and encompasses several monuments ascribed to Elamite, 

Achaemenid and Sasanid eras. [5]. (Fig4) 

  The Persepolis WHS and Naqsh-e Rustam  score  the first place in respect of visitors in Iran and hosts more than 1200000 

tourists every year. 

     
Fig.2: A landscape of Persepolis and its surrounding(2014)           Fig.3: A landscape of Persepolis and its details(2004) 

 
Fig.4: A Panorama landscape view of Naqsh-e Rustam(2014) 

1.2 The local climate of Marvdasht plain  

The plain of Marvdasht is situated in a semiarid area with the annual raining average of 250 mm. This district has faced with 

drought during recent decade (a 30% decrease in the average annual rainfall) and the condition aggravated during the years 2007 

and 2008. The plain corers  more than 150000 hectares of agricultural lands. [8](Fig, 5& Fig.6) 

Persepolis 

Marvdasht 
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Fig. 5: The average annual rainfall during a decade(2004-2013) of Persepolis 

 

Fig.6: Average monthly rainfall of Persepolis, 2003 to 2013 

 

1.3 Surface earth cracks and earth subsidence crisis 
 

With a distance of 600 meters, west of Persepolis citadel and among the trees of the Pardis Garden, there are profound cracks on 

the earth with a depth of 1.5m, width of 1m and length of 200m.Moreover, Similar cracks were detected 3Km north to the 

Persepolis in 2012. They are about 50m long, 70cm deep and 50cm wide. (Fig. 7) 

  1meter deep and 50cm wide cracks are observed between Ka'ba-ye Zartosht (a cube structure) and Darius tomb (engraved on 

the mountain slope) continuing in an intermittent pattern to the end of the site. (Fig .8). The continuation of these cracks has 

caused some damages to the wall of houses in neighborhood villages. (Fig.9). 

  According to the report of Shiraz University Geology Department, the cracks have caused a subsidence measuring about 2 to 30 

cm. [6] 

   
Fig.7: Wide deep cracks among trees in 

vicinity of Persepolis(2013) 
Fig.8: The cracks expanding to the base 

of Naqsh-e Rustam structures(2012) 

Fig.9: The continuation of cracks on the 

wall of villager’s houses(2012) 
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1.4 A prominent decrease in the level of sub-ground water 
A 28 meter decrease in the level of ground water has been noticed through serial measurements in Marvdasht plain since 1951.  

These data were produced by piezometers applied by Shiraz university experts. 

 

1.5 A chemical change in the type of ground water 
According to hydrological studies carried out by the Shiraz University Geology Department experts, the chemical type of ground 

water of the area have been converted to chloride rich water from bicarbonate one, which is the typical type of this district.[8] 

The isochloride maps showed significant increase of chloride concentration (150 to 200 mg/l) from 1967 to 2009 near the 

Persepolis area to such an extent that the bicarbonate types of water changed to chloride ones [7](Fig. 10) 

 

 
Fig.10 : The change of Chloride ion concentration in the study area(1983-2009) 

 

2. DISCUSSION 
It is assumed that the underlying cause of superficial cracks is sub-ground water level decrease which, in turn, is 

affected by below-mentioned factors: 

i)The drought and sever decrease in annual average of rainfall which was reported to be unprecedented during 

last 50 years. 

ii)  The 76 percent increase of agricultural lands during the last 53 years and rice plantation cause the local 

increase in superficial earth evaporation. This increasing trend continues.  

iii)Over withdrawing from sub-ground water through profound and semi-profound digged wells. here is a 

overview of numerous wells located in the buffer zones related to Persepolis and Naqsh-e Rustam prepared by 

Fars Regional Water Authority in 20142.1 Page Margins  

 

 

iv)Applying traditional irrigation methods in agricultural surrounding lands, and crops using excessive amount of water such as 

rice, wheat and beetroot. 
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v)   Multiple use of lands for different crops during the same agricultural year. 

  It is supposed that the conversion of the sub-ground water type is due to the over-withdrawal and general decrease in water 

level. 

5. CONCLUSIONS 

The superficial earth cracks are supposed to be due to the sever decrease in sub-ground water. The decrease of ground water level 

in the vicinity of the Persepolis and its suburb construction have boosted the the subsidence in Southern part under the platform 

and therefore, increased its vulnerability to get damaged. The fluctuation of water table in the plains and their rapid decrease may 

cause the occurrence of the induced earthquakes in the region.  Also,the establishment of Sivand dam in 50-km distance and 

Dorudzan 60-km distance of Persepolis and the high number of faults in the region can increase the probability of induced 

earthquake occurrence by means of increasing pore water and total pressure. The 76 percent increase of agricultural lands during 

the last 53 years and rice plantation cause the local increase in superficial earth evaporation. Moreover, the general direction of 

winds toward Persepolis causes the moisture of the air to hit the calcareous monuments and consequently causes their dissolution 

by condensation. 

   The main reason for chloride ion intrusion is the overexploitation of the aquifer in the buffer zones.  The intrusion of chloride 

ions has the potential to dissolve the karstic Platform foundation over a long period in the future[9].This phenomenon could lead 

in gentle progression of chloride rich water toward the base of Persepolis sofa foundation which, in turn, makes the structures 

unstable. 

Our recommendation to prevent further decrease in ground water and stopping superficial earth cracks expansion are as follows 

according to priorities: 

 Monitoring of local earth subsidence through Geodetic Survey and completion of ongoing studies about sub ground 

water. New experiments with advanced tools are needed. 

 Defining water buffer zones around these two sites and enactment of these areas by government to restrict excessive 

water withdrawal through new wells. 

 Prevention of additional digging of new wells and stopping some current active wells within the buffer zones around 

these historical sites. 

 Founding a committee comprising delegations from all relevant organizations including: Province Governer, Fars 

rganization of Jahad Agriculture,ICHTHO(Iran Cultural Heritage Tourism and Handicraft Organization), Fars 

Regional Water Authority and so on. 

 Alteration of agricultural pattern through with a shift to the more economic crops using less amount of water. 

 Applying mechanized agricultural methods like drip-fed and rainfall dependent systems instead of traditional 

irrigational method to save more water. 

 Providing all local farmers with low benefit loans and facilities and encouraging them to use these tools.   

 Making local farmers to use water-meters on wells according to the national programs. 
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ABSTRACT: Natural hazards and their disasters have been affecting Iran for many years. The contrasting natural hazards such as 

floods and droughts have had chronic impacts on Iran of which the floods of the Tehran and Province of Golestan located in the 

extreme south Eastern part of the Caspian Sea and those of Tehran, the capital of Iran are the obvious examples. 

The findings of this research show:  

- Severe fluctuations of the discharge of Tehran and Golestan rivers due to sudden and severe rainfall especially in hot weather, 

and land use change in upstream of rivers are the major causes of threat to the life of people and the creation of abundant 

damages. 

- Most damages of floods in Golestan is related to floods of the Gorgan River occurred in 2001 to 2004 and the floods of the city 

of Tehran have caused life losses and many damages. 

- The strategies adopted in this study, which include structural and non-structural integrated researches, development of early 

warning systems, modification of riverbeds and public education can be effective in reducing the damages of floods in the 

regions. 

Keywords: Flood, Natural Hazard, Golestan, Tehran, Iran. 

1. INTRODUCTION 

Land use and floods are closely related; therefore, any changes in land use, such as urbanization across the catchment’s area may 

trigger a sequence of flood occurrences (Hadjimitsis 2010; Alexakis et al. 2014). The magnitude of flood hazard can be variously 

influenced by the following factors (McLuckie, D. 2015): 

 Velocity of floodwaters, 

 Depth of floodwaters, 

 Combination of velocity and depth of floodwaters, 

 Isolation during a flood 

 Effective warning time, and 

 Rate of rise of floodwater. 

 

The effective warning time available to respond to a flood event, the rate of rise of floodwaters, the time of day a flood occurs, 

and isolation from safety by floodwaters and impassable terrain are all factors that may increase the potential for people to be 

exposed to hazardous flood situations, rather than altering the exposure to flood hazard. These factors are important 

considerations that influence the vulnerability of communities to flooding in reducing and managing flood risk. Effective warning 

time is the time available for people to undertake appropriate actions, such as lifting or transporting belongings and evacuating. 

Lack of effective warning time can increase the potential for the exposure of people to hazardous flood situations (Memari and 

Habibnejad, 2007). In contrast, having plenty of effective warning time provides the opportunity to reduce the exposure of people 

and their property to hazardous flood situations (McLuckie, D. 2015). Spatial distribution of flood hazards is not equal over the 

entire land of Iran (Fig. 1) 
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Fig. 1: Flood Hazard Distribution Map of Iran 

 
 
Our information about the flood events in Iran come mostly from recent literature, and is not sufficient. For example, according 

to the Ministry of Energy, from 1972 to 1996, 967 floods occurred in Iran of which 117 have made considerable damages. Over 

the years, it has been estimated that the damage was about 916.200.000.000 dollars (with an average of 39 floods per year and 

with an average of 36.6 billion dollars damages for each year), (Iran Water Resources Management Organization, Ministry of 

Energy, 2006).  

 

Study Area 

In this study, the two parts of Iran which have faced with flood events in recent years have been considered:  
 

1.1 Nature of Floods in Iran 

 
Types of Floods 

 Flash Floods 

 Long-lasting Floods 

 Mountainous River Floods 

 Seasonal River Floods 

 Tidal River Floods 

 Urban Floods 

 
Fig. 2 shows the location of a number of flood types in Iran. 

 
Fig. 2: An illustrated example of flood types in Iran 
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1.2 Major Causes of Floods in Iran 
Natural 

 Intense rainfall 

 Inadequate vegetation and soil cover 

 Steep mountain terrain 

Man-made 

 Land use changes 

 Flood plain encroachment 

 Deforestation 

 Extensive gravel mining 

 Improper design of infrastructure 

 Improper urban drainage network 

 

The flood events in Iran in 1951 to 2007 indicate that because of its environmental and geographical diversity, the frequency of 

flood occurrence quite different in Iran’s provinces(Fig. 3) 

 
Fig. 3: Frequency of Flood Occurrence in Different Provinces (1951-2007) 

 

 

The study area  
In this study, two parts of Iran which faced with flood events in recent years i.e: Tehran and Golestan Province have been 

considered 

 

1.1 Floods of Tehran Province, a brief description of the flood in the basin of Kan Creek in 2015) 

In Tehran, over the last six decades, there were 14 floods in which, except for the floods of 2015, 2541 people have been 

victimized (Table 1). 12 floods out of the total 13 floods (over 87%) occurred in the warm season. The flood of 2015 occurred in 

the basin of Kan Creek river (Fig. 4). Experts believe that the most important reasons of recent flooding was heavy rain with 

maximum amount of 14.25 mm in a time period of less than half an hour in the upstream area of the Kan river trespassing by 

people. 

Table 1: people killed in the City of Tehran because of floods of 1954 to 2015 

Row Date Killed 

1 1/07/1954 2150 

2 9/06/1955 3 
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1.2 Location of the Kan Basin 

 The Kan basin has a total area of 20,500 hectares located on the southern slopes of the Alborz Mountains and its latitude and 

longitude are 35’ 58 ˚ to 35’ 46 ˚ and 51’ 23 ˚ to 51’ 10 ˚  respectively (Fig .4).   

The Kan river originates from the northwest mountains of Tehran. Its tributaries are Rendan, EmamZadeh Davoud, Keshar, Kyga 

and Sangan.  Average annual discharge of the Kan river is 77 million cubic meters. It’s high potential of flooding, is due to steep 

slope of the basin, geological formation, vegetation cover, and low time concentration. Average slope of mountainous area is 

52% 

 
Fig. 4: The  Kan Creek  River Basin 

The data presented in Table 2 indicate that the Mediterranean rainfall region in night the major torrential rainfall occurs in 

Summer defines the rainfall of Tehran in 1954, 1994 and 2015. (Table 2) 

Table 2: Summer Torrential Rainfall in Tehran(1954, 1994 and 2015) 

Ruin fall (mm) Date Station 

22 August 1954 EmamZadeh Davoud 

20 August 1994 Kan 

20 July 2015 Kan 

 

3 24/08/1963 10 

4 03/02/1966 1 

5 01/05/1968 31 

6 07/07/1970 5 

7 12/02/1976 1 

8 24/07/1981 2 

9 09/10/1982 6 

10 05/04/1987 30 

11 26/7/1987 300 

12 30/08/1992 2 

13 19/09/2015 NA 

 Total 2541 
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The major causes of flooding of July 2015 in Tehran were an upstream heavy rain of 14.25 mm which precipitated in less than 

half an hour  and land use changes in the watershed of Kan river. 

The studies of air photos of 1964 and Geoeye satellite image of 2014 indicate that recently about 6220000 m2 of gardens and 

410000 m2 of residential area have been established on the river banks and in the river bed. (Fig. 5) 

 

 

Fig. 5: Development of rural areas on the river bed of the Kan River basin. (Ortho Photo Mosaic Pictures of 1964 on the left and 

Geoeye Satellite Image of 2014 on the right) 

 

1.3 Floods of the Golestan Province  

Golestan province with an area of 22,000 Km2 is located in the northern part of Iran (Figures 6 and 7). The annual rainfall ranges 

between 200 mm in the north to 1000 mm in the mountainous and forested lands in the south and southeastern regions of four 

river basins of Gorgan, Atrak, Qareh and the Gulf of Gorgan. 

 

 

Fig. 6. Drainage Basins of the rivers of Golestan Province 
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Fig. 7. Inane dated area; before the construction of Golestan 1, 2 and Voshmgir dams (a) and after the construction of dams(b), in 

red color 

 

2. DISCUSSION AND CONCLUSION  

Most of the floods in Golestan are instantaneous with great discharges (Table 3). and ravaging rural lands, pastures and 

residential areas. Major devastating floods of 1991 to 2014 occurred in the second half of August. During the 1990s and 2000s 

numerous floods occurred in the province, but specifically the four floods which occurred around river Gorgan in May 1992 and 

August 2001, 2002 and 2004 are classified as the greatest floods of the province in the past two decades. At 29th of May 2014 a 

devastating flood occurred in Azadshahr, Ali Abad and Ramian cities. The damages of the Department of Roads, Urban 

Development, and Agricultural Jihad range 51%, 32% and 8% respectively (Tables 4 and 5). These damages are related to both 

structural and non-structural types (Table 4). Government officials with the aim of applying preventive measures, have 

introduced strategies (Table 5) and policies (Table 6) for flood risk reduction in Golestan Province   

Table 3. Peak and annual Discharges (m3/s) of Golestan River Basins 1991-2014 

     year  

                

                   River   

            Discharge 

 

Atrak Gulf of Gorgan Gorganroud Ghare sou 

Peak Annual Peak Annual Peak Annual Peak Annual 

1991-1992 219.8 16.73 11 0.14 66.4 1.84 21.2 2.29 

2000-2001 150 2.13 2.34 0.156 85.4 1.374 14.7 2.14 

2001-2002 43.4 3.78 5.33 0.145 1380 1.36 16.8 1.64 

2002-2003 137 6.704 11.3 0.24 127 1.54 27 3.04 

2003-2004 266 8.29 2.6 0.27 783 4.93 28.1 4.76 

2008-2009 470 4.22 15.1 0.31 173 1.23 14 1.89 

2009-2010 470 2.46 4.5 0.12 210 0.603 10.3 0.397 

2011-2012 

 

2013-2014  

 

420 

53 

6.57 

1.17 

16.5 0.24 133.8 

191 

2.097 28.2 

31 

2.73 

0.46 
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Table 4. Losses and Damages of Floods during 2001-2014 in Golestan Province 
 

Year 
Economiccosts  

(Billion Rials*) 
Damage and losses 

1992 
 

The flood of 1992 was a small flood of Gorgan river with a discharge of 

400m3/s  

2001-

2004 
6170 

 400 killed, 270 thousand people badly affected by floods and 10 

thousand people left homeless.  

 Thousands heads of livestock perished.  

 Some 10000 ha. of forests and pastures have been extensively 

destroyed.  

 Many main roads and secondary routes have been severely damaged. 

Floods mostly occurred in Gorganroud river system.  

2010-

2011  

 Destruction of homes, buildings 

 As Voshmgir reservoir dam created in 2005, the forests of up-stream's 

cities of Gorganroud have not been damaged by the floods (Fig. 2-a, b). 

2014 1830 

 Infrastructures  

 Roads, Agriculture Jihad, Regional Water Authority, Water and 

Wastewater Company, Electricity, Communication, Gas Piping 

System, Natural resources, Industries, Mines, Housing Foundation and 

Oil Products Distributing Company were Damaged. 
*Iranian Currency (each 34,000 rials equal to 1 US $) 

 

 

Table 5. Implemented and Incomplete Strategies Applied for Golestan Floods 
Strategies  

 

Date 

2003-2005 2014 

Dam construction  NA  NA 

Watershed management project  NA  NA 

Reconstruction of road  NA  NA 

Reconstruction of houses and other 

buildings 
 NA  NA 

Reconstruction of electricity & 

transmission lines 
 NA  NA 

Allocated funds (Billion Rials)  1822800  1824735.2 

Paid funds (million rials)  590365  61700 

Implemented  strategies 

 “Watershed management plan and 

reducing the destruction of forests and 

grasslands in order to prevent and 

control floods in Golestan dam 

watershed” approved (2002). 

 Approved FMMP by cabinet (2003) 

 Biennial FMMP project (2005) 

 Voshmgir dam created (2005) 

 Flood prevention project extended 

from Golestan dam to Voshmgir Dam 

(extending 802 ha.) (2006) 

 At the beginning of the 

floods, a meeting was held 

by the staff of Disaster 

Management of Golestan 

Province, then 68 

machineries were assigned 

to flood zones. The entire 

road was opened after 48 

hours of the disaster. 

There was no casualty in 

the area. 

Strategies to be carried out 

 10 years FMMP project 

 Construction of Voshmgir dam to 

harness the floods of Gorgan river 

that would be completed in 2025 
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Table 6. Policies of Flood Risk Reduction in Golestan Province. 

 

 Carrying out integrated flood research and structural and non-structural flood management approaches for the 
preparation of a 12 year plan 

 Funding and implementation of flood prevention measures which are approved by the State Planning Council 
 Accelerating financing supports for watershed and flood control projects 
 development of flood warning systems 
 Construction of about 40 weather forecast stations in different areas i.e. at the mountains, plains and coastal areas 

with a funds of 40 billion US $ 
 Installation of weather radar for accurate monitoring of atmospheric phenomena and warnings 
 Employment of 10 Master and PhD staff for forecasting and IT development 
 Modification of riverbeds 
 Construction of weirs and dams 
 Riverbed reservoir 
 Biological conservation  
 Education of local people and development of resiliency  

 

 

An example which presents a schematic illustration of a series of watershed management practices to control certain events 

including floods, landslides, avalanches, and volcanic eruptions for the cities in future, is shown in Fig. 8(bellow) 

 

 

 
Fig. 8: An example of urban watershed management measures to control natural hazards 

 

2.1 Challenges 

The challenges of flood management of Iran are as follows: 

 Diversity of flood issues(geographical, institutional and functional) 

 Diversity of flood management aspects (technical, financial, legal, environmental and social) 

 Human resources development(capacity building) 
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 Coordination between different organizations 

2.2 Evolution of flood management, organizational structure and legislation  

A- Recent History of Flood management in Iran  

These measures are briefly defined as follows:  

 

B- Organizational Structure of Flood Management 

 

C- Legislation 
 Article 45, act 2 of Water Distribution Legislation (1983), declares that river bed and floodplains of all the rivers 

(permanent or seasonal), and wetlands belong to the public and should be managed by ministry of energy. 

 As discussed before, the law of “National Disaster Management Organization” was passed in 2003 and “Disaster 

Management Organization” was established in 2009. 
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 Flood Control Measures 
The development of some flood control measures in Iran started before 1992 and went on until 2000. Their details are as follows:  

 
 
 

 

3. RESULTS    

1-Floods leave a lot of human and financial losses in Iran every year. Therefore, researchers should make extensive studies based 

on the principles of sustainable development in this field.  

2. Atmospheric climate factors and, more importantly, land use changes in river basins are the most important causes of flooding 

in Tehran and Golestan province of Iran, 

3. In order to mitigate flood crisis effects, comprehensive training for directors, authorities and the public at national, regional, 

and local levels are essential measures. 
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ABSTRACT: In Iran as a Middle Eastern country, disasters have affected the communities, economy and the environment. The 

organization of crisis management established to reduce disaster risks in Iran and research institutions1 are building capacities 

and doing integrated research on disaster risk reduction and management. In this paper by using reliable national and 

international data, natural disasters of the world as well as of Iran are analyzed, the formation structure of natural disaster 

organization of Iran and its strategies, laws and regulations will be discussed. Also, .its strengths and weaknesses are briefly 

defined and some comparisons with Japan’s situation as a developed country and a land of great disasters will be made. The 

prerequisite of an integrated disaster risk reduction and the efficient management of risk and crisis is the application of advance 

science and technologics. This requires extensive survey and research to be carried out, for which the role of the universities and 

research institutes has prominent importance. In this paper one of these institutions and its challenges are discussed and some 

useful recommendations will be made. 

Keywords: Disaster, Risk Reduction, Institution, Debate, Iran, Shakhes Pajouh 

1. INTRODUCTION 

Iran a Middle Eastern country South of the Caspian sea and North of the Persian Gulf has as area of 1648000 sq. km and shares 

borders with Iraq, Turkey, Azerbaijan, Armenia, Turkmenistan, Afghanistan and Pakistan. (Fig.1).  

 

Fig 1: Location of Iran between the Caspian Sea and the Persian Gulf 

Population growth, industrialization and the improvement of the standard of living in Iran have resulted in the increased demand 

for natural and economic resources. This with a rapid urbanization have caused imbalances in urban, industrial, housing and 

transportation planning with its associated environmental and resource degradation and destruction. Also natural disaster are 

                                                 
1 Shakhes Pajouh Research Institute of Natural Hazard Engineering which is the first private institute 

(www.bpshakhespajouh.ac.ir) is one example of these institutions for which a brief introduction is presented in this paper.    

Persian Gulf 
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features of the Iranian landscape. Earthquakes, floods, droughts, storms, and their associated consequences have significant 

impacts on communities, the economics, infrastructure and the environment of Iran.  

People and the environment are increasingly suffering from the effects of natural disasters (Wang et al., 2003; Chen et al. 2014; 

Tolika et al., 2014). Iran is a land of world’s third largest natural disasters. (Fig. 2) (http://isna.ir; Jun 2014).  The country is 
covered with many faults and fractures, and most of them are active. (Fig.3). Earthquakes endanger, 600 cities (97% cities), also 

300 flood plains are vulnerable to flooding and drought risks respectively (www.asrian.com; 2013). 

                                 

 Fig. 2: Top 10 countries by population affected by natural disasters     Fig.3: Distribution of Faults in Iran (Azhari.  et al. 2010)  

Countries most affected per 100,000 inhabitants(1994-2013) 

Source: CRED 

 

The events of 10 natural disasters in Iran for the period 1900 to 2013 are presented in this paper. (Table.1) The aims of this 

investigation are to characterize disasters and their effects on the Iranian communities then introducing related institutions for 

reducing risks and managing risks and crisis. 

 

Table. 1: Natural Disasters and their Damages in Iran (1900-2013) 

                Disasters 
No of events     Number 

Killed 

Total  Affected Damage 000 US$) 

Drought 
Drought 

2 
- 37,625,000 3,300,000 

ave. per event - 18,812,500 1,650,000 

Earthquake 

(seismic activity) 

Earthquake (ground shaking) 
103 

147,466 2,677,788 11,018,628 

ave. per event 1,432 25,998 106,977 

Epidemic 

Unspecified 
1 

76 - - 

ave. per event 76 - - 

Bacterial Infectious Diseases 
2 

296 2,500 - 

ave. per event 148 1,250 - 

Extreme 

temperature 

Heat wave 
1 

158 - - 

ave. per event 158 - - 

Flood 

Unspecified 
27 

3,816 1,285,520 408,300 

ave. per event 141 47,612 15,122 

Flash flood 
14 

2,689 1,291,066 253,700 

ave. per event 192 92,219 18,121 
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General flood 
32 

1,269 1,076,948 6,990,528 

ave. per event 40 33,655 218,454 

Mass movement 

wet 

Avalanche 
3 

73 44 - 

ave. per event 24 15 - 

Landslide 
1 

43 100 - 

ave. per event 43 100 - 

Storm 

Unspecified 
8 

248 19,785 13,540 

ave. per event 31 2,473 1,693 

Local storm 
3 

88 - 15,000 

ave. per event 29 - 5,000 

Tropical cyclone 
1 

12 160,009 - 

ave. per event 12 160,009 - 

Wildfire 
Scrub/grassland fire 1 - - - 

ave. per event 
 

- - - 

Source: NDMO 

 

2. DISCUSSION  

As table 1 and Fig 4(a,b, c) illustrate earthquakes, floods and droughts among the natural hazards have the greatest number of 

people affected and have created huge human, environmental and economic damages. Geotectonic position, climate change, 

greenhouse gas emission and lack of stable and resistant buildings for earthquake are the major reasons for increasing natural 

hazards in Iran.  

 

a  b  c  

 Fig. 4: Top 10 Natural Disasters in Iran for the period 1900 to 2013 sorted by total affected people(a), numbers of total  killed(b)  

and economic damage costs affected people(c).(Source: NDMO) 

 

2.1 Crisis Management Organization of Iran 

Crisis management organization of Iran was established in 2007 and the executive regulations of the organization was approved 

in 2009.(Fig. 5 and table 2) 
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Fig. 5: Crisis and Risk management organization of Iran (Source:NDMO) 
 

2.2 Iranian National Committee for Natural Disaster Reduction (NCNDR) 
 Iran was one of the first countries to set up its NCNDR through a legislative process.  In line with the International Decade For 

Natural Disaster Reduction (IDNDR), the parliament approved the formation of the National Committee for Natural Disaster 

Reduction in 1991 headed by the Ministers of Energy, Agriculture, Health, Commerce, Jihad of Construction, Roads, and 

Transportation and Housing and Urban Development. The Directors of the organizations of Planning and Budget, Environment 

Protection, Meteorology, Forestry and Ranglend, Institute of Geophysics and the Red Crescent Society of Iran are also included. 

Army and Disciplinary Forces and any other organization that the Chair of the committee deems appropriate are also allowed to 

participate in the Committee. The Committee was designed as a policy making body to provide for the exchange of information 

and to allow the government to have the authority to support and follow up the related activities. The National Committee has set 

up 9 specialized sub-committees presided by deputy ministers, 31 provincial Committees presided by General Governors and 

also a coordination committee presided by the Minister of Interior himself. The 9 specialized sub-Committees (SSC) of NCNDR 

are as follows: 

 

1.  SSC for earthquake and landslides.  

2.  SSC for vegetation infestation, vegetation diseases and cold.  

3.  SSC for rangeland revival and coping with drought.  

4.  SSC for flood prevention, sea level rise and river overflow.  

5.  SSC for reducing air pollution.  

6.  SSC for storm and hurricane hazards.  

7.  SSC for rescue and relief.  

8.  SSC for loss and  compensation.  

9.  SSC for health and medical care 

 

The strategies adopted to organize the process of crisis and risk management in Iran are: 

1. Establishment of 9 specialized committees for disaster risk reduction management in 1990 to 2000. 

2. Establishment of a rescue  and relief project in 2003.  

3. Law of confirmation of passing the first comprehensive law and crisis management in winter 2007 with the leadership of the 

Ministry of Interior enacting 

4. Establishment of the supreme council of crisis and risk management with the leadership of the president of Iran in 2007. 

5. Establishment of the organization of crisis and risk management in 2007  

 

2.3 Strengthes and weaknesses of the law of Crisis Management Organization 
Strengthes of the law of crisis management organization formation are as follows:  

1. Focus on the recording and documentation of the events. 

2.  Managing the attraction of community helps and charities and also the international aids and assistances for crisis 

response.   

3. Development of international cooperation 

4.  Education for NGOs recently 

Weaknesses of the law of crisis management organization formation are:  

1. Lack of an integrated consideration of the concepts of crisis management 

2. Lack of enough consideration of disaster prevention  

3. Lack of  enough consideration of organization management at the stage of rehabilitation and reconstruction 

4. Lack of consideration of limiting the public organizations and their structures   
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Table.2: Structural Changes in the Crisis Management of Iran during Half a Century (1958-2009)  

Period  Date  Performances  

Before the Islamic 

Revolution  

December, 9, 

1958  
Establishment of the civil defense organization of country 

1966 
Law of the acceptance of  membership of Iran's civil defense organization in the 

International Civil Defense Organization 

May, 16, 

1972  

Approval law of Amendments on the Act of civil defense organization of 

country  

1973  Safety Regulations of warehouses  

1977 
Approval law of Amendments on Articles (2) and (4) of the Act of civil defense 

organization of country 

 

After the victory of Islamic 

Revolution 

 

 

  

1979 
Establishment of the relief section in the Red Crescent Society of the Islamic 

Republic of Iran  

1980 Establishment of unexpected disaster division 

June 25, 1980 
"The regulation relating to the integration of  organizations of national 

preparedness and civil defense organizations in National Basij Organization "  

July 10, 1980 The regulation of establishment of the Basij Organization 

September 06, 

1982 

Approval of the Statute of the Iranian Revolutionary Guards of Islamic 

Revolution and forecasts related to the tasks of crisis management  

September 06, 

1990 

Establishment of unexpected disaster division in governors general governer’s 

office of the  provinces 

November 26, 

1991 
National Committee to reduce the effects of natural disasters  

1999  The Law of Third Development Plan of the country, Article (181)  

2000 
Formation of the Relief and Rescue Organization in the Red Crescent Society of 

the Islamic Republic of Iran  

April 06, 

2003 
The comprehensive plan of National Relief and Rescue 

2004 
The Law of Fourth Development Plan of the country; Articles: 28, 30, 31, 34, 

69, 85, 121, and 135  

2007 The establishment of National Crisis Management Organization  

2009 Approval of the Executive Regulations of the Crisis Management Organization 

Source: NDMO 

To have a clear vision of the efficiency of disaster management organization of Iran, the case of Japan as a developed country has 

been briefly reviewed in this paper  

2.4 Disaster Management Organization in Japan    

As figure 6 indicates many losses and damages caused by natural disaster specifically the disaster of 2011 in Japan are very high. 

The outline of disaster management system of Japan are presented in figures 7 and 8.  
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Fig. 6: The number of deaths and missing persons caused by natural disasters in Japan. Source: Cabinet Office Japan 

 
Fig. 7: Structure of Japan disaster management organization  (Tanaka, 2013) 

 

 

Fig. 8: Structure of Basic Disaster Management Plan, Source: Cabinet Office, Disaster Management in Japan, p.11 
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2.5 Disaster Management Laws and Systems 
 Japan enacted various kinds of  laws for disaster management especially for the purpose of disaster emergency 

response. 

 The disaster management system has been developed and strengthened following the bitter experiences of large-scale 

disasters and accidents. 

 The Disaster Countermeasures Basic Act in 1961 formulates a comprehensive and strategic disaster management 

system. 

Disaster Countermeasures Basic Act 

Main contents of the Disaster Countermeasure Basic Act 

• Definition of responsibilities for disaster management 

• Disaster management organizations 

• Disaster management planning system 

• Disaster prevention and preparedness 

• Disaster emergency response 

• Disaster recovery and rehabilitation  

• Financial measures  

• State of disaster emergency 

Based on this Act,  Basic Disaster Management Plan is prepared by the Central Disaster Management Council as a basis for 

disaster reduction activities. 

2.6 Basic Disaster Management planning system in Japan 
Japan has a decentralized planning system in which national government, local governments and residents have contribution. 

(Fig. 9) 

 

Fig. 9: Outline of the Disaster Management System 

2.7 The results of the comparison between Iran and Japan  

As the comparison of the crisis management structure of Iran with Japan indicates, (Figures 5, 7, 8 and 9) the most important 

difference between the two structures is that in Iran it is very centralized while in Japan it is practiced at three levels of national, 

provincial and regional. Another important structural difference is related to planning( figures 5 and 7 to 9 and also table 3 and 4)  
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The crisis management planning in Japan is decentralized and it is designed for a long term with respect to a three special scales 

of central, provincial, urban and even village sectors while the planning in Iran is very centralized and concentrated and the role 

of the prefectural municipal and residents levels is limited or even not existed figure 5 and tables 3 and 4. 

Table. 3: The Crisis Management Laws Comparison of Iran and Japan 

Country 
Laws inclusion 

status 
Centralization 

Cooperation of 

different sectors 

Existence of 

national 

programs 

Research and 

development 

status 

Budget status 
Regulation 

status 

Japan 

The laws are 

comprehensive 

and consider all 

aspects of crisis. 

Crisis 

management 

performance is 

concentrated in 

the ministry of 

crisis 

management. 

Regulation in all 

cities of the 

country are the 

same 

The public, 

private, and 

NGOs have 

cooperation in 

crisis 

management. 

The existence 

of long term 

national 

programs in 

reduction of 

different 

kinds of 

hazards 

The research 

and 

development 

has an active 

status in crisis 

management. 

A special 

concentrated 

governmental 

budget is 

allocated 

There are 

various 

design 

codes in 

different 

fields of 

hazards 

Iran 

The laws have 

enough 

inclusion and 

with the 

exception of 

some cases, do 

not consider 

executive and 

prefectural 

programs 

Decentralization 

is practiced by its 

manager and 

different ministers 

are involved. Also 

the laws and 

regulations are the 

same in all the 

provinces. 

At the first 

stage, most the 

governmental 

organizations 

have partnership 

in crisis 

management, 

but in other 

stages, the 

private and non-

governmental 

organizations 

would 

participate very 

limitedly.    

The 

appropriate 

national 

programs and 

laws have 

been 

proposed with 

enough 

performance 

warranty 

condition. 

In recent years, 

an appropriate 

studies and 

researches have 

been done in 

the field of 

crisis 

management. 

However, still 

remarkable 

investment is 

necessary in 

this field.   

Centralized 

Governmental 

budget is 

allocated 

Existence 

of different 

design 

codes in 

earthquake 

and flood 

Source: Farzad Bahtash, 2014 

Table. 4: The common natural disasters and important strategies in Iran and Japan 

Country 
The most common 

natural hazard 

The turning point, of the social-

oriented approach 
The major issue of reforms in the crisis management system 

Japan Earthquake The 1995 Kobe Earthquake 

Moving to transfer the responsibilities of crisis management to the 

towards transferring private sector and civil society 

Changing the role of government from executor to coordinator. 

Iran Earthquake 
The operation of the project of 

resiliency in Tehran 

The formation of disaster prevention and crisis management 

organization of Tehran and activities of it as major responsible 

authority of the City Crisis Management System. 

Emphasizing the integrated plan of Tehran with focus on the necessity 

of making community participation in different stages of the cycle of 

crisis management. 

Source: Pourezat et al, 2013 

Capacity building and research development in disaster reduction and cities management. Very few universities and research 

institution are offering Ph.D and MSc courses on crisis management and the contribution of comprehensive education and 

research of the research institution has been very limited. Here a brief introduction is given about an institution which is the first 

and the only private research institute in Iran that its activities are focused on the education and research on crisis management 

and a considerable number of other related fields.   
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2.7 A brief history of Shakhes Pajouh Engineering and Research Institute of  Natural Hazards 

Since the beginning of the 2000s, Shakhes Pajouh Engineering and Research Institute of Natural Hazards Engineering began its 

activities as a research group with primary concentration on Seismic Rehabilitation Research and was established with the 

official approval of the Ministry of Science, Research and Technology. The research team followed its activities and through the 

formation of other groups, was developed into a center of research by the official approval from the government and was 

converted from a facility management firm into Shakhes Pajouh Research Institute with four faculties including of Civil 

Engineering, Geography and Urban Planning, Management and Health in disasters (Figure1). It has been authorized by the 

Ministry of Science, Research and Technology and the Ministry of Health and Medical Education.  Currently a considerable 

number of research-based master and Ph.D students are doing research under the supervision of many distinguished national and 

international professors. Shakhes Pajouh as the first private research institute of natural disaster reduction engineering in Iran, 

offers Ph.D and MSc. courses (Fig. 10) by research and is actively involved with integrated study and research on disaster risk 

reduction. 

 

 

Fig. 10: Shakhes Pajouh  PhD. and MSc. Fields  Source: Introduction of Shakhes Pajouh Research Institute 

Other activities of the research institute of Shakhes Pajouh:  

  National Science and Technology Observatory   

  National Spatial Planning Association 

  Water Crisis Management Committee  

  Climate hazards laboratory and meteorological station 

3- CONCLUSIONS 

Iran is recognised to be placed in the list of top ten countries of the world facing disasters. This is the major reason why it 

welcomed the international initiative to declare the 1990s international decade for national disaster reduction (IDNDR) and found 

it to be an opportunity to converge, coordinate and consolidate regional and global strategies. The crisis management 

organization of Iran with the aim of disaster risk reduction has been established and the Iranian national committee of NDR has 

found its proper place in the community at the time when large scale plans were implemented. However, there are some 

considerable obstacles that make disaster management especially for the purpose of disaster emergency response, inefficient.  

The very centralized management system, lack of coordination and formulation of a comprehensive and strategic disaster 

management system have been some of the major obstacles. The role of the universities and research institutions in finding 

scientific solutions to the problems of natural hazard engineering are very important. A private research institute introduced in 

this paper is a first initiative in the history of integrated research and education of crisis management in Iran which its success 

requires national and international support and cooperation. 
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It seems that disaster countermeasure acts of Iran require some revision and the main contents of such a revised act can be as 

follows: 

- Decentralization of the system and organizations coordination. 

- Definition of responsibilities and community contribution promotion 

- Disaster prevention and preparedness  

- Disaster management planning system 

- Disaster management education and training of the managers as well as the public 

- Sustainable innovation and technological development.  
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ABSTRACT: Resilience to infectious disease requires communities to respond rapidly and effectively to support prevention and 

response. These decisions are complex and require understanding of the diseases, disease intervention and control measures, and 

the disease-relevant characteristics of the local community. Though disease modelling frameworks have been developed to 

address these questions, the complexity of these models presents a significant barrier to community-level decision makers in 

using the outputs of the most scientifically robust methods to support pragmatic decisions about implementing a public health 

response effort, even for endemic diseases with which they are already familiar. Here, we describe the development of an 

application available for mobile devices or on the web, with a simple user interface, to support on-the-ground decision-making 

for integrating disease control programs, given local conditions and practical constraints. The model upon which the tool is built 

provides predictive analysis for the effectiveness of integration of schistosomiasis and malaria control, two diseases with 

extensive geographical and epidemiological overlap, and which result in significant morbidity and mortality in affected regions. 

Working with data from countries across sub-Saharan Africa and the Middle East, we present here a proof of principle for the use 

of our tool in providing guidance on how to optimize integration of vertical disease control programs. This tool represents a 

significant step forward in effectively translating the best available scientific models to support practical decision making on the 

ground with the potential to significantly increase the efficacy and cost-effectiveness of disease control, enhancing both health 

and resilience. Furthermore, this approach presents a new opportunity to improve public health resilience in the face of the 

changing landscape of infectious diseases resulting from global climate change. 

Keywords: schistosomiasis, malaria, public health, modelling, resilience 

1. INTRODUCTION 

Schistosomiasis and malaria are co-endemic in many regions of Africa and the developing world where the two diseases impact 

demographically and geographically overlapping populations. In addition, schistosomiasis and malaria are known to have 

complex interactions at the epidemiological and individual level. For example, individuals who are heavily infected with S. 

mansoni may have increased malaria susceptibility (Sokhna et al., 2004), suggesting that integration of control programs for both 

diseases could yield significant additive benefits.  As such, this project aimed to explore whether we could create a tool that 

would help disease control officers and policy makers decide if there would be a benefit to integration of malaria and 

schistosomiasis control programs in their area or country. 

The Georgetown University research team worked with partners at Talus Analytics to develop a prototype web-based decision 

support tool, adapted from established models and specifically designed to assess integration of intervention strategies, 

translating results for use by in-country public health practitioners making difficult decisions about public health investments in 

resource-constrained environments.  We conducted a thorough literature review, acquired data from collaborators in countries co-

endemic for malaria and schistosomiasis, and designed a new decision focused model. 

2. BUILDING A DECISION-FOCUSED MODEL 

Currently, schistosomiasis and malaria interventions are not routinely integrated in the field due to fundamental differences in 

both the control measures and the organizations that promote interventions. The most common public health intervention for 

schistosomiasis is mass drug administration (MDA) of praziquantel (PZQ) to populations in endemic areas. In contrast, malaria is 

primarily targeted by public health programs through the mosquito vector, by treating homes with insecticide (indoor residual 

spray - IRS), and distributing long-lasting insecticide-treated bed nets (ITN) to protect from infectious bites. In addition, 

schistosomiasis’ classification as a neglected tropical disease (NTD) has focused attention on the benefits of integrated control 

with other NTDs more so than malaria, which is largely separately funded and managed within Ministries of Health.  
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To overcome these barriers, local decision-makers require evidence-based tools to inform regional decisions about the potential 

benefits of integration of schistosomiasis and malaria control programs. Here, we adapted approaches to modeling co-infection of 

schistosomiasis and malaria (Griffin et al., 2010; Ndeffo Mbah et al., 2014) and used the model as the basis for a prototype 

decision support tool. Users provide a subset of model parameters, including specifically those for which users are likely to have 

the necessary data and those directly related to the implementation decisions most relevant decision makers at the community 

level. Based on these user inputs, results are customized to support decision-making within the target communities by local 

decision makers. Empowered with clear recommendations and quantification of the potential benefits of integration, decision-

makers can evaluate integrated control in the context of the potential cost and logistical barriers. 

2.1 Assigning Schistosomiasis Parameters: Who benefits from integration and how much? 

The decision to integrate control measures depends on how much additive benefit results from malaria-specific control measures 

when combined with the indirect benefit of reducing malaria susceptibility through control of schistosomiasis infections. To 

estimate the potential benefits of schistosomiasis MDA, users supply demographic information and outline their current 

schistosomiasis prevalence and MDA strategy (Figure 1). Schistosomiasis interventions are often targeted selectively to school-

aged children (ages 5-15), so demographic information is required in order to align MDA simulation in the back-end model with 

the approach in use on the ground. In addition, the beneficial impact of praziquantel MDA depends upon the prevalence of 

schistosomiasis, the coverage achieved during drug administrations, and the timing of the MDA program (whether MDA has 

been completed before peak malaria transmission).  

 

 

Fig. 1: Screenshot of user input page sections for population breakdown and selections related to schistosomiasis control. (1) 

Demographics from Uganda at the national level were chosen as the defaults conditions for the proof-of-principle effort (United 

Nations, 2015) and can be modified by the user to reflect their community. (2) Users select the target treatment coverage for 

praziquantel mass drug administration (MDA) and select one or more age groups from the dropdown menu. Users select a single 

month when MDA interventions are expected to be completed. 

2.2 The Model 

To evaluate the potential benefits of an integrated control program, the underlying model, coded in Python, tracks the prevalence 

of malaria and schistosomiasis as individuals pass through malaria infected (red), schistosomiasis (blue), and co-infected (purple) 

states (Figure 2). The current model selectively captures baseline schistosomiasis infections to evaluate the potential benefit of a 

newly implemented integrated control program. This focused approach supports evaluation of integrated control programs 

specifically in the context of the indirect benefit of MDA in reducing malaria susceptibility. Building on this initial validation, 

future iterations of the modeling framework will incorporate new and recurring schistosomiasis infections within a single 

simulation. As the model simulation progresses, individuals move through malaria infected states based upon the combination of 

user input selections and pre-defined parameters, identified through the literature. Access to the MDA program can clear 

schistosomiasis infection and return the malaria infection probability to baseline. 
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Fig. 2: Schematic framework of the malaria schistosomiasis co-infection model. Individuals enter the model either disease-free or 

infected with schistosomiasis. Diagram shows transition between disease states of the modeled population (arrows). Praziquantel 

MDA is assumed effective in all individuals with access to treatment (not shown for all disease transitions). 

Blue=schistosomiasis, red=malaria, and purple=co-infection. 

To provide users with an overall recommendation regarding integrated control and to estimate its potential benefits on malaria 

prevalence, two model runs are performed under each condition. The first “Non-Integrated” simulation is based on the current 

timing of intervention strategies, as defined by the user. This simulation reflects the “status quo” and provides the reference to 

which the integrated control program simulation is compared. The integrated simulation sets the timing of intervention strategies 

to occur simultaneously. For regions with a constant transmission pattern, interventions are aligned at the first intervention time 

specified by the user. For regions with a seasonal increase in malaria transmission, all interventions are executed one month prior 

to the seasonal onset. 

3. OUTPUTS TAILORED TO DECISION-MAKING 

The results shown in Figure 3 highlight the challenge of effectively communicating the results of a complex model for use by on-

the-ground decision makers. Below, we describe a how a decision support tool can more effectively translate modelling outputs 

to support the work of public health decision makers. 

 

Fig. 3: Example of decision-focused summary of modelling presented on the results page. The results page summarizes the 

prevalence estimates from two model runs using both the current intervention strategy and an integrated approach. A 

recommendation based on the modelling results is provided at the top of the page followed by a tabular and graphical summary 

of the estimated differences in prevalence for the two approaches, averaging the prevalence across the terminal year of each 

model run. 
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3.1 To integrate or not? 

Ultimately, the most critical finding from the model is whether the conditions support a recommendation to integrate malaria and 

schistosomiasis interventions or not. This recommendation is based on whether an integrated control program “moves the needle” 

on disease prevalence compared to the current non-integrated control program. The modelling outputs provided by the decision 

support tool summarize the difference in schistosomiasis and malaria prevalence given implementation of the two types of 

control programs (“non-integrated” or “integrated”) (Figure 3). Integration is shown as “recommended” if prevalence of either 

disease in the population is reduced by greater than five percent, relative to the current program (assumed to be non-integrated). 

Future iterations of the model will track recurring and new cases of schistosomiasis, capture additional disease interactions, and 

incorporate feedback from on the ground decision makers. The thresholds utilized in recommending an integrated control 

program will be continuously updated to use the best available data to support decision making. 

3.2 What is the Distribution Strategy Timeline?  

The final step in the tool is a data-driven distribution strategy supported by the modelling results and translates the results into a 

straightforward graphic to support implementation by public health officials. The projected disease prevalence and any 

corresponding benefits of integrated control programs are based on the assumption that all implemented interventions will 

consistently reach the same target population with the frequency necessary to continuously maintain a steady level of protection. 

Each result shown in the decision support tool was selected to directly support public health decision makers in evaluating the 

potential benefits of integrating schistosomiasis and malaria control measures. An important next step will be to elicit feedback 

from decision makers on the ground to determine whether the prototype decision support tool successfully captures the key 

required information. Feedback from these end-users will be used to update the decision support tool to support data-driven 

selection and implementation of intervention strategies.     

4. CONCLUSIONS: IMPROVING RESILIENCE THROUGH ACTIONABLE PREDICTIVE PUBLIC 

HEALTH MODELLING 

Public health and disease reduction are a critical component of resilience, particularly in the face of climate change and emerging 

global disease threats. However, the majority of the modelling and data analysis assessing the relative value of public health 

interventions to these threats remain locked in academic literature, largely un-usable by public health practitioners with concrete, 

practical decisions that need to be made under significant time and resource constraints. This project and the corresponding tool 

developed are a critical proof-of-principle demonstrating the value of effectively translating complex predictive analysis of public 

health interventions for public health decision makers and practitioners, in direct support of the Hyogo Framework for Action and 

the Framework for Disaster Risk Reduction. 

The tool described above, in its current form, is available online at http://gatesmodel.talusanalytics.com/  
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ABSTRACT: Informed risk-based decision making is key to building resilience against catastrophic natural and man-made 

disasters. New data resources and modelling tools have rapidly expanded the amount of information available to decision makers 

when planning for and responding to emergencies. However, there remains a paucity of tools to support decision makers in 

identifying useful information sources and understanding when, from where, and in what format data are available. In support of 

a US Federal Government-wide working group, we have inventoried the data and modelling resources required to support both 

senior-level and operationally-relevant decision making across the federal interagency during all phases of emergency 

management for nuclear detonation, hurricane, earthquake, flood, and biological hazard scenarios. We performed over 300 

interviews with senior policy advisors, emergency managers, and technical subject matter experts to identify and characterize the 

data and modelling resources available. We developed an ontology to characterize the resources and collated resource metadata 

in a database with a simple graphical user-interface that provides ready access to the inventory. Network analysis has been used 

to define linkages between the resources and their users, the results of which identify the interagency relationships necessary to 

support information sharing for emergency management. From more than 600 identified datasets and models, approximately 250 

are included in an interactive inventory providing ready access to information about the resources to the public. The results of our 

analysis have been used to identify gaps and redundancies in the data and modelling resources available to inform emergency 

planning and response. This inventory and analysis is the first of its kind and will ultimately enable the entire emergency 

management community to identify and access the resources available to support decision-making during planning and response 

to disasters.  

Keywords: Emergency management, systems analysis, risk analysis, modelling, government 

1. INTRODUCTION 

Resilience, the ability of a community to respond to and recover from disaster, is tightly linked to the ability of the community to 

collect and analyze the best available data and predictive models and incorporate that information into its decision making. 

However, these data and modelling results are rarely collected and processed within a single organization. In recognition of the 

importance of understanding which groups have and use the data required for effective emergency management, the United 

States (US) Federal Government, through a senior leadership group, the Emergency Support Function Leadership Group 

(ESFLG), established an interagency effort to identify and characterize the datasets and models used by the US emergency 

management community to support operational decision making at the federal level. Initiated in 2012, the effort has completed an 

analysis and collated an inventory of the datasets and models identified as actively in use for hurricane, earthquake, flood, and 

nuclear detonation scenarios. An analysis of the datasets and models used for biological hazard scenarios is currently underway. 

An overview of the methods and a subset of the results are described below.  

2. METHODS: SYSTEMS-LEVEL NETWORK ANALYSIS  

While comprehensive analyses of the available data and models within the US federal government have long been attempted, 

past efforts have largely relied on collating lists and descriptions of tools based on their technical documentation.  To ensure an 

analysis of the datasets and models directly useful to and used by the emergency management community, we worked with the 

federal interagency to identify senior leadership, program managers, and subject matter experts to interview. Through the 

interviews, we documented the types of questions asked in the course of each emergency management mission, the information 

needed to address those questions, and the specific sources of data and modelling used to provide the information. To date, over 

350 interviews have been completed with stakeholders in emergency management, including over 550 people across 55 federal 

agencies and organizations,  

An ontology describing the iterative process of data collection and analysis used by the emergency management community was 

developed to understand the way data and models are used to support the wide range of missions included in the analysis (see 

Section 3). Background research was performed to capture a range of metadata about the datasets and models identified through 

interviews; this information was then entered into a custom database. The metadata were analyzed to understand the iterative 
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process of data collection and analysis that transforms raw data to support operational decision making for emergency 

management. Data transfer is described by network analysis based on the flow of information between each dataset and model. 

The datasets and models and information flow are defined as node and edge lists, organized in adjacency matrices, and processed 

using a combination of R (R Core Team, 2013) and Gephi (Bastian et al., 2009) (an open-source network analysis tool). The data 

and results of the analysis are visualized in JavaScript. A web-based user interface was developed to house and publish the 

inventory, and a subset of custom analysis tools, using JavaScript and HTML5.  

3. FLOW OF INFORMATION: ITERATIVE DATA COLLECTION AND ANALYSIS 

Emergency management operations are inherently practical. Though reliant on complex scientific analysis such as weather 

modelling and flow rate analysis of waterways, mission-specific information requirements must provide concrete, actionable 

information. Mission-specific information requirements, for example, determine the number of personnel required to respond to 

small business loan applications or the number of dump trucks required to remove debris out of specific areas. To capture the 

types of data sources and models or analytical tools required to process the data from raw atmospheric data to operational 

requirements, we developed an ontology, as shown in Figure 1. In brief, raw data are collected and processed by event 

characterization models. Raw data describe, for instance, atmospheric weather conditions, population, and infrastructure. Event 

characterization models include weather and flood models for hurricanes or floods, ground shaking models for earthquakes, 

atmospheric dispersion models for chemical or radiological releases, and epidemiological analysis for infectious disease 

outbreaks. Situational awareness data are produced by event characterization models and often displayed using interactive 

geospatial viewers. In turn, consequence models take the outputs of event characterization model and apply them to the 

population and infrastructure data in a region to predict impacts. Impact estimates include real time data collected after an event 

to refine predictions of post-event impacts. Decision support tools calculate the operational requirements based on the impacts or 

impact estimates. These tools produce mission-specific requirements that define personnel and material requirements for 

response and recovery activities. Feedback loops and iterative modelling refine the outputs based on updated real-time data, 

increasing the accuracy of the parameters in each iteration.  

 

Fig. 1: The ontology developed to describe the flow of information through iterative steps of data collection and analysis to 

process data for use in emergency management operations.  

4. NETWORK ANALYSIS FOR SYSTEMS-LEVEL UNDERSTANDING OF INFORMATION SHARING 

Network mapping is a well-established method to understand complex interactions and define patterns of information flow and 

interactions within a community. (Freeman, 1977; Freeman, 1979) We applied the method to the inventory of datasets and 

models and the linkages between them to understand the flow of information within the US federal emergency management 

community and identify areas for which further development would increase robustness in the system. 

4.1 Network Map of Information Flow Between Datasets and Models 

The network map shown in Figure 2 includes those models and datasets used during floods, as identified by US federal 

government emergency management personnel. The results suggest a well-connected network of datasets and models in which 

information flows from clusters of weather and river-gauge data, through flood dynamics modelling and weather forecasts, to 

consequence models such as Hazus, an economic consequence model developed by FEMA to support the National Flood 

Insurance Program. Other widely-used datasets and models include river forecasts (NWS River Forecasts), real-time electrical 

outage data (EAGLE-I from US Department of Energy), infrastructure data (HSIP), and population data (US Census data). A 

cluster in the upper right hand corner of the map shows a group of datasets and models, overrepresented by decision support tools 

and mission-specific requirements that are completely unconnected to the rest of the network. This suggests a lack of effective 

information sharing from the upstream event characterization and consequence models to the tools used downstream to calculate 

response and recovery requirements.  
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Notably, the results shown in Figure 2 indicate the complexity and degree of connectivity between all the datasets and models in 

the system, despite a diversity of owners and users. While the total number of datasets and models in the inventory is large, 

relatively few are widely used. Of the most widely-used datasets and models, all but one is used for event characterization (i.e., 

have a resource type of raw data, event characterization models/analysis, or situational awareness data). This overrepresentation 

suggests an imbalance in types of information that are widely used or available with a limited number of consequence or impact 

analysis resources. As a result, operationally-relevant translation of those impact estimates into decision support or mission-

specific requirements is not readily available. 

 

Fig. 2: Network map of the flood-related datasets and models used by federal emergency management community. Nodes 

(circles) are sized by the number of federal agencies using the tool. Information flows clockwise along edges (lines) between the 

datasets and models. The edges denote data transfer between information resources. Each node is coloured by its position in the 

flow of information framework with raw data and event characterization models coloured most lightly and decision support tools 

and mission specific requirement datasets coloured most darkly. 

4.2 Bulk Flow of Information in the System 

In addition to analyzing the flow of information between individual datasets and models, we analyzed flow of information 

between of each category (raw data to mission-specific requirements). As shown in Figure 3A, information to support flood 

emergency response largely flows from raw data, event characterization, and situational awareness tools, with relatively few 

operationally-focused tools and a marked decrease in the flow of information to decision support tools and mission-specific 

requirements. Further analysis of the tools available for flood event planning as compared to those available for  response efforts 

showed a dramatic deficit in consequence modelling available early in an event to provide the response-specific impact estimates 

that are necessary for a data-driven response effort (Figure 3B). 
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Fig. 3: Bulk flow of information for all inventory resources (A) and response ready inventory resources (B). Nodes represent 

each Flow of Information category and edges represent the flow of information from a model/dataset in one category to a 

model/dataset in another. Node size is proportional to number of models/datasets in each category. Edge width is proportional to 

the number of connections between the two resource types. Information flows clockwise. Model/dataset connections between two 

resources of a single type not included. 

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Systems analysis, as performed in this study, is a powerful method to assess the strength of national and international data 

collection, analysis, and information sharing. Evaluating and improving these processes is critical for disaster response, risk 

management, and efforts to increase resilience, particularly in urban areas with dense infrastructure and population. These 

methods can be used to inform quantitative gaps analyses and guide investments in a wide range of disaster, risk, and resilience 

initiatives. Because this type of analysis can be performed on the information flow between the agencies and organizations that 

own and support the datasets and models, the findings can be applied to organization-level structural improvements. The results 

can provide the empirical and analytical support for broad, multi-national efforts to improve cooperation for of large-scale 

disasters – where effective data sharing is most critical. Applying systems-level analyses to provide clear, quantitative gaps 

assessments and suggest specific, practical actions is a robust approach to address some of the most critical efforts in the Post 

2015 Framework for Disaster Risk Reduction. 

6. CONCLUSIONS 

The results of the systems analysis presented here and corresponding analyses of information flow within and between national 

and international organizations can provide an empirical method to focus and optimize efforts to improve overall resilience by 

promoting broad use of the best available information. The scale and complexity of these analyses are challenging, but when 

performed successfully at the systems-level, they can identify changes that reduce pressure on individual agencies and increase 

stability of the greater system, thereby reducing risk and enhancing resilience for communities.  

The inventory of datasets and models developed in support of this effort can be found at: http://gis.fema.gov/Model-and-Data-

Inventory/index.html 
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ABSTRACT: A number of catastrophes could block the sun, including asteroid/comet impact, super volcanic eruption, 

and nuclear war with the burning of cities (nuclear winter). Previous work has analysed alternate food supplies (e.g. 

mushrooms growing on dead trees, bacteria growing on natural gas). This was shown to be technically capable of feeding 

everyone with macronutrients (protein, carbohydrates, and lipids) and for minerals (though economics and politics 

remain uncertain). The present work analyses vitamins. The vitamin content of various alternate foods is compared to the 

U.S. recommended daily allowance and found to be adequate in the right proportions. The results show the intake of all of 

these vitamins is below the toxic limit. Backup plans discussed include chemical synthesis of vitamins, plants grown with 

artificial light and growing bacteria rich in certain vitamins. 
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1. INTRODUCTION 

A number of catastrophes could block the sun, including bolide (asteroid/comet) impact, super volcanic eruption, and nuclear war 

with the burning of cities (nuclear winter) (Bostrom and Cirkovic, 2008). Prevention of these catastrophes would be preferable, 

but there are not options for all of these risks. Therefore, a backup plan is desirable. Though these catastrophes would destroy 

industry regionally, the majority of global industry would still function. Previous work has analyzed alternate food supplies that 

could be viable in these scenarios. If the sun were not completely blocked, algae would grow in the ocean vigorously because the 

cooling climate would bring deep nutrient rich water to the surface (Denkenberger and Pearce, 2014). Also, the algae would be 

protected from the high ultraviolet light levels produced especially by nuclear winter (Mills et al., 2008) and therefore feed 

significant amounts of fish. Solutions independent of the sun include those that can convert wood into food. This would include 

mushrooms directly and indirectly wood softened with mushrooms or non-woody material could be converted into food via 

cellulose digesting beetles (Weber and McPherson, 1983), rats (Johnson et al., 1960) and ruminants (e.g. cows, sheep, goats, etc.) 

(Spinosa, 2008). Current cellulosic biofuel systems transform cellulose into sugar and then feed the sugar to a fungus to create 

ethanol (Langan et al., 2011). However, this process could be stopped at sugar. If the pre-digestion of fiber were done very 

carefully, even a non-cellulose digester could be fed, such as chickens. Another route is taking leaves from woody and non-

woody plants and making tea, chewing and spitting out the solids, or making leaf protein concentrate (Kennedy and Leaf for Life, 

1993). A final route is natural gas digesting bacteria (Unibio, 2014) fed to humans. These alternate foods were shown to be 

technically capable of feeding everyone with macronutrients (protein, carbohydrates, and lipids) and minerals could be extracted 

from the ground (Denkenberger and Pearce, 2015). However, further research is required (Baum et al., 2015). The present work 

analyses methods to viably produce vitamins to fortify the entire human population for this sun blocking scenario and other 

catastrophic scenarios will be discussed. 

2. METHODS  

First the vitamin content of various alternate foods is determined as a percent of the U.S. recommended daily allowance (US 

RDA). Many of these alternate foods are not commonly used as food at this point, so the closest available proxy was used for the 

vitamin content of some of these foods. Next, feasibility of the different alternate food sources was estimated to construct an 

example diet and the calories from each alternative food is tabulated. Finally, the percentages of US RDA are determined. 

3. RESULTS 
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We compiled vitamin data on tuna, beef, beef liver (to represent organs), chicken, shiitake and oyster mushrooms (which can 

grow on trees), cow milk, chicken eggs, natural gas digesting bacteria, arborvitae (a type of tree needle), and dandelions (to 

represent non-woody plant leaves). Table 1 shows various vitamins if each food source made up the entire 2100 kcal per day diet. 

We have excluded vitamins outside of the US RDA, but we note that omega-3 fatty acids could be provided by eating fish. 

Table 1: Nutrition of 2100 kcal of each food 
 

Food Vitamin A Vitamin E Vitamin D Vitamin C Thiamine (B1)  Riboflavin (B2) Sources 

 %US RDA %US RDA %US RDA %US RDA %US RDA %US RDA  

Tuna 36.2    58.5 170 (USDA: Tuna, 2016) 

Beef     47.7 74.8 (USDA: Beef, 2016) 

Liver 8580 39.4 252  256 3570 (USDA: Liver, 2016) 

Chicken 254    52.2 150 (USDA: Chk., 2016) 

Shitake Mushroom   350  80.5 1120 (USDA: S. M., 2016) 

Oyster Mushroom   902  692 1850 (USDA: O. M., 2016) 

Milk 176 16.1   138 485 (USDA: Milk, 2016) 

Egg 261 103 201  51.1 559 (USDA: Egg, 2016) 

Bacteria 184 553   2910 16800 (Unibio, 2014) 

Arborvitae Tea    10600   (Durzan, 2009) 

Dandelions    7420   (USDA: Dand., 2016) 

        

Food Niacin (B3) Vitamin B6 Vitamin B12 Vitamin K Folate (B9) Vitamin B5  

 %US RDA %US RDA %US RDA %US RDA %US RDA %US RDA  

Tuna 2090 1330 1610  45.8 171  

Beef  170 813  9.5 42.5  

Liver 1370 1290 38400 45.9 1130   

Chicken 437 258 456  74.0 211  

Shitake Mushroom 1590 1390   201 1850  

Oyster Mushroom 2100 539   605 1650  

Milk 20.4 95.3 646 13.1 43.0   

Egg 7.3 192 545 4.2 173   

Bacteria 2390       

Arborvitae Tea        

Dandelions    130000    

 

Table 2 shows the number of kilocalories per day provided by the food sources. This was an estimate based on feasibility of the 

different alternate food sources (e.g chickens and their eggs have uncertain feasibility and the supply of leaves is limited). The 

natural gas digesting bacteria needed to be high to provide adequate vitamin E. Bacteria are already ingested in limited amounts 

through the mitochondria and chloroplasts in animal and plant cells, respectively. However, with a large amount of bacteria, the 

nucleic acids would need to be neutralized. Sugar is produced by enzymes acting on cellulose, which we assume would have 

negligible vitamins. 
 

Table 2: Sample Diet 
 

Food kcal 

Sugar 400 

Tuna 300 

Beef 300 

Liver 100 

Chicken 50 

Shitake Mushroom 150 

Oyster Mushroom 150 

Milk 100 

Egg 50 

Bacteria 400 

Arborvitae Tea 50 

Dandelions 

Total 

50 

2100 

 

In Table 3, the nutritional content of the sample diet is displayed as a percent of daily nutritional need. We confirmed that the 

intake of all of these vitamins is below the toxic limit (Zelman et al., 2016). It is easily apparent that this combination, and many 

others, are capable of sustaining the nutritional needs of an average human life. Absorbability is a factor, but there is already a 

253



  

safety margin in the US RDA, and it is possible that processing could increase absorbability. Furthermore, some additional 

vitamins could be obtained from food that happen to be stored when the catastrophe hit. 

 

Table 3: Sample Diet and US RDA 

 
Nutrient Vitamin A Vitamin E Vitamin D Vitamin C Thiamine (B1) Riboflavin Source 

Unit μg μg μg mg mg Mg  

Amounts 4240 16600 16.2 359 7.4 43.9  

%US RDA 470% 110% 108% 435% 645% 3660%  

Solubility Oil Oil Oil Water Water Water (Zelman et al., 
2016) 

        

        

Nutrient Niacin (B3) Vitamin B6 Vitamin B12 Vitamin K Folate (B9) Vitamin B5 Source 

Unit mg mg μg μg μg Mg  

Amounts 164.0 5.6 53.5 3240 508 14.3  

%US RDA 1100% 429% 2230% 3090% 127% 286%  

Solubility Water Water Water Oil Water Water (Zelman et al., 

2016) 

        

Though this mix of alternate foods would provide adequate vitamins, not every person may get this mix. Also, vitamin 

requirements could be different for different people at various stages of life. Therefore, it is useful to have additional ways of 

providing vitamins. One method would be removing vitamins from certain alternate foods to use as supplements for those people 

who do not eat those particular alternate foods. For instance, if many people do not want to eat significant amounts of bacteria, 

the vitamin E could be removed from the methane-digesting bacteria and fed as a supplement. Another potentially low-cost 

source of vitamins would be bacteria that can grow on fiber. A higher cost source of vitamins would be bacteria that can grow on 

food that is digestible by humans.  

Some vitamins are already synthesized (Williams and Cline, 1936). This could potentially be expanded in scenarios which block 

the sun, but retain industry. However, this would not be feasible in scenarios where industry is disabled: electricity could be 

disrupted by a solar storm, a high-altitude electromagnetic pulses from nuclear detonations, or a super computer virus, and then 

this would disable industry (Abdelkhaliq et al., 2016; Cole et al., 2016). Non-industry scenarios would generally still have 

sunlight, so farming nearly any crop by hand would be feasible. However, it may be that high calorie per hectare crops need to be 

favored, which could have less than optimal nutrition. 

One other option for vitamins would be growing plants with artificial light. However, this is very inefficient and therefore 

expensive, so it should only be used as a last resort (Baum et al., 2016). And again, this would not be feasible without industry 

and electricity. 

The most extreme scenario is losing industry and the sun. This could occur if the sun is blocked and if international cooperation 

breaks down. Alternatively, if there is high solar dependent renewable energy penetration (photovoltaics, concentrating solar 

power, wind power, hydropower, and biofuels), a loss of the sun could mean a collapse of industry as well (although in this case 

large stores of stranded fossil fuel assets could be tapped over time). Finally, full-scale nuclear war could be coupled with 

multiple HEMPs. In these scenarios, alternate foods would be required, but industrial synthesis of vitamins would not be 

possible. Therefore, other techniques such as growing bacteria rich in certain vitamins may be required. 

4. INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

In the Hyogo Framework for Action, the present work supports preparedness and identifying risks. However, in order to be 

prepared, these solutions for food catastrophes must be distributed, so this is a gap in the Post 2015 Framework for Disaster Risk 

Reduction. Training for these type of catastrophes could be integrated into existing training efforts. In the scenarios that are the 

focus of this work (sun being blocked), industry will still generally be functioning, and so will cities. 

5. CONCLUSIONS/FUTURE WORK 

If the sun is blocked by a large asteroid or comet, super volcanic eruption, or nuclear war, alternate foods would be required. As 

the results of this analysis show, a diversity of these foods could provide adequate vitamins. Processing might be required to aid 

digestibility of these vitamins, and for mined minerals. If this diversity is not feasible for all people, alternate methods could be 

used such as growing bacteria rich in certain vitamins and industrial synthesis. In the case of losing industry, people would likely 

have adequate nutrition. In the case of losing the sun and industry, people would likely require growing bacteria rich in certain 

vitamins. 
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Future work could be quantifying vitamins for the scenarios of losing industry and losing industry and the sun (and also vitamins 

for animals in all the scenarios). In addition, further work is needed to quantify the vitamin content of some of the actual 

alternative foods (instead of proxies). Ensuring that everyone could have adequate nutrition would reduce the chance of 

civilization collapsing, from which humanity might not recover. This reduced chance would benefit the far future, which has 

overwhelming importance (Beckstead, 2013). 
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ABSTRACT: Disasters, whether caused by humans or nature, impose significant threats to sustainability and resiliency. Reducing vulnerability to 
natural disasters are an essential component of achieving resilient cities. Iran is one of the most seismically country which experienced several 

strong earthquakes in its history and most of cities and towns are developed in earthquake prone zone. Qazvin is a historical city in Iran with 

important commercial role which lies in most hazardous prone area in the country with respect to earthquake and during history it had been faced 
with different earthquakes which had drastic impacts on it.  

In this paper , some important parameters  that affect on decreasing vulnerability and increasing resiliency in Ghazvin urban fabrics were 

evaluated. Theses parameter were categorized into different groups related to urban built environment in detail to arrive at strategy or policy 

based solution that are necessary to support the rehabilitation of urban fabrics. In this research descriptive-analytical-comparative method was 
used to identify the indicators affecting resiliency to evaluate these indicators in Ghazvin. Then , by using the AHP, the essential coefficient of 

each of the criterion and under measure will be characterized in rate of resiliency in across of the earthquake.  And in the second phase, an 

informational layer will be produced for each of the criterion which is indication of that the rate of resiliency of the different sections of the fabric 
is in accordance with those criterion and ultimately, by stacking these informational layers, a final information layer will be achieved. The final 

layer is representative of rate of resiliency of different part of fabric in accordance with the parameters of research and it can be as a guide map to 

reradiate those parts that suffer from lack of resiliency in the urban fabrics. 

Keywords: urban fabrics, resiliency, earthquake.  

in this chapter we kindly ask you to address how your work has been supporting Integrative Risk Management and urban resilience. 

 

1. INTRODUCTION 

Iran is located in an active part of the Alpine-Himalayan Orogenic belt and is considered as one of the seismic prone countries in the world. In 

this line, several active faults exist in different parts of the country. Seismicity studies and investigations of historical earthquakes show that the 

country has been continually affected by earthquakes of different sizes and will undoubtedly experience large earthquakes in the future. The 

records show that annually in Iran one seismic event with magnitude higher than 6.0 and every ten an event with magnitude of at least 7.0 can be 
expected (Amini Hosseini et al., 2009). Irregular growth of Iran’s cities during the last decades has gradually increased the vulnerability of the 

built environment to potential earthquakes. This may cause considerable damages and casualties in earthquakes, similar to what observed in the 

Manjil (1990) and Bam (2003) earthquakes (Amini Hosseini, 2014:1) .  

Admittedly, Ghazvin is one of the most important seismic areas in Iran and even the world for its special geological structure and existence of 

more active faults, more than 10 historical earthquakes happened in this area and they caused massive destruction on infrastructures, urban spaces 
and numerous death tolls . The research was conducted in Ghazvin, 2th region "Mantaghe" which is accommodation of 55% of Ghazvin s 

population are settled in it. Therefore it is so curtail to have place that vulnerability of urban fabrics be low.  

 
 

Fig 1: Map of Faults in Ghazvin Region (source: International Research Center of Seismology) 
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Fig 2: Map of Ghazvin city and 2th region (Source: Ghazvin Municipality site: http://www.qazvin.ir, 6/1/2016, 8:54am) 

2. PARAMETERS THAT AFFECT THE VULNERABILITY OF URBAN FABRICS TO EARTHQUAKE 

Cities are complex systems and communities, as an integral part of those systems, play an important part in the adaptive response. While recovery 

planners are concerned with encouraging communities to adapt, urban designers are beginning to be interested in how the design of cities might 

encourage that to happen. Both disciplines are making tentative moves, albeit unconsciously, towards the other. Because an earthquake may 

never happen there is likely to be a reluctance to retrofit a city to accommodate the needs of recovery, particularly if there are cost implications. 
But if urban design strategies and earthquake recovery planning strategies are aligned, through a focus on urban resilience, then the ongoing and 

incremental retrofitting of a city for day to day purposes will automatically create opportunities to facilitate effective recovery should an 

earthquake occur. (Allan & Bryant,2010:3). In order to have resiliency in cities, one of the most important features that should be considered, is 
decreasing vulnerability of urban fabrics. Vulnerability of urban fabrics to potential earthquakes is related to several parameters that in this 

research some of the most important of them examined. These parameters are physical characteristics, and distance from  dangerous land-uses, 

relief and recovery centres, road networks, open spaces and evacuation space and urban critical infrastructures.  

2.1. METHODS 

In order to evaluate the impacts of these parameters and estimate the integrated vulnerability at each urban fabric, it is essential to study their 
effects separately and then compile them by using appropriate methods and weighting factors. So, in this part, for estimating the rate of city 

resiliency against earthquake based specified parameters and criteria, the AHP is used. Then, each of these parameters and criteria is valued by 

field studies and questionnaires. For Ranking criteria , parameters and indexes , the Expert Choice is used and weighting coefficient is considered 
for all parameters and criteria that shows variable effectiveness rate to higher level of it. It is shown in following table. 

Table 1: Parameters and ceriteria and their wight for measuring resiliency by expert choise soft ware. 

Parameter Parameter 

weight 

Criterion  Criteri

on 

weight 

Physical Factors 0.354 Building quality Building assessment with qualitative approach is especially important in 

estimation of destruction rate during the earthquake.  So, building types are defined in 4 

group: 1) new buildings; 2) Maintainable buildings, 3) non-maintainable buildings and 

4)vacant land. Resiliency are decreased from 1 to 4 respectively. 

0.095 

Number of Floors: This parameter affects on recovery directly. More floors number causes 

more vulnerability and less resiliency because it prevent easy and safe evacuation. 

Furthermore  it is a negative factor for archiving resiliency due to the fact that it directly 

concerned to relation between width of roads and height of buildings. It can be said there is a 
inverse relation between number of floors and rate of resiliency.  

0.16 

Size of parcels: There is direct relation between size of parcels and resiliency. Whatever the 

parcels are bigger , the resiliency is higher. This factor is analysed in 5 group including 0-
100, 100-200, 200-300, 300-500 and more than 500 m2. 

0.277 

Building structure: Assessment of case based on enforcement of Iranian Seismic Code 

(Standard 2800) has been done. It is categorized in 3 group including without any standard 

structure, need to retrofitting  & acceptable structures. 

0.467 

Dangerous land-

uses 

0.240 Distance from industrial land-use: The greater distance from industrial land-use, the greater 

resiliency on the ground that the effects of secondary hazards which may be occurred after 

earthquake become less. The distance are measured in 4 group : 0-50, 50-150, 150-300, more 

than 300 m. 

0.333 

Distance from gas station: it is very important that enough spaces existed between 

residential part and gas stations because occurrence of fire disasters is more probable. It is 

measured in 4 group : 0-50, 50-150, 150-300, more than 300 m. 

0.667 

emergency 0.159 Distance from emergency & public shelter: The greater distance, the less resiliency due to 0.095 

2th region 
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response 

facilities 

the fact that homeless and displacement people like to stay in their own neighbourhood and 

if there is not be the optimal distance, they seldom leve their homes and all recovery phase 

can be adversary affected: This parameter is analysed in 4 group : 0-50, 50-150, 150-300, 
more than 300 m. 

Distance from medical centre : The greater distance, the less resiliency. It can cause more 

casualties in golden hours: This parameter is analysed in 4 group : 0-50, 50-150, 150-300, 

more than 300 m. 

0.467 

Distance from fire station :The greater distance, the less resiliency :this parameter is 

analysed in 4 group : 0-50, 50-150, 150-300, more than 300 m. 

0.277 

Distance from hydrant : The greater distance, the less resiliency :This parameter is analysed 

in 4 group : 0-50, 50-150, 150-300, more than 300 m. 

0.16 

Street & road 

network  

0.104 Distance from Interchange: The greater distance, the more resiliency :this parameter is 

analysed. This parameter is analysed in 4 group : 0-50, 50-150, 150-300, more than 300 m. 

0.286 

Relation of the width & length of the road network: this criterion is one of important issue 

for evaluating resiliency of urban fabrics, showing access to blocks and the risk of blockage 

after an earthquake. based on this parameter, length of the road with less than 6 meters width 

should be measured and compared with the total length of the roads exist inside the block. if 
the ration is higher than 50% the block considered as vulnerable (Amini Hosseini et al 

2009:178) which decreased the resiliency. 

0.571 

Access to street network: The network becomes charged with new meaning; its spaces and 

their components are re-assessed for their capacity to support survival and recovery.( P. 
Allan & M. Bryant,2010:2) Accessibility and width of primary street(arterial), secondary 

street (collector), tertiary street (local) and semi-private street (cul-de-sac) are analysed . 

whatever they are accessible and wider, the positive effects of them on further resiliency are 
more obvious especially in recovery phase. 

0.143 

Distance from 

open spaces 

0.045 green spaces & parks: The less distance of inhabitants to green spaces and parks, the more 

positive effects on resiliency . 

0.667 

Distance from vacant ground: open spaces and road net work as a Public spaces have 

played a critical role in resilience for many years. Because of the way the city had been 

planned, the way the land use was distributed and the way the open spaces had been 

designed, there was plenty of room for shelter camps. In other words, spare capacity 
embedded in the city. 

0.333 

Density 

distribution  

0.031 Building density distribution: The less building density in this region , the more positive 

effects on resiliency on the ground that it is caused less debris and easier and faster relief and 

rescue activity  . 

0.333 

Population distribution: The less population distribution  in this region , the more positive 

effects on resiliency due to the fact  that it is caused less Causalities and wounded persons.  

0.667 

Urban critical 

infrustructures 

0.068 Distance from high voltage transmission lines: The less distance from high voltage 

transitions line  in this region , the more negative effects on resiliency due to the fact  that it 

may caused secondary hazards like fire and etc. . 

0.5 

Distance from the gas supply lines: The less distance from high voltage transition line  in 

this region , the more negative effects on resiliency due to the fact  that it may caused 

secondary hazards like fire and etc. . 

0.5 

 

3 CREATING RESILIENCY INFORMATION LAYERS 

In this stage, GIS is used to produce information layer for each criteria and resiliency of region is measured by considering parameters and 

criteria. Six information layers maps are created. Finally, region resiliency map is produced by piling up six information layers. As case in point,  

one sample(the methods of producing physical factors layer) are expressed in following parts and analyzing other parameters conducted as well. 

3.1.Physical factors layer 

Physical factors is the main cause of vulnerability of urban areas during earthquakes. Especially in old urban fabrics, most of the building suffer 
from lack of resistance to earthquake shaking as most of them were built decades ago without considering any seismic codes or criteria. In Iran 

and based on the regulation of High Council of Urban Development and Architecture (1999), the buildings can be categorized into three groups 

from low to high vulnerability considering the type, age and material of the structures. In planning for rehabilitation, the first priority is related to 
the most vulnerable buildings; including mud brick structures, masonry building and buildings with weak structures. In each block, the areas of 

such buildings will be evaluated and if the summation of them is more than 50% of the areas of all buildings located in the block, the block is 

considered as high vulnerable block (Amini Hosseini et al. , 2012:2). Four criteria are analyzed here and then they are stacked to achieve Urban 
fabric resiliency based on physical factors. 
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Fig 4: Analysis of physical characteristics of 2th region " Mantagheh " in Qazvin..( No1:qulity of buildings:1.vacant land , 2. non-maintainable 

buildings , 3. Maintainable buildings and 4. new buildings; No2  ّ : each number shows the numbers of floors; No3: size of parcels and No4: 

building structure: 1. without building, 2. without structure, 3. need to retrofitting  & 4. acceptable; No.5: Urban fabric resiliency based on 

physical factors: 1.Completely inappropriate, 2.Inappropriate, 3.Average, 4.Appropriate& 5.Fit perfectly ) 

3.2. Dangerous land-uses 

Land-use planning for hazard mitigation is an essential ingredient in any recipe for building disaster resilient cities. Land-use 

plans and planning programs that incorporate help communities change their approach to hazard mitigation from a focus on post-

disaster recovery and redevelopment to a focus on pre-disaster mitigation integrated with land-use planning. This is the critical 

transition necessary to demonstrate to citizens and decision makers how much sense it makes to deal with hazards before they 

become disasters (Burby et al., 2000). One of important steps to achieve resiliency is optimize the distance of compatible land-use 

and removing the incompatible land-use. In this study, gas stations & industrial part of cities are considered as a dangerous land-

use. 

 

Fig 4: Urban fabric resiliency based on dangerous land-use: 1.Completely inappropriate, 2.Inappropriate, 3.Average, 4.Appropriate& 5.Fit 

perfectly) 

3.3. Emergency response facilities 

Immediately after an earthquake and during the first 72 hours, which are called the “golden hours”, the emergency response ac tivities can save 

the lives of many victims trapped under the debris, or rescued by the people/experts. Search, rescue and relief activities can be considered as the 

most important emergency response activities during these golden hours, so the placement of the related facilities (fire and rescue stations, 
hospitals or medical centers, etc.) near the affected areas could improve the access to the victims and providing necessary responses and cares. 
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Urban fabric resiliency based on physical factors= 
∑(𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠 𝑞𝑢𝑙𝑖𝑡𝑦 ∗ 𝑖𝑡𝑠 𝑤𝑒𝑖𝑔ℎ𝑡)+ 
∑(𝑓𝑙𝑜𝑜𝑟 𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑢𝑙𝑑𝑖𝑛𝑔𝑠 ∗ 𝑖𝑡𝑠 𝑤𝑒𝑖𝑔ℎ𝑡)+ 

∑(𝑝𝑎𝑟𝑐𝑒𝑙 𝑠 𝑠𝑖𝑧𝑒 ∗ 𝑖𝑡𝑠 𝑤𝑒𝑖𝑔ℎ𝑡)+ 
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The urban fabrics that have such facilities normally could be considered safer sites against earthquakes, so this parameter should be considered as 

a parameter for redevelopment planning of urban areas in earthquake prone zones (Amini Hosseini et al. , 2012:3 adopted from Jafari and Amini 
Hosseini, 2005). In the Bam Earthquake of 2003, due to huge number of casualties and damages to the existing hospitals, several injured persons 

were transferred to adjacent cities and a considerable number of them died on the way because of lack of sufficient emergency medical care 

facilities or centres. Moreover, damages to fire and RCS stations caused delay in dispatching the rescue teams to the affected areas and lack of 
necessary equipment for rescue activities caused extra problems for rescue activities during the first 24 hours. (Amini Hosseini et al. , 2012:3). In 

this part distance from fire and rescue stations, hospitals or medical centres are measured to determined the information layer of emergency 

response facilities in urban fabrics (Fig5). 

 

Fig 5:Assessment of urban fabric resiliency based on Emergency response facilities: 1.Completely inappropriate, 2.Inappropriate, 3.Average, 

4.Appropriate& 5.Fit perfectly 

3.4. Street & road network  

Street and road networks in any society need to function normally – even during and after disasters. Creating and enhancing accessibility of urban 

street network appears to be an appropriate starting point for earthquake rescue and recovery model specifically for unplanned urban areas 
(Hossain, 2014: 112) . Here, Distance from Interchange, relation of the width & length of the road network and access to street network analysed 

in 3 layers. Then urban fabric resiliency map based on street & road network is created.  

  

`  

Fig 6:Assessment of urban fabric resiliency based on street & road network: 1.Completely inappropriate, 2.Inappropriate, 3.Average, 

4.Appropriate& 5.Fit perfectly 

3.5. Open spaces 

Open spaces as a Public spaces have played a critical role in resilience for many years. Because of the way the city had been planned, the way the 

land use was distributed and the way the open spaces had been designed, there was plenty of room for shelter camps. In other words, spare 

capacity embedded in the city. ample and adaptable amounts of open space surrounding buildings are of enormous value both during and after an 
earthquake event (Godschalk, 2003). Open space becomes a refuge for, and a temporary home to thousands of people who need to quickly adapt 

to their new environment for days, months or even years. After a major earthquake, the open space network becomes a kind of ‘second city’, 

providing multiple complex functions such as gathering and shelter, the distribution of goods and services, the re-establishment of commerce, 
temporary inhabitation, commemoration, and the storage of contaminated or hazardous materials (McGregor, 1998, Middleton, 2007 ). Distance 

from parks and green spaces and vacant land are considered here. 
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Fig 7:Urban fabric resiliency based open spaces accessibility : 1.Completely inappropriate, 2.Inappropriate, 3.Average, 4.Appropriate& 5.Fit 

perfectly 

3.6. Density distribution  

Urban density has effects on the resiliency of urban fabrics, functionality and management. It means urban density is an issue which can be 

measured by some criteria such as building density distribution and population distribution to find out where both building density and population 
distribution are high. Based on each information layer and overlaying these layers  , the following layer produced. It is obvious where both of 

criteria size are low, it can be expected that the rate of causalities and wounded and destruction are lower than other placed. 

 

 

Fig 8: assessment of urban fabric resiliency based on density distribution: 1.Completely inappropriate, 2.Inappropriate, 3.Average, 

4.Appropriate& 5.Fit perfectly 

3.7. Urban critical infrastructures 

In last part, high-risk infrastructures that may cause a secondary effects after earthquake was investigated. Many cases showed that  distance from 
high voltage transmission and gas supply lines prevent catastrophe after disasters like earthquake. As a case in point, Fire is a secondary effect of 

earthquakes. Because power lines may be knocked down and because natural gas lines may rupture due to an earthquake, fires are often started 

closely following an earthquake. In the 1906 earthquake in San Francisco more than 90% of the damage to buildings was caused by fire (Nelson, 
2013:3). Therefore it is curtail to consider these to critical infrastructure locations. 
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Fig 10: Assessment of urban fabric resiliency based on urban critical infrastructures: 1.Completely inappropriate, 2.Inappropriate, 3.Average, 
4.Appropriate& 5.Fit perfectly 

4. ASSESSMENT OF URBAN RESILIENCE BASED CONSIDERING URBAN FABRICS PARAMETERS 

Integrating disaster risk considerations more effectively with sustainable development policies, planning and programming at all levels, 
emphasizing disaster prevention, mitigation, preparedness and vulnerability reduction; are one of  strategic goals outlined in the HFA. This study 

emphasize on decreasing vulnerability on 2th region "Mantaghe" of Qazvin and increasing resiliency of it with physical approach to urban 

fabrics. The most vulnerable places that need immediate attention for risk reduction measures can be determined. It should be considered that by 
applying this methods of assessment based on some of most effective parameters, the vulnerable blocks in this pilot area are determined. 

 

Fig 11: Proposed map for Urban fabric resiliency based pile up all informational layers:1.Completely inappropriate, 2.Inappropriate, 3.Average, 

4.Appropriate& 5.Fit perfectly 

5. CONCLUSIONS 

To build up a resilient city, we need accept the fact that the prevention of earthquakes is not possible, but at the same time the harsh effects can be 

toned down with preparedness. In this paper, the importance of paying attention to the vulnerability of urban fabrics has been discussed and some 

of relevant parameters in mitigation, preparedness, response and recovery aspects were introduced. Based on what presented here the priorities 

for risk mitigation and management can be determined to be implemented in short to long terms programs. Improving  the parameters conditions 
based on what it is mentioned above and all sub- criteria can help us toward achieving resilient cities. It is obvious that they are not included the 

all parameters but some of most important are analysed. .It seems by implementing the above mentioned considerations , the earthquake risk in 

the site can be reduced to an acceptable level and the resiliency level of urban fabrics increase. 
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ABSTRACT: 

    Besides the original meaning of “Terrorism” as the use of violence, or threatened use of violence there are several definitions 

for “Terrorism” word regarding to its applications in political, social, religious, or ideological aims. 

Here, in this paper, the term of “Intellectual Terrorism” is defined according to its effects on different aspects of life and how it can 

affect as a main base on other types of terrorism and related events in the long period of time. 

In addition, this article suggested the methods of changing destructive trends which lead to create critical conditions in social, 

political and cultural issues and by introducing some cases help about how details of terrorism chain can be recognized and which 

approaches can neutralized the critical points. 

   Totally, any reality about the creation, progress and result of intellectual terrorism must be identified and any positive censure as 

an efficient suggestion should be accepted. 

 

Keywords: Intellectual Terrorism, Concepts, Destructive methods, Types of Terrorism 

INTRODUCTION: 

   When the cause of harsh behaviors and violence are studied at different levels in society, as a result it can be found that 

main and fundamental concepts that related to human spiritual needs are ignored or changed during the long time and cause 

agitated reactions. In fact when people ignore or forget others right either deliberately or unintentionally, they destroy and 

terrorize her/him personality. 

   Indeed when terrorized concepts allow people to eliminate others rights or spiritual requirements, for example trough 

legislation or creation of pseudo-powers at the level of private family, small school, university, office and more developed 

social groups, can lead to form terrorized personalities and rights in hide violent space. Finally these destructive trends which 

hidden under the blanket of social customs will explode in the form of other types of terrorism. 

The objectives: 

1. Researches demonstrated that ignoring or deforming of moral rights caused violence in its different aspects during short or 

long period of time and converted to social problems. 

 For example, one of the moral rights which has been repressed during the long period of time is “Woman Rights”. Studying 

the history and several societies shows that this issue was ignored due to fallacious believes arisen from falsifying the original 

religions by power-hungry liars, or cruel legislator; and unfortunately all of them were men! 

According to mentioned trend above, this gender discrimination incurred many overt and covert damages for women and 

created severe and irreparable psychological and personality damages for them and then for children in family zone. 

These detriments extended like a growing crack in other aspects of social life like education in school, university, job, 

marriage and other social relations and today converted to one of the important problem in all societies. Indeed 

discrimination based on gender (or sex) is a common civil rights violation that takes many forms, including sexual 

harassment, pregnancy discrimination, several types of domestic violence, lack of security and unequal pay for women who 

do the same jobs as men. Unfortunately, most of women in the world are all too familiar with all of these inequalities. It can 

be said that this faulty thinking is one the form of “Intellectual Terrorism” which hurt the big group in the society. 
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  And now an important question arises: “what are the consequences of this discrimination?” 

   Most of the people think that gender discrimination doesn't really bring any negative effect to the community and society. 

They do not really comprehend the severity of gender discrimination to the community. Considering many criminal cases 

and tracking their causes showed that many of them are formed because of the Terrorized thought of “Gender 

Discrimination”. 

The following effects of this type of Intellectual Terrorism are described below: 

 The false common thought of Gender Discrimination cause men to gain more exaggerated self-confidence and 

narcissism related diseases spread between them. 

 Underestimate women's ability and their rights 

 Violence against women in all aspects such as house-working, education, job, etc. 

 Sexual exploitation in marriage or in Trafficking of women (what is doing now by ISIS terrorist group and some third-

world countries and Europe. 

 The emergence of incurable mental illness in the family specially for women and children 

 Slaveholding of women with the fake cover of love. 

 The formation of distrust and betrayal and violence in society 

All of mentioned effects are created just because of falsification of real and pure moral points with immoral and wicked pseudo-

powers who usually try to show off the truth in false ways. 

Here is the example of such this falsification in the field of religious thoughts about women right. As religious historical bible 

books says Imam Ali (as) as one of the famous and thoughtful leaders has said this sentence:” Women are like flowers. They 

should be treated gently, kindly, and with affection. “and it is surprizing for each fair researcher who wants to compare the real 

thoughts of true leaders and what is presented in some societies with the form of intellectual terrorism  and fake thoughts in the 

field of violence against women in religious countries. 

So definitely what is Terrorist groups such as ISIS, Taliban, women traffickers throughout the world and arrogant legislators in all 

levels of social communication show are the terrible form of Intellectual Terrorism. 

 

    

 

      

 

2. One of the more clear instances of Intellectual Terrorism is “Racism”. 

   Racism is the belief that a particular race is superior or inferior to another, that a person’s social and moral traits are predetermined 

by his or her inborn biological characteristics. Racial separatism is the belief, most of the time based on racism, that different races 

should remain segregated and apart from one another. Again it is one of the form of discrimination that comes from the deformation 
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of humankind values which allows people to evaluate others just by their gender, origination, nationality, wealth, beauty, power 

and other ostensible and superficial criteria. Again we face with another type of Intellectual Terrorism. 

When people altered the valuation criteria due to their selfishness and profits and changed the way of thinking about this issue, 

many false and fault doctrines are established to divide people into unconventional categories and caused brutal violence society. 

For instance, the effects of racism thoughts can be seen between religious thoughts against another, white against black and other 

colours, boys against girls, wealthy against poor, cloth against cloth,etc that lead to psychological and social complexes. 

Racism has a significant impact both on the individuals who experience it and the wider community. Research shows that there are 

significant links between experiences of racism and discrimination and poor physical and mental health, reduced 

productivity and expectancy. Further, it is well-recognized that racism presents barriers to social and economic participation which 

can in turn cause social exclusion and entrench disadvantage, sometimes for generations.   

The effects of racism include fear, hatred, low self-esteem, cruelty, harassment, social conflict and psychological pain. The Library 

of Congress notes that racism can prevent access to social services and opportunities, such as education, health care and 

employment. Therefore, racism violates the civil rights of individuals and cause to racial prejudice.  

       

          

 

 

 

Ultimately, if humankind want to become freed from the destructive effects of Terrorized thoughts should 

increase awareness. 
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CONCLUSION AND SUGGESTIONS:  

1- Each type of terrorism is made from fault way of thinking or Intellectual Terrorism and the base of this formation is created 

in family private zone and schools. Therefore local and national governments should pay attention to educational and 

practical issues in all society levels and monitor and subtilize the cultural products in the society. 

2- The process of Buying and selling all types of weapons must be controlled by national and international authorities especially 

for public use, whereas these tools are frequently used in the case of violent crimes. So United Nation should increase its 

supervision on violence and crime preventive solutions. 

3- Instead of spending high amount of financial sources just on fighting with terrorism, its backgrounds and main roots should 

be identified and all struggles should be focused on elimination of all aspects of Intellectual terrorism that 2 important cases 

of that are described above. 

4- Some of large and advanced societies should accept their destructive activities in the field of creating Intellectual Terrorism 

which caused later difficulties and other type of Terrorism and modified their wrong and arrogant policies again humankind. 

Again here, United Nation has key role for guiding related affairs to peaceful conditions with Fair and Equitable methods. 
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ABSTRACT:  

Sendai Operational Framework which has been adopted at the Third United Nations World Conference on Disaster Risk Reduction 

in March 2015, is the supplementary sequence of HYOGO framework which mainly talks about Resilience issues on local, national 

and regional scales in the field of natural disasters. 

This Framework, as it has been expected from, should protect and prevent NaTech risks in all regions with respects to their own 

characteristics regarding to its four risk-based priorities. 

Middle East region as one of the most sensitive and important zone in the world, has many vulnerable installations close to rivers, 

seas and oceans or located in earthquake prone areas, or subject to other kinds of natural hazards, thus potentially prone to their 

impacts. 

This area because of its substantial impact on global economic, cultural and social issues must be planned for getting more practical 

resilience based on new Sendai Operational Framework planning.  

In this paper, some cases of NaTech risks in this region are introduced in essential aspects of vulnerabilities, and their requirements 

for resilient management are considered according to Sendai’s priorities and goals. 

Also this research suggests some modifications specially in inspecting process on related institutes’ and organizations’ efficiency 

and performance to improve whole resiliency. 

Keywords: Sendai Operational Framework, NaTech Risk, Middle East, Resiliency 

 INTRODUCTION 

As total result from Sendai Framework goals –specially while studying in middle east area-it is necessary to recognize more 

vulnerable zones to anticipate, plan for and reduce disaster risk in order to more effectively protect persons, communities and 

countries, their livelihoods, health, cultural heritage, socioeconomic assets and ecosystems, and thus strengthen their resilience. 

Earthquake is one the most important and danger natural disasters which happen several times during the year in this area. As 

figures show below , Earthquake prone-areas in the Middle East are located at main mountains of IRAN, North ,North-west  and 

East of Turkey, East zone of Pakistan, North-East of Afghanistan and the whole part of other countries such as 

Kasakhstan,Usbakestan and Tajikistan. In fact, more than %35 of Middle East are located in very high and high hazard area in the 

field of seismic research and %25 of that is in moderate hazard area. 

                    

Figure 1. 

Here, figures are shown about some main and important installations in this region: 

 

Figure 2. 
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Following figures show the map of population in the Middle East: 

 

    

Figure 3. 

 

As illustrated in maps, there are many GAS and OIL installations, which are distributed in the west border of IRAN, south part of 

Saudi Arabia and countries, are located at the north-west of Middle East. 

According to statistic data got from several earthquake and other type of Natural Disasters are related to the Earth movement, there 

are more than 30 earthquake events with a magnitude of more than 5 Richter during recent 50 years in this area. Approximately 

most of them occurred in regions with high capacity of vital installations and populations. 

During and after disaster, earthquake-triggered hazardous materials problems were imbued with many problems. Although safety 

and emergency response measures for accidental chemical releases existed, they were not designed to operate in the aftermath of a 

large earthquake or to withstand EQ forces. 

The earthquakes caused secondary disasters, such as multiple hazardous material (hazmat) releases and fires, through a series of 

direct and indirect cascading events. The cascading events included various mechanisms and failure paths, in some cases involving 

the intersection of highly improbable and independent events. Cascading failures helped exacerbate the difficulties in responding 

to the joint NaTech events.  

The following example illustrates the cascading events that were triggered by the earthquake in the oil and naphtha tanks at an oil 

refinery:  

 Vibration of the floating metal roofs against the tank shells creates sparks that ignite four naphtha tanks; 

 Simultaneously, the earthquake damaged a flange connection on the burning naphtha tanks and oil vessels; 

 Naphtha leaks through the damaged flange and the Naphtha leakage from the damaged flange ignites;  

 The ignited naphtha flows downstream through a drainage canal and the fire spreads through the drainage canal to 

other additional tanks;  

 Damages to power lines and main water pipelines delay firefighting efforts;  

 The large fires pose a threat to nearby storage tanks containing liquefied petroleum gas (LPG) and ethylene;  

 Search and rescue is abandoned in evacuated areas. 

 Fire flames were triggered due to the wind and heat and neutralized the rescue operations. 

 Beside Earthquake, NaTech risks cause many victims and financial losses especially in industrial and rural areas. 

 Secondary disasters caused many environmental damages and pollute nature elements such as rivers, seas, deserts, etc. 

Following pictures show some cases of NaTech risks in important installations: 

 

 
Figure 4. 
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Suggestions and conclusion about mentioned issue: 

The occurred earthquakes in hazardous zone of Middle East confirmed that an earthquake acts as a common force capable of 

initiating multiple and simultaneous independent events, which combined, can result in devastating consequences. The main 

problems identified with respect to NaTech risk management and emergency response include: 

 • Seismic design considerations were generally not applied to safety and mitigation measures. 

 • Safety and mitigation measures were designed was based on the availability of lifelines. That is they were designed to prevent 

and respond to hazmat accidents during normal day-to-day plant operation.  

• Emergency response (ER) plans for hazmat releases considered one hazmat incident at a time. Single or multiple events from 

one or more sources were not considered, therefore emergency was inadequate.  

• The proximity of the industrial facilities to urban areas affected not only nearby residential areas, but nearby also neighboring 

communities and rural areas. 

 • The NaTech disasters posed additional health and psychological problems to an already devastated population.  

• Local emergency management officials were unprepared to respond to multiple hazmat releases and chemical accidents. The 

hazmat problems used up much needed resources to respond to earthquake victims.  

Considering all examples shows that the consequences of NaTech can be higher in large metropolitan areas because there are 

more people and infrastructure at risk. In this context, analysis of vulnerability to NaTech in large urban areas is essential for 

NaTech risk reduction. The study findings show that the analysis of external hazards such as earthquakes must be carried out and 

incorporated in plant design.  

However, this may not be sufficient, unless industrial risk management and emergency response measures are also designed to 

operate in the absence of water or electrical power, which is common during earthquakes. Those in charge of community disaster 

prevention and preparedness must be made aware of the potential dangers associated with NaTech hazards so that they may be 

prepared to respond to these types of events. 

 Identifying potential release scenarios will help in emergency preparedness planning for multiple and simultaneous events. Also 

planning for using of online monitoring systems and their related instruments such as new advanced aviation facilities with 

connection to data processing centers can help in prediction and preparedness phases. 

  Finally, addressing NaTech will require that people typically working in industrial and technological risk management work 

together with those involved in natural disaster risk reduction. 

According to 4 main priorities in Sendai Framework, Policies and practices for disaster risk management should be based on an 

understanding of disaster risk in all its dimensions of vulnerability, capacity, exposure of persons and assets, hazard 

characteristics and the environment. Such knowledge can be leveraged for the purpose of pre-disaster risk assessment, for 

prevention and mitigation and for the development and implementation of appropriate preparedness and effective response to 

disasters.  

So for getting more better results from NaTech risk management procedures, vulnerable hazards with their triggering effects must 

be considered and planned not only for each region in any country individually but also for Integrated NaTech risk management 

in all of them and with cooperation with together. 

 

FINAL CONCLUSION: 

1- To create resilient region globally in the Middle East area, all included countries in this zone must have identical and 

integrated promoting programs in the field of NaTech risk management and united nation must has fair and robust 

monitoring on vulnerable common lands and areas between countries. 

2-  The Campaign of Resilience City in UN should makes law enforcement plans to supervise its members’ operations in 

the field of resiliency and its related plans. 

It will help to recognize fake and weak members; so many losses can be prevented due to monitoring on 

unpreparedness of cities. 
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Here is the map of cities in the Middle East area which are registered in this campaign:

 
 

3- Some of installations are established without Seismic design considerations for safety and mitigation measures in the 

case of NaTech risks and are conducted just for financial goals. If there is a strong management system for controlling 

and deciding about vital projects in the field of considering their vulnerability in Natural Hazards and NaTech risks, 

many losses and hazardous conditions can be intercepted. Therefore, the method of choosing solutions by Sendai 

Framework directors can determine the quality of global resilience. 

4- All planning, facilities and instruments should be considered in the field of NaTech risk management and warning and 

monitoring systems promotion to coordinate with multiple and simultaneously hazards. 

5- Providing NaTech hazards and risk maps for all kind of possible natural disasters in the Middle East area. 

6- Unfortunately majority of countries with fuel sources such as Oil and Gas, never pay attention to consideration of 

NaTech risk management and its requirements and continuously cause dangerous pollution in all part of nature even 

there is no any NaTech hazards at that area. For instance, there is no any obligatory instructions for Qatar and Saudi 

Arabia in the field of Natural disasters, Environmental problems and NaTech risks. So, creation of international 

supervisory union with high power for decision making can control these complications. 
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ABSTRACT: Resilience Engineering can provide society and its critical infrastructure and systems with means, methods and 

technologies to overcome disruptions with as less harm as possible. In this context it is of utmost importance to identify ways 

to strengthen the adaptive capacity of up to complex socio technical systems. We try to establish Resilience Engineering as a 

way of thinking that enables engineers to use their scientific expertise, creative ingenuity and help society to develop tools to 

handle all kinds of adverse events properly - from critical system disruptions, natural disasters, global terrorism to large-scale 

infrastructure failure. 

For that purpose, we suggest to deliberately limit the scope of Resilience Engineering towards engineering, i.e. mainly 

technological solutions, in contrast to the main body of Resilience Engineering literature. By that we try to pave the way for 

the next generation of engineers dealing with the extension from risk analysis and management towards resilience thinking. In 

short, Resilience Engineering means preserving critical functionality, ensuring graceful degradation and enabling fast recovery 

of systems with the help of engineered generic capabilities as well as customized technological solutions when the systems 

witness problems, unexpected disruptions or unexampled events. 

One central aspect of Resilience Engineering is the ability to quantify and measure resilience. Only adequate and valid 

indicators will give us the chance for comparatively and absolutely analyzing various systems with respect to their specific 

resilience. Finally, we need to be able to develop advanced methods for modelling and simulating, in particular for complex 

systems and their resilience towards adverse events. The presentation will hint at opportunities and research necessities for 

developing a new and integrated approach to model, simulate and improve the resilience of complex, interdependent, socio-

technical systems. 

Keywords: Resilience Engineering, Critical Infrastructure Protection, Technical resilience research framework, Resilience 

quantification and generation cycle, Methods and techniques, Resilience-informed risk control.  

 

1. INTRODUCTION: NEED FOR A RESILIENCE-DRIVEN RISK CONTROL FROM A 

TECHNICAL AND ENGINEERING PERSPECTIVE 

By now, the notions of individual, societal and organizational vulnerability (in a general sense) as well as resilience are 

commonly used. This discussion is mainly governed by the humanities, including social science, organizational science, and 

management theory as well as psychology and ethics. In particular, such notions are employed when referring to community 

disaster and emergency management and response.  

As the use of the terms vulnerability and resilience is broadening and they are increasingly widely accepted as framing the 

control of potential adverse events, the challenges increase to provide a framework that also covers disciplines like engineering, 

technical and natural sciences (Linkov et al. 2014). Of course, existing approaches rightly emphasize the strong influence and 

often dominance of humans, or even humans as the only resource of resilience, as well as the societal context of technical 

systems. However, as this paper will argue, both vulnerability and resilience can be also generated or at least supported by 

newly emerging engineering and technological ideas, solutions and approaches.  

Further arguments to search for a technically driven vulnerability and resilience framework that takes account of human 

influence are the ever increasing potential threats and disruptive, even unexampled, events, due to natural-technical (natech, 

anthropogenic) events, accidents and malicious (terroristic) events, e.g. due to climate change induced extreme events. In the 

advent of these more frequent and more severe events all strategic options should be used.  

The described challenges are to be faced furthermore mainly in cities due to the increasing percentage and economic power 

concentrated in urban areas while challenged by their complex and interdependent technical and societal infrastructure.  

In summary, there is an increasing demand to frame resilience assessment and sustainable generation of resilience also from a 

technical perspective, while incorporating the social science perspective in such a framework, see also (Thoma, 2014). How to 

face these challenges is indicated subsequently, strongly referencing to ongoing and previously published work. Further 

arguments for technically inspired resilience generation (engineering) can be found in (Häring, Scharte, Stolz, et al., 2016).  
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2. WORKING DEFINITION FOR RESILIENCE ENGINEERING  

The technical sciences need a new approach to be able to contribute significantly to the resilience of relevant socio technical 

systems like our critical infrastructure. This new approach can be called Resilience Engineering. What is Resilience 

Engineering? The scientific discussion on that topic is insufficient in two ways, so far. It is too generic and it focuses on human 

factors – two things very common in resilience research. As stated above this is necessary and makes sense for resilience. But 

a technical science driven approach called Resilience Engineering needs to be limited to concrete engineering. Resulting from 

findings of the Resilience Engineering discussion as well as our own research on the concept of resilience we generated a 

working definition for Resilience Engineering: “Resilience Engineering means preserving critical functionality, ensuring 

graceful degradation and enabling fast recovery of complex systems with the help of engineered generic capabilities as well as 

customized technological solutions when the systems witness problems, unexpected disruptions or unexampled events.” 

(Thoma, Scharte, Hiller & Leismann, 2016). This understanding of Resilience Engineering implies the necessity to be able to 

measure and quantify resilience as well as model and simulate the behavior of complex systems previous to, during and 

following a disruption.  

Thus, in the following, we use Resilience Engineering as a technical science driven approach to understand, model, simulate, 

optimize, design, develop and retrofit socio technical systems regarding their sufficient overall (i) preparation for, (ii) 

prevention of, (iii) protection from, (iv) response to and (v) recovery from and (vi) adaption to potentially disruptive events 

taking account of individual and societal requirements (see Thoma, 2014). To this end Resilience Engineering covers natural, 

accidental, natech and malicious events that lead to a major decrease of system performance (service) functions or related (key) 

indicators.  

Hence Resilience Engineering is defined as a technical science approach to acceptable resilience of systems. In this sense, any 

sufficiently complete and generic technical description of resilience can be used to define Resilience Engineering. For instance, 

Resilience Engineering can be defined to identify, assess, design and develop technical resilience capabilities sufficient for 

overall resilience performance, e.g. (i) to sense, (ii) to predictively model and simulate sufficiently for inference, (iii) to act and 

adopt. See Häring, Ebenhöch, & Stolz (2016) for further similar resilience dimensional approaches. 

 

3. RISK CONTROL BY JOINT RESILIENCE OPTIMIZATION IN RESILIENCE MANAGEMNET 

PHASES: PREPARATION, PREVENTION, PROTECTION, RESPONSE AND RECOVERY  
A major shift of perspective resulting from Resilience Engineering does not immediately become obvious from the introduced 

rather generic definitions. Resilience Engineering shifts away from focusing on making systems only robust (system hardening, 

vulnerability reduction) with respect to threats or hazards or combinations thereof (all-hazard approach) or/and only preventing 

corresponding threat events. Such activities take place before disruptive events in the preparation phase, where legal principles 

and requirements, technical standards and best practices are employed, including the installation of insurance contracts. See 

Fig. 1 for illustration. Often such pre-event activities are associated with classically implemented risk analysis and management.  

 

 
Fig. 1: Resilience management phases and possible events in time. Modified from (Thoma, 2014) and references therein.  

 

If disruptive events strike, especially in the context of international emergency management, crisis response and catastrophe 

management in urban areas, a different set of options are employed. Thus response and recovery activities are often somewhat 

detached from the systems they are applied to. For instance, different types of technical systems are now used; other 

organizations define the scene as well as different organizational and societal contexts dominate. However, also emergency 

response is optimized to a large degree. More recent attempts include the European Union (EU) framework for pre-committed 

contingencies of response capabilities (termed European Union voluntary pool, see EU Civil Protection Mechanism, Decision 

1313/2013).  
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Further differences of system optimization before and post disruptive events include different time scales, different legal 

frameworks, different societal risk acceptance levels, different technical and human resources available. However, it is obvious 

that integrated and sustainable vulnerability reduction and resilience increase of socio technical systems depend on the seamless 

integration of societal, technical and natural science options pre and post disruptive events. This also means to extend risk 

analysis and management post disruptive events and disruptions. In this sense, applying principles of Resilience Engineering 

means a paradigm shift in the technical sciences. How can this be achieved? 

 

 

4. JOINT RESILIENCE QUANTIFICATION AND RESILIENCE GENERATION PROCESS 
From a technical, engineering, technological and natural science perspective an approach can be defined that attacks the 

challenge of joint resilience generation. To this end, the following analysis and development steps are employed:  

(1) Understand overall system context and framing conditions 

(2) Define system being aware of interdependencies and scales 

(3) Define system capability (service) functions that are of critical interest before and past disruptive events 

(4) Define a set of potential threats, hazards, disruptions, induced disruptive function losses (independent of events) 

(5) Determine (compute, simulate) the behavior of these functions in case of disruptive events: resilience quantification 

(6) Analyze the behavior of these functions in terms of resilience quantities of interest (includes but much extends 

classical risk quantities): resilience analysis 

(7) Evaluate (assess) the overall resilience behavior to determine its acceptability: resilience evaluation 

(8) Select resilience improvement options 

(9) Develop, implement and monitor resilience improvement options 

 

The steps (1) to (9) have to be conducted iteratively and mutually informed. Communication has to take place and steps back 

have to be taken if necessary, e.g. if (5) or (6) hint at potential further disruptions or if (7) results in the need to much better 

understand chances or risks on resilience.  

If (8) and (9) are omitted, the approach quantifies resilience. Including (8) and (9), the approach generates resilience. See Fig. 

2 for illustration.  

 

 
Fig. 2: Integrated resilience quantification and resilience generation process, general requirements, process requirements, 

process steps requirements, methods and tools.  

 

 

5. METHODS AND APPROACHES FOR RESILIENCE ASSESSMENT AND GENERATION 

Next some methods, approaches, techniques and measures are indicated that are deemed most relevant for the application 

within technically driven resilience quantification and generation and improvement processes. Examples for approaches 

include, see also (Häring, Ebenhöch, & Stolz, 2016) (Häring, Scheidereiter, et al. 2016):  

(a) Semi-quantitative and process driven approaches, e.g. using expert elucidation and structured interviews. See for similar 

approaches (Finger et al., 2016) (Baumann, Häring, Siebold, & Finger, 2014) (Schoppe, Häring, & Siebold, 2014) 

(Schoppe et al., 2015) (Siebold, Hasenstein, Finger, & Häring, 2015).  

(b) Analytical approaches, e.g. resilience dimensional order expansions in terms of disruption types, resilience management 

phases, resilience (technical) capabilities and/or other resilience dimensions (Häring, Ebenhöch, & Stolz, 2016).  

(c) Resilience propagation approaches, including engineering approaches and probabilistic and parameterization approaches, 

e.g. for determining the response, i.e. the expected damage of buildings in case of earthquakes as well as the options of 

reuse and rebuilding, including bouncing back with less effort through modular design. See in particular for the context 

of urban resilience countering man made explosive threats (Salhab, Häring, & Radtke, 2011a) (Salhab, Häring, & Radtke, 

2011b) (Häring, Schönherr, & Richter, 2009).  

(d) Socio technical (includes cyber-physical) system modelling and simulation, e.g. to determine the response and recovery 

of supply grids (live lines). See for example (Renger, Siebold, Kaufmann, & Häring, 2015) for socio-technical system 

modelling.  

(e) Experimental and field test approaches, e.g. for determining structural response of complex composed systems or the 

interaction of persons with technical systems.  
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6. ADDED VALUE FOR INTEGRATED RISK MANAGEMENT AND URBAN RESILIENCE  
Ideas from the sketched Resilience Engineering research paradigm are currently successfully applied to urban resilience, in 

particular regarding terroristic events and associated susceptibilities, vulnerabilities and averaged risks (Fischer, Siebold, 

Vogelbacher, Häring, & Riedel, 2014) (Fischer, Häring, Riedel, Vogelbacher, & Hiermaier, 2016) (Riedel et al., 2014) 

(Esmiller et al., 2013) (Voss, Häring, Fischer, Riedel, & Siebold, 2012). It is an integrated approach that strongly extends but 

includes the state of practice of risk management and analysis. It is currently extended to cover the rebuilding / recovery phase.  

 

The presented Resilience Engineering approach is an integrated risk management process because it takes account of all risk 

control options along the timeline of disruptive event (crisis) management. However it extends best practice risk control through 

explicitly including response, recovery and adoption phases for ‘bouncing back better’. Resilience Engineering also takes 

account of interdependencies of systems, their societal contexts and the human influence.  

 

 

7. CONCLUSIONS  
The extended abstracted stated the need for resilience assessment and generation from a technical perspective (section 1). It 

proposed to use the term Resilience Engineering for technically inspired resilience improvement of socio technical systems 

(section 2). To this end Resilience Engineering was defined in a way such that it can be operationalized in the technical sciences. 

Resilience Engineering considers all options pre events (typically preparation, prevention and protection) and post events 

(response, response, recovery and adaption). Therefore it extends classical (simplistic) notions of risk analysis and management 

(section 3).  

 

A generic process was presented how to quantify, generate and iteratively improve resilience of socio technical systems (section 

4). The process steps are supported and can be conducted by a plethora of methods (section 5): classical methods, extensions 

of classical methods and emerging methods. However, so far no consolidated resilience assessment and generation process has 

been established. Also, method and tool sets are not yet sufficiently established, consolidated, interlinked and ranked.  

 

In future, it is expected that through Resilience Engineering an increasing number of application cases as well as types of 

potential disruptions, in particular in the urban domain (section 6), can (also) be strongly improved by resilience driven risk 

control by using engineering, technical and natural science driven approaches. 
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ABSTRACT: Construction and commissioning accidents investigation shows that engineer’s errors in basic and detailed phases 
are the main causes. We will gain more efficiency of investment if we apply a method for Error identification and risk assessment 
in basic and detailed phases. This Risk assessment method can reduce costs and improve environmental protection, safety and 
reliability of designs. The main purpose of this study is to identify engineer’s errors and analyse their HSE effects. The method is 
applied in 7 oil and gas engineering projects in Iran and the following results have been achieved: 
- Raising the level of engineer’s attention to safety precautions and environmentally-friendly design. 
- Reducing the cost of improving the level of safety and environmental protection 
- Improving environmental protection, safety and design reliability. 
- Improving procedures related to design process and control. 

Keywords: 3EA, Engineering Error, detailed, effectiveness control, risk assessment 

 

1. INTRODUCTION 
Now, a lot of methods exist that could help us to find hazard and risk assessment in variety fields. Applying these methods is 
related to users approach. All methods are created based on improvement of controls but potential points for improvement are so 
extent and we have to select these firstly and apply efficient methods. Based on efficiency of HSE control, basic and detail stages 
are very important stages. Inherently safer design and eco-friendly design are shown at the stages and any neglect of HSE 
concepts during design can cause irrecoverable accidents. Based on Two attitudes in risk assessment that are inductive and 
deductive, Engineering Errors and Effect Analysis (3EA) method is an inductive method. At 3EA method we imagine what 
accidents could happen if engineers had errors while preparing project documents. We suppose all requirements and standard are 
available but engineers might not follow them. On the other hand, 3EA helps us to analyze the barriers that prevent errors 
occurrence.  

 
 
 
                       Errors pass 
 
 
 
 
 
Figure.1: Growth and passing errors 
 

1.1. Abbreviations and Acronyms: 

Here after, 3EA is used instead of “Engineering Errors and Effect Analysis” as abbreviation. 

 

 

Preparing documents 

Error 

Construct/Commission 
 

Incident 
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2. ENGINEERING ERRORS AND EFFECTS ANALYSIS (3EA)  
Objective of 3EA method is finding human errors at the basic and detail phases. “Hazard” is defined “Error” in the 3EA method. 
Error means “unfit design”. Errors occur because of neglect, irresponsibility or lack of knowledge. 3EA method could be used in 
all engineering fields that are related to design including electrical, mechanical, process, control and instrument, piping and civil 
and so on while preparing project document in basic and detailed phases. Two attitudes exist, safety risk and environmental 
aspect. Effect analysis is done both on safety risk and environmental aspect. 3EA helps us to categorize project documents based 
on importance and potential of error occurrence.  
 

2.1. 3EA-Safety Risk Assessment:  

In the safety risk assessment based on 3EA, we have four parameters that each of them is categorized to some levels.  

1. Severity: The first parameter is severity that is categorized to five levels. Basis of categorization is human injuries that it is 
sorted from first grade to fifth grade.  

2. Probability of engineering errors occurrence: It is categorized to five levels form first grade to fifth grade.  
3. Extent of effects: It is categorized to tree levels. Basis of categorization is effects area.  
4. Control effectiveness factor: It is calculated based on two sub-parameter.  

4.1. Error Detectability: It is categorized to five levels. This sub-parameter is related to how to detect errors while 
preparing and distributing engineering documents. 

4.2. Compliance with legal: It is categorized to five levels.  

Parameters are shown in the below table: 
 
 
Table 1: Safety risk assessment 

Severity Probability Extent of effects                          Control effectiveness factor 

A B C Detect ability Compliance with Legal 
   D E 
 
Risk number = A×B×C (D+E) 
 
 
 

 

2.2. EA- Environmental Aspect Assessment:  

The 3EA method is applied for environmental aspect assessment, too. We have four parameters same as safety risk 
assessment, although descriptions are different. In this approach we assess environmental impact due to our 
engineering.  

1. Severity: The first parameter is severity that is calculated based on adding four sub-parameters.  

1.1. Types of emission: This sub-parameter is categorized to five levels.  

1.2. Adverse effects: This sub-parameter is categorized to five levels. Basis of categorization is effects on fauna, 
flora and human.  

1.3. Sustain in environment or energy consumption: This sub-parameter is categorized to three levels. Basis of 
categorization is degradation of waste and amount of energy consumption. 

1.4. Extent of consequence: This sub-parameter is categorized to three levels. Basis of categorization is 
boundary of activity area. 

2. Probability of aspect occurrence: The second parameter is probability of aspect occurrence that is categorized 
to five levels. In this parameter, conditions of environmental aspect occurrence are evaluated that are related to 
design controls at detailed phase. 

278



  

3. Control effectiveness factor: This parameter is related to evaluate effectiveness of control that is designed at 
detailed phase.  

4. Compliance with legal:  The last parameter is compliance with legal that is categorized to five levels.  

 

Table 2: Environmental aspect assessment parameters 

Severity Probability Control 
effectiveness 

factor 

Compliance 
with legal 

Types of 
emission 

Adverse       
effects 

Sustain/Energy Extent of 
effects 

E F G 

A B C D 

Risk number = (A+B+C+D) ×E×F×G 

 

3. CONCLUSION: 

After risk and aspect assessment with 3EA, priority processing of risk numbers must be done. Author has been 
applying 3EA in 7 project in oil and gas field and 5 projects is starting to find risk and aspect based on 3EA. This 
method is applied in Iranian south Pars projects that cause improvement of HSE control. Engineers’ awareness about 
HSE requirements are improved after applying 3EA. Process of preparing project documents are corrected and 
design led to eco-friendly design. This method helps to us to gather a database of potential points in preparing 
documents process that could be harmful if these would be missed. Some of engineering documents are prepared 
based on new procedures. Experience of engineers for preparing some documents is changed and necessity of 
engineers experience for preparing some documents is accentuated. Results of applying 3EA completely related to 
HSE concern of companies.  

4. References  
Ericson, Clifton A (2005). Hazard Analysis Techniques for System Safety, John Wiley and Sons, Inc, Hoboken, New Jersey. 
Smith, David .J (2001). Reliability, Maintainability and Risk, Butterworth-Heinemann Ltd 1993, Woburn. 
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ABSTRACT: Natural disasters have continuously been identified as a threat to public safety. However, in disaster situations, 
animals are also under the threat of getting hurt as well as being counted as a danger to public safety. This is therefore, one of the 
issues that need high attention, particularly after the occurrence of sudden natural disasters, such as earthquakes. In this paper, the 
case study of Eram zoo has been selected and it has been tried to look at procedures that can be taken for zoo disaster 
management after a seismic disaster in Iran. There are two issues that can be considered. First it is the animal welfare/well being 
subject to structural damage of their cages and secondly, the potential of animals being released and hence the threat they may 
cause to the public safety. It is hoped that the observations of this study could provide basic recommendations for disaster 
managers to cope with this situation in probable future earthquakes in the country. Also, based on the findings of this research, 
part of necessary actions that should be taken by the zoo authorities before, during and after earthquakes can be highlighted in 
order to preserve the safety of animals, visitors and neighboring areas. 
 
Keywords: Disaster Management, Zoo, Planning, Safety, Animals 
 
 
1. INTRODUCTION AND BACKGROUND 

 
Whilst the primary concern of this paper is the welfare of animals, other factors such as the safety of staff, visitors and 
surrounding communities are also considered. The management of animals in a zoo depends upon factors including size and 
nature of the facility, legal requirements, type and species of animals, and the authorities approach. Many questions will be raised 
in this study including: Whether the captive animals should be maintained where they are during earthquakes, or can they be 
moved to safe places? Which species will be given the highest priority for protection? What if the onsite holding facilities have 
been destroyed? Many other questions will be looked at here.  
 
The research methodology will be based on direct observation of the authors as well as available documents in this subject. 
Unfortunately, there are not many documented research in Iran on disaster planning and management in zoos. Few world studies 
to be noted include a book entitled “Animals in emergencies: learning from the Christchurch earthquakes”. The book collects 
narrations of frontline workers who rescued and then sheltered animals during and after earthquakes. Lessons that can be learnt 
from the experience of Christchurch, as well as the rescue of animals in a disaster, have been concluded in this book (Potts and 
Gadenne, 2014). Another study has been conducted on Hurricanes Katrina and Rita which damaged the Audubon Zoo in New 
Orleans in 2005. The only lost animals were two otters and a raccoon. The New Orleans Aquarium of the Americas did not fare 
as well after that storm and most of the fish in their collection died when they lost power. Other disasters include the 2007 
California wildfires which threatened the San Diego Wild Animal Park causing the facility to close and relocate some of the 
endangered species within its collection. These events can be devastating for the involved facilities (Johnson-Walker, 2014). 
There are however guidelines conducted by various zoos for disaster management situation which contain the procedures that 
should be considered for planning before, during and after disasters. One example can be the Kanpur Zoo in India (Kanpur Zoo, 
2016). Due to the limited space in this paper, it is not possible to mention more examples. 
 
 
2. CASE STUDY: TEHRAN ERAM ZOO 
 

In old times of Iran, it was common to have small exhibitions of animals and birds for families in some houses. Sometimes there 
were exhibitions in some parts of the cities. In 1637, Adam Olorius, the German traveler had mentioned seeing a zoo in Isfahan 
(Safavi empire capital). At Fath-Ali-Shah Qajar era, around 1809, there used to be exhibitions of baboons, apes, snakes, bears 
and lions in Sabze meydan, Tehran.  In Qajar era, the first zoo was not established until Nasser-e-din-Shah established it at Lakhti 
Street (Sadi). Later, when he traveled to Europe he was inspired by the modern zoological gardens. He established the Tehran 
Zoological Garden at Dushan Tapeh where there was already a splendid Mansion established from 1853 containing a very 
beautiful lake using qanat as water source. It was built for Nasser-e-din Shah's excursions and a collection of Shiraz lions, 
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Mazandaran tiger, Persian leopards, an Asiatic cheetah, bears, striped hyenas, monkeys, apes, baboons, peafowl, and predatory 
birds were kept in the zoo. This park was expanding until 1992 when it moved to the current location for renovation. In 
September 2014, the Tehran Zoological Garden requested the European Endangered Species Program (EEP) committee to follow 
the non-EAZA institution for the Asiatic lion. The Tehran Zoological Garden, also known as Eram Zoo, is located 4 kilometers 
on Tehran - Karaj Expressway in the Eram amusement Park. This zoo covers an area of 5 hectares and was inaugurated in 1992, 
housing over more than 110 species. The country largest zoo with 120 animal species from Iran and the world includes African 
lion, Bengal tiger, Persian leopard, Siberian tiger, Eurasian lynx, striped hyena, Asiatic cheetah, wolf, jackal, fox, chimpanzee, 
baboon, bears, eagle, peacock, pelican, falcon, penguin, python, lizard, turtle, crocodile, kangaroo,  rabbit, squirrel, hamster, as 
well as Persian deer, Bactrian camel, and African bush elephant.  
 
Each day around 10 groups of school students visit the zoo accompanying by their school teachers or administrators. There are 
also other visitors that visit the zoo with their families. A visit was done to the zoo in May 3, 2016 by the authors in order to 
evaluate the emergency plan and the readiness of the zoo after an emergency situation (Figure 1).  

 

 
 

Fig 1: General plan of Eram zoo and a group of school visitors  
 
 
3. FINDINGS  

 
The zoo environment was observed by the authors of this paper and short interviews were performed with the zoo manager and 
the staff responsible for maintenance as well as the security personnel. The concern of this study is to explore the situation after a 
major event such as an earthquake. The gained information helped to recommend issues for further considerations. The overall 
environment of the zoo seemed appropriate in normal situation. Figure 2 shows various types of fences used for different animal 
species based on the level of threat they may have for visitors. 
 

   
 

Fig 2: Examples of fences for different animals  
 
As it can be seen in Figure 3, the slot of the glass installments shows that most of the glasses are not thick enough to protect 
windows from breaking or falling after an earthquake. This can be counted as a major threat to animals, staff and the visitors. 
After the interview with the zoo manager, he claimed that there is a plan in the near future for renewing glasses with bullet proof 
windows having thickness of three centimeters. It seemed that the window glasses were not strong enough as it stands at the 
moment. Therefore, in the case of an earthquake, the glasses cannot resist and the release of the wild animals such as lions and 
wolves can threaten the safety of visitors especially those children trying to play with the animals behind glasses.  
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Fig 3: Inappropriate thickness of the window glasses in a cage 
 
In addition, the places where poisonous animals such as snakes and reptiles were kept needed to be more explored in order to 
make sure about the strength of the materials and connections against earthquake induced forces (see Figure 4). 
 

 

  
(a)                                              (b)                                                 (c)                    

 
 
Fig 4: (a) The entrance of reptiles department   (b) Sample of materials used in the structure of snake places 
           (c) Sample of snakes kept behind the window glasses 

 
 

4. CHALLENGES  
 

In the development of a crisis management plan in a zoo, few considerations can be made (Underwood, 2016): 
- Evaluate the specific risks and vulnerabilities of the zoo; 
- Identify the personnel and resources required for an effective response; 
- Create an effective communication and warning system and test the plan;  
- Have in place the actions to be taken during the recovery phase.  

 
Authors of this paper believe that this comprehensive plan should ensure the safety and well beings of the staff, captive wildlife, 
visitors, auxiliary staff, the environment, surrounding communities and finally the facilities and properties. In addition, there are 
few steps that can be undertaken in advance to reduce the vulnerabilities in a zoo which will be explained hereafter. First of all, it 
is important to set up an emergency management center in the Eram zoo in order to plan for the emergencies. This center should 
have an “emergency response coordinator” who should be responsible for overseeing all emergency activities, including the 
planning process and the selection and training of response team members that can be the zoo staff. Part of the coordinator’s 
duties can comprise the following items:  

- Determine the emergency situation; 
- Easy communication with the backup emergency team; 
- Ensure when the outside emergency help is needed; 
- Coordinate response activities; 
- Evacuate the visitors as well as the staff; 
- Ensure that the wild animals are secure in order to avoid danger; 
- Direct the shutdown of specific operations.  
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Protecting the safety of first responders in a managed wildlife facility should be a primary concern for emergency planners. First 
responders are trained to deal with human needs in emergency response, but may have no experience or training in dealing with 
the unique (and potentially dangerous) species. In addition, the safety and survival of animals may positively support the mental 
health of both survivors and responders. Zoonotic diseases are infectious diseases that can infect both people and animals. During 
disasters, the risk of zoonotic diseases may increase and reasonable actions must be taken to control that risk. This can also help 
in protecting native wildlife which could potentially be impacted by disease.  
 
In regard to the response phase, there are few other priorities that should be overlooked. Examples include ensuring the personnel 
safety, identifying threat situation, notifying the incident and initiating response. Establishing an adequate communication and 
warning capabilities, evacuation procedures and damage assessment should be highlighted. Also, specialized equipment may 
need to be used by emergency response teams, and all those involved should be familiar with the use of it as well as be trained to 
operate them. This can help maintaining the safety of those around them. The equipment should be stored in a place that could be 
accessible to the team quickly when needed. Also all the staff should be trained in procedures they should follow in the case of an 
emergency. Some drills can be performed in the zoo area to estimate the duration and access ways before a real event happens. 
Briefing also should be conducted for those who undertake the drill in order to get their feedback and outcomes. 
 
In addition, one of the important issues that can be considered by the zoo managers is the unusual behavior of some animals prior 
to the happening of an earthquake. Similar behaviors have been observed in previous disasters around the world. According to 
reports of eyewitnesses, various unusual behaviors have been reported from different animals. For example, wolves were seen 
running around in packs, dogs were barking unusually, and sparrows were flying around wildly in 1920, during the largest 
earthquake to hit China with a magnitude of 8.5 occurred in Haiyuan County, Ninghsia Province. It is reported that prior to the 
6.8 magnitude earthquake in 1966 in Hopei Province, in Northern China, all dogs at a village near the epicenter had deserted their 
kennels and thus survived the disaster. Also, prior to the earthquake of July 18, 1969, (magnitude 7.4) in the Pohai Sea, unusual 
behavior was observed in seagulls, sharks, and five different species of fish. Based on observations of unusual behavior of giant 
pandas, deer, yaks, loaches, tigers and other animals, a warning was issued at the Tientsin People's Park Zoo, two hours before 
the earthquake struck (Hosseini and Izadkhah, 2007; Rense, 2007). Also, another important issue is the secure operation of the 
ventilation, heating and cooling facilities which are necessary to keep the living environment of animals appropriate for their 
survival. These suggestions can be explored in detail in separate further research. 
 
 

5. CONCLUSION AND RECOMMENDATIONS 
 

To conclude, a comprehensive guide can be conducted and proposed to the zoo authorities for disaster emergency. It is very 
important to identify the resources and the evacuation routes in a zoo in order to prevent the chaotic situation after a disaster. The 
prepared plan should be adequate, feasible, acceptable and complete. The animal emergency manager should be responsible for 
implementing the plan. Other important issue that should be considered is how to return back to normality. The extent of the 
event can determine the risk and vulnerabilities which have been imposed on both the staff and the animals in a zoo. For 
example, when some animal species have been trapped under the rubble, a dramatic situation can be created for the staff. Also 
sometimes the staff cannot help rescue the animals which may also cause post psychological disorders for them. Last but not the 
least, safe evacuation of the visitors is crucial. The access to safe exit has to be signed in the zoo in order to guide the panicked 
people on how to leave the chaotic scene safely in an emergency. With regard to the fact that most of visitors usually include 
school children, this issue needs to be of paramount importance. In this paper, the case study of Eram zoo in Tehran was 
investigated as a pilot research paper. It is presumed that the development of a crisis management plan will help to reduce the 
vulnerability extent in a public place such as a zoo. The plan should be based on anticipation for the worst scenarios that can 
happen in order to achieve the best possible outcomes. There is much to say for maintaining the safety of zoos during and after a 
disaster which is beyond the scope of this paper. Further detailed research in this area is therefore suggested by the authors. 
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Abstract: Natural disasters such as floods, earthquakes, explosions, fires, etc. have always threaten human lives of different 

societies. Another more serious risk is technological hazards caused by natural disasters in urban area especially industrial cities 

and metropolises. Natural disasters in cities might be the cause of huge technological disasters for their residents. That is why 

countries, particularly industrialized countries, have been added them to the list of hazards that must be managed and they have 

been strongly prepared for possible disasters caused by such hazards. Given the importance of this issue, this paper attempted to 

cluster the technological hazards caused by natural disasters in urban areas. Method: Based on earlier studies and interviews with 

experts, a series of these hazards were identified. These factors were analyzed using interpretive structural modeling technique 

and finally the relations and sequences of indicators were obtained. Findings: The results showed what is the sequence and 

relationship of the potential damages caused by the occurrence of the phenomenon on the study population which could be the 

whole country, a province, a city or an economic sector or a particular activity. Based on the extensive consequences of the 

hazards, it could be realized what would be the costs and benefits of implementing precautionary and preparedness measures.   

Conclusions: The study revealed that the most primary outcomes of a major natural disaster include widespread power failure 

(housing, transportation, banking, industry, trade etc.), failure of oil and gas pipelines, disruptions in satellite systems and 

communication lines, and interruption in air, sea and land transportation systems. The model also provided an insight that would 

help urban managers in strategic planning to prepare for the technological hazards caused by natural disasters. 

 

Keywords: Natural Disasters, Technological Hazards, Urban Areas, Clustering, Interpretative-Structural Modeling 

1. INTRODUCTION 

Cities have been exposed to various natural disasters including floods, extreme temperatures, storms, earthquakes, explosions, 

fires, and other natural hazards, and they have had to respond and adapt to such hazards over time. Generally, when natural 

disasters occur, cities are faced with greater risks, and damage is caused in cities more than any other environment. When a 

natural disaster occurs in a city, its consequences are worse than any other environment (Link et al, 2014: 35). The frequency and 

impact of natural disaster on technological systems are growing throughout the world (Petrova & Krausmann, 2011: 3063). The 

past decade has witnessed an increase in the incidence of natural hazards ranging from earthquakes, floods, hurricanes, tsunamis, 

polar vortex events in the northern hemisphere and an increase in heat waves and drought in the southern hemisphere. However, 

there is speculation that climate change is a potential factor for inclement weather, the increased intensity and frequency of such 

hazardous events cannot be denied (Stickley et al, 2016: 1). The last two years has tragically recorded the frequency and scale of 

natural events which obviously demonstrated the high vulnerability of our modern society to the effects of natural disasters. A 

very serious secondary effect of natural disasters are so-called Natech (Natural–Technological) accidents that occur when natural 

events intensify accidents at technological facilities that keep or process hazardous materials, including nuclear power plants, 

chemical installations, oil refineries or pipelines. A distinguishing feature of natural-event impact on technological systems is 

their synergistic nature with a natural disaster leading to the concurrent occurrence of frequent technological accidents and 

interruptions (Petrova & Krausmann, 2011: 3063). 

Even with advances in the safety management of hazards, much of the technological hazards continue to occur. Technological 

accidents claim only a fraction of the casualties as a result of natural disasters. For both technological hazards and natural 

accidents, the risk depends on where people live. In social sciences, natural disasters are generally sudden or rapidly developing 

accidents that broadly influence a community, and disrupting the normal course of life. Natural disasters may include physical 

hazards and damages, sickness, death, material losses or severe deprivations to the people residing in a geographical area. While 

natural disaster denotes the dynamic impact of such hazards, natural hazards are generally considered within a physical or social 

context (Biles & Cobos, 2007: 281). Natural disasters may be dominant and powerful mechanisms of direct or indirect release of 
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hazardous material. In fact, when industrial sites are located in naturally hazard-prone areas, loss of containments and 

technological accidents may be induced by natural events, leading to the so-called NaTech accidents (Marzo et al, 2015: 92). In 

this paper, a natural-technological disaster is considered as any kind of accident in the techno-sphere triggered by any natural 

event. Given the importance of these issues and the lack of research on the subject, compared to the studies of natural hazards, 

this study attempts to identify main technological hazards caused by natural disasters in the urban areas. This study answers the 

following key questions: What are the most important technological hazards caused by natural disasters in the urban areas? What 

are the relations and sequences of technological hazards caused by natural disasters in the urban areas? In order to answer the 

study questions, first the literature review and previous applied studies will be provided. Then, the research methodology, data 

collection tools and data analysis techniques are discussed. The relations and sequences of indicators are determined using 

interpretative-structural modeling technique. Finally, some practical suggestions are offered based on the research results.  

 

2. Theoretical Framework and Literature  

2-1- Natural Disasters  
A "disaster" is defined as an event that causes serious interruptions, resulting in widespread human, material, or economic losses 

beyond the coping capacity of a certain society. Disaster management involves a series of actions and processes that are designed 

to lessen hazardous accidents before they become disasters (ICSU, 2007: 4). Natural hazards are natural processes or phenomena 

occurring in the biosphere that can constitute a destructive event. "Natural hazards" can be classified by origin i.e. geological, 

hydro-meteorological, or biological. Hazardous events may differ in magnitude or intensity, frequency, duration, area of extent, 

speed of onset, spatial dispersion, and temporal spacing. "Natural disaster" is a dangerous event in which a natural hazard 

interacts with individual and community exposure and vulnerabilities to trigger negative social and economic effects on a scale 

that is beyond the coping capacity of the affected population (ibid: 25). 

  

2-2-Technological Hazards  
A ‘hazard’, by definition, is any event, phenomenon, or human activity that may cause loss. Natural and human-induced factors 

may act together to generate a hazard. For example, earthquakes are normally natural hazards, but they can also be intensified by 

mining activities or the impoundment of large dams. A landslide can be created by a combination of heavy rains, light earth 

tremors, and deforestation (ICSU, 2007: 4). Technological hazards can affect localized or widespread areas are frequently 

unpredictable, they cause financial damage and loss of life, and they can also significantly affect infrastructure in many areas. 

FEMA acknowledges that a comprehensive strategy to mitigate hazards can not address natural hazards alone.  

FEMA and other disaster and mitigation experts have recognized that natural events may intensify technological hazards. It is 

also acknowledged that one technological event can lead directly to another.  

One of the main aspects of crisis management consists of the comprehensive analysis of generated impacts. Hence, in order to 

help crisis management, a comprehensive evaluation of the potential impacts that may result as a consequence of a disaster must 

be carried out as crisis managers, including civil protection, emergency services and local authorities among others; they have to 

be aware of the consequences to improve their preparation and to better respond when a disaster occurs (Laugé et al, 2015: 424-

425). Disaster risk management is a systematic process of using administrative decisions, organization, operational skills, and 

capacities to implement policies, strategies, and coping capacities of the society so as to mitigate the impacts of natural hazards 

and related environmental and technological disasters. Disaster risk management encompasses all forms of activities, including 

structural and non-structural measures to prevent or to limit the adverse impacts of hazards (ICSU, 2007: 24).   

3- Identification of technological hazards caused by natural disasters   

In recent years, NaTech events have received a significant attention and several reviews on NaTech events have been published 

(Showalter & Myers, 1994; Rasmussen, 1995; Hudec & Luks, 2004; Chang & Lin, 2006; Cruz et al, 2006; Salzano et al, 2009; 

Krausmann et al, 2011; Koseki et al, 2012;  Salzano et al, 2013). Although the recent cases of NaTech accidents are reported in 

the literature (Cruz & Okada, 2008; Picou, 2009; Cruz & Krausmann, 2009; Cozzani et al, 2010;), only few studies have 

addresses necessary approaches and methodologies to face the problems they cause (Cozzani et al, 2006;  Galderisi et al, 2008; 

Cruz & Okada, 2008; Fendler, 2008; Krausmann & Mushtaq, 2008). FEMA has identified some of the technological hazards as 

warranting attention including dam failures, fires, hazardous materials events, nuclear accidents, national security hazards, power 

failures, and telecommunications failures (FEMA, 1993). 

Based on previous studies, the main technological hazards caused by natural disasters are presented in Table 1. 

 

Table 1- Types of technological hazards caused by natural disasters   

Symbol Hazard  

A Dam failures 

B Failures of power supply 

C Failures of heat supply  

D Failures of water supply  

E Car crashes 

F Railway accidents  

G Aircraft crashes 

H Shipwrecks 

I Fires and explosions 
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K Pipeline ruptures 

L 

Sudden collapses of 

buildings and 

constructions 

M 
Accidents with 

contaminant releases 

 

In a study, Laugé et al (2013) have explained the need for developing a holistic natural disaster impact framework. Their 

framework can improve natural disasters impact evaluation which helps crisis managers improve all phases of crisis 

management. Petrova and Krausmann (2011) also have studied the natural hazards and technological accidents. The main 

purpose of their study is to increase awareness of the growing problem of natural hazards triggering technological failures and 

accidents and to propose methods and tools to mitigate the related hazard. In their study, Krausmann et al. (2011) have discussed 

the risk of chemical accidents triggered by earthquakes, floods and lightning. Their study outlines the ongoing efforts in the 

development of new concepts and tools for Natech hazard and vulnerability ranking, risk assessment, risk-based design, and 

emergency planning and early warning. In a study conducted by Marzo et al (2015), a short-cut methodology for assessing the 

vulnerability of a territory in natural–technological risk estimation has been defined. Their proposed methodology has been 

validated by comparing its results with quantitative risk analysis results, involving earthquake-related NaTech events. In another 

study, Laugé et al (2015) have developed a disaster impact framework to help crisis management assess natural disasters impact. 

Their framework has a holistic perspective including all sectors affected by natural disasters with a specia focus on critical 

infrastructures. A study conducted by Kepekci and Ozcep (2011) presents a contribution to earthquake disaster mitigation studies 

for the selected cities of Turkey. The risk assessment is based on earthquake hazard analysis and city information. A probabilistic 

seismic hazard analysis has been carried out for each city using Poisson probabilistic approaches. The authors suggest the risk 

level assessment of each city using the number of houses, the per-capita income of residents, population, and ground motion 

levels. Their proposed approach can also be applied to industrial installations. The findings of Link et al. study (2014) implies the 

importance of an integrated approach, concerning the complexity of urban life, and the relationship between the urban, social, 

and environmental phenomena. A study by Petrova (2011) has discussed a broader range of technological accidents triggered by 

natural disasters in Russia. The study also includes natural-event impacts on non-chemical critical infrastructures, industrial, and 

transport facilities causing accidents, failures, and crashes. The main goal of this study is to identify the type and frequency of the 

natural causes that intensify the technological accidents in Russia, to determine their proportion among the other non-natural 

causes of accidents, and to trace regional differences in their occurrences through an electronic database.  

 

4- Interpretative-Structural Modeling   
Interpretive structural modeling (ISM) technique has been used for clustering the technological hazards caused by natural 

disasters in urban areas. Given that the main purpose of this study is to cluster the technological hazards caused by natural 

disasters in urban areas, it can be said that this is an applied research. Experts' view has been used to determine the relations and 

sequence of the hazards identified by ISM. 

Sage proposed ISM in 1977. ISM method is an interpretative structural method that was introduced by Agarwal (2006) and it was 

presented by Cannan in 2007. In this method, first effective factors are identified and then the relations between them and the 

way to achieve progress through them are provided. ISM method analyzes the correlation between measures at several levels. 

ISM is able to determine the relation between the measures that are interrelated to each other individually or in groups. ISM 

method can be used to analyze the relation between the characteristics of several variables that are defined for a problem 

(Warfield, 1974; Sage, 1997). ISM is a methodology for creating and understanding the relationships between the elements of a 

complex system. In other words, ISM is an interactive process in which a set of different and interrelated elements are structured 

in an integrative systematic model. ISM methodology provides great help to establish order in the complex relationships between 

the elements of a system. ISM also helps determine the interrelations between variables and it can prioritize and analyze the 

effect of a variable on the other variables. Furthermore, the model helps managers in better implementation of the designed 

model (Azar et al., 2010).        

In this model, after identifying the study dimensions and criteria, the relations between these criteria are analyzed using a 

contextual relationship of ‘leads to’ or ‘influences’. The states and signs used in this conceptual model are shown in table 2.   

Table 2- Signs used in the design of ISM  

V A X O 

Factor i will influence factor j Factor i will be  

influenced by 

factor j 

Factors i and 

j will influence 

each other 

i and j are 

unrelated 

4-1- Identification of decision-making criteria  

In this study, first twelve criteria have been selected based on the relevant literature and specialized interviews. According to the 

model, the next step is to identify the pattern of the causal relationships between them. The experts' view is used to reflect the 

interrelationships between main criteria. In this technique, the experts are more dominantly able to express their opinions on the 

direction and severity of impacts among factors. The resulting matrix (internal factor evaluation matrix) represents either the 

causal-effect relationships between factors or effective and affected factors.  In this study, after identifying dimensions and 

criteria, the relations between these criteria have been analyzed using a contextual relationship of ‘leads to’ or ‘influences’. 
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Table 3- main criteria 

  A B C D E F G H I K L M 

A 1 0 1 1 1 1 0 1 1 0 1 1 

B 1 1 0 0 1 1 1 1 1 0 1 0 

C 1 1 1 0 1 0 0 1 0 1 0 0 

D 1 1 0 1 1 1 1 0 1 0 0 0 

E 1 0 1 1 1 0 1 1 1 0 0 0 

F 1 1 1 1 0 1 1 0 0 1 1 1 

G 0 1 0 0 1 1 1 1 1 1 0 0 

H 1 0 1 0 1 0 0 1 1 0 1 1 

I 1 1 0 1 0 0 1 0 1 1 0 0 

K 0 1 0 1 0 0 1 0 1 1 1 1 

L 1 0 0 1 1 1 0 1 1 1 1 1 

M 1 0 0 1 1 1 0 1 1 1 1 1 

 

4-2- Structural Self-Interaction Matrix (SSIM) 
SSIM consists of the study criteria and comparing them using four states of conceptual relationships. This matrix is completed by 

the process-oriented experts. The data is summarized based on ISM and the final SSIM is formed. The logic of ISM acts in 

accordance with nonparametric methods and on the basis of mode in frequency (Azar & Bayat, 2008: 10). The matrix is 

completed by the experts and it is considered as the entry of ISM. The resulting matrix is obtained by converting SSIM into a 

two-valued matrix between 0 and 1. In this matrix, the elements of the main diagonal equal 1. The secondary relationship must be 

also controlled for reliability i.e. if A leads to B and B to C, then A should be led to C. In other words, the direct effects must be 

considered according to the secondary relationship, otherwise, the table should be corrected and the secondary relationship must 

be also shown. Therefore, the matrix of ISM technique is presented in table 4.   

       
Table 4- the study variables' SSIM 

  A B C D E F G H I K L M 

A 1 1 1 1 1 1 0 1 1 1 1 1 

B 1 1 0 0 1 1 1 1 1 0 1 0 

C 1 1 1 0 1 0 0 1 0 1 0 0 

D 1 1 0 1 1 1 1 0 1 0 0 0 

E 1 0 1 1 1 0 1 1 1 0 0 0 

F 1 1 1 1 0 1 1 0 0 1 1 1 

G 0 1 0 0 1 1 1 1 1 1 0 0 

H 1 0 1 0 1 0 0 1 1 0 1 1 

I 1 1 0 1 0 0 1 0 1 1 0 0 

K 0 1 0 1 0 0 1 0 1 1 1 1 

L 1 0 0 1 1 1 0 1 1 1 1 1 

M 1 0 0 1 1 1 0 1 1 1 1 1 

 

4-3- Determining the relations and ranking of criteria  

A set of inputs and outputs for each criterion should be extracted from the matrix to determine the relations and ranking of 

criteria. The outputs' set includes criterion and criteria that are affected by it. The inputs' set includes criterion and criteria that 

affect it. Then the mutual relations' set is determined.   
Table 5- inputs and outputs' set for ranking  

  Output: effective  Input: affected  

A A,B,C,D,E,F,H,I,K,L A,B,C,D,E,F,H,I,L 

B A,B,E,F,G,H,I,L A,B,C,D,F,G,I,K 

C A,B,C,E,H,K A,C,E,F,H 

D A,B,D,E,F,G,I A,D,E,F,I,K,L 

E A,C,D,E,G,H,I A,B,C,D,E,G,H,L 

F A,B,C,D,F,G,K,L A,B,D,F,G,L 

G B,E,F,G,H,I,K B,D,E,F,G,I,K 

H A,C,E,H,I,L A,B,C,E,G,H,L 

I A,B,D,G,I,K A,B,D,E,G,H,I,K,L 

K B,D,G,I,K,L A,C,F,G,I,K,L 

L A,D,E,F,H,I,K,L A,B,F,H,K,L 

M A,D,E,F,H,I,K,L A,F,H,K,L 

 

The firs row, which the intersection of two sets equals the input set, is identified as the first rank priority. If the intersection of 

input set and output set is equaled, the variable is at the highest rank of the ISM hierarchy. After ranking, the criterion that is at 

the first rank is removed from the entire set and the input and output sets are re-formed and the ranking of the next variable is 

obtained (Javanmardi et al., 2011: 125).   
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Table 6- the first rank of ISM hierarchy  

  Output: effective  Input: affected  Intersection  Rank 

A A,B,C,D,E,F,H,I,K,L A,B,C,D,E,F,H,I,L A,B,C,D,E,F,H,I,L 1 

B A,B,E,F,G,H,I,L A,B,C,D,F,G,I,K A,B,F,G,I   

C A,B,C,E,H,K A,C,E,F,H A,C,E,H   

D A,B,D,E,F,G,I A,D,E,F,I,K,L A,D,E,F,I   

E A,C,D,E,G,H,I A,B,C,D,E,G,H,L A,C,D,E,G,H   

F A,B,C,D,F,G,K,L A,B,D,F,G,L A,B,D,F,G,L 1 

G B,E,F,G,H,I,K B,D,E,F,G,I,K B,E,F,G,I,K   

H A,C,E,H,I,L A,B,C,E,G,H,L A,C,E,H,L   

I A,B,D,G,I,K A,B,D,E,G,H,I,K,L A,B,D,G,I,K   

K B,D,G,I,K,L A,C,F,G,I,K,L G,I,K,L   

L A,D,E,F,H,I,K,L A,B,F,H,K,L A,F,H,K,L   

M A,D,E,F,H,I,K,L A,F,H,K,L A,F,H,K,L 1 

 

Therefore, A, F, and M are the first-rank variables. After identifying the first-rank variables, these variables are removed and the 

input and output sets are determined regardless the first-rank variables. The common set is determined and variables that their 

intersection equals input set are selected as the second-rank variables. The calculations to determine the second rank of ISM 

hierarchy are presented in table 5.    

 
Table 7- the second rank of ISM hierarchy 

  Output: effective  Input: affected  Intersection  Rank  

B B,E,G,H,I,L B,C,D,G,I,K,L B,G,I,L   

C B,C,E,H,K C,E,H C,E,H 2 

D B,D,E,G,I D,E,I,K,L D,E,I   

E C,D,E,G,H,I B,C,D,E,G,H,L C,D,E,G,H   

G B,E,G,H,I,K B,D,E,G,I,K B,E,G,I,K   

H C,E,H,I,L B,C,E,G,H,L C,E,H,L   

I B,D,G,I,K B,D,E,G,H,I,K,L B,D,G,I,K   

K B,D,G,I,K,L C,G,I,K,L G,I,K,L   

L B,D,E,H,I,K,L B,H,K,L B,H,K,L 2 

 

According to the output of the calculations to determine the second rank of ISM hierarchy, C and L are the second-rank variables.  

The second-rank variables are removed to determine the 3rd rank elements and the input and output sets are calculated 

irrespective the 2nd rank variables. Based on table 6, the common set is determined and variables that their intersection equals 

input set are selected as the 3rd rank variables. According to the output of the calculations to determine the 3rd rank of ISM 

hierarchy, K is the 3rd rank variable.  

 

 

 

Table 8- the 3rd rank of ISM hierarchy 
  Output: effective  Input: affected  Intersection  Rank  

B B,E,G,H,I B,D,G,I,K B,G,I   

D B,D,E,G,I D,E,I,K D,E,I   

E D,E,G,H,I B,D,E,G,H D,E,G,H   

G B,E,G,H,I,K B,D,E,G,I,K B,E,G,I,K   

H E,H,I B,E,G,H E,H   

I B,D,G,I,K B,D,E,G,H,I,K B,D,G,I,K   

K B,D,G,I,K G,I,K G,I,K 3 

 
K is removed to determine the 4th rank elements and D is selected as the 4th rank element based on new input and output sets.   

 

Table 9- the 4th rank of ISM hierarchy 

  Output: effective  Input: affected  Intersection  Rank  

B B,E,G,H,I B,D,G,I B,G,I   

D B,D,E,G,I D,E,I D,E,I 4 

E D,E,G,H,I B,D,E,G,H D,E,G,H   

G B,E,G,H,I B,D,E,G,I B,E,G,I   

H E,H,I B,E,G,H E,H   

I B,D,G,I B,D,E,G,H,I B,D,G,I   

 

To determine the 5th rank elements, D is removed, thus, B and G are selected as the 4th rank elements.  
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Table 10- the 5th rank of ISM hierarchy 

  Output: effective  Input: affected  Intersection  Rank  

B B,E,G,H,I B,G,I B,G,I 5 

E E,G,H,I B,E,G,H E,G,H   

G B,E,G,H,I B,E,G,I B,E,G,I 5 

H E,H,I B,E,G,H E,H   

I B,G,I B,E,G,H,I B,G,I   

 
Finally, E and H are identified as the 6th rank variables.  

 

Table 11- the 6th rank of ISM hierarchy 

  Output: effective  Input: affected  Intersection  Rank  

E E,H,I E,H E,H 6 

H E,H,I E,H E,H 6 

I I E,H,I I 7 

 

Fig.1 shows the final ranking model of the variables. According to this figure, only the significant relations of each row on the 

lower rank elements and the significant internal relations of the elements of each row are considered.   
 

Fig.1. the basic model developed by ISM  

                                                 

Conclusions and suggestions 

The more urbanization moves towards the modernism, the more human being is depended on the technology. On the other hand, 

any malfunction, disruption or failure of IT-based systems may dramatically have negative and harmful effects on people's lives. 

The risks of disruption in technology is no longer associated with science-fiction stories; nowadays, the human life, especially in 

urban communities, is incorporated in technology such a way that people's lives and works have extremely become  vulnerable to  

the technological disorders. Furthermore, there is always the potentiality of the natural disasters. The results indicated that the 

most primary outcomes of a major natural disaster include widespread power failure (housing, transportation, banking, industry, 

trade etc.), failure of oil and gas pipelines, disruptions in satellite systems and communication lines, and interruption in air, sea 

and land transportation systems.  

Like all other hazards, for proper management of potential crises caused by the technology, the essential plans must be developed 

and implemented for prevention, preparedness, response and recovery. Of course, these plans require a correct analysis of the risk 

posed by this hazard for the country. In fact, the study revealed that what is the sequence and relationship of the potential 

damages caused by the occurrence of this phenomenon on the study population which could be the whole country, a province, a 

city or an economic sector or a particular activity. Based on the extensive consequences of the hazards, it could be realized what 

would be the costs and benefits of implementing precautionary and preparedness measures. The main recommendations that 

could be offered at the national level to better manage crises posed by this phenomenon included:     

 The formation of a national committee composed of various organizations in charge of critical infrastructure for 

directing, policy-making, and planning  

I 

B 

H E 

D 

G 

K 

C L 

F A M 
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 The analysis and assessment of technological hazards caused by natural disasters and the scrutiny of its effects on 

the lifelines such as power, telecommunications, aviation, railway, and pipeline. This analysis should also take into 

account the successive effects posed by the failure of one of these lifelines on the performance of the others.  

 Preparation of a national plan for the prevention of the technologic consequences caused by natural disaster based 

on the risk analysis noted in this study.  

 Joining the international efforts initiated for monitoring and warning systems of the technological hazards around 

the world. These efforts are attempted to develop and optimize the equipment required for the prediction and 

response to such incidents.   

Providing public education to people and familiarizing them with how to contribute to mitigate the hazards of technological 

accidents.  
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ABSTRACT: Flood hazards in coastal regions induce risks toward lives, property, economy and the environment. In need of 

sustainable and holistic actions to reduce risks, these should include innovative Disaster Risk Management (DRM) and Climate 
Change Adaptation (CCA) measures. While differing on important parameters such as political commitment, awareness and 

uncertainty of the hazard/risk, commonalities between DRM and CCA can also be identified that affect human settlement, 

institutional adaptation, and the economy. This supports coordination of mitigation and adaptation measures to create resilience 

and sustainable solutions that take into account present and future outcomes. Adaptation must be integrated in existing policy 
making and be a planning process priority to become effective, however. In relation to coastal hazards in Denmark, deficits are 

identified in how DRM is brought into effect, e.g. though lack of planning and awareness. This, we argue, may be the golden 

opportunity to improve the national DRM-CCA integration. Past coastal risk mitigation and adaptation in Denmark only focused 

on structural measures. Due to a long coastline this is neither a sustainable nor an economically feasible solution ahead, and 
emphasis on non-structural measures is crucial. From qualitative research, we show that for the Danish case this should include: 

new policies, legislative changes, a higher degree of preparedness, and an improved awareness among stakeholders and civil 

society. The shift towards non-structural measures is hampered by lack in coordination that should be improved to agree e.g. on 

an acceptable risk definition and to avoid duplicating efforts. To advance awareness and coordination between DRM and CCA 
and to improve measures, a bottom-up approach could by initiated by civil society using recent flood events to exert pressure on 

the national government, and in a top-down approach the government could identify the needs among the civil society to include 

these in the decision-making process. 

Keywords: climate change, disaster risk management, vulnerability, non-structural measures, acceptable risk, coordination, 
awareness  

1. INTRODUCTION 

Over the past years an increasing number of publications address the need to link disaster risk management (DRM) and climate 
change adaptation (CCA). This is not limited to scientific papers and international frameworks like the Hyogo and Sendai 

frameworks for Action (UN, 2005; UN, 2015) also emphasize on the creation of much stronger links between CCA and DRM 

and especially disaster risk reduction (DRR). It is widely accepted that the need for DRR and CCA support is most profound 

among vulnerable and poor populations in developing countries. However, history shows that highly developed and 
industrialized societies are impacted by catastrophic events, too. Examples are 2005 Hurricane Katrina (estimated loss US$ 125 

billion), 2011 Thai floods (est. loss US$ 40-46 billion), and the 2011 Tohoku earthquake and tsunami (est. loss US$ 210-375 

billion) (Davis and Alexander, 2013). These large economic losses are mainly due to the interlinked vulnerability pattern found in 

developed countries. In addition, developing countries will often have responsive and adaptive capacities that are difficult to 
implement in industrialized countries. Industrialized societies thus also need to implement and integrate DRR and CCA.   

Denmark’s 7,300 km predominantly low-lying coastline will be highly impacted by climate change and increased flooding from a 

general rise in mean sea level and in extreme storm surge water levels potentially exceeding one meter by the end of this century 

(Grinsted et al., 2015; Jevrejeva et al., 2014). The hazard, vulnerability, and risk assessments performed as a part of 
implementation of the EU Floods Directive estimated a potential loss in the 10 appointed risk areas exceeding $ 4 billion by 2100 

(DCA, 2013). Here, as well in many of the world’s coastal regions, future risks associated with storm surges must be understood 

to aid adaptation, management and sustainable development planning (Wong et al., 2014). Often adaptations to hazards are only 

implemented after a disaster has impacted an area (Jasanoff, 2010) and this is true for Denmark as well (Sorensen et al., 2010). 
Severe floods associated with the 5-6 December 2013 storm Xaver showed low levels of awareness and preparedness in the 

affected areas (Municipality of Roskilde, 2014). From a hazard perspective there is a need to focus on and improve CCA and 

DRM and especially DRR in Denmark, too. 

2. DRM AND CCA IN A FLOOD RISK CONTEXT 

Disaster risk management is by the IPCC (2012) understood as the: Processes for designing, implementing and evaluating 

strategies, policies and measures to improve the understanding of disaster risk, foster disaster risk reduction and transfer, and 

promote continuous improvement in disaster preparedness, response and recovery practices, with the explicit purpose of 
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increasing human security, well-being, quality of life and sustainable development”. Except for climate change being a slow on-

set disaster the communalities are large. It is important that both DRM and CCA do not just involve designing projects or making 
lists with measures which can reduce potential impacts. In a state context it needs coordinated national and local initiatives and 

mitigating measures which will create ownership and increase awareness.  

The mitigating and adaptive measures which should be used in an integrated approach to lower the risk of current and future 

flooding may be divided into four types: structural, semi-structural, non-structural and environmental (Davis and Alexander, 
2013). Structural measures include engineered coastal protection (e.g. dikes, seawalls and breakwaters) as well as climate change 

adaptation initiatives when engineering new or retrofitting existing buildings ones, and the strengthening of infrastructure and 

critical infrastructure. Non-structural measures relate to organizational planning and preparedness and include disaster planning, 

warning systems, evacuation plans, business continuity planning, land use control, and the creation of awareness amongst the 
population. Semi-structural measures may be regarded as measures in which humans have to carry out actions involving risk 

reducing activity as a response. These include flood proofing where portable barriers can be used to limit flooding. 

Environmental measures relate to flood protection where elements in the nature are used to prevent flooding. In Denmark, these 

include sand nourishments to limit coastal erosion and the creation and reservation of flood storage areas.  

3. DRR AND CCA IN DENMARK 

It is well established that due to the close relationship between DRR and CCA they would improve from close coordination. 

Flood risk management in Denmark is in need of improved DRR and CCA and therefore also improved coordination. For 
instance, CCA is not mentioned in the Danish emergency legislation, and municipal flood risk preparedness and risk management 

plans in Denmark are developed in coastal regions without defining an acceptable risk for enforcement of implementing 

mitigation or adaptive measures. Qualitative research shows a strong need to improve the non-structural measures (Jebens et al., 

accepted). This includes:  

A) defining acceptable risks, 

B) improved coordination between stakeholders, 

C) changes in legislation and,  

D) an increase in awareness.   

A: An acceptable risk has so far not been identified in any plans, and levels of protection do not reflect the different potential 

impacts along the Danish coastline. The protection efforts in the municipalities occur ad hoc and do not target the real threat, and 

will potentially transfer risks to neighbouring areas. In addition, coastal areas are under a high pressure to develop as a result of 

economic interests. Indecisiveness and uncertainty in decision-making does not lead to improved coordination.     

B: Multiple initiatives seek to mitigate and adapt to flooding but there is a profound lack of coordination. This may partly be 

related to the governmental structure and system in Denmark where implementation of neo-liberal reforms has changed the 

relationship between the national government and the municipalities who are in in charge of implementing measures. The 

national government only produces guidelines to the municipalities who must implement measures from a limited set of 
resources, knowledge and capacities (Sorensen and Jebens, 2015). In such a system more emerging problems are likely to receive 

more attention.  

C: The failure to enforce legislation which requires relevant partners to reduce risks is often regarded as a root course for many 

failures in risk management (Davis and Alexander, 2013). In Denmark, DRM and CCA only vaguely appear in legislation and, 
except for EU legislation in relation to the Floods Directive, no explicit links between DRM and CCA exist. In addition, current 

coastal protection legislation involves a process which is difficult for the civil society to understand.  

D: There is low awareness in Denmark towards flooding and especially among the civil society. Hitherto, floods have been rare 

and of a limited extent rarely impacting entire communities or large groups of people. Recent events like Xaver clarify needs to 
raise awareness and preparedness across levels of governance.  

4. IMPROVEMENTS NEEDED IN COORDINATION OF CCA AND DRM 

Improvements for CCA are struggling to gain acceptance because climate change is a slow unset disaster in which the future is 
unknown. At the same time it may be perceived as a hindrance to economic development and therefore little attention is paid to 

the challenges by the current Danish administration. From a literature review Rivera (2014) defined a number of points of 

importance to improve links between CCA and DRR, which are also valid in a Danish context: 

1. Understand CCA and DRR in a political context.  

2. Use international and national plans, legislation and frameworks to improve DRM and CCA and the coordination between 

them. This includes revising plans, programs and activities. 

3. Develop and evaluate programs and strengthening of capacity.  
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4. Stakeholders and government need to build cross-cutting partnerships and to: Influence decision making, improve monitoring 

system, and learn from experience. 

Changes in legislation and creating frameworks will need to go hand in hand with more practical work to increase knowledge and 

awareness. One way to improve the link is to encourage stakeholders to move away from silo thinking which in the past has been 

identified between climate change adaption and disaster risk management. Evidence based policies are needed as well to inform 

governments on how to allocate their resources more strategically, and this could be supplemented by applying and integrate 
tools for DRR and CCA in order to manage the escalating threats. A number of proactive steps should therefore be followed to 

more easily deal with underlying factors: Collect crucial information to make informed decision making; Encourage governments 

to initiate the process by implementing small scale initiatives with specific goals so that progress can be monitored and measured; 

Include the civil society, where they should recognize their own role to increase the pressure on the government and decision-
makers. 

Due to the fact that coastal urban areas in Denmark and abroad concentrate economic activity and the majority of the population, 

the need to integrate CCA and DRM is particularly urgent in these areas. This increases the need to address risk management in 

urban planning since the vulnerabilities will increase.    

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Demark has together with many other countries agreed to implement the Hyogo Framework for Action. A review of the five 

priorities for action in a flood risk context reveal gaps which should be filled during the implementation of the Sendai Framework 
for Disaster Risk Reduction.  

Actions for priority two are well established. The Danish Coastal Authority has made national screenings of the hazard, 

vulnerability and risk for coastal flooding to fulfill the EU Floods Directive, hereby appointing areas most in need to implement 

measures. In addition, early warnings are well established. 

For the other priorities there is a need for improvement. The authors of the present paper find that there is a lack of coordination 

and awareness at all levels, a need for new legislation, and an urgent need for definitions of acceptable risk. These issues are all 

core elements of the priority actions one and three. The paper does not explicitly focus on the elements in priority actions four 

and five although Jebens et al. (2016) identify gaps in how underlying vulnerabilities are reduced and in preparedness planning. 

Future work will therefore involve improvements on both DRM/DRR and CCA individually hereby giving rise to a golden 

opportunity to improve the coordination between them. Building on the EU Floods Directive there is also an opportunity to 

involve municipalities who are in daily contact with the civil society. This could lead to an increased awareness.         

5. CONCLUSIONS 

The opposite of creating vulnerability is to build capacity through a combination of DRM and CCA. In order to minimize flood 

impacts in the coastal zone of Denmark there is a need to define holistic and sustainable solutions to increase the capacity to 

adapt and mitigate the flood risk. Mainstreaming climate change adaptation and improved coordination with disaster risk 
management could create the foundation for this capacity increase and create awareness in the civil society in general. 

Development equally has to be incorporated into this process. Integration of DRM and CCA must be incorporated into local and 

national development policies and practices. Minor projects, where civil society can follow and engage in the process, may serve 

as a starting point. 
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Abstract  

 

Terrorism remains a global problem that threatens the peace and economic development of 

nations. Nigeria has a long history of terrorist activities which have developed into sophisticated 

armed conflicts and violent terrorism in the contemporary times. This paper examines the nature, 

dimensions and the humanitarian crises that characterize the aftermath of armed conflict in 

Nigeria. The study relied of secondary data sourced from existing literature and official records. 

The findings show that land disputes, agitation for compensation, religious intolerance and 

struggle for political power are among the factors that promote terrorism. The Boko Haram 

insurgency, Niger Delta militancy, Farmers – Pastoralists conflicts, Inter-communal clashes and 

Kidnappings are the main strands of terrorism in Nigeria. The various terrorist activities manifest 

in disasters that bring about destruction lives and properties, infrastructure damage, population 

displacement and general environmental damage. In year 2010, Benue, Kaduna, Nasarawa, and 

Plateau States in the Middle Belt of Nigeria lost $2.3 million internally generated revenue (IGR) 

due to farmer-pastoralists conflicts.  Terrorism has destroyed many settlements in the North East, 

North Central and South East of the country. The 2,152,000 internally displaced persons (IDPs) 

face a lot of humanitarian crises in the IDP camps.  Statistics show that a total of 800,000 people 

are severely food insecure and require immediate food assistance in Borno and Yobe States. One 

million children are in need of education while the risk of diseases is high. Women and children 

in 25 camps reported lack of safety in the camps.  The negative consequences have serious 

implications for disaster risk management in Nigeria. The paper recommends the use of 

alternative dispute resolution methods, mass education and reorientation, poverty reduction, 

social justice and equity, coordinated  IDP camp management, provision of permanent 

emergency shelters and WASH as well as immediate rehabilitation of conflict affected 

settlements as strategies for reducing terrorism and associated humanitarian crisis in Nigeria.  

 

 

Keywords: Terrorism, Armed Conflict, Disaster and Humanitarian Crises 

 

 

1. Introduction 

Terrorism or armed conflict of various dimensions remains a global problem that not only 

threatens the peace and economic development of nations, but constitutes a major risk factor that 

engenders humanitarian crises across the globe. Nigeria, like many other countries of the world, 

has a long history of terrorist activities. However, the few, low level of violence and communal 
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disputes of the pre-independence era have manifested into sophisticated armed conflicts and 

violent terrorism in the contemporary times. 

In the last two decades, act of terrorism and conflicts in Nigeria have brought about serious 

humanitarian crises, infrastructure damage and environmental degradation. The humanitarian 

crises engendered by the Boko Haram terrorists, the Fulani herdsmen and the Niger Delta 

militants is severe, as millions of Nigerians have been turned into refugees in their own country. 

It is estimated that Nigeria has 3.3 million internally displaced persons (IDPs) in 2015. 

According to the Internal Displaced Monitoring Centre (IDMC), Nigeria has the largest 

population of persons displaced by conflict in Africa. The country has an equivalent of 10 per 

cent of IDPs in the world, ranking only behind Syria with 6.5 million IDPs and Colombia with 

5.7 million IDPs.  This paper examines the nature of terrorism in Nigeria and the disasters\ 

humanitarian crises associated with armed conflicts. The intention is to establish the relationship 

between terrorism and disaster occurrence with a view to recommending measures for addressing 

conflict induced disasters in Nigeria.  

2. Nigeria: Location and Setting  

 

The Federal Republic of Nigeria is situated in the Western part of Africa within latitudes 4° to 

14°N of the Equator and longitudes 3° to 15°E of the Greenwich Meridian. It shared boundary 

with Cameroon and Chad in the east, Niger in the north, Benin Republic in the west and the Gulf 

of Guinea in the Atlantic Ocean in the south (Figure 1). Nigeria is made up of 36 federating 

States and the Federal Capital Territory (FCT) with Abuja as the capital city. 

                                                                            

  
  Figure 1: Location of Nigeria in Africa 

 

3. The Causes and Dimensions of Terrorism in Nigeria 

Terrorism in Nigeria is attributed to a number of factors including ethnic clashes; land disputes; 

agitation for resource control and compensation; religious intolerance\extremism; struggle for 

Name   Federal Rep. of Nigeria 

Continent\region Africa\West Africa 

Landmass  923,768 km
2
 (1.4% water) 

Population  174,507,539 (2013 est.) 

GDP   $500 billion (2015 est.) 

Life expectancy 52.5 (2013 est.) 

Human Dev. Index 0.504 (2013 estimate 

Major ethnic groups Hausa, Yoruba, Igbo 

Official language English language 
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political power; high population of uneducated youths and poverty. There are three dimensions 

of terrorism in Nigeria which are summarized below. See plates I – III. 

i. Inter-communal Conflicts: - Violent clashes among several communities arising 

from struggle over control of land and economic resources as well as age long ethnic 

rivalry and religious intolerance occur frequently in Nigeria. The escalating armed 

conflict between the farmers and Fulani herdsmen over grazing land in Benue, 

Plateau, Taraba, Zamfara, Kaduna, Nasarawa, Niger and many other States is a major 

form of inter- communal conflicts in Nigeria. Communal clashes in Nigeria have 

resulted into loss of many lives and revenues. In year 2010, Benue, Kaduna, 

Nasarawa, and Plateau States in the Middle Belt of Nigeria lost $2.3 million 

internally generated revenue (IGR) due to farmer-pastoralists conflicts (Mercy Corp, 

no date). 

    

ii. Boko Haram Insurgency: - The Boko Haram is a group of Islamic militants that 

emerge in 2002. The group is engaged in armed conflict against the Government of 

Nigeria and local communities in the North-east of the country. The Boko Haram 

terrorists have carried out numerous devastating attacks in Adamawa, Bauchi, 

Gombe, Taraba, Yobe Federal Capital Territory (FCT) and other States of Nigeria.  

Since 2009, the terrorist group has killed between 15,000 - 20,000 people, destroyed 

infrastructure worth more than $1 billion and displaced about 2.3 million people from 

their homes (Wikipedia Encyclopedia, 2016).  

 

iii. Niger Delta Militancy: - The Niger Delta region of Nigeria is the home of several 

militant groups agitating for oil resource control, compensation and environmental 

restoration in the Eastern part of Nigeria. Over the years, militant groups liked the 

Indigenous people of Biafra (IPOB), Movement for the Emancipation of the Niger 

Delta (MEND), Niger Delta Avengers(NDA), The Red Egbesu Water Lions, etc. 

have carried out attacks on the Nigerian oil infrastructure, killing and kidnapping of 

people and destruction of the ecosystem of the region. 

      
  Plate I: Communal Conflict                Plate II: Boko Haram Terrorists         Plate III: Niger Delta Militants 
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4. Terrorism, Disasters and Humanitarian Crises in Nigeria 

Terrorism and armed conflicts have brought about many disasters and humanitarian crises in 

Nigeria. The destructive activities of terrorists are often associated with fire disaster, building 

collapse and environmental degradation. The numerous inter-communal conflicts, Boko Haram 

insurgency and Niger Delta militants’ attacks have caused substantial damage to urban and rural 

infrastructure; vegetation and other environmental resources as well as economic livelihoods of 

communities and Nigeria as a nation. For instance, the Boko Haram attacks have destroyed 

critical infrastructure like schools, hospitals, water and communication installations in the 

Northeast of the country. With respect to environmental damage, the study of Bassey and Aniah 

(2012) on Environmental Impacts of Conflict affirmed that the impact of conflicts goes beyond 

psycho-social, economic, demographic problems to include environment implications such as 

biodiversity loss, reduced agricultural productivity and creation of environmental refugees 

(IDPs) who overstress the carrying capacity of the environment. The oil spill arising from attacks 

on oil infrastructure has resulted into water pollution and land degradation in Ogoni land and 

other parts of the Niger Delta region (Plates IV) 

                   
Plate IV: Images of Conflict-induced Disasters and Environmental Degradation in Nigeria 

Population displacement and creation of environmental refugees are major consequences of 

Terrorism in Nigeria. The IDMC (2016) estimated that there are almost 2,152,000 internally 

displaced people (IDPs) in Nigeria as of 31 December 2015. There are  13,481 IDPs in Abuja; 

136,010 in Adamawa;  70,078 in Bauchi; 85,393 in Benue; 1,434,149 in Borno; 25,332 Gombe; 

36,976 in Kaduna; 9,331 in Kano; 37,553 in Nasarawa; 77,317 in Plateau; 50,227 in Taraba; 

131,203 in Yobe; and 44,929 in Zamfara. Out of the total figure, 12.6 percent were displaced due 

to communal clashes, 2.4 percent by natural disasters and 85 percent as a result of insurgency 

attacks by Boko Haram terrorists.  

The IDPs in over 43 camps in Borno, Adamawa and Taraba States face serious humanitarian 

crises. The problems faced by the IDPs include inadequate shelter, poor health and hygiene, poor 

access to education and livelihood opportunities. According to IOM’s Displacement Tracking 

Matrix (DTM) Round IX Report released in 2016, a total of 800,000 people are severely food 

insecure and require immediate food assistance in Borno and Yobe States. There are at least 

242,000 children with Moderate Acute Malnutrition (MAM) in Borno and 136,000 in Yobe with 

extremely limited health and nutrition services. The statistic of OCHA (2016) show that, 3.9 
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million people in the North-East are food insecure, and 2.5 million IDPs (especially children, 

pregnant and lactating women) are malnourished. Women and children in 25 camps reported 

lack of safety in the camps. One million children are in need of emergency education while 

susceptibility to disease is high as a result of ongoing disruption to basic services like health 

care, clean water and sanitation. The cholera outbreak of September 2015 that infected over 

1,000 people in IDP camps and surrounding communities in Maiduguri is a testimony of 

humanitarian crisis faced by IDPs in Nigeria. Plate V shows some images of humanitarian crisis 

in the IDP camps. 

 

 
 Plate V: Images of Humanitarian Crises in IDP Camps in Nigeria 

 

 

Conclusion and Recommendations 

 

Nigeria, like many other countries of the world faces the challenge of conflict-induced disasters 

and humanitarian crises. Terrorism has taken a heavy toll of on the nation’s human and material 

resources. Apart from loss of lives, properties and infrastructure damages, armed conflicts have 

contributed to environmental degradation and biodiversity loss. The Government of Nigeria and 

international communities have expended huge amount of resources on fighting terrorism and 

managing the IDPs. For instance, the United Nations released the sum of $58 million to assist 2.4 

million people affected by Boko Haram-related violence in 2015 while the sum of 10 billion Naira was 

approved by the Nigerian Senate for rehabilitation of settlements in Borno, Yobe and Adamawa 

States in March, 2016. Several billions of dollars which could have been used infrastructure and 

welfare development are currently being used form rehabilitation of settlements and victims 

affected by terrorism. 

 

The Nigerian government is making appreciable efforts in the fight against terrorism, IDP camp 

management and rehabilitation of settlements destroyed. For instance, about 90 percent of the 

IDPs in Adamawa have returned back to their homes in July, 2016. However, there is the need 

for proper coordination of IDP camp management. Permanent emergency shelters should be 

provided in conflict endemic regions and more personnel, food, basic health and sanitation 

facilities should be deployed to the IDP camps to save the current humanitarian crisis. There is 

the need for mass education and reorientation of the army of youths who are used by miscreants 

to perpetrate terrorism. Above all, the government should explore the different alternative 

conflict resolution strategies to reduce the current high level of insurgency and conflicts in 

Nigeria.   
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ABSTRACT: Corrosion of RC structures in environmentally aggressive area of Persian Gulf, results in a considerable annual 

loss. It also has been shown that, the phenomenon increases the annual probable seismic loss and seismic risk of the important 

infrastructure in the region. Several management systems with a variety of tools such as destructive and nondestructive 

methods have been developed for observation of structural condition and enhance the performance of the facility during its 

life cycle. Therefore, application of innovative nondestructive methods for tracing the variation of structural and dynamic 

characteristics of such facility can enhance the different management systems. Among the methods different methods for 

health monitoring and identifying the dynamic characteristics of the structures are increasingly employed for similar purposes. 

In this study, Peak-picking, Fourier spectrum, Wavelet transformations and Frequency domain decomposition(FDD), are 

studied investigate the capability of each method in identifying modal aspects, (e.g. natural periods, modal damping) of the 

structure. For this purpose, a numerical model of a bridge structure under chloride ion attack is developed in Opensees software. 

Simulated response of the corroded structure ambient vibration is calculated under ambient vibration and the results of different 

mentioned methods are calculated. The results are also calculated using the numerical model and discussion are presented 

about the performance of each identification method. The results demonstrate the benefits and weak point for each method. 

Keywords: system identification, aggressive environments, wavelet transformation 

1. INTRODUCTION 

Lack of information like how to build or injury or decline in materials in buildings, bridges, oil platforms and other structural 

systems over the life of structures as a result of various factors are causing unknown the behavior of structures. More fetal 

damage that can be corrected with early studies of structures status and thus, prevent The spread of damage in structures and 

buildings crumble and the risk of critical structures such as bridges can also be reduced. In general identification of structural 

systems means extracting modal parameters (frequency, damping, mode shape) through testing and dynamic measurements. 

Many studies have been done in the field of system identification. In 1996  Van Overschee introduced stochastic subspace 

identification method to determine the modal parameters of structures[1]. In 2000 Rune Brincker et al  have introduced a 

frequency domain methods for modal parameter identification of output only systems, this method is called frequency domain 

decomposition[4]. Identify the dynamic characteristics of the Babolsar bridge by J.yadegari and O.Bahar, using ambient 

vibration testing was performed, in this study, structural modal parameters were extracted[1]. For this purpose, Stochastic 

subspace identification and Pick peaking methods have been used in the study mentioned[1]. 

2. System identification methods used in this study 

In this paper, four system identification methods are applied at a bridge whose characteristics has been changed due to 

corrosion.The identification methods include: Fourier transformation, Wavelet transformations, peak picking, frequency 

domain decomposition(FDD). 

 

2.1 Fourier transformation method 

This method uses time data to the frequency domain and offers input signal frequency content. Fourier transformation generally 

defined by the following equation: 

𝐹(𝜔) = ∫ 𝑓(𝑡)𝑒−𝑖𝜔𝑡𝑑𝑡
+∞

−∞
                                                                                                                                                            (1) 

The result is Fourier coefficients F(ω) by multiplying the sine wave of the frequency corresponding to the frequency of the 

signal frequency content. In cases where the frequency behavior of structures is  important, Fourier transform is particularly 

effective and successful. 
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In addition to functionality, simplicity and other advantages of the Fourier transform, this method would not be achievable on 

the basis of the frequency signal timing information.  According to the Fourier transform of a signal can never suggest that a 

a special event happened at what time.  

 

2.2 Wavelet transformation method: 

Wavelet transformation supply solutions to the time-scale analysis by separating signals into a superposition of shifted and 

scaled versions of the mother wavelet. 

Over the past 15 years, great strides were made in the development of wavelet theory. Wavelet theory in the mid-1980 was 

presented by Grossman and Morlet. Wavelet transformation requires a fundamental function that is called the mother wavelet 

or  basic wavelet, and with ψ(t) is displayed[2]. 

 On the  expected application of wavelet, a variety of mother wavelets are produced. A number of these mother wavelets are 

displayed in Figure 1. 

 

Fig 1: Some types of the mother wavelet[3] 

The dilated and translated functions derived from the mother wavelet are called daughter wavelets or simply wavelets. these 

daughter wavelets have the same shape as their mother wavelet. the functional relationship between daughter and mother 

wavelet in the scale "s" and displacement  "τ " , is expressed as Eq(2)[2]: 

𝜓𝑠, 𝜏 = (𝑡
1

√𝑠
𝜓(𝑡)(

𝑡−𝜏

𝑠
)                                                                                                                                                                 (2) 

To convert scale to frequency, the following equation was presented by yoon et al in 2000[4]: 

f =
fs

√2
3

1

a
                                                                                                                                                                                           (3) 

where fs= sampling frequency and a= scale. 

 

2.3 Pick peaking method: 

The easiest way to approximate the modal parameters of a structure exposed to ambient loading is peak picking method. In 

this method the average normalized power spectral density(ANPSD) peaks are considered as natural frequencies.  Mode shape 

components are determined by values of transfer function in the natural frequencies[5]. 

Transfer function in forced vibration test is the ratio of  responses obtained to the input power. While in ambient vibration test 

this function is obtained from ratio of responses measured in the motion sensor  to reference sensor. Despite the simplicity and 

benefits of peak picking method, this method has disadvantages as well[1]: 

-  Choose peaks in the ANPSD graph depends on the user's taste and a uniform approach can not be provided in choosing 

peaks. 

- Mode shapes obtained depends on the size of the response and position of reference sensors. 

- Damping value derived from this method is not reliable in any way. 

  

2.4 Frequency domain decomposition method: 
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In this section a new frequency domain technique is introduced for the modal identification of output-only systems, i.e. in the 

case where the modal parameters must be estimated without knowing the input exciting the system[6]. 

This technique removes all the disadvantages associated with the classical approach, but keeps the important features of user 

friendliness and even improves the physical understanding by dealing directly with the spectral density function[6]. 

From the free decay time domain function, which is also the auto correlation function of the SDOF system, the natural 

frequency and the damping is found by the estimating crossing times and logarithmic decrement. first all extremes rk, both 

peaks and valleys, on the correlation function are found. the logarithmic decrement δ is then given by Eq(4)[7]: 

𝛿 =
2

𝑘
𝑙𝑛 (

𝑟0

|𝑟𝑘|
)                                                                                                                                                                                (4) 

where r0 is the initial value of the correlation function and rk is the k'th extreme, and the damping ratio is given by the Eq(5)[7]: 

𝜉 =
𝛿

√𝛿2+4𝜋2
                                                                                                                                                                                (5) 

The frequency is found by making a linear regression on the crossing times corresponding to the extremes and using that the 

damped natural frequency fd and the undamped natural frequency f is related by: 

 𝑓 =
𝑓𝑑

√1−𝜉2
                                                                                                                                                                                     (6) 

Now, according to given description in this study, system identification of a RC bridge subjected to corrosion is performed 

using fourier transformation method, pick peaking , wavelet transformation method and FDD method. 

 

2.5 Bridge description 

Bridge studied in this paper has 2 spans with length of 20 meters and piers at a height of 6 , which were modeled in Opensees 

software. The following figure shows schematically the bridge. In order to model the corroded structure the environmental 

condition of Persian Gulf has been applied in a period of 50 years. 

A simulation of structural system identification under ambient vibration has been performed applying a white noise to the 

numerical model and analyzing the response 

 

 

  

 

 

Fig 2: bridge schematic view  

2.5.1 Effects of corrosion on the bridge structure 

Poor concrete durability and corrosion of reinforcement bars are the primary cause of structural deterioration of bridge 

decks, piers and other structures. Corrosion effects on structure are as follows[8]: 

 Reduction of  bar area[9],  

 Reduction of bar resistance[10], 

 Stiffness degradation due to concrete covere depth reduction[11-12]. 

In this study,evaluations are based on environmental conditions in the Persian Gulf and such that the effects of the tide on the 

bridge piers to be effective. Corrosion rate is one of the most important parameters affecting on corrosion and this parameter 

has a significant role in reduction of bar area in over time. According to the environmental conditions prevailing in the Persian 

Gulf,Vu&Stewart model[13] used In this research , to modeling of corrosion and corrosion rate. 

2.5.2 Results of applying the system identification methods: 

In this study, after the implementation of system identification methods on the bridge which studied in this paper; It was 

observed that the frequency parameter has changed due to corrosion in the structure. 

3. CONCLUSIONS 

20m 

6
m m
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In this study, we have tried to be introduced 4 common structural system identification methods, To be able to use any of these 

methods in future research projects and has decided to adopt appropriate and proper method. As was observed in this paper 

the frequency parameter have changed in corroded bridge structure, therefore, These examinations and identifications can lead 

to damage and risk reduction in critical structures. 

 

4. REFERENCES 

Yadegari, javad; bahar, omid(2010). Identification of modal parameters based on ambient vibration test data with SIP new 

software. Civil Engineering and Surveying journal, 44(1), 121-130. 

Chinarro, D.,(2014). System Identification Techniques. In System Engineering Applied to Fuenmayor Karst Aquifer (San 

Julián de Banzo, Huesca) and Collins Glacier (King George Island, Antarctica) (pp. 11-51). Springer International Publishing. 

Rooijakkers, M.J., Rabotti, C., Oei, S.G. and Mischi, M., 2012. Low-complexity R-peak detection for ambulatory fetal 

monitoring. Physiological measurement, 33(7), p.1135.) 

Yoon, D.J., Weiss, W.J. and Shah, S.P(2000). Assessing damage in corroded reinforced concrete using acoustic 

emission. Journal of engineering mechanics, 126(3), pp.273-283. 

Peeters, B., De Roeck, G., Hermans, L., Wauters, T., Krämer, C. and De Smet, C., 1999. Comparison of system identification 

methods using operational data of a bridge test. In PROCEEDINGS OF THE INTERNATIONAL SEMINAR ON MODAL 

ANALYSIS (Vol. 2, pp. 923-930). Katholieke universiteit leuven. 

Brincker, R., Zhang, L. and Andersen, P., 2001. Modal identification of output-only systems using frequency domain 

decomposition. Smart materials and structures, 10(3), p.441. 

Brincker, R., Ventura, C. and Andersen, P., 2001, February. Damping estimation by frequency domain decomposition. In 19th 

International Modal Analysis Conference (pp. 698-703). 

Amoei;M,(2013).Estimation of corrosion effects due to chloride ion in seismic performance of RC structures. Dissertation to 

get a master's degree ,Islamic Azad University South Tehran Branch. 

Guo, Y., 2011. Assessing the seismic performance of corroding RC bridge columns. 

Du, Y.G., Clark, L.A. and Chan, A.H.C., 2005. Residual capacity of corroded reinforcing bars. Magazine of Concrete 

Research, 57(3), pp.135-148. 

Bazant, Z.P. and Planas, J., 1997. Fracture and size effect in concrete and other quasibrittle materials (Vol. 16). CRC press. 

Zhong, J., Gardoni, P. and Rosowsky, D., 2009. Stiffness degradation and time to cracking of cover concrete in reinforced 

concrete structures subject to corrosion. Journal of engineering mechanics, 136(2), pp.209-219. 

Vu, K.A.T. and Stewart, M.G., 2000. Structural reliability of concrete bridges including improved chloride-induced corrosion 

models. Structural safety,22(4), pp.313-333. 

 

305



  

Seismic fragility of equipment and support structure in a unit of an oil complex 
 

A. Kalantari
1
, D. Abdi

2
  

1 International Institute of Earthquake Engineering and Seismology , Tehran, Iran, E-mail:   A.kalantari@iiees.ac.ir 

2University of Science and Culture, Tehran, Iran, E-mail: Abdidavoud@yahoo.com 

ABSTRACT: Refineries and related industrial facility have shown vulnerable during the past earthquakes. Damage to such 

facility may have a great economical impact. Seismic risk assessment of such facility has a great role on making required 

decisions for management of risk such as retrofit, etc. This research aims to investigate the seismic vulnerability of each element 

of a unit of a refinery and their impact on the overall vulnerability of the unit. To this end, seismic risk assessment of equipment 

and support building as a section of a refinery is under study. In order to analyse seismic behaviour of the non-structural 

components, equipment have been assumed as block- type. Failure modes are selected based on damages caused by past 

earthquakes. Shear failure of bolts have been considered as failure mode of equipment. Peak ground acceleration is chosen as 

earthquake intensity measure. In order to develop seismic fragility curves, created models are subjected to sixty ground motion 

records, each scaled to multiple levels of intensity to perform incremental dynamic analysis using MATLAB software. 

Fragility curves of the oil unit indicate that performance of the entire unit after earthquake depends on the extent of failure in 

essential and hazardous equipment. 

Keywords: seismic fragility, petrochemical and refinery structures, oil equipment, non-structural components. 

1. INTRODUCTION 

During last years several natural disasters happened: the earthquakes of Kobe(Japan, 1995), Izmit(Turkey,1999), 

Gujarat(India,2001), Tokachi-Oki(Japan,2003) and the Katrina tornado in the east coast of United States(2005). Those events 

highlighted that natural disasters can cause considerable harm to industrial plants, as they cause in most cases the release of 

dangerous substances and create emergence situations which can be really hard to manage. These facts justify the need to adjust 

the risk analysis procedures to natural events, and to recast the actual planning rules which often don’t take into account natural 

actions to industrial plants. 

Data from previous earthquakes showed that accidental events which have a natural beginning such as earthquakes, even though 

they have a relatively modest frequency, often caused serious consequences. Scientists and competent authorities are agree on 

necessity to improve the knowledge of the effect that some strong natural phenomena can have industrial activities in order to 

improve the management of emergences of crisis (Paolacci et al,2009). 

Failure probability in seismic reliability analysis is related to earthquake intensity and nature and is evaluated depending on the 

set of main parameters. Fragility takes into account many different epistemological uncertainties about materials and dynamic 

behaviour. 

In last years different full probabilistic approaches have been developed to get fragility taking into account randomness of both 

demand and capacity for structures. Any procedure needs a dynamic model optimisation and a reliable analytical formulation of 

failure modes to fit the study aims. Fragility curves are a very powerful tool for risk assessment since they take account of typical 

structural arrangements and represent probability of failure and performance of system for different intensity measures (Salzano 

et al, 2003). 

If seismic risk is concerned, the deterministic approach is based on the maximum credible intensity of earthquake as the 

triggering event and a conservative estimate for the subsequent accidental scenario is made depending on the interaction of the 

earthquake shaking with equipment, which can result in a loss of material or energy. In the above form the deterministic approach 

often leads to significant overestimation of the risk, so that such a risk grade becomes economically not sustainable. 

Moreover the uncertainties related to the initial conditions of the seismic scenario, to the failure of equipment, and to the 

uncertainties in the analysis of consequences of the possible destructive phenomena following the loss of hazardous substances 

are often too large. These circumstances lead analysts to use a probabilistic approach, where uncertainties are explicitly taken into 

account and described by probability distribution (Lees,1996). 

While most of researches regarding Seismic assessment has been developed mainly for residential structures, not enough 

information can be found in respect to the type of structures commonly present in industrial facilities with the exception of 

storage tanks. Industrial facilities such as refinery plants are by nature a sum of complex structures.  To obtain a specific product 

the chemical process which depends on the performance of equipment and support structure is needed. As a consequence, either 
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because of geometry or distribution of masses the resultant structures fall into the category of irregular or perhaps special 

structures. 

2. FRAGILITY FUNCTION 

Fragility functions are probability distributions that are used to indicate the probability that a component, element or system will 

be damaged to a given or more severe damage state as a function of a single predictive demand parameter such as story drift or 

floor acceleration. Here a fragility function takes the form of lognormal cumulative distribution function, having a median value 

  and logarithmic standard deviation   .The mathematical form for such a fragility function is: 

 

  ( )   [
       

 
] 

Where   ( )Is the conditional probability that the component will be damaged to damage state "i" or a  more severe damage 

state as a function of demand parameter, D;    denotes the standard normal cumulative distribution function,   Denotes the 

median value of the probability distribution, and    denotes the logarithmic standard deviation. Both   and   are established for 

each component type and damage state using dynamic time history analysis results  performed on support structure and 

equipment (porter,2016). 

The lognormal is used here because it fits a variety of structural component failure data well, as well as non-structural failure data 

and building collapse by incremental dynamic analysis .there is also another reason to use lognormal distribution and it is the fact 

that it has zero probability density at and below zero engineering demand parameter which is selected (Badillo et al,2006). 

3. INTRODUSING CONSIDERED STRUCTURE 

The considered structure is located in a unit of an oil complex in Iran. The name of this unit is Methanation.  Methanation is a 

physical-chemical process to generate methane from a mixture of various gases out of biomass fermentation or thermo-chemical 

gasification. The main components are carbon monoxide and hydrogen. The main catalysts used for this reaction are ruthenium, 

cobalt, nickel and iron. This process is used for the generation of biogenous natural gas substitute, which can be fed into the gas 

grid. Methanation is the reverse reaction of steam methane reforming. 

In this respect, the more common machination catalysts require that the gas flowing into the catalytic reactor be heated to a high 

temperature. Three massive heat exchangers are located on support structure to fulfil the goal of this oil complex. 

In figure 1 the support structure is shown. This is a 6 story support structure and three heat exchangers are located on second 

story, forth story and sixth story. The heat exchanger which is located on sixth story is demonstrated in figure 2. 

These three heat exchangers are known as the most important equipment of the investigated unit and performance of the unit 

depends on performance of heat exchangers. 

 
 

 

 

 

 

 

 

 

 

 

 
                              Fig.1:Support structure                                                       Fig.2:Sixth story heat exchanger 
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4. DYNAMIC ANALYSIS OF SUPPORT STRUCTURE AND EQUIPMENT 

To evaluate the dynamic behaviour of the support structure and equipment which are located on support structure , 

support structure have been simulated in ETABS to calculate mass and stiffness of each story, since the time history 

analysis in ETABS is time consuming and based on the fact that  for  performing Incremental Dynamic Analysis 

(IDA) sixty ground motions have been selected, dynamic analysis is performed in MATLAB software using 

dynamic equations of structure. 

Created models in ETABS is shown in figure3 and simplified mass and spring model which analysed in MATLAB 

is shown in figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

                                     Fig3. Created model in ETABS                fig4.Mass spring simulation for dynamic analysis in MATLAB 

To perform dynamic analysis sixty ground motions have been selected. These ground motions are selected from Imperial Valley, 

Superstition Hills, Landers, Kobe, Duzce_ Turkey, Tottori_ Japan, El Mayor-Cucapah_ Mexico and  Darfield_ New   Zealand 

earthquakes and different stations. Soil type of Selected ground motions are similar to the site of investigated oil complex and  

Moment magnitude (Mw) ground motions are  selected from 6.5 to 10 in PEER Ground Motion Database. 

Selected ground motions have been scaled using ASCE code and to different intensities. Twenty levels of intensity and 60 

records leads to 1200 times analysing the structure. To evaluate failure of structure and equipment drift and peak floor 

acceleration have been calculated from dynamic analysis. 

5. PRODUCING FRAGILITY CURVES 

To develop the fragility curve for each of the considered frames, the numerical results obtained from dynamic analysis have been 

used. Figure 5 shows the fragility curve of support structure. 

 

                 fig.5: Fragility curve of support structure                           fig.  6: Fragility curves for equipment 
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To obtain seismic fragility of support structure inter-story drift ratio have been selected as failure mode. Extensive and moderate 

damage states are selected based on Iranian code of design and construction of steel structures (2013). 

Figure 6 shows the fragility curves for equipment of the unit.  Shear failure of bolts have been considered as failure mode of 

equipment. Equipment bolts designed for earthquakes lateral force ( Irainian code of practice for seismic resistance design of 

buildings,2015). 

   
      (   )    

  
[   

 

 
] 

Peak floor acceleration of each ground motion has calculated for each equipment. Using fragility equation and calculating median 

and standard deviation of intensity measure for each ground motion, fragility curve of equipment can be plotted as figure 6. 

 

                                 fig.7:Fragility curves in extensive damage level for support structure and equipment 

6. RISK MANAGEMENT PROCESS AND ITS IMPORTANCE IN A UNIT OF AN OIL COMPLEX 

This paper have shown that earthquakes may cause severe damages in the investigated unit. In this research probability of failure 

of equipment and support structure have been evaluated. The results indicate that probability of failure of the equipment and 

support structure can be calculated and therefore oil complex condition after earthquake can be predictable using fragility curves. 

Based on the importance of each equipment and support structure risk management strategies have to be selected and fragility 

curves can be the important factors in risk management strategies. Seismic risk assessment provides information for decision 

making when setting levels of importance factors of the intended facilities. 

7. CONCLUSIONS 

Based on the fragility curves developed for support structure and three equipment located on support structure, by using time 

history dynamic analyses and considering inter-story drift ratio and shear failure of bolts  as failure mode of support structure and 

equipment, it can be concluded that  sixth story equipment is the most vulnerable component of the unit, this means failure of  

this equipment will stop processing of  unit  and is identification of most vulnerable component is helpful for risk management 

strategies. 

It also can be concluded that equipment which are located on forth and sixth story are more vulnerable than support structure. 
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Defence Research and Development Canada, Ottawa, Canada. E-mail: kate.kaminska@forces.gc.ca 

ABSTRACT: Defence Research and Development Canada’s Centre for Security Science (DRDC CSS) partnered with the US 
Department of Homeland Security (DHS) Science and Technology Directorate (S&T) in the development of a series of 
experiments designed to test how social media-aided collaboration can improve disaster response and recovery. The experiments 
demonstrated that integration of non-traditional resources, including crowd-sourced information, open technologies, and digital 
volunteers can augment traditional disaster management practice. This paper describes the experiments and their role in enabling 
enhanced situational awareness and cross-border disaster resilience. 

Keywords: social media, digital volunteers, humanitarian technology 

1. INTRODUCTION 

In our networked world, public dialogue about crises increasingly occurs on social media. According to statistics from 2012, over 
two-thirds of all Canadians are active on social media (Statistics Canada, 2013) and their level of activity spikes during times of 
crisis (Kaminska and Rutten, 2014). People turn to online social networks to find and validate information, connect with family 
and friends, look for advice, and in some cases to find ways to be actively involved. They want to communicate with officials, 
volunteer organizations, or those who are seen as the best crisis information resources. Social media offers disaster management 
organizations the opportunity to connect with the public, improve situational awareness, and to reach people quickly with alerts, 
warnings and preparedness messages (Kaminska and Rutten, 2014).  However, its ever increasing popularity can also lead to 
‘information overload’ which can prevent disaster management organizations from leveraging social media information 
effectively. This limitation can be overcome through collaboration with ‘digital volunteers’– tech-savvy volunteers, who are 
leading the way in crisis-mapping and crowdsourcing of disaster information. Since the 2010 earthquake in Haiti, their 
involvement has become an integral part of the international community’s response to major disasters (Meier, 2015). 

1.1 DRDC SMEM research 
In 2013, DRDC CSS initiated a project on the use of social media in emergency management (SMEM) in order to address an 
awareness and expertise gap that was found to exist within the Canadian disaster management community in the domain of social 
media and online collaboration (Kaminska and Rutten, 2014). As part of the project, DRDC CSS held a “SMEM Expert 
Roundtable” that brought together subject matter experts from amongst emergency management (EM) officials, first responders, 
digital volunteers and non-governmental organizations (NGOs) (Kaminska, Dawe and Rutten, 2013). The workshop gave 
participants the opportunity to connect and bring forward critical issues, such as the unfulfilled potential of digital volunteers in 
bridging disaster response capability and capacity gaps. The event also revealed the need for a SMEM-focused exercise or 
experiment involving support provided by volunteers in order to assess and demonstrate the value of social media-aided 
cooperation between the volunteers, disaster management officials, first responders and NGOs for better response and recovery 
outcomes. This led to the development of the SMEM components of the Canada-US enhanced resilience experiments, known as 
‘CAUSE’. 

1.2 The CAUSE experiments 
At almost 9,000 kilometers long, the Canada-US border is the longest in the world, with many adjacent communities along the 
way. Since disasters do not respect international borders, the CAUSE series of experiments was initiated to build bi-national 
resilience to cross-border emergencies through communications interoperability and to connect, test and demonstrate emerging 
operational capabilities between the two countries (Cotter et al., 2015). The CAUSE series began in 2011 as a collaborative effort 
between DRDC CSS, Public Safety Canada and DHS S&T, in partnership with various federal, provincial, state, local and non-
governmental organizations. Since 2011, there have been four CAUSE experiments, each focused on a disaster scenario taking 
place in different communities along border. The CAUSE III experiment, which took place in Nova Scotia (Canada), Main and 
New Hampshire (US), was the first of the CAUSE series to consider social media and digital volunteers as an emerging 
operational capability which can support building cross-border resilience (Cotter et al., 2015 and Kaminska et al, 2015). CAUSE 
IV took place in Ontario (Canada) and Michigan (US) and built upon the findings of CAUSE III to further mature this capability. 
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2. EXPERIMENT METHODOLOGY AND DISCUSSION 
The overarching objective of the SMEM components of CAUSE III and CAUSE IV was to develop a cross-border operational 
capability incorporating social media and digital volunteers.  Lower tier experimental objectives were developed with input from 
experiment stakeholders, including representatives from the lead participating organizations, and provided a basis for scenario 
development. The scenario for the CAUSE III experiment took place during the recovery phase following a Category 3 Hurricane 
impacting Maine, New Hampshire and Nova Scotia (Cotter et al., 2015 and Kaminska et al, 2015), whereas the CAUSE IV 
scenario involved response to an EF-4 tornado touching down in Michigan before continuing over to Ontario (see Figure 1). Both 
scenarios included a high volume of simulated social media traffic and digital volunteers were called upon to provide ‘surge 
capacity’ to assist disaster management agencies with sifting through social media for information that may be pertinent to 
response and recovery operations. As the experiment unfolded social media injects were used to prompt participant action and 
drive experiment play. Participants were expected to respond to the evolving conditions by using the available tools to coordinate 
actions and resources and to carry out disaster management strategies in real-time.  

 
(a) Fictitious Hurricane track in CAUSE III scenario. 

 
(b) Fictitious Tornado track in CAUSE IV scenario. 

Fig. 1: Illustration of disaster scenarios in CAUSE III and CAUSE IV experiments. 

2.1 Experiment versus exercise 
Our research has shown that Canada’s EM community has not yet fully embraced social media, and collaboration with digital 
volunteers is an emerging requirement (Kaminska and Rutten, 2014). NGOs, such as the Canadian Red Cross, are more 
experienced with engaging digital volunteer groups, but the processes of engagement are largely ad-hoc and not formalized. 
Furthermore, there is little existing formal guidance, in terms of documented procedures or policies on engagement between these 
different SMEM stakeholder groups. Exercise, as traditionally understood in the EM context, implies that one is testing existing 
plans and procedures, whereas in this case draft concepts of operation had to be created and tested through experimentation 
(Duncan, 2015). Therefore “experiment” rather than “exercise” is a more fitting description for the CAUSE activities. 
Furthermore, many of the tools used in the experiment are not yet deployed in operations and CAUSE provides a forum for 
participants to test and experiment with emerging concepts. 

2.2 Experimenting with social media 
Consultations with subject matter experts have indicated that the live-use of social media tools in disaster-scenario based 
exercises is unadvisable, because of the potential of creating public panic if the information posted openly online gets 
misconstrued and amplified. As such an important requirement of the CAUSE experiments was a realistic simulation to replicate 
the core functionality of popular social media tools. In CAUSE III, a closed, web-based experiment portal simulating social 
media applications like Facebook, Twitter and YouTube was used to deliver a high volume of pre-generated injects to prompt 
participant reactions and enable participants to interact with one another in a risk-free environment. In CAUSE IV, closed and 
password protected Twitter accounts and Facebook groups were created for the purpose of the experiment. The digital volunteers 
were asked to analyze the social media data and to provide operationally-relevant reports based on the social media activity. 
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2.3 Evaluation and measurement 
Monitoring and evaluation of the experiment followed a data collection and evaluation strategy. In one measurement, metrics 
developed for the experiment were derived from the SMEM maturity model developed by Kaminska and Rutten (2014) and 
shown in Figure 2. The model describes SMEM maturity along four principal dimensions of people, governance, technology, and 
implementation. Each dimension takes on changing characteristics as an organization implements and optimizes each of the 
essential elements. For example, the people dimension not only deepens but also broadens—to include, for example, 
collaboration with digital volunteers—with increasingly deliberate and mature application of SMEM. Each dimension’s essential 
elements, if addressed, will help to achieve the four maturity outcomes of (1) networked and resilient community; (2) trusted 
partnerships and collaboration; (3) accessible data and effective tools; and (4) trained and accredited stakeholders.  

 
Fig. 2: The SMEM Maturity Model. 

3. RESULTS 
Our research has shown that, given its benefits, the use of social media for crisis management is required to enhance and optimize 
EM capabilities (Kaminska and Rutten, 2014). It plays a critical role in public information, situational awareness, and 
increasingly in community engagement and empowerment (Cameron et al., 2012, Sajuria et al., 2015, Simon, Goldberg and 
Adini, 2015). Through the CAUSE experiments we were able to demonstrate, in a measurable way, that social media-aided 
collaboration between digital volunteers and disaster management officials, along with deliberate engagement with the public 
through the use of social media, can improve response and recovery operations (Cotter et al., 2015 and Kaminska et al, 2015).  
The experiments allowed participants to learn about social media practices and opportunities, refine operational processes, and 
identify barriers. It demonstrated that digital volunteers are a valuable resource for providing ‘surge capacity’ to extract 
situational awareness from social media. However, the experiment also identified the need for disaster management organizations 
to develop internal capacity and capability to exploit the potential of social media by listening to, influencing, and engaging the 
public as resources and partners in disaster management. Detailed results from CAUSE III experiment are described by Cotter et 
al. (2015) and Kaminska et al. (2015) and the results from CAUSE IV are expected to be released in bi-national report at the end 
of 2016. Figure 3 provides a snapshot of experimental results. 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
The Sendai Framework for Disaster Risk Reduction adopted by hundreds of countries, including Canada, explicitly highlights the 
use of social media and the involvement of non-state stakeholders, including civil society, volunteers, and community based 
organizations, as enabling the four priorities for action (UNISDR, 2015). Furthermore, the UNISDR Science and Technology 
Conference held in January 2016 underscored the importance of harnessing technology and methods such as crowdsourcing for 
improving risk assessment, enabling the collection of data, and reaching people quickly with alerts, warnings and preparedness 
messages (Fowler, 2016).  Through the CAUSE experiments, Canada, together with its US partners, has been leveraging the 
opportunities of social media and collaboration with digital volunteers for building disaster resilience thus directly supporting the 
priorities for action outlined in the Sendai Framework. 
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(a) Social network graph of data collected the from Twitter 
simulator in CAUSE III. 

 
(b) Map application used in CAUSE IV to allow 
geographical display of digital volunteer reports. 

Fig. 2: Sample of data analysis and results from the CAUSE experiments. 

5. OUTCOMES AND CONCLUSIONS 
As outlined in the Communications Interoperability Strategy for Canada, in the event of a large-scale, complex disaster, no single 
agency at any level of government would have the required capacity and expertise to act unilaterally (Public Safety Canada, 
2011). Responding to such incidents requires multi-jurisdictional and potentially cross-border coordination predicated upon 
effective communications and trusted relationships. In that respect the CAUSE series of experiments serves to build cross-border 
relationships, capacity and capability to respond to and recover from large-scale disasters. The experiments allow Canadian and 
US participants to experiment with emerging concepts of exploiting social media and plan for mutual aid support and shared 
situational awareness.  

Increasingly, social media and related technologies are considered essential in disaster management to serve not only as crisis 
communication tools, but also as valuable sources of crisis information and means of connecting and engaging with disaster 
survivors. Leveraging digital volunteers in disaster response and recovery presents a valuable emerging capability for enhanced 
situational awareness. The CAUSE experiments enhance resilience in the border region by aiding participants in developing 
disaster management plans and processes to improve shared situational awareness for first responders, emergency managers, and 
the public. 
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Abstract: 

 ‘Save the Children and the C&A Foundation have initiated a partnership for three years focusing 

on the most vulnerable segments of society, children and mothers. Considering that children and 

mothers often are the most affected by and the most at risk in emergency situations the 

partnership focuses on responding to the needs of children and mothers in emergencies but also 

addresses how children and mothers can become more resilient through disaster risk reduction in 

an urban setting. The ‘C & A DRR Innovation Fund’ has a quite significant range in terms of 

number of countries in Asia and Americas. The partnership is therefore in a uniquely privileged 

position to have a key private sector DRR partner investing funds in learning and research to 

improve the quality and impact of urban DRR programming for the most vulnerable. A 

combination of program sharing and learning activities, the development of easy to use tools and 

guidance and the undertaking of new and targeted research are expected to greatly contribute to a 

step change in the way other NGOs and actors alike use learning to deliver against Urban DRR 

for the most vulnerable. This presentation will provide insights into the C & A Save the Children 

project, emerging lessons and proposals on ways to advance Urban DRR for women and 

children.’ 

Full Paper: 

Building Resilience of Children and Mothers in Urban Slums in Asia and Americas 

This is the formula:  

RRMM@UR – Risk is Recurrant in Manifold and Multiplying @ an Unprecedented Rate. 

 

Growing Urban Realities: 

 

 By 2050, there will be 2.5 billion urban dwellers – 94% of them in least developed countries. 

50% of them would be children; and 70% will be urban poor  

 About 1 billion people will be living in Urban Slums within next 5 years 
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 Distinct urban features: proximity to basic services – with marginalized having little or no 

access; Space constrains; Access to technology; cash access and economies of scale; 

increasing complexity 

 

India Urban Scenario: 

 25 out of 53 cities are located in coastal areas; invariably, exposed to natural hazards 

 Recent Urban disasters – Mumbai Floods 2005, Srinagar Floods 2014, Cyclone HudHud in 

Visakhapatnam 2014, Chennai Floods 2015, Guwahati 2016, Bhopal 2016… 

 377 million urban Indians live in cities and towns – 32% children under 18 

 13.7 million households – 76 million poor 

 49,000 slums 

 32% of children are underweight and 39.7% stunted 

 Cities and towns come under earthquake, cyclones, floods, tsunami vulnerabilities as per 

their geographic locaton 

 

City and disaster risk reduction 

 

In India, 85% of the land is vulnerable to one or multiple hazards and most cities are located on 

such terrains. For example, about 60 cities with a population exceeding half a million are located 

within zones III, IV and V, where the impact of an earthquake is most severe 
i
.  

 

 Moreover, 53 Indian cities have a population of more than a million (2011 census) and 25 are 

in coastal states
ii
 which makes them extremely susceptible.  

 In a global list of cities facing the highest climate change risk in the coming decades, Indian 

metropolis Kolkata is ranked seven, Mumbai eight and Delhi 20 
iii

.  

 Cities such as Chennai, Ahmedabad and Bengaluru, which have substantial public-private 

investments and a population growth that is draining the already limited resources, are also 

potentially at risk.  

 The risk faced by cities and towns in India can be best explained with UNISDR’s 

terminology of intensive risk. It’s “the risk associated with the exposure of large 

concentrations of people and economic activities to intense hazard events, which can lead to 

potentially catastrophic disaster impacts involving high mortality and asset loss” 
iv

.  

 

Do we have a sound ‘theory of change’ in the spectrum of Resilience? 

 

Urban resilience is defined as the “capability to prepare for, respond to, and recover from 

significant multi-hazard threats with minimum damage to public safety and health, the economy, 

and security” of a given area. Some people imagine this to be ‘closed circuit / circle’.  

 

Resilience may be seen as an umbrella process – of a triangle – safety, security and 

sustainability…  Integrative aspects of absorption, recovery, restoration and bouncing back 

better… are vital and relevant. But whose responsibility is it? 

 

The Theory of Change adopted by Save the Children and partners focuses on the following: 

 Amplifying Voice of Children, Youth  and Communities 

 Achieving Results at Scale 
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 Building Partnerships 

 Innovation and Replication 

 

Children represent one of the most vulnerable and excluded sections of our society when it 

comes to the formulation of disaster risk management policies and practices in urban areas. As 

per a Save the Children 2008 report, more than 50% of those affected by natural disasters 

worldwide are children 
v
. Children and women are 14 times more likely to die than men during a 

disaster, according to International Union for Conservation of Nature 
vi

.  According to Unicef, 

between 2000 and 2009, 8.45 million children under five years of age were affected by disasters 

in India, every year; of these, 1.25 million children were malnourished 
vii

. 

 

Therefore, an integrated risk management and resilience building approach must incorporate H-

E-L-P DRR approach (H=Health, Nutrition, Water, Sanitation and Hygiene; E = Education; L = 

Livelihood and P = Protection including Child Sensitive Social Protection) with its 5-pillars of 

action. This comprises of: 1. Children and Youth participation and leadership; 2. Community 

Level Actions; 3. Strengthening Capacity of Local Institutions and Organisations; 4. Advocacy 

and Policy enabling and 5. Mainstreaming Resilience into Sustainable Development Agenda.  An 

outcome based approach targets to achieve ‘PREMA’, which is about Preparedness, Local 

Resilience, Early Warning Systems, Mitigation and Adaptation with a child-centred and 

community based approach.  

 

Case studies from 4 Metro Cities in India:  

 

Every one of the four cities in our focus, is embedded with unprecedented risks and 

vulnerabilities emanating from the way cities and towns have been built up and grown and also 

because of the geo-climatic conditions. Besides the natural hazard induced threats and disasters, 

there are human-induced risks and threats as well as every day risks that citizens are exposed to. 

Children and women are among the most vulnerable in this case. 

 

The 4 cities of India in focus are among the climate risk as well as natural hazard induced risks. 

Human-induced risks and disasters have also been significantly high among these cities, 

specially, Mumbai and Delhi (in terms of serial blasts, terror strikes, etc including every day 

risks to women and girls). 

 

Children Groups, Mothers Groups, 

Child Protection Committee / Children 

Resilience Committees are 

championing the risk and vulnerability 

maps at local level and transforming 

them as SMART plans to transform 

their vulnerabilities and become 

resilient.  

Innovative Local DMRCs 

(Disaster Management Resource 

Centre) are in emergence with 

application of new technologies 

including GIS mapping, etc 

which would eventually become 

a local knowledge hub for a 

culture of resilience 

Comprehensive School Safety (CSS) / 

World Initiative on School Safety 

(WISS) are creatively incorporated into 

Resilience Building in order achieve 

Adoption of Local Resilience 

and Adaptation plans by the 

Governance and Respective line-

departments. This is now 
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three pillars: Safe Learning Facilities, 

School Disaster Management Planning 

and Incorporation of Risk and 

Resilience Education 

emerging as a 15-year road map 

in some of the states. 

 

Smart City Mission and Resilience Building: 

 

Citizen Participation is an important principle of Smart City Mission, though wi-fi technologies 

and select area development drive. Through Urban Resilience Building action, we are in 

coordination with city authorities to ensure that a city is not smart without addressing the 

vulnerabilities, concerns and issues of children and youth.  

 

100 Resilient Cities and Save the Children Partnership 

 

Save the Children through its evidence based approach is now a Platform Partner in the global 

programme called 100 Resilience Cities (100 RC). Urban Resilience programming is essentially 

embedded into such an outcome which helps city authorities develop a city score card in terms of 

its resilience mapping and monitoring. The achievement indicators in this partnership fall into 

four categories: the health and well-being of individuals (people); infrastructure and environment 

(place); economy and society (organisation); and leadership and strategy (knowledge).  In order 

to explicate this, there are 12 indicators to be achieved 
viii

.  

 

Futuristic Innovations: ‘Technology Cottage of Resilience’ – Local DMRC  

 

U-DMRC (Urban Disaster Management Resource Centre) is an innovative concept, much in the 

lines of what the prophet of technology Marshal McLuhan envisioned.  Technologies are shaping 

and re-shaping our future ways of living, communicating and defining our lives in cities, towns 

and villages. The Technology integration into U-DMRC will help the small electronic cottage 

with dynamic technology incorporation.  

 

The risk and vulnerability maps developed by vulnerable children, youth, women and other 

sections are analysed, digitized and preserved as a dynamic resource as knowledge hub. This 

would herald culture of preparedness.  

 

This electronic cottage must be at the heart of urban lives and in the schools right from very early 

stage.  
 

Sendai Framework for Disaster Risk Reduction and Resilience Building 

 

4 priorities and 7 targets committed by Governments and other stakeholders are to be delivered 

accountably by governments, city authorities, education authorities as well as incorporate into 

the sustainable development and climate change adaptation agenda.  

 

Integrated Resilience Building at the local level, Comprehensive School Safety 
ix

, Technology 

Innovations in mitigating risk drivers and enhancing the capacity of the next generation is a vital 

focus that private sector partnership and other stakeholders need to deliver upon. 
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Children and Youth participation is critical, as emphasized by Sendai Framework for Action…  

 

“Children and youth are agents of change and should be given the space and modalities to 

contribute to disaster risk reduction, in accordance with legislation, national practice and 

educational curricula” (UNISDR – Sendai Framework for DRR – Page 20) 
 

Private Partnership for Resilience Building: 

 

In the face of multiplying disasters and every day risks, the investment in Resilience Building 

among not only customers, but diverse stakeholders with keen focus on vulnerable communities 

makes a ‘GOOD BUSINESS SENSE’. There are very unique types of partnerships that are 

being developed and implemented in this sector globally and locally. 

 

1. Platform Partnership in order to bring value to resilience building through sectoral and niche 

approach which includes children, gender, disability, etc. 100 Resilient Cities partnership with 

Rockefeller Foundation is a unique example in this regard. 

 

2. Evidence Based Integrated Programme Partnership for urban risk management and 

resilience building. Partnership with C and A Foundation in 3 continents is enabling leadership 

and transforming children and youth as well as employees as champions for holistic impact, 

change and transformative processes 

 

3. Technical partnership – through studies, publications, piloting innovative concepts 

 

4. Strategic / Transformative partnership which impact ground level changes and policy, where 

in the vulnerable define and determine their own resilience  

 

A city score card which is developed and managed regularly by a citizen initiate would enhance 

the accountability to the vulnerable communities. Save the Children is working with city 

authorities in this partnership so as to build a sense of ownership and sustainability. 

 

Learning Lessons and Moving Forward: 

 

 Urban Resilience is an opportunity as well as a challenge 

 We need to incorporate holistic analysis within thematic-specific interventions 

 We must focus on the most deprived urban children 

 Good urban programs empower the most deprived to claim their rights 
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ABSTRACT: This paper includes a comparative analysis of theory and practice in the area of post-earthquake disaster management 

and structural assessment. The analysis was conducted as part of a literature review for a PhD study programme, where it provided 

the basis for a critical assessment of systems in use by authorities in Iran. As well as providing an overview of the Iran system for 

post-earthquake disaster management and structural assessment, the paper includes an overview of systems used in Japan, Italy, 

Greece and Turkey, which serve as proxies to facilitate the assessment of strengths and weaknesses in the Iranian system. 

Specifically, the paper examines three sub-components of a wider disaster management system, namely: the requirements of an 

Earthquake Information Management Systems (EIMSs), seismic hazard education programmes and initiatives to engage 

communities in the disaster management process. Post-earthquake structural assessment provides the context for the analysis and 

readers will take away from this paper insights about how best to add value to an integrative risk management system and enhance 

urban resilience by effectively addressing post-earthquake structural assessment within the three sub-components of a broader post-

earthquake disaster management system. 

Keywords: Iran, post-earthquake disaster management, structural assessment 

1. INTRODUCTION 

This paper is mainly interested in providing readers with insights about how best to add value to an integrative risk management 

system with the aim of enhancing urban resilience. The main focus is to assess how post-earthquake structural assessment can be 

effectively incorporated within a broader post-earthquake disaster management system. It is important that every disaster 

management system records how past crises were managed, so that lessons can be learned to mitigate the impact of future events 

(Ajani, Fatahi and Moradi, 2006) and in earthquake prone areas such systems are often referred to as Earthquake Information 

Management Systems (EIMSs). The main aim of the EIMS is to help lawmakers make better decisions when planning for future 

earthquakes, but they also act as hubs around which actions to address earthquake risk are managed, monitored and implemented. In 

Japan, the EIMS is called the Preement Hyogos Emergency Management Network for Disaster Information Exchange (Phoenix) and 

it is used to collate all the information about an earthquake. The Japanese EIMS is managed by the Prime Minister’s office and other 

National Government ministries, but data for the EIMS is gathered by independent experts, government departments and non-

governmental organizations (Ajani et al. 2006). After collection, important seismic information is made publically available (Hyogo 

Framework for Action 2005-2015).  The Japanese EIMS provides a state-of-the-art example of a highly integrated earthquake risk 

management system, but some of the specifications for the system require a level of development that it significantly more advanced 

than systems available in Iran, where research for this paper is focussed. Iran’s lack of an effective EIMS has been evident for 

several years, and some researchers (Ajani et al. 2006, Ajani, Fatahi and Moradi 2006) have called for the creation of a clearer 

model to illustrate how responsibility for earthquake disaster management is spread between Iranian disaster management 

organizations. Due to the perceived disparity between the level of development of the Iranian EIMS system and the system running 

in Japan, the authors reviewed other systems in countries with a more comparable culture, building tradition and level of 

development. Turkey was judged to offers more opportunities than Japan to learn lessons that can be quickly and easily applied in 

Iran. Turkey has a seismic risk, geography, level of development and system of building that is comparable to Iran. Turkey also has 

a well document history of efforts to establish an EIMS, which is overseen by a dedicated Government Ministry. The Turkish EIMS 

is called AFAYBIS and is based in the city of Istanbul, but every Government Ministry runs its own database that is tailored to their 

needs and goals (Eraslan et al. 2004). AFAYBIS compiles earthquake information for the whole of the country and provides 

essential services during and after a seismic event. 

As with Iran, Turkey has a number of active earthquake zones and the country is growing at a fast pace, so Turkey’s need for a clear 

and effective EIMS is similar to Iran (Eraslan et al. 2004, Ajani, Fatahi and Moradi 2006). For Iran, Ajani, Fatahi and Moradi (2006) 

judged that considerable challenges exist if it chose to follow the Turkish model, as in Iran there are many government agencies 

involved in earthquake management and the planning process is not clearly defined. According to IMPS (2005), there is evidence of 

an emerging IEMS system in Iran, but it is focused on data collection during and immediately after an earthquake and it is not 

designed to the address the needs of different regional and local areas within Iran. IMPS (2005) considered that the Iranian EIMS 

contained many weaknesses and lacked clarity on the roles played by different organizations involved in the management of 

earthquake information. The Iranian IEMS also lacked a proper data recording system covering before, during and after earthquake 

events. In addition, there was no proper classification of the information, from earthquake information management point of view. 

As a consequence of the analysis by IMPS (2005), Iran’s IEMS was judged to be weak, or at best, insufficient. This research will 

seek to up-date the assessment of the Iranian EIMS, looking specifically at how it collects earthquakes information and how 

effective it is at publishing data at the right time and making it accessible to the wider public. An important part of the evaluation of 

the Iranian EIMS will involve assessing how the system utilises public news media. Dedeoglu (2008) highlighted valuable lessons 

from Turkey about the role that news media plays in disaster preparedness. In comparison to Turkey and Japan, Iran’s use of news 
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media in disaster preparedness is not well developed (Ajani et al. 2006). The Iranian news media has been used to relay information 

about recent earthquakes, mainly at the time of happening rather than in advance and as part of a system to educating the public. In 

Turkey, the news media were engaged more proactively, talking to officials involved in earthquake management in ways that are 

more directed to informing and educating the public (Dedeoglu, 2008). This paper is particularly interested in providing readers with 

new insight about how an EIMS can be used to educate and engage communities in post-earthquake structural assessment, as part of 

an integrative risk management system. 

When assessing how best to include post-earthquake structural assessment within an EIMS, lessons were drawn from practice in 

Italy, Japan and Greece. In Italy, the post-earthquake structural assessment systems have traditionally been triggered by requests 

from property’s owners, with inspection results sent to the local government administrative offices and subsequently a national body 

for classification (Goretti 2002). In Japan the post-earthquake structural assessment system was only used on multi-owner buildings 

and the results would form the basis for a suggested plan of action to the owners of the building (Ajani et al. 2006). In Greece the 

post-earthquake structural assessment system was done on all buildings in the area classified as the epicentre of the earthquake and 

only at the request of building owners/occupiers in areas outside the epicentre (Anagnostopoulos and  Moretti 2006). Since 2001 the 

Italian department for National Civil Protection (NCP) and the National Seismic Survey (SSN) decided to use a unified standard 

classification procedure for usability and damage assessment in all the regions in Italy (Goretti 2002). The Italian procedure follows 

two steps. First buildings are classified based on the post-earthquake reconstruction aim: short term usability assessment, economic 

loss and the funding need for reconstruction, social impact assessment and emergency management. Second, buildings are classified 

by subject disciplines for after earthquake reconstruction: The methods that Italy and Greece employ are divided in to four 

categories. Pre-event assessments, based on quick visual inspections.  First post-event assessments, normally conducted 2 to 3 days 

after the event. Second post-event, conducted 3 to 60 days after the event, focussing more on usability of buildings. Third post-

event: assessment, conducted up to 1+ years after the event and focussing on long-term usability of the buildings (Building Research 

Institute 2002, Anagnostopoulos, Petrovski and Bouwkamp1989, Anagnostopoulos et al. 2004). In Greece the post-earthquake 

structural assessment system divides buildings into three states; safe for use, unsafe for use and dangerous for use and the damage 

assessment of the building would be done by two experience or well-trained structural engineers (Anagnostopoulos 1997, 

Anagnostopoulos and  Moretti 2006). The main aim of rapid inspection would be to distinguish safe buildings from unsafe buildings 

as quick as possible. In rapid inspection the structural engineers would assess the outside of the building and if it is safe they would 

check the ground floor of the building, taking no more than 10-30 mins for each building assessment (Dandoulaki, Panoutsopoulou 

and Ioannides, 1998). What this brief review of post-earthquake structural assessments provides to the reader is that an EIMS that 

has post-earthquake structural assessment integrated within it will need to allow input from expert engineers, but also the 

community of building owner/occupiers. Allowing input from expert engineers and the wider community will only be effective in 

enhancing urban resilience if the EIMS also provides a facility to educate engineers and the community in both the methods for 

interacting with the EIMS and the methods for conducting post-earthquake structural assessments. 

2. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

What the narrative above has emphasised is that an effective EIMS lies at the heart of an integrated earthquake risk management 

system and that EIMS needs to be effectively managed if is to enhance urban resilience. In this section the authors will use the Iran 

case study to help illustrate where opportunities exist to enhance urban resilience to earthquakes via an EIMS that effectively 

addresses post-earthquake structural assessment in the areas of “Education” and “Engagement”. 

2.1 Education 

Iran has traditionally relied on the ‘International Institute of Earthquake Engineering and Seismology” (IIERRS) for increasing the 

attention paid to the effectiveness of earthquake management strategies (Fallhi and Parsizadeh 1997). Importantly for this research, 

the IIERRS also advised disaster management authorities on earthquake education and on raising public awareness about effective 

actions to take during and after earthquake events. The system overseen by the IIERRS comes under the heading of the Iranian 

Earthquake Risk Reduction Strategy, which has the aim of creating what it called a “Safety culture”, achieved by raising awareness 

and preparedness of the general public (Ghafory-Ashtiany and Parsizadeh 2005). Heshmati and Parsizadeh (2007) looked in more 

detail at the educational component of Iran’s Earthquake Risk Reduction Strategy, dividing it into three parts that focussed on 

educating disaster managers, the general public and school children. Iran suffers from a legacy of unsafe construction in schools, 

with most the schools in rural areas and small towns not built to adequate levels of seismic resistance, making them unsafe during an 

earthquake, so the Iranian Earthquake Risk Reduction Strategy states that protecting children’s lives is an important part of this goal 

(Ghafory-Ashtiany and Parsizadeh, 2005). According to Parsizadeh, Seif and Heshmati (2007) the Iranian Earthquake Risk 

Reduction Strategy has addressed that legacy by introducing a “School earthquake safety drill” in 2003. The drill is designed to 

ensure all the theoretical knowledge and textbook information has is practically implemented. On the 29th of November, every year, 

all the high schools across the country perform the safety drill during. 

The Iran earthquake education programme in schools is a good example of an effective education programme that should be 

incorporated within the EIMS, but post-earthquake structural assessment requires specialist skills and specific knowledge, which is 

not ordinarily included in the education programme. To enhance urban resilience in earthquake prone areas it is essential that the 

EIMS includes processes that extends the education programme in schools to educate both specialist engineers and also the general 

public in vulnerable communities. The idea here is that the EIMS can include processes to educate non-specialist members of the 

vulnerable community about the sort of data that engineers and earthquake managers need in order to analyse the impact of an 

earthquake on a building. The public education programme should also include elements to explain how the general public can 

engage with the EIMS, by uploading post-earthquake structural assessment data and by extracting information that is essential for 

both post-earthquake structural assessment data gathering and continued survival in the post-earthquake environment. For engineers 

the education element of the EIMS needs to ensure that a there is an up-to-date register of engineers who have received approved 
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training in the structural analysis techniques appropriate for assessing building after an earthquake event. The engineering education 

system also needs to ensure that registered engineers are trained to effectively engage with the EIMS, to access post-earthquake 

structural assessment data gathered by communities in the earthquake affected areas, to engage with communities activily collecting 

data, to help coordinate further data gathering activity and to disseminate results from the analysis of damaged buildings. 

2.2 Engagement  

Iranian authorities realised the importance of the pubic engagement in disaster management after the bam earthquake in 2003. Prior 

to the 2003 earthquake, Bam residents had received little or no training in post-earthquake disaster management and they were 

unable to be engaged to maximum effect in the rescue operation (Mirhashemi, Ghanjal and Moharamzad 2007). Iran has a rich 

heritage of community-based organizations (CBOs), which help to engage local communities in a wide range of practical and 

administrative activities, but CBOs are rarely engaged in disaster preparedness activities. Movahedi (2009) stated that there was 

insufficient information and skills in disaster preparedness and management, insufficient attention towards vulnerability reduction 

using collaboration with CBOs and local government. However, the system has been improving and Hosseini and Hossaini (2009) 

found that some Iranian CBOs have started to engage local communities in disaster management activities, mirroring similar 

programmes that were established in Turkey and Nepal and providing training for local people to maximise their preparedness to 

earthquake events. In addition, Hosseini and Hossaini (2009) found that the Iranian disaster management authorities had made 

progress in engaging the public and CBOs through information dissemination campaigns, seminars, workshop and by using mass 

media outlets. Further work by Izadkhah and Hossaini (2009) suggested that there were still gaps in the Iranian engagement efforts, 

with no regular training for rescue and relief, first aid, firefighting and evacuation in the case of an earthquake.  

This paper suggests that Iranian engagement efforts must run in parallel with an education programme if it is to successfully enhance 

skills and knowledge about post-earthquake structural assessment. As part of the engagement process, the EIMS needs to monitor 

education activites to ensure that engineers and communities are engaged at all level and in all vulnerable areas of the country. It 

seems clear that education programmes in Iran have started to engage specialist engineers and vulnerable communities, but the 

engagement is not yet benefiting all vulnerable communities and is not effective at all levels of society. Earthquakes are notoriously 

unpredictable, so the engagement activity also needs to ensure that preparedness levels are maintained at all times and for prolonged 

periods between earthquake events. For specialist engineers engagement activities may include visits to earthquake affected areas in 

other regions of the world, assisting or observing other engineers when undertaking the analysis earthquake damaged buidlings. For 

vulnerable communities, the EIMS could be used to facilitate communication between other national or international communities 

that have suffered an earthquake event, that communication would allow the communities to share experiences and to learn lessons 

about how members of the public can effectively take part in post-earthquake structural assessment activities. To ensure urban 

resilience is enhanced and maintained, the EIMS engagement process needs to include regular assessments of preparedness, by 

testing the effectiveness of education programmes and ensuring that skills and knowledge in post-earthquake structural assessment 

are maintained by both the specialist engineers and members of vulnerable communities.  

3. CONCLUSIONS 

This paper has reviewed literature on post-earthquake disaster management and structural assessment and contextualised the 

practical application of theory using evidence gathered about systems in operation in Iran. Iran was found to have extensive 

experience of earthquake events and a long history of managing the earthquake risk, but there was also extensive evidence of 

weakness at the heart of the EIMS system in Iran. Post-earthquake structural assessment was presented as an activity that needs 

engineers with specialist education, but not all post-earthquake structural assessment data needs specialist engineering input in its 

collection. The paper explained how members of the public, from communities vulnerable to earthquake events, could be educated 

and engaged in the post-earthquake structural assessment activities and  also how the EIMS system could be used to facilitate the 

education and engagement acitities for both engineers and members of the public, to make such an approach effective. The research 

presented in this paper is set to be further developed, with the next stage in the research programme focussing on gathering data 

from Iran to test theories and to assess the validity of proposals made in relation to how post-earthquake structural assessment can be 

effectively incorporated within a broader post-earthquake disaster management system. In so doing, the authors hope be be able to 

present further evidence at future IDRC events to deepen understanding of how integrated approaches to earthquake risk 

management can be improved and how urban resilience to earthquakes can be enhanced by effectively incorporating post-

earthquake structural assessment within a broader post-earthquake disaster management system. 
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ABSTRACT: With an increase in mass shootings in recent years, prehospital providers may find themselves responding to 
an active shooter scenario during their careers. Lessons learned from the incidents in the Paris theatre shooting, Columbine 
school shooting, and Orlando nightclub shooting demonstrate the lapses in current active shooter and triage protocols. The 
disconnect between law enforcement and prehospital EMS response objectives often leads to more negative outcomes for 
those injured in the shootings. Uniform, agreed upon policies need to be created that address the needs of all agencies 
involved while still providing mission specific tasks for threat containment and expedited patient triage and treatment. 

Keywords: Mass Shooting, Casualties, Terrorism, Preparation, Coordination 

1. INTRODUCTION 

In recent decades the number of global active shooter incidents has risen precipitously.  The rise of terrorism, both domestic 
and foreign, has led to numerous public mass shootings that have taken the lives of over 600 people in the last 6 years in 
both Europe and the United States (Crime Prevention Research Center, 2016).  Citing the preeminent policy paper on active 
shooter response in the civilian world, the Hartford Consensus (2012) found that early hemorrhage control provided the 
greatest potential to reduce mortality on an active shooter incident.  The rapid intervention and application of a tourniquet by 
medical personnel could save numerous lives when combined with the ability to evacuate the patient to a higher level of 
care.  As listed by the Hartford Consensus, the priorities needed to increase survival in a mass shooting response are laid out 
in the acronym THREAT.                                                                        

Threat suppression 
Hemorrhage control 
Rapid Extrication to safety 
Assessment by medical providers 
Transport to definitive care 

This paper will discuss the needs for response in an active shooter incident, including the use of a cold, warm, and hot zones 
by all responding agencies. This method allows for victim extraction from cleared areas while officers pursue and eliminate 
the threat. Additionally, building upon techniques learned while training in Israel, numerous tactical medical operations, and 
responding to incidents abroad, a new triage technique will be proposed that evaluates a casualty based only on their ability 
to follow commands and assessment of a radial pulse. The new method also eliminates the yellow category and labels 
patients only as urgent, delayed, or expectant/deceased.  The combination of these two methods will reduce the time spent 
with each casualty and make the entire triage process much more rapid. 

The deficiencies associated with many of the current accepted triage methods (e.g, SALT: Sort, assess, life-saving 
interventions, treatment; and START: Simple triage and rapid treatment) demonstrate the need for a fundamental shift in 
how active shooter incidents are approached.  Current triage methods show only a 55-65% accuracy rate in their abilities to 
accurately categorize a patient, and are overcomplicated, which leads to delays in triage, treatment and evacuation of the 
casualty (Bhalla, Frey, Rider, Nord, Hegerhorst, 2015). The need for greater training of all members involved in a response 
is described in a recent study that showed only 37% of first responders felt adequately trained for a mass casualty event 
(Jones, Kue, Mitchell, Eblan, & Dyer, 2014). Even with training, studies of both SALT and START triage methods showed 
that both methods were neither sensitive nor specific in predicting patient outcome.   

2. DATA AND METHODOLOGY  

2.1 Data 
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In mass shooting incidents the number of wounded can easily be twice as many as the number of deceased (see Fig. 1).  This 
speaks to the importance of a rapid triage system that can move from the deceased to the numerous wounded in a timely and 
efficient manner.  Delays in making entry to a scene to perform initial triage and patient care must be reduced to the lowest 
acceptable time frame for responders.  In the most recent and deadliest public mass shooting in United States history, it took 
over 3 hours for law enforcement teams to make entry and eliminate the threat,  following which  EMS were allowed to 
perform their tasks (see Fig. 2).  This is a nearly identical amount of time delay that occurred in the mass shooting at 
Columbine High School in 1999 that forced a change in the mindset of active shooter responses. 

 
Fig. 1: Mass shooting wounded and fatalities 2009-2015 Fig.2: Police Entry Times to Mass Shooter Incidents 

2.2 Methodology 

The need to make rapid entry, triage, perform lifesaving interventions, and evacuate victims of a mass shooting is paramount in 
reducing the number of those killed in these events.  The traditional method of EMS response has been to stage at a safe location 
away from the incident and then wait for law enforcement to completely clear the scene before allowing entry of rescue 
personnel.  This system is outdated and, with exsanguination being the primary cause of preventable death, the need to update our 
responses is necessary.  EMS must work in conjunction with law enforcement and enter into scenes with them that may not be 
totally secured.  Initial law enforcement on scene should make a rapid entry and make contact with the shooter to either eliminate 
or drive them from the primary scene. This portion of the scene in which there is an active threat is deemed the “hot zone,” and 
only law enforcement should be within it. Once the threat has been engaged, secondary teams of law enforcement accompanied 
by small two person teams of EMS personnel should make entry into the area in which the initial shooting took place to perform 
triage and rapid evacuation to a casualty collection point.  In this area, the “warm zone,” there is no direct threat, but the potential 
for harm still exists.  Once triaged in the warm zone, the casualties deemed in immediate need are removed from the scene by 
following small teams of EMS and law enforcement to an area clear of danger where further care and evacuation to a hospital can 
be performed.  This area is deemed the “cold zone”, where unified command, additional transport EMS units, and secondary 
triage are stationed. 
 
For this new form of response to be effective, all agencies involved must train together on how to implement these tactics.  
Ideally, a secondary entry team into the warm zone will consist of two EMS personnel who are carrying triage tags and minimal 
hemorrhage control equipment alongside of at least 3 officers, with two officers taking the lead and the third acting as a rear 
guard.  The safety of responders is always of primary concern and if the threat moves back into the warm zone, those inside will 
need to seek cover or retreat.   
 
Once EMS personnel make entry and contact victims, they will need to implement a rapid and effective triage system.  The 
Glasgow Coma Score (GCS) has been shown to be an adequate indicator of patient survival to hospital discharge, with a 
specificity and sensitivity of around 0.68.  A GCS <6 has a poor prognosis, while a GCS ≥ 6 has a more favorable one (Al-
Salamah et al., 2004).  This is backed up by data on battlefield casualties collected by the Prehospital Trauma Life Support 
Committee (2016).  In those with an inability to follow basic commands, in addition to a weak or absent radial pulse, the 
mortality rate approaches 92%.  In a mass shooting event, a novel “two step” triage technique is proposed, which is an adapted 
version of the current one utilized by the military, in which EMS determines if the casualty can follow a basic command, such as 
“squeeze my fingers”, combined with the assessment of a radial pulse to establish a triage category (see Fig 3).  The benefit of 
this simplified process is speed and ease of use.  When there are dozens of patients, spending 60 seconds with each patient is not 
only unfeasible; it may cost the lives of those awaiting triage.  To assist in simplification, the use of a multi-colored system that 
included 4 levels of treatment priority is removed.  The remaining categories are expectant/deceased, urgent, or delayed.  With 
this system, those labeled urgent will receive the first care.  Then, once the urgent patients have been treated, the delayed 
category will be tended to.  After all urgent and delayed patients are transported, the expectant patients can be reassessed to 
determine if signs of life still remain, if so, then they will be treated and transported. 
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Fig. 3: Two Step Mass Shooter Incident Triage Algorithm 

In addition to a rapid triage, initial EMS responders can apply basic hemorrhage control measures to those they encounter before 
moving on to the next patient.  These include tourniquet application, having the victim apply direct pressure, or application of a 
chest seal as necessary.  These maneuvers take only a few seconds when done appropriately and can extend a victim’s survival 
chances by slowing the rate of exsanguination until evacuation can be performed.  A simplified triage method was utilized by 
responders to the Paris Shooting in November 2015 and was extremely effective at sorting the casualties in order of priority 
(Frattini et al., 2016). 

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILANCE 

The ideas and procedures put forth in this presentation follow many of the Hyogo Framework for Action implementation 
priorities.  The need to identify mass shootings as a national disaster risk is necessary in the world in which we live. Policies and 
training should be uniform and follow current best practices in order to ensure the most effective response possible.  Preparation 
for these events needs to be integrated, with law enforcement and EMS operating together in a unified response.  By building the 
local capacity of agencies through education and joint trainings, they will develop a more thorough knowledge of how to respond 
when a mass shooting occurs and be able to adapt their operations in the likely chaotic environment. 

4. CONCLUSIONS 

In the context of responses, a mass shooting is one of the most feared for EMS and law enforcement.  These low probability, high 
consequence events need to be prepared for by unifying the response among all agencies that will be on scene.  Frequent training 
is imperative to ensure skills are up to date and equipment and tactics are functional. By implementing a simplified triage system 
and integrating EMS response with law enforcement, the capability to perform a rapid triage, treatment, and evacuation of 
victims may decrease mortality secondary to exsanguination or other preventable causes.  Being reactive in the current 
geopolitical environment to mass shooter incidents is no longer a viable option; rather, a proactive approach to triage and 
integrated response training is required.  The lack of integrated planning and preparation before a mass shooting event occurs has 
the potential to cost the lives of victims and responders alike.  
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ABSTRACT 

Risk assessment is considered a logical method for evaluation of threats and their possible 
impacts on people, substances, equipments and environment. Oil and gas pipelining projects 
could have substantial impacts on factors like cultural traits, residential lands, tribes, biological 
diversity, vegetation coverage, watersheds, wildlife habitats and virgin lands. In this study, 
different risks were analyzed for each land unit in addition to environmental risk assessment 
within an area with 200 m radius from the pipeline by use of indexing and GIS method. Three 
different land units were identified after considering all parameters in this area. Distribution of 
risks in these units shows more important and higher degree of risk in those units with presence 
of higher environmental threats. Moderate risk (score 4) could be seen in all three units with 
third (high risk), second (moderate risk) and first unit (low risk) in descending order considering 
the vastness of each area. High risk (score 3) could be seen only in first and second units while 
not been spotted in third unit which means that in risk evaluations and measuring their amounts 
of threats all units need to be considered at the same time. Low risk (score 8) exists in second 
and third units while very low risk (score 9) been seen only in second unit. Unit 2 is considered 
the only unit which includes all 4 types of risk and moderate risk is the only category that could 
be found in all different land units. 
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INTRUDUCTION  

World consumption for natural gas as one of the most important source of energy is on the rise 

due to increases in demand for cleaner energy and environmental concerns. Yearly increases of 

2.4% been predicted for this growing demand until the year 2030 (Najibi, 2009). The growing 

tendency in gas transmissions through the pipelines has been created a large worldwide pipeline 

network which was twice longer than the oil pipelines by the end of the previous century 

(Chabrelie, 1994). Using pipeline is considered the safest way of transmission for flammable and 

hazardous substances like natural gas which is almost difficult to be transferred by road or 

railway transportation (Papadakis, 1999). More pipeline networks together with gas utilizations 

are continuously increasing in those countries with their economy highly depending on stability, 

steadiness and safety in this sector (Dey, 2002). Pipeline constructions could creates some 

environmental damages as digging trenches for laying the pipes could have the same negative 

impacts as the widening of roads and electricity transfer line have on jungle habitats such as 

increases of soil erosion, changes in chemical characteristics of soil layers, changes in vegetation 

distributions and invasion of nonnative species (Forman and Alexander, 1998; Lugo and 

Gucinski, 2000; Forman et al, 2003). Creation of even narrow strips in already disturbed habitats 

and jungles could causes ecosystem disintegration which would make more parts of the jungle 

exposed and eventually reduces the available habitats for dwelling species (Harri, 1988; Reese 

and Ratti, 1988; Saunders et al, 1991). Excess withdrawal of groundwater could also create some 

problems like reducing of water volume in nearby aquifers (Regele and Stark, 2000). Natural gas 

itself together with unburned compositions like nitrogen dioxide (NO2), carbon monoxide (CO2) 

and etc. could alone or in a cumulative form create health concerns (Malouf et al, 2001). 

Environmental Risk Analysis (ERA) is comprised of two main parts namely risk assessment and 

risk management (Ganoulis, 1994). In risk assessment, potential threats and possibilities of their 

occurrences in projects will be analyzed qualitatively together with sensitiveness or vulnerability 

of the surrounding environment. Environmental risk analysis deals mainly with the evaluation of 

uncertainties in order to ensure reliability in a broad range of environmental issues including 

exploitation of natural resources (both quantitatively and qualitatively), ecological preservation 

and public health considerations (Gnoulis and Simpson, 2006). Risk analysis comprised of 

different processes like identification of possible threats, predictions for risk occurrence place 

330



3 
 

and their pertaining impacts (Judith, 1999). Risk could be described as measuring the possibility 

of failure in achieving the set goal and in another word, equals with unawareness about an event 

in future (Kreazner, 2003). Risk assessment is considered a logical method for evaluation of 

threats and their possible impacts on people, substances, equipments and environment which 

could provides valuable decision making information for mitigation of threats, improvement of 

environments around the risky areas, emergency situation planning, determining acceptable level 

of risk and also inspection and maintenance frameworks for industrial installations and so on 

(Nivolianiton, 2002). Risk assessment is an organized process for description and prediction of 

possible impacting threat on health following the environmental exposure to chemical 

contaminants (Belluck and Benjamin, 2001). 

Quantitative environmental assessment techniques which been developed considerably since 50 

years ago and were initially been proposed as a tool for analyzing of different problems like 

negative impacts of workers and wildlife exposure to different chemicals or isotopes (Hopper et 

al, 1989; Paustenbach, 1989) were later on used as vulnerability analyses method in vital 

infrastructures and also comparative analyzing approach for environmental threats following the 

cleaning  of contaminated  and sedimentary lands (Efroymson et al, 2004; Latora et al, 2005; 

Leung et al, 2004; Wenning et al, 2005). 

Progresses in risk assessment methods as a specialty been coincided recently with some rapid 

developing sciences like chemical biology, ecology, geochemistry, human and wildlife 

toxicology and exposure modeling (Monoson, 2005). 

In this study, indexing method been used for risk assessment is considered a comprehensive and 

practical method which is based on the subjective scoring with specific advantages like being 

flexible, quick and economic. Using this method, different types of risk for pipelines could be 

easily categorized and prioritized quantitatively based on set indicators and criteria (Muhlbauer, 

2004). In 2001, all potential threats were assessed one by one by foster-wheeler engineers in a 

risk assessment study for three phases of 6, 7 and 8 in south pars gas complex (Foster Wheeler, 

2001). In risk assessment studies using indexing method for the gas pipeline between two cities 

of Kermanshah and Sanandaj, most important reasons of the risks were identified by considering 

some risk factors like third party damages, corrosion, wrong designing and production through 

the comparisons of pipeline segments in which factors like third party damages and designing 
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with lowest score were identified as minimum risk factors. Leakage factor in some segments of 

the pipeline under the study shows higher risk value in compare to other segments. The study 

results insists  more on periodical inspections, designing base on current and predictive detail 

information, adequate supervision for contractor during the project implementation together with 

communication and training for residents around the pipeline (Abdoli et al, 2007).   

In a separate study, indexing method was used for risk assessment in a chlorine pipeline (Jabari 

et al, 2008). In a study in 2010, Analytical Hierarchy Process (AHP) together with indexing 

method was used for cumulative risk assessment in a gas transmission pipeline. In a risk 

assessment case study for a gas pipeline with almost 42 Km length and 24 inch diameter between 

Tasuj and Salmas, third variables and natural factors (soil movements) were identified as the 

most important factors among other risk factors (Jozi and Irankhani, 2010). In a HSE (health, 

safety, environment) risk assessment study for a ethylene gas pipeline in Khuzestan province, 

amount of risk were determined using indexing method and HSE indicators were considered 

(Malmasi et al, 2010). Considering the continuous increase of pipeline networks worldwide and 

also countrywide and to minimize the possible damages to human, environment and assets; the 

necessity of doing environmental risk assessment for pipelines became more prominent 

increasingly.  

 

METHODOLOGY 

Study area: 

The project of “ninth gas transmission pipeline segment” (continuation of country’s sixth 

pipeline) between Ahvaz and Miandoab will be implemented to supply the required gas energy 

in west and northwest parts of the country. The pipeline starts from a place with coordination of 

48°: 59':46˝E and 31°: 15':13˝E in southeast of Ahvaz in Khuzestan province at the elevation of 

1500 m and will ends in a place with coordination of 46°: 13':30˝E and 36°: 02':53˝E at the 

elevation of 1300 m with total length of 886 Km. A 98 Km stretch of this pipeline in Lorestan 

province is been chosen for this study. The pipeline with diameter of 56 inch (1.4 m) transfers 

110x106 m³/d of gas with the pressure of 1305 Ib/in² (18642.85 Kg/cm²). 
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Direct impact area:  

Any destruction or intrusion to natural environments could have negative consequences for all 

surrounding environment and would be considered as a threat to ecological sustainability and 

therefore, 200 m distance from each side of the pipeline been considered as a potential area 

under the direct impact (Muhlbauer, 2004). 

Indirect impact area: 

This area with bigger radius in compare to direct impact area is considered those areas which 

might be somehow influenced in a regional scale from project activities indirectly and therefore, 

community centers and protected areas under the department of environment up to 5 Km radius 

been spatially analyzed using GIS. Farm lands, connecting roads and road-river junctions up to  

1 Km radius were also considered in this area (Muhlbauer, 2004). 

 

land unit:  

land units were identified by overlaying of three different slopes (3class), elevation (3class) and 

direction (5 classes) maps in which the most and the least environmentally stable units2

• Elevation class less than 1000 m; slope class less than 15% with all directions 

 were 

determined. Incorporating the above mentioned aspects and by omitting the smaller units 

considering the pipeline path, finally 3 morphological units were chosen for further assessments. 

land unit (1):  

This unit with total area of 18122.15 ha was plotted by overlaying the following map classes for 

analyzing different level of riskability. 

• Elevation class less than 1000 m; slope class 15-30% with direction toward plateau 

• Elevation class less than 1000 m; slope class 30-100% with direction toward P 

                                                            
2 Choosing the most suitable land unit by proper combination of elevation, slope and direction slope classes and 
considering the guidelines in gas transmission by pipeline which has the lowest risk. 

333



6 
 

• Elevation class 1000-1500 m; slope class 0-15% with direction toward P 

 

Land unit (2):     

  This unit with total area of 46904/62 ha was plotted by overlaying the following map classes for 

analyzing different level of riskability 

• Elevation class less 1000-1500 m; slope class 15-30 with all directions 

• Elevation class less than 1000 m; slope class 15-30% with direction toward north, east, 

south and west 

• Elevation class 1000-1500 m; slope class less than 15% with direction toward north and 

east 

• Elevation class 1500-2000 m; slope class 0-15% with direction toward P, north and east 

 

Land unit (3):     

  This unit with total area of 45152/67 ha was plotted by overlaying the following map classes for 

analyzing different level of riskability: 

• Elevation class 1500-2000 m; slope class 30-100% with direction toward north, east, 

south and west 

• Elevation class less than 1000 m; slope class 30-100% with direction toward south and 

west 

• Elevation class 1000-1500 m; slope class less than 15% with direction toward south and 

west 

• Elevation class 1000-1500 m; slope class 30-100% with direction toward south and west 

• Elevation class 1500-2000 m; slope class less than 15% with direction toward south and 

west 

• Elevation class 1500-2000 m; slope class 30-15% with direction toward north, east, 

south and west 

• Elevation class 1000-1500 m; slope class 30-100% with direction toward north and east 
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• Elevation class less than 1000 m; slope class 30-100% with direction toward north and 

east 

Study procedures: 

Indexing system been used for environmental risk assessment in this study considering the 

existing advantages of this system. In addition to some capabilities like easy accessibility, 

flexibility, inexpensiveness, quickness and screening, this system could also categorize, quantify 

and prioritize all pipeline risks according to set criteria and guidelines (The joint risk 

management program standard team, 1996). It should be noticed that different factors like extent 

of required information, complexity of analyzing process, degrees of accessibility to information 

and amount of required professionals are of great importance in choosing a proper study method. 

GIS system as one of the most important program applied in this study is being widely used as an 

optimum decision making toll in risk and critical management programs  (Al sheikh, 2006). 

Important parameters in risk assessment of the study area were identified, defined and 

categorized prior to use in GIS system for measuring their degree of impacts. Necessary data 

were gathered and analyzed and impacted areas pertaining to each stressor were recognized and 

presented through the GIS. The overlaying capability of the GIS system was also used for 

determination of those areas with highest possibilities of risk. Indexing system was performed 

after acquiring ample knowledge about the study plan and the environment under the impact in 

which risk assessment were studied in two different parts of assessment indices and assessment 

of the environment under the impact along the pipeline. Needless to say, that those weak or 

strong responses of the project to the environmental risks couldn’t be analyzed without having 

enough knowledge about the project and surrounding environment. 
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Identification of assessment indices: 

Assessment indices could be identified by preparing a list of potential risks (pipe corrosions, 

location of sensitive ecosystems and etc) and allocation of a value to each item by help of   

environmental risk experts. Determination of risk potential depends on project specifications like 

equipments’ type and designing used in pipelining and also physical and chemical specifications 

of the transferred fluid. In general, type of activity, transferred fluid and technology together 

with pipe structure are considered those important parameters that affects on environmental risk 

potential which could be easily reviewed through the existing  reports and some other references 

like Ahn, 2005; Brito et al, 2009 and crowl, 2008. Muhlbauer (2004) scoring table was used for 

allocation of scores to potential risks in this study. 

 

Analyze of impact receptive environment:  

Some factors like hydrologic, climatic, geologic, pedologic, biologic and socioeconomic together 

with sensitive species and habitat, land usage and construction activities are of great importance 

in analyzing of impact receptive environment. To this purpose, different maps were used like 

geology map for faults layer; pedology map for top soil type and grain size; seismology map for 

area’s seismicity; vegetation cover map for analyze of fragile environments, soil stability and 

erodibility; hydrology map for surface and groundwater studies and topography map for 

topology. Land use map was prepared using existing provincial information and country’s 

integrated management program and spatial distribution of residential areas, junctions between 

pipelines and power lines, connecting roads, proximity of residential area to pipelines, farmlands, 

jungle parks, recreational and industrial areas were analyzed. 
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Map of sensitive areas like the quadruple protected areas, hunting prohibited area, important 

wetlands and jungle reserves were also obtained by help of environment department; forest, 

rangeland and watershed organization and amounts of risk were measured for pipeline crossings 

and proximities to these areas. 

 

Weighing of sub indicators and informative layers: 

Degree of importance was considered 50% for both overall probability and severity of events as 

they are equally important in risk assessment studies. To calculate these two factors, all sub 

indicators were compared pairwise for determining their degrees of significance. Analytical 

hierarchy process and software of expert choice 11 were used in weighing of effective factors. 

 

Risk assessment by integration of probability and severity of events: 

Risk assessment’s final score will be calculated by overlaying of these maps using GIS system in 

which probability and degrees of impact for pipe leakage will be identified before their 

quantification according to set guidelines. Overall probability as the first index in calculation of 

environmental risk assessment comprised of all those factors with high occurrence possibilities 

along the pipeline which were analyzed in five different sub indictors as third party risk, 

corrosion, designing and operating efficiency before transferring to GIS system with allocation 

of lower score for higher risk probabilities. Severity of impacts as the second index in calculation 

of environmental risk assessment which shows the consequences of a failing event with higher 

score for higher impacts were analyzed through four different sub sectors as types of transferred 
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fluid, amounts of environmental leakage, degrees of dispersion (approximate risk area) and 

impact receptive environment (ecological sensitivity; whatever that might be damaged) with 

higher score for higher impacts. ArcGIS 9.3 software were used for merging of spatial and 

descriptive information, analyzing and finally preparing of environmental risk inventory map 

after determining the calculated scores based on weigh of each factor. To prepare the final map 

for overall risk possibility index, spatial analytical data were weighed and merged using the 

ArcGIS 9.3. The final map for overall leakage risk impacts was also prepared in the same 

procedure and final score of each index were showed within the 200 m distance from the pipeline 

for each map. Merging the two maps of risk probabilities and severity will shows the final map 

of leakage risk in the study area. 

 

Characteristics of ecological resources        

Physiography   

Different classes of topographical features like elevation, slope, slope direction and land units 

were categorized in physiographical studies for determination of spatial suitability factor.  

Highly diverse elevation classes together with mountainous formations and plateau are dominant 

features in this area. Minimum and maximum elevations of 457 m and 2610 m have spotted in 

Malavi and north Kohdasht areas respectively. Considering the purpose of this study, the area 

was divided to three different elevation classes of <1000 m, 1000-1500 m and 1500-2000 m. The 

class with the elevation of 1000-1500 m has constituted the biggest area (about 65%). Table (1) 

shows the elevation classes and their area.  
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Table 1: Elevation class and the area 

Elevation class (m) Area (ha) % 

Less than 1000 25550/22 23/19 

1000-1500 71814/09 65/18 

1500-2000 12815/17 11/63 

total 110179/48 100 

 

Following the objective of the study, the area was separated to three different slope classes with 

biggest area (61.92 %) the slope class of <15%. Table (2) shows the slope classes and the surface 

area under each class. The study area is also divided to 5 main direction classes with 30.05% of 

the directions facing toward south. 

Table 2: slope class and the area 

slope class (%) Area (ha) % 

0-15 68218/93 61/92 

15-30 25447/80 23/10 

30-100 16512/75 14/98 

total 110179/48 100 

 

Table 3: direction class and the area 

direction class (%) Area (ha) % 

p 74/89 0/07 

North 29816/35 27/06 

East 24902/45 22/60 

South 33110/53 30/05 

west 22275/26 20/22 

total 110179/48 100 
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land units are considered those natural geological units which after a long exposure to same 

climatic conditions like weathering and erosion have finally got the present feature through the 

deposition of metamorphic sediments and therefore, all those soils units that been formed in one 

geological unit with the certain mother rock and climatic conditions would have the same 

physical characteristics and hence, land units can determine the type of soil and its vegetations. 

Considering the above mentioned facts, it can be concluded that each land unit could be 

representative of a macro ecosystem. land units will be determined by merge of different maps of 

slope, elevation and direction classes (Makhdom, 2002).  land units were merged in such a way 

to accomplish the objective of this study and therefore, more stable geological units in term of 

suitability for pipelining were determined (table 4) firstly by merging of elevation and slope 

classes and the merge of this unit with direction classes formed the final units (table 5) which 

could be known as land assessment units in accordance with the objectives of the study. 

Omission of smaller units been avoided by merging of smaller units with bigger units by use of 

Eliminate tool in ArcGIS system which creates a map with three different units of suitable, 

moderate and unsuitable.  

 

Table 4: merged code of slope and elevation classes 

 Number of class 1 2 3 

Number of class          Elevation 
Slope 

Less than 
1000m 1000 -1500m More than 1500 m 

1 Less than 15% 11 21 31 
2 15-30% 12 22 32 
3 More than 30% 13 23 33 

 

340



13 
 

Degree of suitability in merge of elevation and slope classes for pipelining path could be 

measured as below:                

− Code of units with high suitability or suitable: 11, 12, 21 

− Code of units with moderate suitability: 13, 22, 31 

− Code of units with low suitability or unsuitable: 23, 32, 33 

Table 5: merged code of land unite classes 

Number of 
class 1 2 3 4 5 

Direction 

 
Merge code 
slope  and 
elevation  

p North East South West 

11 111 112 113 114 115 
12 121 122 123 124 125 
13 131 132 133 134 135 
21 211 212 213 214 215 
22 221 222 223 224 225 
23 - 232 233 234 235 
31 - 312 313 314 315 
32 - 322 323 324 325 
33 - 332 333 334 335 

 

 

Degree of suitability in merge of elevation, slope and direction classes for pipelining path could 

be measured as below:                

− Code of units with high suitability or suitable:  

− 111,121,211,112,113,114,115 

− Code of units with moderate suitability:  

− 122,123,124,125,131,132,133,212,213,221,222,223,224,225 

− Code of units with low suitability or unsuitable: 
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− 135,134,215,214,232,233,234,235,314,315,321,322,323,324,325,331,332,333,334,33

5,313,312 

 

RESULTS  

Weighing of sub indicators and informative layer 

Final weighs of main and secondary indicators were calculated by reviewing the expert 

suggestions and pairwise comparisons of indicators through the analytical hierarchy process.  

Table (6) shows the final weighs for main and secondary indicators of risk in pipeline risk 

assessment study. The calculated score for those sub indicators without inventory 

demonstrability (like operator efficiency or product risk) was considered a constant number for 

entire pipeline. The final risk value was calculated dividing overall risk probability indicator by 

overall leakage impacts. 

 

Table (6) : final weighs for main and secondary indicators of risk in pipeline risk           

assessment 

Assessment 
index 

Significant 
percent Sub index Final 

weight criteria weight 

Sum index 50% 

Third-party 
damage Index 

0/578 

Population center(to 2 Km) 0/146 

Connection line(to 1 Km) 0/051 

Exist gas pipeline 0/097 

Convection line 0/035 

Land use 0/426 

Ground installation 0/245 

Incorrect 
operation index 

0/134  ×1 
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Design 0/228 
Type of soil(overlay of quake, 

flounder and land settle) 
1 

corrosion 0/06 Soil corrosion 1 

Result of this overlay is Sum Index map 

Leak 
impact 
factor 

50% 

Product hazard 0/333  ×1 

Dispersion 
sensitivity 

0/097 Population density (to 2 Km) 1 

Ecological 
sensitivity 

0/570 rivers 1 

Result of this overlay is Leak impact factor map 

 

 

Scoring using indexing method      

Table (7) shows the summary of semi-quantitative scoring using indexing method. Overall risk 

possibility and leakage impacts known as indices were comprised of main and secondary         

sub indicators and also main and secondary criteria or sub criteria.  

Risk assessment scores for sub indicators of third party damage, corrosion, wrong design and 

operations were 0.48, 0.87, 0.68 and 0.83 respectively with third party damage as the highest risk 

in compare to other possible threats. 

Table (7): summary of semi-quantitative scoring using indexing method 

 index Sub index criteria weighting scale 

1 

Sum index Third-party 
damage Index 

Minimum Depth of 
cover 

20% 
0-20 14 

2 Activity level 20% 
0-20 15 

3 Above ground 
facilities 

10% 
0-10 3 

4 Line locating 15% 
0-15 5 

5 Public education 15% 6 
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programs 0-15 

6 Right-of-way 
condition 

5% 
0-5 3 

7 Patrol frequency 15% 
0-15 2 

8 

corrosion 

Atmospheric 
corrosion 

10% 
0-10 10 

9 Internal corrosion 20% 
0-20 20 

10 Subsurface 
corrosion 

70% 
0-70 57 

11 

design 

Safety factor 0-35 20 
12 fatigue 0-15 9 
13 Surge potential 0-10 10 

14 Integrity 
verification 0-25 20 

15 Land movements 0-15 9 
16 

Incorrect 
operation index 

design 0-30 29 
17 construction 0-20 16 
18 operation 0-35 29 
19 maintenance 0-15 9 
20 

impact Leak impact 
factor 

Product Hazard(PH) 0-22 7 

21 Leak/spill 
volume(LV)  3 

22 Dispersion  3 
23 Receptors(R)  3/4 

 
 
 
 

 
Environmental risk in direct impact area  

Environmental risk inventory for direct impact area were calculated after dividing overall risk 

probabilities by leakage impacts through 4 different risk intensity score. According to table (8), 

score 4 as a moderate risk was considered highest in terms of the surface area among the other 

risks intensities with low risk, very low risk and high risk in descending order. 
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Table(8): Weight of different score area of Environmental risk inventory in direct 
impact area        

Risk score Area of risk 
score(ha) 

Score of weight 
risk(or weight of 

area) 

Ratio score 
of weight risk 

3 12/47 37/41 0/0021 
4 3249/60 12998/4 0/73 
8 553/69 4429/52 0/25 
9 15/37 334/35 0/019 

total 3831/13 17779/68 1 
 
 

Risk inventory for different land units   

Distributions of different risk scores in land units show highest surface area for score 4 in 

unsuitable land units (3) which suggest that there is higher risk for unsuitable areas. Risk score 

distributions in different land units been shown in table (9). Merging of risk with different land 

units has also shown clearly in Fig. (1).   

 Table (9): Risk score distributions in different land units 

Land 
unite 

Risk 
score 

Area of land unit 
risk score (ha) 

Score of weight 
risk(with 

weight area)( 

Ratio score of 
weight risk 

% ranking 

1 3 11/82 35/46 0/002 

21 

7 
1 4 927/91 3711/64 0/21 3 
1 8 - - - - 
1 9 - - - - 
2 3 0/28 0/84 0/00 

33 

8 
2 4 967/46 3869/84 0/22 2 
2 8 207/89 1663/12 0/09 5 
2 9 15/37 138/33 0/01 6 
3 3 - - - 

46 

- 
3 4 1354/23 5416/92 0/31 1 
3 8 345/80 2766/40 0/15 4 
3 9 - - - - 

total  3830/76 17602/55 1 100 - 
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DISSCUSSION AND CONCLUSION 

Advantages of sub indicators for each of the two indices of overall risk probability and leakage 

impacts were compared by pairwise method for calculating the risk inventory map in this study. 

Analytical hierarchy process was used for weighing of efficient indicators for assessment of risk 

level using software “Expert choice 11”. Indexing method and prioritizing of sub indicators were 

also used in this study (Jouzi and Irankhahi, 2010). Despite of their risk prioritizing study which 

shows more priority for gas transmission pipeline itself, land using was the most important risk 

factor among others in this study. Risk assessment levels was calculated through the merging of 

the two most important indicators maps of overall risk probability and leakage impacts using 

merging functions and were finally compared considering the 3 different land units. 

Distribution of risk in different land units shows higher and more intense risk in those units with 

higher environmental threats. Moderate risk (score 4) exist in all three land units with highest 

surface area in third (unsuitable), second (moderate) and first (suitable) units in descending 

order. High risk (score 3) was allocated to first and second unit but not to the third unit which 

suggests that all units need to be considered for their riskability amount in risk assessment 

studies. Low risk (score 8) exists in unit 2 and 3 with very low risk (score 9) only in unit 2. Unit 

2 is the only unit with all 4 level of risk and moderate risk is the only risk level which exists in 

all units. Diagram (1) shows the relation between pipeline risk scores and their surface area in 

different land units. In a risk assessment study for three phases of 6, 7 and 8 in south pars gas 

complex in Iran by Foster-Wheeler engineering consultants in 2001, evaluation of all potential 

threats one by one was highly insisted on and therefore, in addition to spending considerable 

time and expenses, all operational process in the project were completely identified and 

mitigation measures for potential human impacts were studied. In spite of presenting the valuable 

information, lack of enough relevancies between results and environmental issues in their report 

could be its main deficiency which been tried to be overcame to some extent through this study
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. 

 

 

Fig(1): Merging of risk with different land units  
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Diagram (1)   : relation between pipeline risk scores and their surface area in 

different land units 

 

 

In an environmental risk assessment study for a gas transmission pipeline in Australia in 2001, in 

spite of identification of project’s threats in early stage, environmental risk factors and even 

degrees of risk for pipeline project itself was not adequately measured while in this study all 

effective factors were analyzed in a holistic approach. An environmental risk analyzing diagram 

presented by Dziubinski and et al in 2006 was mainly focused on environmental risk evaluations 

for gas and oil pipeline due to complexity of environmental aspects. In a study by Bitro and et al 

in 2009, in addition to define of possible threats, it been mentioned that environmental risk 

assessments for gas pipelines should not be calculated only base on possible human casualty and 

be able to consider wider dimensions of human, environmental and economical impacts of 

pipeline at the same time which all been considered in this study together with expected goal and 

measures. As in environmental risk assessments all processes and events should be studied both 

in macro and micro scale, future studies in this field should focus more on impacts in micro 
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scales or in other word, microclimate impacts through the studies on pipeline segments or better 

to say that what types of ecological, structural and biological threats a pipeline may have and 

what types of environmental impacts would be presumed in a study area. At the end, to have 

more efficient environmental risk assessment for gas transmission pipelines and also other 

activities, land units should be considered as the base units of study.                                                                                         
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Abstract  

Construction of adobe buildings in different parts of world especially in Iran, and 

according to the wide area of desert which involve large area of rural buildings, in 

most case technical issues were not considered.  

The manner of using soil in desert and architecture proportionate with climate in 

Iran and in old ancient not only it meets the needs of area but also it is unique. 

Today, demanding high rise buildings and construction of steel and concrete 

structures increase and architecture is wonderful since each is an architect and he/ 

she considers it as art. In addition to meeting requirements it answer to spiritual 

needs. Architects and common people were separated from beautiful human 

spaces, of course they want to touch these spaces.  

In this article, some desert materials are investigated and new usage has been 

proposed by introducing some new architectural projects in traditional and modern 

frame work.    

Key words: adobe, local architecture, Material of desert, Architecture, wind 

catcher, reinforcement.  
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Introduction 

And the inevitable increasing use of industrial technology and electronic 

technology in the medium nineteenth century led a group of architects and urban 

planners to find solutions to reconcile complex technology with design and 

environmental issues. That is why the use of sophisticated technology, lack of 

attention to environmental issues and building of architectural and urban design did 

not last long and in fact it was reignited vernacular architecture and technology 

was meant in order to meet the needs of vernacular architecture. The questions that 

discuss in this context is: 1. How are obtained in terms of good quality? 2. How to 

use technology to forgive and our architectures ease the cost of living in these 

areas and promote them. Undoubtedly, high quality regardless of the nature, 

lightening in the appropriate spaces and air conditioning not going to happen. 

Some architects to create a link between humans and the natural environment 

through architectural space were thinking of using vernacular architecture. This 

architecture means to continue the deep-rooted values, in a new context. In fact, 

self-native architecture is the fundamental connection of two species: 1- Link with 

cultural environment; a set of values and behaviors, and a series of laws that are 

current. 2. The link with the natural environment, with datasets that (land) to 

supply. Recognition of indigenous architecture can be as understanding of society, 

a society that has continued since the beginning of the formation, the nature of the 

struggle is for survival."City Desert " in constant battle with the sun being covered 

in shadow transitions and narrow when the summer heat reserves. Passages that are 

far from any bustle, the city and its citizens in the fight against the heat of the sun 

and sand dune desert winds have maintained local damage, winter shelter from the 

cold winter in the Andes. It is here that the role of the natural environment and 

climatic conditions, the formation of local architecture appears. 

1. The hot and dry climate 

In hot and dry climate, sheltered from the exhausting heat and direct sunlight is 

essential and it gives select the appropriate deployment for physical, stress and 

intertwined in a physical body, In addition to meeting the needs of a complex 
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collective, seeks to enrich the cultural environment significantly influences (see 

Table 1). 

 

           
An example of adobe brick buildings 

 
Brick buildings and domes’ pressure 
resistance are high, but they are coming 
down in front of thrust and tension. 
Sand and clay mixed with cement mortar 
base of the adobe that creates smooth and 
shining surface and creates outside 
perspective shadows will appear. 
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Abyaneh village and the city of Bam, adobe 

vernacular architecture in Iran 

 
Economy, availability, portability, 
compatibility with the climate and 
temperature changes, flexibility, relieve the 
shortage of materials in the desert, sound 
insulation, heat insulation, environmentally 
friendly, has high thermal capacity. 
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Picking adobe Wall 

 
Low resistance to weight ratio Clay 
Not stable against moisture and water 
Cracking after drying 
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 A mixture of 75% sand and 25% clay for brick concrete or mortar as well.        

 Simple template, templates caved in (to fill mortar), a U-shaped (for use in corners) 

 Fill the molds with the mixture of raw materials 

 12 * 28 * 28 mm in size clay production 

 Run grouting thickness of 20 mm 
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How to fill the form of 

adobe 

 
burst brick molds filling   

Three adobe bricks 
formatting 

 
Yazd, The city of windward , Dolat Abad Garden 

 
The most obvious method of natural 
ventilation is using windward. Catchers with 
various forms in many cities in central and 
southern Iran in terms of wind speed and 
direction are optimally designed and 
implemented. After dealing with the upper 
levels of wind-driven corridors that deal with 
water level inside the pool house and causing 
cool weather in interior of the room. In wet 
areas wind should only passes through the 
dry canals. 
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 Windward one side: a way back into the 
disturbing and unfavorable winds are 
actually doing conditioning performance and 
handling. 
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 Windward two-sided: the two sides facing 

each other with a slender unprotected 
windows. 

Windward three factions: the three types, 
attached three factions and detached three 
factions. 

Windward four-sided: the perfect type of 
deflector with brick or wood or plaster 
blades inside the channels, can be divided 
into several parts. 

Multifaceted windward: octagonal or 
circular. 

Pipe windward: instead of cubic space of the 
outer shape of a bent tube is used for 
external volume deflector. 

Windward double, two-story deflector, the 
deflector with hole are other types of wind 
towers. 

Table 1- Source: authors 
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2. The need to retrofit buildings of adobe Iran 

Iran is among the countries located on an earthquake belt Alpide and in recent 

decades a major earthquake in Iran and malicious data that may have been heavy 

casualties, Like Manjil earthquake in 1369 and the Bam earthquake in 1382 that 

caused the deaths of tens of thousands. According to official statistics, in 1370 

about 42 percent of Iran's population live in rural areas and in these areas economic 

reasons to build brick buildings can be seen today. However, with cheap materials 

available to pay the methods of retrofit buildings of adobe in accordance (Table 2).  

 
Failure adobe house with a thickness of more 
than 50 cm at the peak of the roof, Journal of 
Seismology and Earthquake Engineering, Issue 
One, Spring 81. 

 
The building is affected by large seismic 
shakes. This effect is used not only for highly 
forces, but also used because the structures 
are not designed to withstand the horizontal 
forces. Building materials are mostly weak 
structures in front of tensile strength thus 
the most important issue is the retrofitting of 
masonry structures. 
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Complete destruction of houses of adobe in 
Changhoreh, Journal of Seismology and 
Earthquake Engineering, Issue One, Spring 81 

 
Horizontal and vertical coils embedded in the 
walls. Picket embedded coil resistance 
increases with an angle of 45 degrees 
between them. Using palm trees fiber (palm 
fiber) and improve seismic behavior. 
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Efficient use of water and suitable soil and soil consumed stabilization by lime, cement and 
bitumen straw in making Clay.  
A perfectly symmetrical of the main axes of the building in adobe buildings plan designing. 
Implementation of lime concrete foundations for buildings of adobe. 
Wooden beams and joists to light adobe buildings ceilings΄. 
Taking over the seat main beams of 10 inches wider than the width on each side wall. 
Running of picking brick wall completely horizontal and vertical rows. 
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Table 2- Source: authors 
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3. Review of Case 
Hassan Fathy 

Combining traditional architecture and technology 

The use of wind shovels at home, 
Malkef (windward) 

Mashrabiya application techniques 
(solar shading) 

Application techniques 
honeycombs 

Cooling and ventilation system 
on the roof of a combination of 
wind spatula attached to the rod 
wind, this wind flow in the 
building. 

The traditional way to store solar 
energy. This is the best way to 
minimize heat produced by direct 
sunlight during the summer. 

 
Solar shading performance 

 
 

Use mesh screens to create 
shading and control light in 
spaces. 

 
Performance of windwards 

 

Honeycombs 

British Blue water Emporium Chinese Armory tower  
Queens Building Montfort 

University, England 
In the center, the fresh air 
through cone vents sequence of 
a height of two meters supplied. 
The wind towers are mounted 
on the roof and sent more cool 
air down to the interior. They are 
integrated to each other with 15 
meters length on the central axis 
of complex and after receiving 
the outlet air flow, sending fresh 
air into the building. 

Includes a set of uniform blocks 
mounted on each other with offices, 
retail, hotel and residential parts. In 
summer a ventilator pushes air down 
the central corridor, Then this air go 
down from walls to the outside. In 
the winter, the wind draws air from 
the body of the building and solar 
absorbers duct and send it to the 
outside of building. 
 

Half of the energy consumed 
in a conventional building of 
the same building where air 
conditioning is used. 
High louvers prevent air 
turbulence and are 
therefore is an easy way to 
move inside air to the 
outside. 
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British Blue water Emporium 

 

 
Solar shading performance 

 
Queens Building Montfort 

University 

Table 3- Source: authors 

Conclusion 

Structures must obey the laws of nature and provisioning requirements and to 

respect nature. Any development or progress in structural engineering is possible 

only with the help of these rules. There is an inherent simplicity in nature that if it 

can be implemented in structural design, Can be sure that there will be building a 

harmonious and beautiful. Nature teaches us a lesson structural design. Nature has 

its own laws ways to show that you can with use them at least the parts, varied and 

endless combinations of structural forms created. The structural design methods 

and new ideas can be learned from nature. 
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ABSTRACT: For a sustainable urban development policy, it is important to assess how the conditions of social and economic 

attributes and physical and built environment of cities contribute to urban resilience. The developed methodology provides a self-

evaluating tool that can be performed by every city.  

Keywords: urban resilience, composite indicators, multi-hazard approach. 

1. INTRODUCTION 

1. INTRODUCTION 

Although for a long time the prevailing strategy for dealing with urban risks and hazards has been just understanding the 

geophysical and biophysical characteristics of them, attitudes began to change in 2000s from reaction (relief) to pre-emptive 

(preparedness) action (Mayunga 2007; Alexander 2012). This shift was a milestone in emerging a new paradigm called disaster 

risk reduction or resilience which emphasizes that risks and hazards are not merely a natural or man-made event, rather they are 

the results three systems including physical environment, socio-cultural attributes, and built environment (Mileti 1999). Resilience, 

especially the concept of community disaster resilience has recently gained much consideration in both academic and policy 

discussion (Meerow et al. 2016). As a concept, disaster resilience best defined as “the ability of a community to prepare and plan 

for, absorb, recover from, and more successfully adapt to actual or potential adverse events in a timely efficient manner” (Cutter et 

al. 2014, p. 65). Conceptual frameworks of disaster resilience are vast and include many attempts for conceptualizing and 

operationalizing the term in different hazard contexts and geographical scales.  

A major step towards better understanding community resilience is the development of benchmarking tools that can be utilized for 

measuring and benchmarking the concept. This process leads to identifying the components that contribute to resilience and 

interactions that are planned to build and enhance it (Burton 2012). Developing a sound set of composite descriptors (indicators) 

has been addressed to perform this task in the literature (Renschler et al. 2010; Cutter et al. 2014; Asadzadeh et al. 2015). A 

composite indicator is “a manipulation of individual variables to produce an aggregate measure of disaster resilience” (Cutter et al. 

2010, p. 2). To better understanding the multidimensional aspects of urban resilience in Germany, this paper introduces a multi-

hazard framework which examines eight stress scenarios.  

The background and target of the project is from the federal perspective to know more about the differences in the abilities and 

preconditions of 106 German Cities that may face similar risks and challenges. On the one hand all cities operate with a similar 

civil and planning laws, but the economic, social and environmental indicators that are recorded by official statistics and databases 

show on the other hand regularly well known patterns of inequality and severe disparities. The question is whether resilience can 

be applied as a strategic planning concept for German cities. This high level and long term approach explicitly does not examines 

operative tasks and abilities, which may be the core discipline of disaster response and crisis management. 

Indeed the federal office of Civil Protection and Disaster Assistance (BBK) supports already cities in planning and conceptual 

prevention for the protection of critical infrastructures,  basic and further training, and training in civil protection and disaster relief, 

disaster medicine, alerting and informing the population, expansion of research into civil protection, in particular research into 

NBC hazards, enhancing citizens’ ability to help themselves, conceptual and planning tasks in the area of international cooperation 

with the participation of all national civil defence agencies (). The workaround on this level is to find and organize best solutions 

for the current this level of vulnerability and resources.  

The stress-test project however is thought as an instrument to raise up the risk awareness among city leaders and planners so that 

strategic decisions about urban development concepts and measures and the related fundings can be set of to optimize urban 

performance. 
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2. FRAMEWORK AND METHOD 

To identify the impacts of stress caused by crisis and disasters we use a very simple functional model of the city. This model  consist 

of  the basic functions that motivates mankind living together in an  urban community, namely housing, employment, supply and 

mobility, which are involved in the field of action of the major general urban functions such as backup of urbanity, social inclusion 

and ensuring the quality of the environment. Finally, the governance function that describes the control of the dynamic system in 

the city interplay of politics, administration, stakeholders and citizenship, which is also exposed to the stressing and at the same 

time can respond.   

 

Fig. 1: urban basic functions      

It is assumed that the provision of these basic functions are negatively affected by all kind of stress. While in a sectoral analyses 

for a single disaster risk (e g. Earthquake, flooding, etc.) detailed interdependencies might be modeled by cascading effects or 

feedback loop simulations this complexity is not applicable to a multi hazard approach that should be understandable for users in 

municipal administration. For that reason descriptors are used to operationalize the negative effects that can be triggered by a stress 

scenario in a city. Descriptors represent the various structures or assets of a city that will be required to produce and provide the 

urban functions. In this manner the concept of resilience is to be transferred to institutional and organizational, social and fiscal 

ecological and technical structures and components of the system city.  

 

Fig. 2: Examined stress scenarios and affected descriptors of the complex urban system 

The different features and quality of these descriptors define the resilience to the stress scenarios, the negative effects in the 

descriptors can ultimately feed through to the functions of the city. The different conditions of the descriptors measured by 
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robustness and adaptability indicators define the resilience against the different stress scenarios that affect particularly strong in 

each case a selection of descriptors.  Figure 2 gives an overview about the examined stress scenarios and descriptors. The descriptor 

that are assumed to be affected are marked by the rings.  

3. EMPRICAL WORK AND RESULTS 

The aim of the indicators based analysis is to determine the resilience to each of the 8 stress scenarios by aggregate values for 

robustness and adaptability. This composite index is a 5 point scale that reaches from very low (1) to very high (5) robustness or 

adaptability. 

The dimension robustness is operationalized by quantitative statistic data and can be presented in a nationwide ranking of all cities. 

Statistical Min-Max-normalization with a preceding outlier test have been applied to all indicators. This methodology generate 

more robust and plausible results than an earlier tested quantile classification.  The empirical application of the robustness has been 

carried out among 106 German cities. The results show for each city robustness with different strengths and weaknesses and 

regional patterns of robustness in Germany.  

The dimension adaptability is a qualitative audit among experts of the city-administration. The questionnaire evaluates governance 

concepts, institutions and strategies that help cities to prepare and to react properly in regard to the examined stress-scenarios.  Until 

now this adaptability audit has been applied as a pilot study in 5 German Cities.  

The results are presented in resilience reports in the form of a matrix of robustness and adaptability. The matrix, displays the re 

resilience of a city to the different stresses. A high robustness prevented the immediate effects of stress. A high degree of 

adaptability arises when the city has applied appropriate strategies to cope with the effects of stress. Is a city both robust and 

adaptable with respect to a stress, then it is considered resilient. 

 

Fig. 3:  Example of the Resilience Matrix  

Figure 3 illustrates this aggregation using the example of the stress "social polarization" for the city "model city". By displaying 

the values of adaptability and robustness, for those affected by the stress descriptors, is transparent, as the inclusion in the matrix 

into existence has come. 

4. CONCLUSION / ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN 

RESILIENCE 

The current assessment tool deliver a relatively approach to resilience and provide a comparative overview. This allows from a 

federal perspective as well as for cities to identify the most challenges for urban development and urban planning to set off policies 

to optimize the urban performance. One big advantage is the combination of statistical data analysis and the qualitative audit. This 

leads to a practical tool, which is easy to handle for municipal administration. The operationalization of urban resilience in two 

dimensions robustness and adaptability is easy to communicate. The experience with application of the stress test method shows 

that city government want to use the test as a self-evaluating tool. With the adaptability audit the tool has a cooperative approach, 

where different departments of municipal administration are involved in generating the results. This means that policy implications 

than can be drawn from the stress test are much better accepted and more credible than from a plain and often anonymous ranking.  
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Abstract  
Nepal is the 11th most earthquake-prone country in the world. A 7.6 magnitude earthquake on 25th April 2015 and followed 

aftershocks made devastation and more than 8,900 casualties and 22,300 injuries. The lives of eight million people almost one-

third of the population of Nepal have been impacted in thirty-one of the country's 75 districts. Although there have been a huge 

damages including losses in several sectors accounted $ 7065 million, in Environment and Forestry sector, the damages mainly 

comprised of three categories: destruction of forest and protected areas, installed environmentally friendly technologies and 

assets of government and community-based natural resource management institutions. The largest loss is in ecosystem services. 

Large areas of natural forests destroyed compromised the capacity of natural forest ecosystems to deliver important ecosystem 

services– or simply the benefits people receive from ecosystems. Another major impact is the increased risks from environmental 

hazards such as landslides. The total damage and loss to the sector was $ 329.60 and $106.1 million respectively. The total 

recovery and reconstruction cost was estimated at $ 251.97 million. The recovery activities will include measures to building 

capacities to reduce pressures and threats to forests and ecosystems. An important activity is to support community based user 

groups to rehabilitate and restore their forests including livelihood support to help rebuild environmental incomes from natural 

resources. Environmental principles are to be implemented for the better nature and community through (1) ensuring that 

reconstruction and recovery activities are environmentally sustainable and will withstand future disasters including those posed 

by climate change; (2) enforcing environmental impact assessment during reconstruction in order to avoid future disasters; and 

ensure enforcement; and, (3) ensuring that timber and fuel wood collection complies with existing forest management plans and 

promote alternative energy and energy efficient technologies to reduce pressure on forests. 

 

Keywords: Nepal, Earthquake, Recovery, Forestry, Post-disaster 

 

1. Introduction  
Nepal is the 11th most earthquake-prone country in the world.  A 7.6 magnitude earthquake on 25th April 2015 and followed by 

more than 400 aftershocks greater than magnitude 4.0 including four greater shocks measured more than 6.0 made devastation 

and more than 8,900 casualties and 22,300 injuries.  It is estimated that the lives of eight million people almost one-third of the 

population of Nepal, have been impacted by these earthquakes. Thirty-one of the country's 75 districts have been mostly affected. 

About a half million private houses and 2600 government buildings had been destroyed except 19000 class rooms of school 

buildings. The Post Disaster Needs Assessment (PDNA) has estimated the value of damages and loss of $ 7065 million (National 

Planning Commission, 2015).  The National Planning Commission (NPC) led the PDNA and allocated a cross cutting sector to 

the Environment and Forestry. 'The earthquake, followed by hundreds of aftershocks, ripped off eastwards from the epicenter, 

causing a fault rupture up to 150 km long running east of Gorkha district. An area approximately 120 km by 50 km around the 

Kathmandu Valley was lifted up by at least 1 meter and moved south (Spencer, 2015 in MoSTE, 2015).  The number of 

earthquake induced landslides was estimated to be 3 times greater than the number of pre-earthquake landslides' (MoSTE, 2015).   

 

Based on the NPC guidance, the environment and forestry sector had prepared the report of the damages and loss in this sector 

and also lobbied to incorporate and consider the environmental consideration in the reconstruction and post rescue operations for 

sustainable natural resource management in the sector of environment and forestry. This report is intended to explore and share 

the situation in this sector after the earthquake and to sensitize the importance of this sector for taking priority for the major 

sector for all time. This report is prepared by a core member of the PDNA and the PDRF including equally acknowledging all 

contributing members.  

 

2. Methods  
The contributing information for this paper was collected through the PDNA 2015, Rapid Environment Assessment (REA) 2015 

and Post Disaster Recovery Framework (PDRF) 2016. To prepare the PDNA, a team was led by Ministry of Forests and Soil 

Conservation coordinating with Ministry of Science, Technology and Environment (MoSTE). Similarly, the team continued to 

prepare the PDRF too. But the REA was prepared through the MoSTE. The damages and loss were collected through field 

assessment by field offices and a few observations were also verified from a few members. The field offices collected the 

damages from local community based forestry groups and enterprises and it had also been verified through Federation of 

Community Forestry Users in Nepal (FECOFUN) at the central level. Meantime, the REA team visited major earthquake affected 
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sites and collected the damages and discussed with local stakeholders focusing on the environmental mitigation and loss 

perspective. The expert team made several discussions and conversations to put final suggestions for environmental recovery in 

the reconstruction and for sustainable natural resource management. Based on these two reports, after one year a PDRF was 

envisaged from the government and again prepared with revision of the reconstruction demand and sustainable environment and 

forestry management in this sector. Major methods were review of the PDNA and the REA and groups discussions among the 

major stakeholders to frame the sector needs and targeted results. All estimation of purposed investments was calculated based on 

the tentative calculation.  

 

3. Assessment of damages and loss in the forestry sector  
The assessment was carried out into two phases: the PDNA and the REA. Although the REA was a  part of the PDNA, the study 

was much focused and converged for the further foreseen impact from the present situations to direct the whole process and 

management interventions to be adopted from the government and the National Reconstruction Authority (NRA) established by 

the government to stream the  reconstruction projects and activities.  

 

3.1 Post Disaster Needs Assessment in the Environment and Forestry  
The Post-Disaster Needs Assessment (PDNA 2015) assessed the primary damage the forest and environment sector included: (i) 

destruction of forest, including in protected areas (PAs); (ii) destruction of previously installed energy efficient environmentally-

friendly technologies and forest based enterprises; and (iii) destruction of office buildings, furniture, equipment and other assets 

of the government and community institutions. Meantime, the Food and Agriculture Organization ( FAO ) had made a satellite 

based image analysis for the forest damages in six districts Gorkha, Dhading, Rasuwa, Nuwakot, Sindhupalchowk and Dolakha. 

The FAO had observed about 2.2 per cent of the forest land damaged after the earthquake in six major quake hit districts 

(National Planning Commission, 2015 in the PDNA). However, the valuation of this large chunk of the forest areas could be 

much higher the damages and loss in the ecosystem service loss.  

Table 1: Summary of estimates of damage and losses 

SN Themes Baseline Unit  Damage 

NPR  

 Loss    Total effect 

(damage + loss)  

 Public sector      

1 Forestry related infrastructure   2,043,318,400   2,043,318,400  

  Government offices  894   Nos  1,257,650,400   0 1,257,650,400  

  Government Office's  equipment and furniture   n/a    5,718,000   0 5,718,000  

  Community forestry User Groups (CFUG) offices  11,520   Nos  694,630,000   0 694,630,000  

  CFUG equipment and furniture   n/a    85,320,000   0 85,320,000  

2 Impact on forestry, watershed, biodiversity, Non Timber Forest Products    29343674341  142,601,520  29,486275861 

  Forest area loss  1,101,523  Ha 29258769601  0 29,363,109,121 

  Encroachment and illicit felling     0 104,339,520  208,679,040 

  Non timber forest products  collection loss  4,618,031   kg  84,904,740    38,262,000  123,166,740  

3 Environment    1,573,332,200  918,404,300  2,491,736,500  

   Air pollution due to brick industry      0 737,000,000  737,000,000  

 Private sector 1      

  Improved cooking stove  1,237,353   Nos  1,138,512,200  157,187,100  1,295,699,300  

  Biogas  79,623   Nos  434,820,000  24,217,200  459,037,200  

     Total NPR   32,960,324,941 1,061,005,820  34,021,330,761 

     Total USD     $ 329,603,249  $ 10,610,058   $ 340,213,308 

1: Although the improved cooking stoves and biogas plant damages have been categorized into private sector, the recovery cost 

is only from government subsidy and potential 50 per cent additional cost will be incurred by private owner. 

 

Similarly, capacity of government and community institutions for forest and environmental governance was reduced; availability 

of basic environmental goods and services such as water, energy, fuel and timber was affected; and incomes from forest-based 

enterprises were lost. The earthquake also increased the risk of environmental hazards such as avalanches, floods (including 

glacial lake outburst floods), landslides and downstream sedimentation. The largest direct loss in terms of economic value was 

from loss of ecosystem services. Likely environmental impacts from reconstruction identified in the PDNA and post-earthquake 

rapid environmental assessment (MoSTE 2015)1 include impacts of reconstructing buildings (e.g. building material extraction 

and brick manufacturing); solid and hazardous waste disposal; and impacts from resettlement, infrastructure and water supply 

reconstruction, and increased forest dependence due to loss of livelihoods. The total damage and loss to the sector was NPR 

32,960.3 million and NPR 1,061.0 million respectively excluding loss of the ecosystem value of NPR 34,021.3 million ($340.21 

million).  

3.2 Rapid Environmental Assessment  
As a part of the PDNA the REA was endorsed by a multi-stakeholder Steering Committee and submitted to consider 

implementing the PDNA in the reconstruction phase (MoSTE, 2015). The REA results were grouped into geological and 

hydrological impacts; forests and biodiversity; and solid waste and hazardous materials.  

                                                           
1
 The full report can be downloaded here: http://d2ouvy59p0dg6k.cloudfront.net/downloads/rea_2.pdf 
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3.2.1 Geological and hydrological impacts:  'the earthquake induced at least 2780 landslides and many ground cracks in 31 

districts, damaging settlements, infrastructures, agricultural land, forests and water resources' ( MoSTE, 2015). Majority of the 

landslides occurred in the Koshi river basin, generating at least 11,225,382 m3 of debris (Ibid,2015).  Nepal use to get high 

rainfall intensity in the monsoon season from June to August. Therefore, just after the April earthquake and the damaged cracks 

and shacked mountains resulting so many impacts in the land and forest resources. 'As a result, natural hazards such as landslides, 

flash floods, glacial lake outburst floods (GLOFs), landslide dam outburst floods, and riverbank cutting often leads to loss of life 

and property, land degradation, reduced production and increased poverty. In a landscape that was already geologically active, 

the devastating Nepal earthquake induced thousands of landslides and cracks in 31 districts, significantly damaging settlements, 

infrastructure, agricultural land, forests, and water resources (ICIMOD, 2015).  

 

3.2.2 Damage to forest, protected areas and wildlife: The earthquake damaged the forest resources of 31 districts. As 

mentioned above, FAO Rome estimated 2.2 percent forest loss for 14 of the most earthquake-affected districts, amounting to 

approximately 23,375 ha of forest at a value of NRs. 63.9 billion (NPC, 2015). Two main types of forest were damaged: pine 

forest (30 percent), and sub-temperate forest (70 percent) as assessed by the PDNA team. In Langtang valley, a patch of forest 

dominated by Larix himalaica was swept away by the avalanche. L. himalaica has a restricted distribution in Nepal and is 

confined to the Langtang valley and to Manaslu Conservation Area (CA) in Central Region(MoFSC,2014 and MoSTE, 2010). In 

particular, the regain of the loss of the forest resources is very much costly and no one can regenerate with the estimated 

investment if we are also committed. Seven protected areas (PAs) were affected by the earthquake: Sagarmatha National Park 

(NP), Makalu-Barun NP, Langtang NP, Shivapuri-Nagarjun NP, Gaurishankar CA, Manaslu CA, and Annapurna CA covering an 

area of 15,988 km2 (about 47 percent of the total protected area coverage in Nepal). The most severely affected were Langtang 

NP, Sagarmatha NP, Manaslu NP, Gaurishankar CA, and two Ramsar sites: Gosainkunda and associated lakes; and Gokyo and 

associated lakes. Affected forest area in the seven PAs is 408.5 ha (0.1 percent) of forest out of total 432,488 ha including 81,650 

ha under community forest management. The PAs provide refuge to several wildlife species of global significance such as red 

panda, musk deer, and Himalayan tahr. Important mammal habitats such as blue pine forest, temperate oak forest, subalpine fir 

and birch forest are reported to be damaged in Langtang National Park (MoSTE, 2015). 

 

'A major impact of earthquake triggered landslides was the loss of and damage to wildlife habitat; landslides have also restricted 

wildlife movement in some places. Changes in water sources as a result of the earthquake will have affected wildlife; drying of 

sources is likely to particularly affect species that have small home ranges, and some animals may have moved into new areas as 

a result. On the other hand, new sources started flowing after the earthquake, which will have benefited other animals and may 

have increased suitability of some areas for Wildlife. Breeding of endangered wildlife species may have been impacted, as April-

June is the period when the young of several species are born, including snow leopard, red panda, Himalayan musk deer and 

Himalayan Tahr. Some females could have aborted due to the earthquake, and survival rates of young could have been affected. 

Similarly, several studies have revealed that the bird species are affected due to the earthquake for breeding and other shelter 

disturbances. Such kind of the impact could not be foreseen from the general perspective' (MoSTE,2015).  

 

4. Recovery needs and intervention   
There was envisaged to reconstruct the damages and recover the loss through environmental friendly techniques. A model 

building using green and resilient technology was supposed to be constructed in every Village Development Committee (VDC) 

as an example for other planned government, community and private construction. Green open spaces and memorial parks 

(Smriti Batika) in the name of earthquake victims will be established in each district. Green corridors along the Kathmandu-

Kerung and the Kathmandu-Tatopani highways, and along the Kaligandaki River, will be established to reduce the risk of 

landslides and floods to the highways and near-by settlements, and to add ecological value by serving as an important wildlife 

refuge. In addition, a number of settlements are planned to be relocated from currently unstable, risky areas to new areas. While 

the relocation will be undertaken by another entity, this SAP incorporates support for the greening of these relocated areas. 

Greening estimated costs are NPR 2850.00 million. In an early estimate, more than 80 locations have already been identified to 

relocate the community for their shelter. Forest restoration includes the restoration of ecological functions of forests and 

increasing access to forest goods and services. To support restoration related plantation, permanent nursery facilities will be 

established to produce multi-year, climate resilient planting stock.  

 

The most recent academic research mapped a total of 4,312 new landslides. In addition, numerous land cracks occurred. On 

slopes, the earthquake disturbed soil structure and stability which increases the risk of future landslides, especially during the 

monsoon. Recovery interventions need to include geo-stability assessments of cracked and disturbed land masses, while bio-

engineering, soil conservation/agro-forestry measures and in some cases civil engineering should be implemented to reduce the 

risk of landslides. At the same time, there was extensive damage to tourism infrastructure, including walking trails, bridges and 

hotels, especially within PAs. Access to several nature-based tourism sites has been disrupted. Several PAs (e.g. Sagarmantha 

National Park, Langtang National Park and Annapurna Conservation Area) are world-renowned nature-based tourist destinations.  

The Langtang Valley is Nepal’s third-busiest trekking destination. But the valley suffered some of the worst destruction during 

the earthquake as huge avalanches swept off the Peak of Langtang Lirung Mountain and buried a village. Nature-based tourism 

contributes substantial revenue to the national economy. For example, during FY 2013-2014, of the 797,616 tourists visiting 

Nepal, nearly 551,680 tourists visited PAs (close to 70 percent) (DNPWC,2015). Recovery activities will include repair and 

reconstruction of tourist facilities such as trekking route rehabilitation, restoration of natural lakes, important visitor information 
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centers and support to restoration of tourist accommodations such as private hotels and home-stays. In the spirit of building-back-

better, all rebuilt tourism facilities should incorporate green resilient principles.   

 

The reconstruction of buildings has been included under sub-activity 1, community based forest institutions will require support 

to carry out detailed assessments to identify and account for losses. Technical support will be required to plan and implement 

measures to restore community forests. In addition there are several Leasehold Forest Users Groups (LFUGs) (including 

extremely poor households) who depend on leasehold forestry as their sole source of livelihood; recovery measures should 

include urgent support to these groups. Other support includes technical assistance to restore operational capacity by revising 

forest management plans. Recovery measures will support activities to enhance community capacity to manage forests, and 

supply timber for reconstruction. Many women (52.17 percent) and men (43.83 percent) lost a major livelihood source with the 

damage to their community forests. Livelihood support is critical both in the short-term and medium-term to assist these groups 

for energy and water sources. An important activity is the construction of safe community shelters that are well equipped with 

amenities, for future disasters. Recovery actions should also support non-traditional forest product development. This may 

include skill development and training for women in sustainable harvesting of non–timber forest products (NTFPs) and the 

marketing of forest products to expand their livelihood base.  

 

Ethnic minorities are often the most dependent on forest resources; they should be included in livelihood support programs. 

Recovery activities should help restart damaged small and medium scale enterprises to create employment opportunities for 

disaster affected communities. In addition, efforts should be made to generate green jobs that can employ local people, 

particularly women and disadvantaged groups. This should all be linked to longer-term efforts to promote climate adaptation for 

local people, including ecosystem approaches. A total of NPR 1500 million is budgeted.  

 

Seven PAs were affected by the earthquakes, including Sagarmantha National Park, a sacred landscape and World Heritage Site; 

and two Ramsar sites (Gosaikunda and Gokyo) (Byers et al., 2015 in MoSTE, 2015). These PAs provide refuge to several 

endangered fauna of global significance such as red panda, snow leopard and musk deer. Damage to the habitats of these species 

has been reported. In addition, earthquake impacts in adjacent areas and local community forests will continue to have significant 

bearing on the management of PAs, as pressure on PA resources increases to compensate for those losses. Localized illicit 

activities, including the poaching of wildlife and illegal wildlife trade, may increase as several security posts were damaged and 

vigilance and monitoring activities were hampered. A total of NPR 650 million is budgeted for recovery actions related to PAs 

and biodiversity. Short-term activities include identification earthquake impacts on critical habitats and key species, and future 

risks (e.g. flooding in downstream PAs). To deter violations of PA rules and control illegal wildlife poaching and trade, regular 

patrolling and monitoring activities should be given priority in the short-term. In the medium term, species and habitat recovery 

plans will be integrated into revised PA management plans and implemented, while in the long term, resilience of PAs, 

biodiversity and ecosystems to climate hazards and non-climate threats will be strengthened by incorporating climate change 

adaptation and Disaster Risk Reduction into PA management strategies.  

 

Increased threats to critically endangered species such as red panda, snow leopard and musk deer are likely from the extensive 

damage to their habitats. Recovery actions will include ground validation of the remote sensing assessments of habitat damage, 

and where feasible, rehabilitation through reforestation or other activities. This includes rehabilitation of wildlife corridors. 

Besides being important for biodiversity conservation, the interventions will help support national economic recovery, and local 

recovery in areas with a high dependence on wildlife and nature tourism. The total funding estimated for the SAP under the 

sector is NPR 21527.23 million for five years. While around 15-20 percent of this amount will be met from regular budgetary 

resources of the two ministries, a major share of the finance required is expected to come from the recovery fund established 

under the NRA (Table 2). 

Table 2: Recovery programme and required budget (budget in NPR millions-year wise) 
S.N. Programme  1 2 3 4 5 Total 

1 Repair and construct damaged office buildings and establishing green areas:  

community parks, green restoration of evacuated settlement/areas 

3746.56 3386.23 0 350 250 7732.79 

2 Forest management activities in damaged forests : restoration of damaged 

ecosystems, wood treatment facility construction  

850 905 0 0 0 1755 

3 Landslide hazard mitigation, wetland restoration and watershed management  2945.54 3323.9 0 600 400 7269.44 

4 Restoration of nature tourism infrastructure and facilities facility 

improvement, wildlife conservation, safe shelters for visitors  

1075 740 100 50 0 1965 

5 Operational support to community based forest groups; livelihoods 
restoration, enterprise management and development  

600 555 400 100 0 1655 

7 Restoring PAs and biodiversity; habitat recovery and management of key 
wildlife species ( snow leopard, musk deer and red panda) (DNPWC, 2015)  

100 100 0 250 200 650 

8 Gender and social inclusion targeted recovery needs; empowerment and 
livelihood support to vulnerable groups  

250 250 0 0 0 500 

  Total NPR million  9567.1 9260.13 500 1350 850 21527.23 

 Note: one USD=100 Nepali Rupees (approximately) 
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After the earthquake, the forestry sector ( including environmental sub sector) could receive the budget NPR 445.5 for 

Rehabilitation and treatment of critical landslides especially those located near human settlements, using both biological and 

rapid engineering measures , Reconstruction of 20 government buildings including District Forest Offices and Area Offices (240 

million), Restoration of a number of key trekking routes and Training, guidance and awareness campaigns across several other 

sectors promoting the use of environmentally responsible practices in reconstruction as recommended by the Rapid 

Environmental Assessment ( NPR 34 million).  More than half amount had been allocated for reconstruction of the building. In 

the second year after the quake, the government has allocated only NPR 180 million (0.12 per cent of total allocated for 

reconstruction budget for year one) (NRA,2016).  An interesting point is that, only 80 number of forestry staffs (out of about 

10,000 under the Ministry of Forest and Soil Conservation) have taken Natural disaster preventive training in 2016 (MoFSC, 

2016). No emergency fund has been allocated in the MoFSC to mitigate the landslides and other conservation activities which are 

normally supporting through District Soil Conservation Offices in the districts.  

 

5. Conclusions and recommendations  
The green recovery programme since the earthquake is being implemented. This sector was conceived as a cross cutting theme 

and no first hand needs seen on the scene to reconstruction. The housing sector and the education sector to rebuild the school 

rooms could get much attention for reconstruction. Only the major decision makers of the government (the Ministry of Finance 

and the National Reconstruction Authority) to invest in this sector be alert after the landslides and flooding during the monsoon 

season. During monsoon season, no any stable control measures can be implemented. For this, a huge investment is needed to 

make safe the community and the people's resident in the mountain areas with a long-term plan to recover and regenerate the lost 

ecosystem and land resources in the forestry sector. The recovery vision for the Environment and Forestry sector is: to restore 

damaged environment and forest ecosystems to effectively deliver significant environmental, social and economic benefits. The 

recovery measures laid out in this Sector Action Plan (SAP) will increase the resilience of ecosystems and vulnerable 

communities to future natural hazards such as earthquakes and impacts of climate change by enhancing coping capacities and 

fostering environmentally sustainable green and resilient recovery and reconstruction. The measures will be applied across all 

sectors to minimize further damage to the environment if it is taken seriously from the government and all stakeholders. Still, the 

forestry sector is considered non productive to invest. If it is ignored and not taken seriously for environmental recovery during 

the whole process and period of the post earthquake reconstruction, the desirable results will not be sustainable in the future.  

 

The green recovery will enhance the ecosystem health and services in key habitats, watersheds, forests and wetlands through 

plantation activities, erosion and landslide control, and promotion of green and renewable substitutes to reduce future pressure on 

forests and environment; strengthen capacities of relevant government departments, community institutions and others to plan, 

manage, implement, monitor and evaluate recovery; and improve capacity to deliver environmental goods and services required 

for reconstruction and beyond at local levels for resuming the ecotourism services and community services and finally it will 

ensure low carbon, environmentally friendly, climate resilient construction principles are applied in reconstruction across all 

sectors following environmental standards and required safeguards. Environmental principles are to be implemented for the better 

nature and community through (1) ensuring that reconstruction and recovery activities are environmentally sustainable and will 

withstand future disasters including those posed by climate change; (2) enforcing environmental impact assessment during 

reconstruction in order to avoid future disasters; and ensure enforcement; and, (3) ensuring that timber and fuel wood collection 

complies with existing forest management plans and promote alternative energy and energy efficient technologies to reduce 

pressure on forests (MoSTE,2015). Without considering the environmental and green principles applying to reconstruction and 

nature precautionary such as watershed management, landslides management, and forest conservation, there would not be any 

stable developmental intervention and no sustainable development initiation launching in the field after the earthquake.  
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ABSTRACT:  

Increasing urbanization rates and related colonization of traditionally unoccupied and potentially unsafe territories may result in 

great economic and human losses. In order to ensure resilience of growing and expanding communities, it is necessary to 

understand both existing risks and potential threats coming from natural and anthropogenic factors. The expansion of urban areas 

into the Lower Don River floodplain (Rostov Oblast, Russia) is a good example of such processes. Flood events were common 

for the region, and even after the construction of the Don Dam complex and significant regulation of the river discharge, the risk 

of inundation still exists. Historically, regular flooding was not considered as a disaster by local communities. However, ongoing 

floodplain urbanization changes the perception of floods and requires assessing its risks for settlements and economic activities. 

Assessment of the flood risk was conducted for the region using remote sensing data and GIS. The aim was also to explore the 

scale and dynamics of floodplain urbanization. In order to evaluate the land cover changes and urbanization rates, Landsat 

satellite imagery was collected, processed and analyzed for two years 1985 (Landsat 5) and 2013 (Landsat 8). The obtained 

results have been compared to regional statistical data. Urban growth has been identified in the study area despite the decrease in 

the total population of the Rostov Oblast. Assessment of flooding risk for urban areas was carried out using the FLO-2D flood 

routing model (FLO-2D Software, Inc.) and verified using the records of the recent floods. Five flooding scenarios including 

natural 100-year flood were formulated and tested. The settlements potentially threatened were identified for each of these 

scenarios. 

Keywords: Flood, Floodplain urbanization, GIS, Remote Sensing, Modelling 

1. INTRODUCTION 

Statistical data show that number of reported natural disasters has clearly grown in the last decades, and this trend cannot be 

explained only by improved reporting (EM-DAT 2016). The increased frequency of extreme events and uncertainty in weather 

patterns, accompanied by growth of urban population, related urbanization and corresponding increase in disaster exposure, 

contribute to rising numbers of affected people and economic losses from natural disasters. Apart from climate, the latest 

development patterns, such as urban sprawl and floodplain urbanization, are increasing exposure of communities (people, 

property, infrastructure) to natural hazards, like floods (EU 2007). In addition, floods stand out as one of the most common 

hazards, which can affect the population and assets on a great territory (EM-DAT 2016).  

This research was focused on assessment of changes in flood risk caused by expansion of urban areas to flood-prone territories. 

The Lower Don River floodplain (Rostov Oblast, Russia) was selected for analysis, since this region is both rapidly developing 

and historically was considered to be a flood-prone area (Lagutov and Lagutov 2011). Moreover, the Don River floodplain from 

the Tsimlyansk dam to the river delta at the Sea of Azov is a good example of changing perception of flood events and related 

risks. 

The historical development of the Lower Don and its ecosystem functioning can be divided into two main periods by the 

construction of the high pressure Tsimlyansk dam in 1952, which has drastically changed the river hydrological regime, 

communities life style  and minimized floods frequency and duration. In the present day, the regime of the Lower Don water 

discharge is defined by many factors such as navigation needs, electricity production, drawdown in the Tsimlyansk reservoir, 

water losses for irrigation, water supply, evaporation from water mirror (Lagutov and Lagutov 2011). The reservoir creation and 

maintenance has resulted in the redistribution of the snow-fed Don River runoff through the year, minimizing the volume and 

frequency of spring floods and increasing summer time discharge. This change has a significant impact on the river ecosystem 

and biodiversity, but at the same time the reservoir allows flood risk reduction and control. Nevertheless, the reservoir can 

decrease flood risk and alleviate consequences only to a certain extent. For example, after the reservoir construction the Lower 

Don floodplain still was submerged in some years (completely in 1963, 1979, 1981, and 1994) (Rosvodresursy 2013), causing 

economic losses and threatening population wellbeing. 

Changing climate, weather extremes, technological security and terrorism threats require an elaborate disaster risk assessment, 

preparedness and management plan for the region. Identifying the areas vulnerable to severe floods can help to increase 

awareness of the risks among local government and population as well as “shift towards managing risks rather than emergencies” 

(Brecht et al. 2013). 
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2. METHODOLOGY 

The main aim of the research was to assess the urbanization of the Lower Don River floodplain and the related flood risk to urban 

areas. A combination of set of various methods and tools were employed to achieve these objectives. Collected historical 

statistical data, Remote Sensing (RS), Geographic Information System (GIS), and Modelling were used to study floodplain 

urbanization. The urban area flood risks were identified through a 2-step process: identifying urbanized areas in the floodplain 

and simulating potential severe flood events. 

2.1 Remote Sensing and GIS 

Satellite imagery was used to identify changes in land cover, particularly expansion of urbanized areas in the floodplain from 

1985 to 2013. Landsat 5 and Landsat 8 data were used for years 1985 and 2013, correspondingly. The recorded regional severe 

flood events were identified using historical statistical data and used for the further described flood model verification and 

assessment of the historically affected area. Such severe floods were recorded in 1978, 1979, 1981, characterized as high-water 

years when the Lower Don floodplain was inundated completely (Rosvodresursy 2013). Satellite images for the spring months of 

these years were acquired and processed using Esri ArcGIS 10. 

2.2 Simulation  

The potential flood extent and propagation were assessed using the combination of remote sensing and modelling tools. Flood 

simulation using modelling package can allow identify territories that are at the most risk, flood wave speed, time required to 

reach a particular settlement and other flood characteristics. The hydrological model for the Lowere Don River was developed 

using FLO-2D cellular automata-based model (FLO-2D 2016). Five alternative flood scenarios were formulated based on 

recorded floods statistics and tested using the developed model (Rosvodresursy 2013).  

3. RESULTS 

3.1 Urbanization of the Lower Don River Floodplain 

The urbanized areas in the Don floodplain were identified using supervised classification of Landsat satellite imagery. As the first 

step, two land cover maps for 1985 and 2013 were developed. According to the focus of the research on urbanization changes, 

the revealed vegetation change patterns were not indicated on the final maps. Although the total population of the Rostov Oblast 

in the considered time period slightly decreased (ROSSTAT 2014), the population within the study area, especially in the large 

and economically important cities, grew following the global urbanization trend. The regional urbanization patterns revealed 

through remote sensing techniques can be clearly seen from combining urbanized areas in 1985 and 2013 (Fig. 1).  

 

Fig. 1: Comparison of extent of urbanized areas of the Lower Don River in 1985 and 2013 
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The total built up area within the considered region (Fig. 1) increased by the 171 km2 from 1985 to 2013. The analysis confirmed 

that the urbanized areas of the large settlements (e.g. Rostov-on-Don, Bataysk, Novocherkassk, Volgodonsk) had increased 

significantly. It should be noted, however, that according to the regional statistical data, the population of some of the very same 

settlements (for instance, Volgodonsk’s) has decreased  (ROSSTAT 2014). The situation with small communities is different and 

needs more detailed analysis. The current scoping analysis shows that some small settlements became larger, while others did not 

change or even decreased slightly. 

3.2 Flood simulation and flood-prone areas delineation  

A flood routing model FLO-2D was used to define flow characteristics, delineate flood threatened areas and assess the risks. 

Most of the data for the model functioning and scenarios development were acquired from the "Regulations of the Tsimlyansk 

Reservoir Water Resources" (Rosvodresursy 2013). Detailed historical data on the Don River discharge and the rules of dam 

management were essential to formulate scenarios of flood events and test them. For example, based on available data a separate 

scenario was formulated for the 1917 flood, which one of the most severe flood events within the recorded high spring floods. 

Hydrograph for the 1979 flood was chosen for the verification of the developed Flo-2D model. As a result the following five 

scenarios were formulated for flood simulation: 

1) 1917 flood (based on historical records); 

2) 1979 flood (based on historical records); 

3) 20-year flood (5% probability); 

4) 100-year flood (1% probability); 

5) 1000-year flood (0,1% probability). 

Flood hazard maps were created using Mapper post-processing program, a part of the FLO-2D modeling package. One of the 

calculated parameters, flood intensity was selected as an indicator of flood hazard. Flood intensity is determined by maximum 

flow depth and maximum flow velocity (O’Brien 2010). Three flood intensity zones (high, medium, low) were differentiated to 

indicate flood risk. Taking the 1979 flood simulation as an example, we can see how areas with different flood intensity are 

distributed within the floodplain (Fig. 2).  

 

Fig. 2: 1979 flood intensity map 

3.3. Flood-prone urban areas 

The developed flood risk maps for the five simulated scenarios were combined with the urbanized areas identified through 

remote sensing for both considered years. As a result flood-prone urbanized territories for each scenario were acquired. The 

following Table assembles the acquired information about the urbanization growth on the floodplain for all five scenarios. The 

data is presented both for the totally affected area and for each flood intensity level (Table 1). The territory of the flood-prone 

built up areas increased from 1985 to 2013 for each scenario. Almost no urban growth within affected territory was noticed for 

the 1979 flood simulation, and consequently the least flood risk for the urbanized areas was observed for this the most mild 

scenario. 

The most endangered settlements on the floodplain were identified. One of the most risky area is the floodplain to the East from 

Rostov-on-Don. Though no large settlements located there, many existing newly constructed villages will be submerged in all 

scenarios. Simulations showed that no historical large settlements are endangered, since they are located on uplands, outside the 

floodplain (e.g. Rostov-on-Don, Novocherkassk). However, the existing development strategy and plans of the Rostov-on-Don 

agglomeration suggest city expansion to the floodplain area (Lagutov and Lagutov 2011). Moreover, some of the medium size 

settlements which were actively developed after the construction of the Tsimlayansk dam, like Bataysk or Volgodonsk, can be 

characterized as unsafe areas. The territories directly downstream the Tsimlyansk dam were identified as the most risky.  
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Table 1: Urbanization on the flood-prone areas 

Scenarios Year 
Total affected 

area, km2 

Flood intensity, km2 

Low Medium High 

1917 flood 
1985 88,92 10,22 45,07 33,63 

2013 121,17 16,38 62,43 42,36 

1979 flood 
1985 18,81 7,02 10,76 1,03 

2013 19,04 7,85 10,18 1,01 

20-year flood 
1985 64,15 14,58 38,27 11,30 

2013 84,59 22,50 51,85 10,24 

100-year flood 
1985 80,28 11,46 44,71 24,11 

2013 107,74 15,82 63,45 28,47 

1000-year flood 
1985 92,42 9,26 42,11 41,05 

2013 126,48 14,42 59,98 52,08 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The Hyogo Framework for Action encourages more pro-active, holistic approach in disaster management. The present research is 

supporting implementation of various actions during pre-disaster phase by defining potentially flood-prone areas in areas of 

active infrastructure development. Better understanding of communities’ risks, vulnerabilities, and recovery capacities must get 

more attention by local governments, developers, various organizations and population. It is widely recognized that investments 

in pre-disaster activities, instead of the post-disaster recovery phase, can pay off in the future, because of reduced risk exposure, 

and local communities’ preparedness and minimizing potential damages. However, the Hyogo Framework for Action also 

stresses the lack of financial support for disaster risk reduction. The presented research might help to address this issue by 

demonstrating potential use of various freely available resources and tools. All remotely sensed data was acquired through the 

U.S. Geological Survey website, in particular EarthExplorer and USGS Global Visualization Viewer (GloVis) online tools. The 

flood modelling was also conducted using the free modelling package FLO-2D. Abundance of available disaster-focused 

innovative tools should be demonstrated to relevant users and communities in need. The application of relevant geospatial and 

information and communication technologies, especially free and easily accessible, while being useful at all stages of disaster 

management cycle, can potentially play a particularly important role during the risk reduction and preparation phases. 

5. CONCLUSIONS 

The urban expansion to the historically inhabited floodplain areas became possible due to the construction of the high-pressure 

Tsimlyansk dam, however, the dam cannot guarantee safety of the newly developed infrastructure downstream and communities 

must be aware of the risks. The most hazardous urbanized areas within in the Lower Don floodplain with highest flood hazard 

risk were defined, by simulating flood intensity (based on the flow depth and the flow velocity) for five scenarios. It was found 

that generally small villages on the river bank within the wide part of the floodplain would experience the most intense flood, 

together with the territory right under the dam. Currently most of the large historical cities lie within the safe uplands, however, 

some newly built settlements are situated at the of the low left bank as well as planned city district of Rostov-on-Don, which 

might be submerged in case of severe flood. The results acquired through this research might be of interest not only to local 

stakeholders (urban planners, local population), but also to a broader research community. Information about the flood-prone 

areas of the Lower Don River floodplain can be used for better regional planning and urban development as well as improving 

regional early warning systems.  
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ABSTRACT: 2001 World Trade Center 9/11 was sufficient to recognize the concept of a business continuity management 
in the organization. Black Swan theory, Nassim Nocholas Taleb claimed that event difficult to imagine occur, has been 
proven by the Fukushima nuclear incident just five years. Korea mainly introduced a Business Continuity Management such 
as IT and financial company and has established a policy to introduce business continuity management in small and 
medium-sized businesses and public facilities in accordance with the international precedents, such as the government of 
the United States NIPP. However, the range has a limit that is restricted to public facilities by law. Universities have many 
research reports and population and have social responsibility to keep the property and lives. In addition, the University is 
open to outsiders and exposed to large quantities of chemical gas and radiation. A number of universities in other countries 
have identified these issues and fostered secure areas of the university to take advantage of introduction of business 
continuity management. Since universities in Korea don’t introduce Business Continuity Management, it is necessary to 
establish a business continuity management in the university. Accordingly, this study tried a qualitative risk assessment to 
establish business continuity management of the university. This study identified possible risks occurring in universities 
and analysed each of the risks. In the process, this study suggested Impact, frequency, mitigation index which is a factor of 
risk assessment. The results of risk assessment was classified three of level each of the risk level risk by Fault Tree Analysis. 

Keywords: University, Risk assessment, Fault Tree Analysis, ISO22313. 

1. INTRODUCTION 

According to Kaplan and Garrick (1981), a risk appropriate assessment is normally established to answer three questions: 

What can go wrong? What is the likelihood that it will go wrong? What are the consequences if it does go wrong? 

Risk assessment is one component of the general risk management process. In practice, the main difference between 
qualitative and quantitative risk assessment is that qualitative risk assessment normally uses expert's opinion to identify 
and evaluate the probability and consequence of hazards while quantitative risk assessment mainly relies on the statistic 
and database. For this reason, quantitative risk assessment has advantages to compute the scale of damage. But quantitative 
risk assessment takes a long time analyzing a variety of hazard. On the other hand, qualitative risk assessment does not 
appropriate to compute the scale of damage, but qualitative risk assessment can perform faster than a quantitative risk 
assessment. In addition, qualitative risk assessment is efficient in making decisions about the various risks. 

The purpose of this study was to the risk assessment in order to apply the BCM to the Sungkyunkwan University. Generally 
BCM uses qualitative risk assessment because it is appropriate to deal with various risks. Therefore, this study selected the 
qualitative risk assessment. According to ISO22313 as Business Continuity Management System Guidance, risk assessment 
is performed four factors that is risk identification, impact of the risk, the frequency of risk and risk mitigation levels. Risk 
assessment was performed by method of the ISO22313.  
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2. MEMHODOLOGY 

The flow of the study are shown in Fig. 1.  

Fig. 1: How to Perform Risk assessment 

1. In order to identify risks that may occur in university, investigating risk management practices at university. 

2. In order to determine the criteria of risk impact, frequency and mitigation level, getting advice from the experts. Each criteria 
is divided into five level. 

3. Determining risk Impact(I), Frequency(F) and Mitigation level(M). 

4. Estimating each Risk score(R). Method to calculate a Risk score(R) is as follows. 

R =  
𝐼 × 𝐹

𝑀2
 

This formula was developed by Jim Burtles well-known and respected as a business continuity professional with 40 years 
of experience. The characteristic of this formula reflects the mitigation level in risk scores. Since this formula reflects the 
level of mitigation, it can accurately calculate risk score. 

5. Performing the FTA(Fault Tree Analysis). This step can identify why business is interrupted by some factors that include 
human Resources, ICT(Information and Communication Technology) and building. 

3. RISK ASSESSMENT 

3.1 Risk identification 

The first step is the identification of risk. According to ISO22313, organization should evaluate and understand the internal 
and external factors that are relevant to its purpose and operations. Specifically, it shall include the Political, Legal and 
regulatory environment, Social and cultural, Financial, Technological, Economic, Natural and competitive environment. 
However, this study considered technological accidents and natural disasters according to the characteristics of the 
organization. 

To identify the risk, case studies were performed. Since Republic of Korea established BCM in universities, we refer the 
cases to build in a university abroad. In California, it has recommended the establishment of the University of BCM through 
an executive order. The California State University is a public university system in California. CSU is composed of 23 
campuses and California Polytechnic State University is one of them. Since California Polytechnic State University 
successfully performed risk assessment and established BCM, this study was used as a best practice. List of risk are shown 
in Table 2. 

3.2 Determining criteria 

Advice from the experts with reference, each criteria utilized in this study are shown in Table 1. 
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Table 1: Criteria of the frequency and impact 

Level Frequency criteria Impact criteria Mitigation level criteria 

1 
Be Occurred every year in Sungkyunkwan 
University. 

Within 1 day 
Do not care. 

2 
Occurred more than once in Sungkyunkwan 
University. 

1~3 days 
Perfunctory training and equipment 

3 
Not occurred in Sungkyunkwan University, 
but occurred in university in Korea. 

4~7 days 
Insufficiency of training and equipment 

4 
Not occurred in Korea, but occurred in 
university abroad. 

1~2 weeks 
Insufficiency of training or equipment 

5 Hardly ever occurred More than 2 weeks Sufficiency of training and equipment 

3.3 Estimating risk score 

Each risk score was calculated using the Table 1. According to the calculated risk score, it can distinguish the level of risk 
management. Required management level was divided into three steps: high, medium and low. Fig. 2 shows the risk scores 
and required management levels according to them. Fig. 3 shows the risk score determined in the Table 1 and required 
management levels according to them. 

Table 2: Estimated frequencies, impacts and risk scores 

No Risk Type scenario Frequency Impact 
Mitigation 
level 

Risk score 

1 Fire A classroom fire 4 2 2 2 

2 Fire A floor fire 4 2 2 2 

3 Fire A single building fire 3 3 2 2.25 

4 Hazardous Materials Hazardous Materials-Small 4 1 2 1 

5 Hazardous Materials Hazardous Materials-Medium 3 2 2 1.5 

6 Hazardous Materials Hazardous Materials-Large 2 3 2 1.5 

7 IT outage Blackout 3 2 3 0.67 

8 IT outage Cyber Terrorism 3 4 3 1.33 

9 IT outage Other physical damage 3 4 3 1.33 

10 Epidemic Small impact 3 2 2 1.5 

11 Epidemic Large impact 3 5 2 3.75 

12 Building collapse Building collapse 1 5 2 1.25 

13 Flooded buildings Typhoon or heavy rain 1 3 2 0.75 

14 Terrorism Destroyed building 1 5 2 1.25 

15 Terrorism University closed 1 5 2 1.25 

16 War Korean war 1 5 2 1.25 

17 Earthquake Low magnitude 1 1 2 0.25 

18 Earthquake Moderate magnitude 1 3 2 0.75 

19 Earthquake High magnitude 1 5 2 1.25 
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Fig. 2: How to Perform Risk assessment Fig. 3: How to Perform Risk assessment 

4. FAULT TREE ANALYSIS AND CONCLUSIONS 

Figure 4 shows the result of performing disruption factors and the FTA. Disruption factors are consist of human resource, 
ICT(Information and Communication Technology) and Building. It classified the risk for each disruption factor. Human 
resources are affected by an epidemic, fire and hazardous materials. ICT is affected by the physical damage, blackout and 
cyber terrorism. Finally, building is affected by a fire, flood, earthquake and collapse. The risks except for earthquakes and 
power outages are analyzed as dangerous. The results of this study are as follows.  

Safety management is not sufficient, although there are many people such as students, faculty and staff in university and 
always open. Therefore, it is necessary to perform a risk assessment in university. Furthermore, it is necessary to build a 
business continuity management in university. 

 

Fig. 4: Disruption factors and FTA 
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ABSTRACT: 2001 World Trade Center 9/11 was sufficient to recognize the concept of a business continuity management 
in the organization. Black Swan theory, Nassim Nocholas Taleb claimed that event difficult to imagine occur, has been 
proven by the Fukushima nuclear incident just five years. Korea mainly introduced a Business Continuity Management such 
as IT and financial company and has established a policy to introduce business continuity management in small and 
medium-sized businesses and public facilities in accordance with the international precedents, such as the government of 
the United States NIPP. However, the range has a limit that is restricted to public facilities by law. Universities have many 
research reports and population and have social responsibility to keep the property and lives. In addition, the University is 
open to outsiders and exposed to large quantities of chemical gas and radiation. A number of universities in other countries 
have identified these issues and fostered secure areas of the university to take advantage of introduction of business 
continuity management. Since universities in Korea don’t introduce Business Continuity Management, it is necessary to 
establish a business continuity management in the university. Accordingly, this study tried a qualitative risk assessment to 
establish business continuity management of the university. This study identified possible risks occurring in universities 
and analysed each of the risks. In the process, this study suggested Impact, frequency, mitigation index which is a factor of 
risk assessment. The results of risk assessment was classified three of level each of the risk level risk by Fault Tree Analysis. 
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1. INTRODUCTION 

According to Kaplan and Garrick (1981), a risk appropriate assessment is normally established to answer three questions: 

What can go wrong? What is the likelihood that it will go wrong? What are the consequences if it does go wrong? 

Risk assessment is one component of the general risk management process. In practice, the main difference between 
qualitative and quantitative risk assessment is that qualitative risk assessment normally uses expert's opinion to identify 
and evaluate the probability and consequence of hazards while quantitative risk assessment mainly relies on the statistic 
and database. For this reason, quantitative risk assessment has advantages to compute the scale of damage. But quantitative 
risk assessment takes a long time analyzing a variety of hazard. On the other hand, qualitative risk assessment does not 
appropriate to compute the scale of damage, but qualitative risk assessment can perform faster than a quantitative risk 
assessment. In addition, qualitative risk assessment is efficient in making decisions about the various risks. 

The purpose of this study was to the risk assessment in order to apply the BCM to the Sungkyunkwan University. Generally 
BCM uses qualitative risk assessment because it is appropriate to deal with various risks. Therefore, this study selected the 
qualitative risk assessment. According to ISO22313 as Business Continuity Management System Guidance, risk assessment 
is performed four factors that is risk identification, impact of the risk, the frequency of risk and risk mitigation levels. Risk 
assessment was performed by method of the ISO22313.  
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2. MEMHODOLOGY 

The flow of the study are shown in Fig. 1.  

Fig. 1: How to Perform Risk assessment 

1. In order to identify risks that may occur in university, investigating risk management practices at university. 

2. In order to determine the criteria of risk impact, frequency and mitigation level, getting advice from the experts. Each criteria 
is divided into five level. 

3. Determining risk Impact(I), Frequency(F) and Mitigation level(M). 

4. Estimating each Risk score(R). Method to calculate a Risk score(R) is as follows. 

R =  
𝐼 × 𝐹

𝑀2
 

This formula was developed by Jim Burtles well-known and respected as a business continuity professional with 40 years 
of experience. The characteristic of this formula reflects the mitigation level in risk scores. Since this formula reflects the 
level of mitigation, it can accurately calculate risk score. 

5. Performing the FTA(Fault Tree Analysis). This step can identify why business is interrupted by some factors that include 
human Resources, ICT(Information and Communication Technology) and building. 

3. RISK ASSESSMENT 

3.1 Risk identification 

The first step is the identification of risk. According to ISO22313, organization should evaluate and understand the internal 
and external factors that are relevant to its purpose and operations. Specifically, it shall include the Political, Legal and 
regulatory environment, Social and cultural, Financial, Technological, Economic, Natural and competitive environment. 
However, this study considered technological accidents and natural disasters according to the characteristics of the 
organization. 

To identify the risk, case studies were performed. Since Republic of Korea established BCM in universities, we refer the 
cases to build in a university abroad. In California, it has recommended the establishment of the University of BCM through 
an executive order. The California State University is a public university system in California. CSU is composed of 23 
campuses and California Polytechnic State University is one of them. Since California Polytechnic State University 
successfully performed risk assessment and established BCM, this study was used as a best practice. List of risk are shown 
in Table 2. 

3.2 Determining criteria 

Advice from the experts with reference, each criteria utilized in this study are shown in Table 1. 
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Table 1: Criteria of the frequency and impact 

Level Frequency criteria Impact criteria Mitigation level criteria 

1 
Be Occurred every year in Sungkyunkwan 
University. 

Within 1 day 
Do not care. 

2 
Occurred more than once in Sungkyunkwan 
University. 

1~3 days 
Perfunctory training and equipment 

3 
Not occurred in Sungkyunkwan University, 
but occurred in university in Korea. 

4~7 days 
Insufficiency of training and equipment 

4 
Not occurred in Korea, but occurred in 
university abroad. 

1~2 weeks 
Insufficiency of training or equipment 

5 Hardly ever occurred More than 2 weeks Sufficiency of training and equipment 

3.3 Estimating risk score 

Each risk score was calculated using the Table 1. According to the calculated risk score, it can distinguish the level of risk 
management. Required management level was divided into three steps: high, medium and low. Fig. 2 shows the risk scores 
and required management levels according to them. Fig. 3 shows the risk score determined in the Table 1 and required 
management levels according to them. 

Table 2: Estimated frequencies, impacts and risk scores 

No Risk Type scenario Frequency Impact 
Mitigation 
level 

Risk score 

1 Fire A classroom fire 4 2 2 2 

2 Fire A floor fire 4 2 2 2 

3 Fire A single building fire 3 3 2 2.25 

4 Hazardous Materials Hazardous Materials-Small 4 1 2 1 

5 Hazardous Materials Hazardous Materials-Medium 3 2 2 1.5 

6 Hazardous Materials Hazardous Materials-Large 2 3 2 1.5 

7 IT outage Blackout 3 2 3 0.67 

8 IT outage Cyber Terrorism 3 4 3 1.33 

9 IT outage Other physical damage 3 4 3 1.33 

10 Epidemic Small impact 3 2 2 1.5 

11 Epidemic Large impact 3 5 2 3.75 

12 Building collapse Building collapse 1 5 2 1.25 

13 Flooded buildings Typhoon or heavy rain 1 3 2 0.75 

14 Terrorism Destroyed building 1 5 2 1.25 

15 Terrorism University closed 1 5 2 1.25 

16 War Korean war 1 5 2 1.25 

17 Earthquake Low magnitude 1 1 2 0.25 

18 Earthquake Moderate magnitude 1 3 2 0.75 

19 Earthquake High magnitude 1 5 2 1.25 
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Fig. 2: How to Perform Risk assessment Fig. 3: How to Perform Risk assessment 

4. FAULT TREE ANALYSIS AND CONCLUSIONS 

Figure 4 shows the result of performing disruption factors and the FTA. Disruption factors are consist of human resource, 
ICT(Information and Communication Technology) and Building. It classified the risk for each disruption factor. Human 
resources are affected by an epidemic, fire and hazardous materials. ICT is affected by the physical damage, blackout and 
cyber terrorism. Finally, building is affected by a fire, flood, earthquake and collapse. The risks except for earthquakes and 
power outages are analyzed as dangerous. The results of this study are as follows.  

Safety management is not sufficient, although there are many people such as students, faculty and staff in university and 
always open. Therefore, it is necessary to perform a risk assessment in university. Furthermore, it is necessary to build a 
business continuity management in university. 

 

Fig. 4: Disruption factors and FTA 
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ABSTRACT: Brazil has registered many natural and technical disasters. Significant human, material, social and environmental 

damages are found both in national proportion disaster events and in small and local ones. In this context, one of the important 

disaster scenarios are the construction works. The main goal of this contribution is to present, unprecedentedly, the consolidation 

of disaster data registered since 2009 at Belo Horizonte by the Civil Defense Municipal System (SIMDEC), used by the Municipal 

Civil Defense Office (COMDEC), a public agency of the City Hall and winner of the Sasakawa Awards 2013. The methodology 

used for data treatment follows the one created by the National Center of Risk and Disaster Management, published in the Natural 

Disaster Yearbook 2013, with adjustments to the local reality and focus on technical disasters. To reduce disaster risks in both 

national and local scales is one of the advices of the Sendai Framework for Disaster Risk Reduction 2015-2030. The data pointed 

a large share of technical disasters and risks, civil engineering related ones responding for almost 90% of these occurrences. Results 

revealed that this kind of event occurs almost every day and can range from simple infiltrations or cracks to huge collapses, like 

the Batalha dos Guararapes viaduct crash, during the 2014 FIFA World Cup, with two deaths. Furthermore, disaster risk maps 

were drawn and showed that almost 20% of the disasters happens in suburban villages and slums, which accounts only for 5% of 

the municipal territory and 15% of the city population. They also revealed that occurrences are more frequent in middle-class areas, 

where construction works are often supervised by engineers, which indicates that risks are not being taken into account fully by 

them. Thus, engineer’s role is identified as fundamental to disaster risk reduction. 

Keywords: Disaster Risk Reduction, Disaster Risk Management, Technical Disasters, Civil Engineering, Construction Related 

Disaster. 

1. INTRODUCTION 

Belo Horizonte (BH) city, capital of the state of Minas Gerais - Brazil, was founded in 1897. At first, BH was designed to be a 

planned town, with perpendicular mesh of streets, blocks of regular dimensions and avenue around its perimeter, called the Contour 

Avenue (Monte-Mór, 1994). However, the city experienced an unprecedented growth rate that exceeded all borders of the planning. 

Nowadays, the population has already surpassed 2,5 millions of inhabitants, distributed in approximately 331 km², thirty-seven 

times greater than the area surrounded by the Contour Avenue. Its metropolitan region is the third larger urban concentration in 

Brazil (IBGE, 2015). Surely this unexpected and uncontrolled growth would bring major problems of public administration, 

including risk and disaster management. Thus, in 1979, the City Major created the Municipal Civil Defense Office (COMDEC) 

and assigned disaster management and risk reduction to its care. Since its foundation, the agency is concerned with the management 

of all kinds of disasters and has one main goal: to increase city’s resilience (CÂMARA MUNICIPAL DE BELO HORIZONTE, 

1979). Albeit all the efforts of the civil defense team, community engagement is indispensable to reduce disaster impacts. This 

integration is the working basis of COMDEC, by which the agency won the United Nations’ Sasakawa Awards 2013. 

This paper aims to consolidate and analyze the amount of disaster data recorded by the Civil Defense Municipal System (SIMDEC), 

focusing on construction related occurrences. Two tasks are performed: firstly, a data treatment was done, then, disaster maps were 

drawn. These analyses can substantiate decision making and attract public attention to disaster risk issues. Methodology, results 

and critical analysis will be described, and conclusions summarize the paper giving further perspectives for research.  

2. DISASTER DATA TREATMENT 

Since its creation, COMDEC has always been seeking for strategies to reduce disaster risk and mitigate its impact, the most 

important being the efforts to integrate disaster risk management in all community sectors, especially the general public. Thereby, 

in 2009 SIMDEC was implemented in virtual platform, where every disaster or threat is registered as an occurrence and receives 

appropriate regard as soon as possible. Event communication comes from several sources, most part from citizens who call the 

civil defense emergency telephone number whenever they feel threatened or witness a disaster situation. Although more traditional 

approaches only consider disasters as large scale events, the Sendai Framework for Disaster Risk Reduction 2015-2030 urges a 

new perspective. According to it, little scale events should be considered as local disasters and attention should be given to them 

so that they do not reach large scales (UNISDR, 2015). Thus, every potential disruption of the functioning of a community which 

exceeds its ability to cope is treated as an event and, once its impacts are evaluated, the contingency planning is followed either 

with prevention or response actions. This paper covers occurrences of human origin, classified as technical disasters or threats.  
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2.1 Methodology 

The disaster data to be analyzed was obtained from SIMDEC records. An amount of 34984 occurrences were recorded during seven 

years, from 2009 to 2015. 23184 of those occurrences were classified as from human origin. Sometimes, the same event can be 

reported by different people, so it is necessary to reduce repeated occurrences of the same event to only one record. The 

methodology used to identify occurrences concerning the same event was analogous to the one developed by the National Center 

of Risk and Disaster Management, published in the Natural Disaster Yearbook 2013, with adjustments to the local reality and focus 

on technical disasters or threats, specifically those ones related to constructions (CENAD, 2014). As most of the events of this kind 

are punctual in space and time, a filter was applied so that all occurrences of the same nature, recorded in the same day, in the same 

street and neighborhood, were counted as only one event. Therefore, the amount of human origin event records decreased to 22872, 

and that number represents 65% of all occurrences. If a similar assessment was made upon the amount of natural origin events, this 

percentage would be even higher. These 22872 occurrences composed the object of this research, which also prepares data for 

further explorations. 

2.2 Results 

Human origin disaster or risk events are subclassified in five categories by the Brazilian Classification and Coding of Disasters 

(COBRADE), similarly to The International Disaster Database (EM-DAT), namely, disasters related to: radioactive substances, 

dangerous products, urban fires, construction works and buildings, and transportation (BRASIL, 2012). In Belo Horizonte, since 

2009, events related to construction works and buildings responded for 98% of human origin disasters or threats, whereas urban 

fires responded for 1,92% and dangerous products and transportation responded, together, for 0,08%. There are no records of 

disasters related to radioactive substances. Historically, an average of 9 occurrences of human origin disasters and risks are recorded 

every day. Fig.1.a) shows that this average increases to 17 during the rainiest months, December and January, and decreases to 5 

in June and July (INMET, 2016).  

Fig. 1.b) shows that 62% of disaster victims are related to construction works and buildings disasters, like the Batalha dos 

Guararapes viaduct crash, that happened during the 2014 FIFA World Cup, with two deaths. On the other side, most of the events 

were reported as Risks or Threats, as can be seen in Fig. 1.c). Construction works and buildings category can be divided in 

subcategories that represent more specifically the kind of event. It was noticed that an average of 14% of the events in this category 

were actually caused by construction works. For example, 16% of building damage or destruction was caused by construction 

works around or in the building, as can be seen in Fig. 1.d).  

 
Fig. 1: Event profile. a) Monthly average of human origin disaster or risk occurrences and Monthly accumulated rainfall in Belo 

Horizonte. b) Disasters with victims. c) Disaster and Risk percentage. d) Events by Subcategory of Construction Works and 

Building Events. 

0

100

200

300

400

0

5

10

15

20

ja
n

fe
b

m
ar

ap
r

m
ay ju
n

ju
l

au
g

se
p

o
ct

n
o

v

d
ec

P
R

E
C

IP
IT

A
T

IO
N

 

[M
M

]

M
O

N
T

H
L

Y
 

A
V

E
R

A
G

E
 O

F
 

O
C

C
U

R
R

E
N

C
E

S

Average of

occurrences

Monthly

rainfall

12

75

25
12

46

8

Disasters with

deaths

Disasters with

injured victims

Disasters with

made-homeless

victims

Construction works and buildings

Dangerous products, Urban fires and Transportation

Risk / Threat

86%

Disaster

14%

85%

84%
87%

91%
89% 85%

15%

16%

13%

9%

11%
15%

Cracks and

crevices

Building

damage

Retaining

wall

damage

Water

infiltration

Soil erosion

or floor

abatement

Others

Related to construction works 1480 785 426 204 95 219

Non related to construction works 8256 4277 2806 2152 763 1291

a) 

c) d) 

b) 

382



3. DISASTER MAPPING 

Mapping the spatial distribution of disasters and threats allows the identification of patterns and trends that produces risk. This can 

be very useful on intervention planning, prevention, and response actions.  

3.2 Methodology 

The georeferenced spatial data used to construct the disaster maps were obtained with the Company for Information Technology 

of Municipality of Belo Horizonte (Prodabel). The cartographic and alphanumeric data were associated: the disaster consolidated 

data were joined and related to the shapefile basis of neighborhoods. The population data, from the census made in 2010, of each 

neighborhood, as well as the terrain slope information, were included on the analysis.  

3.3 Results 

The map of human origin disasters and threats per neighborhood compared with its population in 2010 is shown in Fig.2.a). As 

expected, more occurrences of disasters and threats can be observed in the most populated neighborhoods, while in sparsely 

populated areas few or none events were registered. For example, the neighborhoods with more than 12000 people corresponded 

to an average of 160 occurrences of human origin disasters and threats, whereas in neighborhoods with less than 6500 people, only 

24 events in average were registered.  

 

Fig. 2: Human origin disasters and threats per neighborhood. a) Compared with neighborhood’s population in 2010. b) Compared 

with the terrain slope, favelas and villages highlighted 

The terrain slope is another factor directly related to the occurrence of disasters, and Belo Horizonte has a very rugged topography 

as shown in Fig 2.b). Some irregular urban occupations, like the favelas Morro das Pedras (highlight A) and Aglomerado da Serra 

(highlight B), are located in areas strongly undulated and hilly, which exposes these areas to higher risk. As an example, while the 

formal city presents an annual average of disasters and threats per area of 9 occurrences per square kilometer, the favelas and 

villages presents 36 occurrences/km². Notably, this rate increases to 51 and 50 occurences/km² in Morro das Pedras and 

Aglomerado da Serra, respectively.  

a) b) 

1 Dot = 10 

1 Dot = 10 
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4. ANALYSIS 

Construction works and building related events have indeed an important hole in disaster and risk management. In Belo Horizonte, 

more than 65% of disaster reports are from human origin, wherein 98% are associated to the building environment. The potential 

to make victims also reveals how serious these events can be. The monthly average of occurrences and the accumulated rainfall 

disclose some similarity. However, this must not be interpreted as an acquittal of human responsibility for these events. It actually 

demonstrates that during the rainy season extra care ought to be taken in construction environments. In fact, the human / natural 

origin disaster classification is sometimes redundant, once human beings interact with nature essentially and disaster impacts often 

depends on how deep is human intervention on natural environment. 

In big metropolis, like Belo Horizonte, there are practically no large empty areas, where one could construct sufficiently apart. The 

few empty lots are surrounded by buildings or houses, the traffic is intense, to cite some of the problems frequently found by 

entrepreneurs. It is clear that any work will raise considerable impacts to its neighborhood. This reality is shown by data analysis, 

which indicates that 7% of damages in buildings are caused by neighboring construction works. One example of this situation was 

the tragedy of Maia Lacerda Street, on April 12, 2015. The builder was digging the land to construct a building. Excavation was 

not done in accordance with the technical standards and the disaster happened when the soil disrupted, bringing down the neighbor 

house, as can be seen in Fig. 3. A 12-year-old girl, who was sleeping in her room, died under the rubble. 

 

Fig. 3: Disaster of Maia Lacerda Street. a) Before the disaster. b) Neighbor house destructed. c) After the disaster.  
SOURCE: SIMDEC collection. 

Data reveal that 81% of occurrences were recorded in formal city areas. In addition, from the 20 neighborhoods with higher 

occurrence records, 10 are notably middle-class areas, where construction works are often supervised by engineers, which indicates 

that risks are not being taken into account fully. Data also reveal that 19% of the disasters and threats happened in favelas and 

villages, which accounts only for 5% of the municipal territory and 15% of the city population. In general, for all the city, the 

annual ratio of population and disasters and threats was one disaster per 730 people. This proportion in the formal city was 1 

disaster/760 people, while in favelas and villages it was 1 disaster/600 people. This ratio increases to 1 disaster/370 people and 1 

disaster/430 people in Morro das Pedras and Aglomerado da Serra, respectively. After all, it is a good fact that the majority of 

events are reported as risks or threats. This means that pre-disaster phases of prevention and preparedness are fairly taken into 

account by city’s disaster management system. These are the phases that shall receive most of the efforts from civil defense, so that 

disasters become less likely to happen and, when they do, their impacts are minimized. 

5. CONCLUSIONS 

Sendai Framework invites all communities to a new approach in disaster management: multidisciplinarity and focus on both 

national and local scales. This contribution was based on this perspective, looking for the parcel of disasters and risks related to 

construction works and buildings in the municipal scale of Belo Horizonte. Since 2009, all disaster and risk events reported are 

recorded on SIMDEC and compose an important database for the city administration. Treating these data and consolidating them 

can help substantially in decision making processes, when it comes to update the contingency planning, publishing information for 

community awareness, and endorsing the work of civil defense agents. This paper consolidates data from human origin events 

reported to COMDEC from 2009 to 2015, highlighting how the building environment responds for an important parcel of the 

occurrences. Although sometimes natural agents contribute for disasters to happen in construction works, engineers are expected 

to know how to deal with adverse situations, such as terrain slopes or rainfall events. The risk perception of engineers and 

construction managers is fundamental to disaster risk reduction. Reducing the risks and mitigating the impacts of an event remain 

a challenge for the actual construction sector, showing that there is still much to do in further research. 
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ABSTRACT: Generally, a disaster occurs when diverse causes interact with resident risk factors in a complicated manner and 
proceed to an unstable situation. To sever the link to the disasters occurring due to repeating causes and leading to huge accidents 
periodically, a standardized procedure and methodology of 'scientific disaster cause analyses and plans to prevent similar 
accidents from occurring based on objective and quantitative analyses' need to be introduced and contribute to strengthening the 
disaster management feedback function. Disaster profiling is an analysis system that derives major cause factors through 
modeling the analysis process for root cause analysis and applying the cause-effect interpretation technology for suggesting 
objective cause analysis results based on the comprehensively collected large-scale disaster cases. 

Keywords: Disaster Profiling, DSI, Cause Analysis, Scientific Investigation 

1. INTRODUCTION 

The recent trend of recurrent disasters that are complex and massive in scale has prompted the need for the development of cause 
investigation and analysis techniques, with the aim of discovering and eliminating the root cause of disasters. The Sewol ferry 
disaster in Korea in 2014, in particular, is a good example of disasters arising from recurring causes. Despite the fact that similar 
accidents had resulted from recurring causes in a 20-year cycle prior to the disaster, the necessary improvements had not been 
made.  

Generally, disaster events occur as unstable situations unfold due to complex interactions among the diverse causes and the 
inherent risk factors. In order to cut off the link between recurring causes and massive disasters, there is a need to propose a 
standardized procedure and methodology as part of the Scientific Analysis of Causes of Disasters Based on Objective and 
Quantitative Assessments and Establishment of Countermeasures Against Recurrent Accidents, and to contribute to reinforcing 
the feedback function of disaster management.  

In 2013, amendments were made to the Framework Act on the Management of Disasters and Safety of the Republic of Korea to 
provide a basis for joint governmental investigations into the causes of disasters. Subsequently, official activities were initiated to 
reinforce the capacity of disaster management authorities by implementing comprehensive analyses and countermeasures at the 
state level for the purpose of eliminating the root causes and preventing recurrences of disasters and accidents based on 
investigation, analysis and assessment of their causes and response processes. 

In order to support the operation of the Government Joint Group for Investigation of Causes of Disasters, the National Disaster 
Management Institute commenced the Development of Disaster Profiling Technique for Scientific Analysis of Causes of 
Disasters in 2012, and has since been conducting research for collection and systematic classification/management of 
comprehensive information on the causes of disasters, and derivation of objective analysis results. 

2. RESEARCH TRENDS  

Recently, Integrated Researches on Disaster Reduction suggest that the concepts and methodological guidelines to investigate the 
root causes at the disaster field in order to minimize the damage and prevent recurrence of similar disasters. In Particular, FORIN 
Project which is developed by IRDR based on Hyogo Framework for Action present methodology and key information to reveal 
the root causes comprehensively for supporting evidence-based decision-making.  

FORIN is a multi-disciplinary standard framework for disaster investigations. It involves investigating into the relevant policies, 
management systems, social and cultural characteristics and emergency response decision-making processes before and after the 
accident for the purpose of uncovering the underlying causes of disaster risks and losses and widely propagating the lessons that 
have been derived in the process. The methodology for analyzing the causes of disasters and the hypotheses proposed in FORIN 
are largely divided into four types: critical cause analysis, meta-analysis, longitudinal analysis and scenario-based analysis.  
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For risk quantification, one of the Hyogo Framework for Action (HFA) established in 2007, the Global Risk Identification 
Platform (GRIP) was organized with experts in technical and policy risk assessments. The ultimate objective of such risk 
assessments is to reduce risks and to increase utility of the results. For risk quantification purposes, GRIP performs disaster risk 
profiling and predicts the scope of potential impacts of disasters. The aim of disaster risk profiling is to manage the changing 
risks for a certain period of time, and it involves examining disaster scenarios, potential losses and the probability of occurrence.  

Due to the significant direct and indirect ties between such risk and the causes of disasters, the focus is maintained on examining 
applicable cases when developing disaster profiling techniques. 

3. DISASTER-PROFILING FOR SCIENTIFIC CAUSE ANALYSIS 

The Disaster Scientific Investigation (DSI) Division undertakes scientific and systematic field investigations at the state level and 
identifies the causes of disasters. The DSI Division is also striving to prevent recurrences of disasters and minimize damage 
based on the feedback on the analysis results by developing disaster profiling techniques, operating state-of-the-art equipment, 
and building a conceptual framework for the performance evaluation system. 

3.1 Disaster Profiling 

The term, “profiling,” implies the collection and analysis of data and information to find clues. Considering the complexity of 
disaster events, contextual information on the complexity of the then-situation is more important than the textual information.  

Disaster profiling entails modeling of the analysis process for an objective analysis of the root cause, centering on the information 
collected on massive disasters, the analysis system for deriving the main causal factors by applying the cause-and-effect analysis 
techniques, and the development of techniques for the investigation, analysis, improvement and assessment processes.  

Disaster profiling for scientific cause analysis is defined by the processes of past case analysis, field investigation, numerical and 
experimental simulations, and objectification to find the main causal factors. This is a technique necessary for systematically 
investigating into the risk and damage factors associated with disaster events and establishing countermeasures to mitigate the 
root causes as a means to reduce the occurrences of similar disasters. 

4.  DEVELOPMENT OF DISASTER ANALYSIS TECHNIQUES 

To analyze root cause of disaster, we need that various data and information manage as the Inventory structure and make the 
disaster profile as the form represents quantitatively on causal factor. There are limited only Simple disaster statistics for root 
cause analysis and proper improvement countermeasures. Thus, it needs the analytic information in structured conformation to 
trace the root cause of disaster multi-directionally.  

For disaster cases included in the comprehensive disaster cause information system, the respective investigation reports, 
casebooks, white papers issued by government authorities, press releases, and academic papers are archived and managed to be 
used in determining disaster trends and in longitudinal surveys of the causal factors and root causes. 

4.1 Comprehensive Disaster Cause Information and Cause Classification System 
For disaster investigation and root cause analysis, there is a need for a disaster cause classification system that takes into 
consideration the diverse characteristics of disasters and accidents. Thus, the causal factors were classified into 7 classification 
units in level 1, taking into consideration the disaster trends and damage characteristics: Man-made, Management, Environmental, 
Economic, Physical, Political and Economic Factors. The subordinate levels consist of specific causes that have been derived 
from a wide range of accidents to date.  

Table 1: Cause Classification System (MEPS) 

Causal Factor Description 

Level 1 Level 2 Level 3 

Man-made 
Negligence Unskilled operation/manipulation, non-compliance with procedures and laws, carelessness 

Human Activities Agricultural and industrial production activities and private and public development activities  

Management 
Management System Failure to establish safety regulations, install safety devices and perform regular inspections 

Organization Activities Poor management/supervision, field command and control 

Safety Education Insufficient education and training 

Environmental 
Weather Atmospheric activities, natural disasters, abnormal climate 

Hydrological & Hydraulic 
factors 

Facility characteristics (Dams, river structures, etc.) and river basin characteristics (humidity, 

dryness) 
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Geographical & 
topographical factors 

Direction, Elevation and Aspects(DEM), soil characteristics, changes in the use of land 

External Environment 
Environmental characteristics of the surrounding area, degree of regional development, 

presence of areas that are vulnerable to disasters 

Economic Corporate economy Management that overlooks safety  

Physical 
Technical factors Faulty construction, faulty design, and risk factors associated with facilities and equipment 

Unsafe conditions Aging, corrosion, damage, problem/error 

Political 
Relevant laws and 
regulations 

Lack of or insufficient legal and institutional frameworks, lack of forcibleness of preparing the 

necessary institutions, insufficient management system 
Manuals Lack of or insufficient manuals 

Social 
Disaster prevention system Regional safety measures (right to information, local disaster prevention capacity, etc.) 

Safety awareness Poor safety awareness, heightened anxiety 

Conflicts Conflict in response to media coverage and during the implementation of follow-up measures, 

4.2 Root Cause Analysis Technique 
The cause analysis technique is employed to check the major causal factors for a root cause analysis and a wide range of causal 
factors are presented in a diagram. Classification methods include the cause analysis tree diagram and the cause analysis matrix, 
while causal loop diagrams are created as a dynamic analysis method of analyzing the cause-and-effect relationships. 

“Cause analysis tree diagram” is a type of mind map created to present the causal factors derived for the type of disaster 
concerned. It facilitates the viewing of the causal factors derived from analyzing past cases. It presents the details of each causal 
factor and the frequency of occurrence. The cumulative information on disaster history obtained from sufficient case analyses and 
field investigations into the causes of disasters can be presented with the results of a statistical analysis of the samples. Cause 
analysis tree diagrams are useful in understanding the comprehensive disaster characteristics such as the trends pertaining to the 
disaster type concerned, the causal factors occurring at high frequencies and degree of recurrence of the causes (recurrences of 
similar disasters), etc.  

“Cause analysis matrix” is a taxonomic and hierarchical cause analysis map created based on the cause classification system. 
While it is similar in structure as the cause analysis tree diagrams, it differs in the fact that it presents the analysis results at the 
accident level. The diverse problems derived are classified as causal factors, and it shows the structural combination of the causal 
factors involved.  

“Causal loop diagram” is a two-dimensional diagram created to better understand the feedback structure for each causal factor. It 
is an analysis method used to understand the inter-connections between policies and decision-making processes, and their impact 
on the system growth and stability. With respect to the cause analysis tree diagram and matrix, it is difficult to determine the 
relationships among the causal factors or the causal relationships. Thus, a causal loop diagram, explaining the dynamics of the 
cause-and-effect relationships, is created with a focus on the changes that occurred in the actual case.  

By analyzing the causal relationships of the causes of a disaster, the interactions of the obstacles and the process through which 
the event proceeded can be understood, and the results of the analysis can be used to eliminate the links in advance.  

4.3 Case Application 
The hydrofluoric acid leak in Gumi (2013) was a chemical accident that led to the most substantial changes in the safety 
management policy of Korea. A single entity (Ministry of Environment) was designated as the sole management body 
responsible for rectification of chemical accidents, and a dedicated organization (National Institute of Chemical Safety) was 
newly established. In addition, the off-premises impact assessment system was introduced for the safety management of areas 
outside the business establishments handling hazardous chemicals. 

A facility collapse that could have potentially resulted in mass casualties was the collapse of the gymnasium at Mauna Ocean 
Resort in Gyeongju (2014). An investigation and analysis was performed to identify the direct impact of natural and man-made 
factors, which were noted as the main causal factors, and 13 specific causes were derived as a result.  

A causal analysis matrix of the direct, indirect and aggravating factors was presented using the taxonomic analysis method, and 
specific meteorological, geographical, technical, managemental and political factors were derived as the natural and man-made 
factors. The results of the analysis showed that the accident resulted from a multitude of causes, rather than a single cause, and 
involved diverse stakeholders. For this reason, countermeasures were established through coordinated efforts among the 
stakeholders from the various sectors concerned.  
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Fig. 1: Cause Analysis Tree Diagram & Causal Analysis Matrix for the Hydrofluoric Acid Leak in Gumi 

 
Fig. 2: Cause Analysis Tree Diagram & Causal Analysis Matrix for the Collapse of the Gymnasium in Gyeongju 

5. CONCLUSIONS 

The innovation of the feedback function of disaster management begins from cause identification for the purpose of removing the 
links between the causes, as a means to eliminate the root causes of recurring disasters and to prevent such disasters from 
expanding into a massive disaster. The root cause analysis of disasters needs to use information comprehensively and produce 
objective and reliable results. Accordingly, we plan on advancing the disaster profiling techniques, while focusing on ensuring 
that the root cause analysis is objective and quantitative so that it can be applied to the actual scenes of disasters.  

Furthermore, the scientific investigation and analysis methodologies will be developed so that such can be used when devising an 
education and training program for disaster profilers, who will perform cause analyses on the scenes of disasters.  
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ABSTRACT: As the development of the domestic chemical industry is steadily increasing every year, the use of chemical 

substances is also increasing. But It is difficult to predict the exact frequency of the chemical accident because it occurs due to a 

defect of human errors and the deficiencies of equipment. In 2015, South Korea made process to management chemical accident 

of offsite impact and risk assessment. But the organization disaster management have used administration boundary census 

statistical data for offsite risk assessment.  It is difficult to assess the exact impact of accident. Disaster manager should have used 

Detailed Census track. In this paper, Jipgaegu(300people in 1 track) is used for assessment. Also, through data processing, this 

paper calculate daytime population for calculating the day time population. Characteristics of social, dynamic, physical, location-

dependent vulnerability were considered for the overall vulnerability assessment of population. Results of this study could 

provide the information that might be helpful to determine the policy for each step in prevention, preparedness, response and 

recovery to prepare for chemical release accidents. 

Keywords: Spatial information, Chemical release accident, Vulnerability assessment Population vulnerability, Social Disaster, 

GIS 

1. INTRODUCTION 

As the continuous development of the chemical industry, which plays an important role in the national economy, the amount of 

treated chemicals increases every year. Due to the aging industrial facilities and chemical plants since the 1980s of chemical 

accidents from 18 in 2000 to 2003 cases in 2015 and more than 80 cases since 2013 occurred. (Statistics: Ministry of Chemical 

Safety Information Sharing System) September 2012 hydrofluoric acid spill, December 2014 casualties caused by chemical 

accidents, including chlorine leak, environment, being property damage has occurred. In the case of chemical spills due to several 

factors, including the selection of each of the properties and characteristics of hazardous material, frequent changes in weather 

conditions, accidents properties around the point, atmospheric chemistry modeling stability leak are difficult. In this paper, we 

apply the dangers and risks spatial information in the chemical accident. This paper is reflecting the peculiarities of the region 

conducted a vulnerability assessment. The statistics of the study area were counted nine units of spatial information to apply the 

uniqueness of the study area, risk selection, ALOHA (Areal Location of Hazardous Atmospheres) and GIS studies were 

conducted vulnerability assessments. 
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2. BODY 

2.1 theoretical background 

The concept of vulnerability began the study that the risk for simple disaster in the 1970s. Since the concept of the vulnerability 

has been expanded are used in disaster areas. Since the paradigm of vulnerability is constantly changing and the variety of 

definitions and concepts in accordance with the definitions and conceptual framework for vulnerability. The vulnerability can be 

defined 4 characteristics (Multi-dimensional, Dynamic, Scale-Dependent, Site-Dependent). Multi-dimensional vulnerability 

includes physical, social, economic, environmental, institutional, and human factors define vulnerability. Dynamic vulnerability 

has time scale dimension, so study concern about the daytime and night time. Scale-dependent can be express at different scales 

from human to household to community to country resolution. Site-dependent concern about the location which might need its 

own approach. 

2.2 Methodology 

Research process follows bellow order  

1. Setting research area and making chemical release scenario 

Constructing spatial information in the night time population by using demographic data each zone normally 100m by 100m in 

urban area.  

2. Constructing spatial information daytime population by using the number of worker and age-specific economic activity rate 

applicable to research area 

3. Sorting the population into age and constructing response organization to set weight for finding social vulnerability area. 

4. According to distance, Site dependence vulnerability 

5. Simulating chemical release accident and distribute 3 score to 6. Population on the level of impact to 3 area following the 

ALOHA simulation  

7.Overlay to find overall vulnerability  

 

Statistical data is the information area through the geocoding. Figure 2.1 is an illustration specify the value of the pixel data 

converted by the raster polygon illustrating a process area and the attribute information associated with the processing for the 

analysis of overlapping layers. The results over a GIS knowledge gives it to improve the decision making and critical thinking 

skills in the corresponding policy of establishing disaster emergency managers and disaster recovery processes for assessment 

and disaster management. 

 

 
Fig. 2.1 Geocoding method 

 

Multi-criteria evaluation (Multi-Criteria Evaluation) method has been utilized extensively developed by Saaty (1980), it has been 

studied to apply them to perform multiple risk assessment. In this paper, we evaluate the spatial multiplexing scheme was 

intended to represent the matrix representation as shown in Figure 2.2. A matrix comprises an axis (Cn from C1) based on one 

axis, it is again determined by the (Am from A1) a different axis. Within each cell of the mattress (aij) can be obtained by 

applying a normalized value between the product of the respective weight, from 0-1 to Wn W1. If the final result is a matrix has 

been completed, it can be obtained by synthesis based on all of the matrix of the other.  
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Fig 2.2 . A matrix comprises an axis 

 

The vulnerability was classified for vulnerability assessment. It was selected as factors for vulnerability characteristics. Cost 

factor was utilized as an index. Applied performance each surface is as follows table 2.1 

 

Table 2.1 Classification of Vulnerability 

Class 1 Class 2 Class3 Indicator 

Social  Age 9 classes 0-1 

 Accessbility  

To hospital 

8 classes 0-1 

 Accessbility  

To firestation 

4classes 0-1 

Dynamic - - - 

Physical Impact 3classes 0-1 

Site-dependent proximity 13classes 0-1 

 

Social vulnerability has 3 characteristic accessibility to Response facility and fire-station, and age dependent. Dynamic 

vulnerability has same class but the characteristic of population source is daytime population. Physical vulnerability defined by 

ALOHA result. Site-dependent depend on distance from the factory accident occur,  

 

 
Fig.2.3 Multi-criteria evaluation (Multi-Criteria Evaluation) method of this paper 
 

Fig. 2.3 shows the spatial multiple valuation techniques conducted in this study as above picture. Utilizing the statistics of the day 

and night of the number of economically active population and workers for a population measurement was constructed utilizing 

spatial information. 
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Fig 2.4 verification of spatial information 

 

Fig 2.4 was applied to the land and buildings land use map layer in order to verify the data in the process of building up the 

information space. It was right to establish the reliability of the information space constructed by a comparison of each attribute 

information.  

3. CONCLUSIONS 

 

fig 3.1 (left) Night time Vulnerability, (right) Day time Vulnerability 

 

The research which is carried out by the granular aggregate nine units assess the population vulnerability to buy chemical leaks. Also the research 

does not depend on the number of population in just nine minutes off-assessment should apply to age. Moreover, a study reflect the dynamic 
nature represents the population of the day and night 
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ABSTRACT: In response to the increased complexity of socio-technical systems, risk management strategies become 
accordingly complex and their associated risk engineering approaches are stretched to their practical and methodological 
limits, as is the case of the Failure Mode and Effects Analysis (FMEA). In recent years resilience engineering has emerged as 
the discipline to close this complexity gap. This contribution links the principles of the novel Functional Resonance Analysis 
Method (FRAM) and FMEA, a well-established method, in order to propose a feasible approach to manage system 
complexity and achieving thus an ISO 31000-compliant approach to operationalize resilience engineering. For this purpose, 
the case study of temperature control in smart buildings was selected to mirror the increase of complexity of a socio-
technical system. The combined FRAM-FMEA method was successfully applied and yielded results above the single 
application of the respective methods. The results of the case study show that during normal operation conditions 
temperature control on small buildings operates safely, being only vulnerable to extreme weather patterns and contradicting 
behavior among users. However, with the introduction of Internet of Things (IoT) the system becomes vulnerable to IT 
threats that can gravely endanger the system. On the methodological level, the results show that the combined method is 
suitable to semi-quantitatively assess resilience: it shows where the system can fail and what could it happen. While it 
inherits some of the limitations of the original methodologies, its application makes resilience analyses more efficient. It can 
be then concluded that FRAM can accurately describe small sociotechnical systems (<20 analyzed functions) but it may be 
challenging to apply for large projects (e.g. critical infrastructures). Nonetheless FRAM demonstrated to be a useful 
communication tool with experts and combined with FMEA, a practical semi-quantitative approach to resilience engineering. 

Key words: ISO 31000, Resilience Engineering, Smart Buildings, Internet of Things, Risk Assessment 

1. INTRODUCTION  
The introduction of a new technology carries new risks that have to be assessed. The contribution of this paper is a proposing 
a method to identify the most prominent risks of a system. The selected case of study is a generic smart building and 
specifically the transition of buildings from “current” to “smart”. By means of using resilience engineering, the function of 
smart buildings will be described and the most imminent threats to their correct functioning are identified. 

The methodological objective of this work is to apply the Functional Resonance Analysis Method (FRAM) to the case study 
of temperature control in a building today (2015) and to an expected Smart Building in the near future (2025). The results 
will be then transferred to a Failure Mode and Effects Analysis (FMEA) to determine if FRAM can be applied under the 
guidelines of the ISO 31000 Standards (Austrian Standards Plus, 2014) (International Organization for Standardization, 
2009). In this manner the objective of this study is to assess the resilience engineering by means of applying a new method 
(FRAM) and coupling it to a well-established method for risk assessment (FMEA). Therefore the combination of FMEA and 
FRAM is expected to yield better results than if both methods were applied independently. 

1.1. Approaches FRAM and FMEA  
The Functional Resonance Analysis Method (FRAM) approach analyses a system as a whole. According to Hollnagel 
(Hollnagel, 2012: 21) the purpose of FRAM is to recognize success as the counterpart of failures to “build a model of how 
things happen”. FRAM analyses a system by means of describing the function the system itself accomplishes. Subsequently 
the functions necessary to carry out that main purpose need to be identified. The system is then expanded to include all 
down- and upstream functions needed to carry out these sub-functions until the system’s boundaries are reached.  

In contrast, the Failure Mode and Effects Analysis (FMEA) breaks the system apart into its functioning entities and analyzes 
the respective entities individually. The FMEA is a table-based semi-qualitative approach for risk assessment. It was selected 
because it fully covers all the requirements of ISO 31000. The base of an FMEA are the failure modes of entities (e.g., 
components such as valves) or process steps (e.g. carrying out a task). Then, every failure mode is numerically associated 
with its likelihood of occurrence and its consequences (e.g. from 1 to 10, respectively). Failure modes are evaluated by its 
risk priority values (RPV). The RPVs are obtained by multiplying likelihood and impact classifications by expert judgment. 
The FMEA methodology is assumed to be known to the reader (Further information on this method can be found on 
(Kamiske, 2012) among others).  
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The FRAM method was selected as the means to qualitatively assess resilience engineering. However a system 
representation and analysis does not fulfil the requirements of ISO 31000. In this manner the system view of resilience 
engineering is guaranteed and enriched with the results obtained from a likelihood and impact-based approach such as the 
ISO-Compatible FMEA.  

The objective is to assess the compatibility of these methods. Furthermore it is expected that this combination would yield 
synergic results that would lead to a better assessment and quantification of risks in order to improve the resilience of the 
system. If it is however discovered, that FRAM and FMEA do not yield better results than each of the methods on its own, it 
is at least expected that the use of FRAM would have reduced the efforts of a detailed FMEA.  

2. METHOD: APPROACH TO COMBINE FRAM AND FMEA 
The need for a combination of approaches lies in the necessity to quantify and measure resilience. The combination of 
FRAM and FMEA guarantees the system perception without disregarding the ability to quantify risk required by ISO 31000. 
The principle of FRAM (Hollnagel, 2015), where the consequences of a function failing may be transported to adjacent or 
even remote functions, may oppose the FMEA approach where the failure of single entities (components, functions, etc) are 
analyzed. The challenge lies in quantifying the failure of the single function (the FMEA-way) without forgetting the system 
view on the function’s interconnections (The FRAM way).  

To merge these two different scopes the following combined approach was used. Firstly it was necessary to define which 
functions need to be analyzed. The rules were defined according to the purpose each function carries out in the system. A 
prioritization of the functions was carried out, as follows, corresponding to the order in which the functions are to be 
analyzed: 1. Variable, 2. Master, 3. Nodal, 4. Actuator, 5. Indispensable, 6. Sensor 7. Background 

The likelihood scale proposed on Table 1 is a first attempt to quantitatively assess the likelihood of a function failing. The 
values are to be set as an approximation between the classes.  

Table 1: Frequency of Failure Mode Scale 

Frequency of Failure Mode Likelihood Evaluation 
< 1x in 10E7 [h] 1 very rare 
1x in 10E5 to 10E7 [h] 4 rare 
1x in 10E4 to 10E5 [h] 7 likely 
> 1x in 10E4 [h] 10 very likely 

 
Normally, the FMEA approach classifies impact from the minimum as barely noticeable to the maximum of causing injuries 
to persons. In order not to lose the systemic focus of FRAM the impact evaluation scale was defined as a mixture of system 
functioning properly until the point of the system failing so catastrophically that it can cause sickness (equivalent to the 
traditional injuries) to its users. Thus the scale presented in Table 2 is proposed.  

Table 2: Impact Evaluation Scale 

Impact Evaluation 
1 System works normally 
2 System works almost normally 
3 First signs of abnormality in system's flow 
4 Performance of the system decreased 
5 System can cope but with increased stress to adjacent functions  
6 System can cope but with increased stress to adjacent and upstream functions  
7 System can barely cope 
8 System on the brink of collapse 
9 System breakdown but quickly repairable  
10 System breakdown failure longer than one week 

According to the classes defined previously, a threshold of acceptable risk was set (RPV=25). The extremes (catastrophes 
and bagatelles) are considered unacceptable. 

3. CASE STUDY 
The selected case of study is a two person household. It was considered that a DINK (Dual Income, No Kids) couple is the 
most likely market niche to adapt the smart building technology. In order to draw a system depicting work as done and not 
work as imagined the system was drawn on several rounds of expert interviews. Experts of the ABB Smart Grid DemoLab in 
Baden, Switzerland, provided much valuable insights regarding the actual functioning of the system. In this manner the 
FRAM depicted on Figure 2 was developed.  Firstly the system was modeled by using the FRAM, secondly FMEA was 
applied to the modeled system. The FMEA was applied to the case study in its “Today” and “Smart” statuses.  

It is worth to mention that additionally to the functions needed for the correct functioning of the system three “malicious” 
variables were added. These functions represent threats from the outside that would not be present on an offline system, 
meaning that at the moment that the system is connected to the internet, new threats appear.  
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Figure 1: Visual representation of the system status “Smart” by means of a FRAM. Each FRAM function (hexagons) has six 
aspects: Input, Resource, Precondition, Output, Time and Control. The Functions are classified according to their 
contribution to the system and prioritized according to its importance: variable, master, nodal, actuator, indispensable, sensor 
and background functions. Image created with FRAM Model Visualizer V.0.3.2 (Hill and Hollnagel, 2015) 

3.1. Results of the Combination FRAM-FMEA Status Smart  
As the system grows in complexity, the number of failures also grows. But by comparing System Status Today and Status 
Smart it can be seen that the number on unacceptable risks do not necessarily increase. This is due to the fact that even if 
some functions fail, the system does not experience a drastic drop in performance, since the other functions can partially 
replace the faulty functions, exhibiting thus redundancy. For example, if command "to move blinds" does not take place, the 
blinds would not be moved, but the other actuators (e.g. open/close window, heat or cool) compensate the output and the 
impact remains low (impact value = 2). 

At the moment of analyzing the risks of a smart building it was discovered that the risk of this technology do not necessarily 
stem from the increase of the system’s complexity but rather on the emerging threats arising from the indispensable 
connectivity. It was therefore needed to create a third assessment where these new threats are to be analyzed, called for this 
purpose “Disturbances”.  

3.2. Results of the Combination FRAM-FMEA Status Smart with Disturbances 
As previously mentioned, another type of risks were discovered, namely information and communication technology (ICT) 
risks that happen when the appliances gain access to the internet. As soon as the system is connected, the system instantly 
becomes a target. On Figure 2 they are represented with black functions. The black functions attack specific functions and 
their impact is described on Table 3. Also depicted on Table 3 are all failure modes that obtained a RPV greater than the 
threshold of accepted risk of 25 for both FMEAs: System Status Smart (failure modes: S1, S2, S3…Sn) and Status Smart with 
Disturbances (failure modes SD1, SD2, SD3…SDn).  

Table 3: Failure Modes with RPV greater than 25 for Status Smart (S1…n) and Status Smart with Disturbances (SD1…n), the 
IDs of the functions refer to the functions in Figure 2 

Nr. Function type F-ID Failure Mode L I RPV 
S5 2 Variable  F16  Sudden change in weather forecast  9 6 54 
S16 5 Actuator F03  Function “to heat” deactivated 4 8 32 
S17 6 Indispensable F17  Master cannot communicate due to no Internet connection 7 4 28 
S18 6 Indispensable F17  No weather forecast due to no Internet connection  7 4 28 
S19 7 Sensor F08  Inaccurate indoors temperature reading 8 6 48 
SD3 3 Nodal/Master F10  Contradicting commands move windows vs to heat and to cool 8 5 40 
SD4 3 Nodal/Master F10  Information stolen for malicious purposes (burglary) 7 10 70 
SD5 3 Nodal/Master F10  Information stolen for non-malicious purposes (publicity) 8 4 32 
SD10 7 Sensor F08  Manipulated indoors temperature reading 8 5 40 
SD11 7 Sensor F13  Manipulated outdoors temperature reading 8 5 40 
SD12 7 Sensor F14  Manipulated windows open/close 8 5 40 
SD13 7 Sensor F15  Manipulated position of blinds 8 5 40 
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4. CONCLUSIONS  
Two types of conclusions are presented. Firstly, the methodological conclusions are presented followed by the conclusions 
drawn from the application of the approaches to the case study. 

4.1. Methodological conclusions  
FRAM provided a systemic view of the system. By using FRAM and its various instantiations of the model the dependencies 
within the functions were identified. This graphical representation helps the practitioner to understand the system. A deep 
knowledge of how the functions are linked and the way the system is affected if they fail is indispensable in order to set an 
impact scale for the combined approach. This knowledge was facilitated by the FRAM approach.  

A lesson learned is that FRAM allows the graphical depiction of a system and it opens thus the communication channels 
between practitioners and experts. One challenge is that the experts have sometimes difficulties to decide if one failure is 
more or less likely, or if the impact is larger or less significant. The combination of the FMEA approach into the FRAM 
provides a solution: by assigning a numerical value the interaction with the experts is greatly facilitated and a framework to 
classify the likelihood or impact of the respective failure modes is provided. 

One of the most notable challenges of FRAM is the identification of resonance. As the systems become complex, it is 
proportionally challenging to keep track of how functions interact and how resonance might manifest. The main limitations 
for the identification of resonance are the analytical capabilities of the practitioner. Meaning that without enhanced software 
to keep track of these interactions, the practitioner may easily lose the overview of the system. However, with the 
combination of approaches the identification of resonance was –- to a certain extent— facilitated. When the practitioner is 
forced to assign a value for the worst-case impact, the variabilities of the functions are individually assessed and thus the 
propagation of variability is easier to discover. 

The FMEA approach is strongly linked to the practitioner’s judgement. Therefore the results are not evidence-based but 
rather opinion-based. For a more precise result further tests would be needed. Nevertheless, the analysis of risk in its 
likelihood and impact components (in spite of the subjective nature of the FMEA) provides valuable results and helps to 
prioritize the different failure modes. By following this approach a priority ranking of the failure modes can be created. In 
case of that preventive measures are to be implemented, these can be directed where their preventive outcome will be the 
largest.  

Both approaches, FRAM and FMEA, were successfully combined. It was demonstrated that the analysis of individual 
functions helps to better understand the vulnerability of the system.  

4.2. Case Study Conclusions  
It was discovered that with the introduction of new appliances (sensors and actuators) communicating with each other the 
number of risks increases. Nevertheless this diversity of appliances also reinforces the system’s ability to compensate for 
failures, resulting in every appliance becoming less indispensable. For example, in the case of the “Status Today”, if the 
heating fails, the system shivers immediately. However in the “Smart Status” the system has time to repair itself in case of a 
heating failure, by means of opening the blinds to maximize the input of solar heat and closing the windows to retain the 
maximum amount of heat. The example of the building’s resilience is much more noticeable if the cooling fails during 
summer (e.g. controlling temperature by opening windows at night and lowering blinds during day). 

Nevertheless, to achieve this enhanced resilience another “Pandora’s box” is opened. For these appliances to work correctly, 
a connection to the internet is necessary. It is of paramount importance, to assess the ICT-related risks, e.g. manipulate 
readings and steal personal information or to hack. The risks posed by the introduction of ICT and Internet of Things are 
described in other studies (e.g. by (Mock et al., 2016) and (Schönenberger, 2015)). It is recommended to pay attention to 
these risks because they can give rise to the failure modes analyzed on section 3.2 (Combination FRAM-FMEA Status Smart 
with Disturbances). 

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
According to the strategic goals of the Hyogo Framework for Action 2005-2015 (ISDR, 2007) this study contributes to its 
strategic goals by systemically incorporate a risk reduction approach. This study concretely proposes an approach to use 
knowledge to build a culture of resilience at the habitational level. The objective of this study was to use the extensive basis 
of knowledge of ISO 31000, expand it, and make it applicable. This objective was on a first instance accomplished, but it’s 
scope still requires to be broadened. Meaning that the proposed ISO 31000-compliant resilience engineering method (namely 
the approach to combine FRAM and FMEA) still requires further tests and model validation. Nonetheless a further step was 
carried out in order to operationalize resilience in accordance to the strategic goals of the Hyogo Framework.  
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ABSTRACT: What are the risks involved with permanent disposal of coal ash; that is, the "closure" of disposal impoundments? 
Coal is one of the leading sources of energy globally; commensurately, Coal Combustion Residue (CCR) is the largest industrial 
waste stream. Typically, CCR collects as it is produced at the coal plant and stored in heaps or large impoundments until final 
disposal or "closure" of the disposal facility. The storage of this waste, prior to closure, lasts decades and can threaten human 
health and the environment should, for example, contaminants seep out of impoundments, or worse, should an accident occur 
(e.g. coal ash dam breach at TVA Kingston Fossil Plant in Tennessee, USA). The management practices of CCR facilities are 
similar to those of other mine tailings facilities. And, due to a lack in CCR disposal facility data, we draw additional information 
from tailings facility experience. Like similarly designed tailings disposal units, the closure of CCR impoundments retrofits the 
storage facility into a final disposal site. In both the CCR and tailings case, the impoundments are expected to remain for 100s to 
1000s of years. But, how does the transition from storage to closure mitigate risks associated with CCR storage facilities? 
Unfortunately, the hazards and uncertainties of neither active nor closed impoundments are entirely understood, and therefore, 
how well the closure process reduces long-term risks is unclear. Our research characterizes the risks – hazards and the related 
uncertainties – of CCR disposal using data from U.S. tailings and CCR incidents. In the context of current CCR waste policy 
debates, we consider the potential hazards to human health and the environment posed both prior to and after closure to 
understand how different policy options can sustainably manage and regulate waste from producing energy to further enduring 
resilience. 

Keywords: waste, disposal, coal, resilience 

1. INTRODUCTION 

In 2013, over 5500 Mtce generated roughly 41% of global electricity (International Energy Agency 2015b). The resulting coal 
combustion residue (CCR) waste was approximately 780 Mt (Heidrich et al. 2013) – enough waste to fill roughly 100 European 
football stadiums 1 km high with ash.i Some CCR is recycled for other uses, such as cement. However, the remaining, non-
recycled CCR threatens human health and the environment even under normal conditions (e.g. leaching from disposal sites) (Iyer 
2002), and poses greater risks under accidental conditions. For example, the failure of the Tennessee Valley Authority Dam in 
Kingston, TN in 2008 released millions of tons of ash, destroying homes and contaminating the surrounding environment 
(Caldwell & Oboni 2014; Dewan 2008). Nevertheless, coal is the fastest growing energy source in the developing world 
(International Energy Agency 2015a) and remains central to energy production globally, all the while generating millions of tons 
of waste.   

The potential environmental and social hazards associated with coal waste disposal motivate our analysis of existing risks related 
to the management practices of disposal sites, and in particular, closing these sites. The potential impacts of CCR disposal are 
widespread: estimates have been made of upward of 3500 tailings impoundments worldwide (Davies et al. 2000) and we estimate 
– conservatively – 1 CCR unit for each of the roughly 7000 global coal powered units inventoried by the International Energy 
Agency (IEA). Due to data limitations, we focus on the U.S. example in our discussion for which there are more data available.  

According to U.S. data, 52 CCR impoundments have reported incidents between 1997-2013, ranging in severity from seepage to 
dam breaches (U.S. Environmental Protection Agency 2015). The reports on tailings facilities (coal ~52% and other mined ores 
~48%) find more than 100 incidents have occurred in the U.S. between 1940 and 2015. Together, we assert these incidents 
provide information to estimate a lower bound on the risks posed by waste disposal. We are unable to estimate more accurately 
based on two fundamental limitations: reporting and detection. First, often data are not released by industry (mining and utilities) 
citing security concerns or private information. Second, many of the environmental incidents may go undetected until the impacts 
are severe (U.S. Environmental Protection Agency 2008). The data we are compiling are collected mainly when the facilities 
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are/were active, meaning, that at the time of the incident, the facilities are/were accepting waste. We extend this knowledge to 
evaluate how or whether the risks might change or be reduced post-closure based on the current closure methods. 

1. CCR WASTE AND DISPOSAL FACILITY CLOSURE 

CCR poses many risks to human health and the environment. CCRs have heterogeneous chemical and physical compositions, 
ranging on particle sizes and constituents. The particular chemical compositions of the residues also vary among locations and 
processing/combustion methods. From a human health and environmental perspective, heavy metals such as mercury, cadmium, 
and arsenic (U.S. Environmental Protection Agency 2016) as well as radioactive isotopes (Lauer et al. 2015) are of particular 
concern. These contaminants are persistent in the environment over time and have the potential to leach into ground water or be 
transported through the air from disposed fly ash and process waters.  

Typically, CCR and tailings waste are stored in one of 3 ways: impoundments, stacks/heaps, or less commonly, by back-filling 
old mines. It is also common that CCR and tailings are disposed of together. Of the infrastructures used to dispose of these 
wastes, impoundments are of particular interest, as the retaining structures must remain stable for long-term disposal of waste. 
Unlike water retention dams, impoundment dams are constructed in stages according to how much waste is produced during 
mining or combustion. The dam is raised usually using 1 of 3 methods: downstream, upstream, or centerline methods. 
Downstream dams are raised outwardly, building out on the existing dam and by extending the embankment. An upstream design 
is raised inwardly, relying on settled waste as a foundation. A centerline design is a mixture of the upstream and downstream 
methods (Figure 1).  

Impoundments can range in size from a few hectares to over 40 
hectares; the height of the retaining dam can also vary considerably 
from a few meters to upwards of 50 meters. In any shape or size, 
impoundments are supposed to prevent leakage and failure for 
upwards of 1000 years once the facility is closed. This is in contrast 
to water retention facilities that can be removed, and if a failure or 
leak occurs, water retention dams release water rather than toxic, 
biologically persistent waste materials like those in coal ash. 
Additionally, a flood of CCR/tailings relative to the same volume of 
water has the potential to be more damaging given the weight and 
flow characteristics of the slurry mixtures (United Nations 
Environmental Programme & Commission Internationale des Grands 
Barrages 2001).  

Currently, the type of closure method found appropriate and chosen 
mainly depends upon the details of cost, location, character of the 
waste, original construction, and regulation. However, as few sites 
have been closed or closed for a significant length of time, the global 
mining industry – and the coal industry – lacks experience and data to 
verify closure methods (Bjelkevik 2005); consequently, engineers 
state that hazards related to CCR/tailings storage may not be entirely 
mitigated by closure, and ongoing inspections and maintenance are 

needed to ensure risks are minimized (Natural Resources Canada 2004; Blight 2010).  

There are three overarching methods for closure: clean, wet, and dry closure. Clean closure consists of removing the 
CCR/tailings from the impoundment as well as the process waters – the affected land and water is then remediated and tested for 
remaining contamination. Not until the surrounding water and land does not contain contaminants greater than the legal threshold 
is the site considered closed (U.S. Environmental Protection Agency 2008). In some cases, CCR/tailings are left in an 
impoundment with a water cover (or wetland cover) over the tailings to prevent acid production (AMD), as well as air transport 
of waste particulates (Mylona et al. 2004; Bjelkevik 2005). This closure method is associated with similar hydraulic loading 
hazards as with active facilities, for example, changes in water pore pressure with freezing or flood events. Along with changing 
external physical conditions (e.g. climate), long-term changes in stability of the retaining structure and waste chemistry are also 
important potential sources of hazards (Bjelkevik 2005). Finally, dry closure consists of first of dewatering the waste, in the case 
of an impoundment, and then layering either synthetic, organic materials, or a combination of the two over the tailings to prevent 
oxidation, exposure to water and erosion. The dry cover method in theory is more stable than a wet cover design; however, wet 
cover designs appear to provide more protection against long-term chemical changes, such as AMD (Mylona et al. 2004; Natural 
Resources Canada 2004). 

The limited characterization of hazards/risks associated with active storage can offer some guidance to characterize the risks of 
these infrastructures once they have been closed. From the data that are available and that we are continuing to collect, the 
majority of hazards for active impoundments are related to construction design and management. For example, more 
CCR/tailings impoundment dam failures caused by slope instability and soil liquefaction appear to be associated with the 
upstream construction of dams (Figure 2). Incremental incidents, such as leaching, appear to be affected not only to the structural 

Fig. 1: Tailings and CCR waste disposal dam 
construction methods. Source: Blight (2010) 
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stability of the retention infrastructure but also to the hydraulic pressures and porosity of the materials being stored; in our data, 
these increment incidents have been attributed to weather events, climate cycles, and internal water balance (e.g. drains). 
Currently, we are trying to collect more information about the events we have in our data, as strong conclusions are not possible 
with gaps in our knowledge.  
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Fig. 1: Distributions of all recorded U.S. CCR/tailings accidents, including, but not exclusively known coal incidents, by type of 
containment structure (left) and type of release/incident (right). Please note difference in scales. Data source: (United Nations 
Environmental Programme & Commission Internationale des Grands Barrages 2001; Bowker & Chambers 2015; U.S. 
Environmental Protection Agency 2015). 

Many coal waste disposal facilities are reaching the end of operational life or closing for financial reasons; therefore, it will be 
necessary to make policy decisions about closure. To develop such policies and regulations, it is vital to understand the hazards 
and uncertainties of CCR disposal practices under present conditions. For these reason, we are improving the existing incident 
datasets currently available to improve our understanding of the fragilities of these critical infrastructures along with the scope of 
potential accident and contamination impacts. To the extent that closure methods can mitigate the risks associated with active 
facilities, closure is only partially successful – the mitigation must also endure. Knowing the current hazards can help inform 
what data to collect to reduce uncertainties into the future but also inform energy and long-term waste disposal policies such as 
environmental insurance and site monitoring requirements. 
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i This calculation was done using a conservative approximation for the density of coal ash, 65 lbs/ft3 (~1.04 tonnes/m3; (Electric 

Power Research Institute 2009), resulting in a volume of 0.75 km3.  
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ABSTRACT: This presentation will explore the application of integration, collaboration and innovation to an all-hazards approach 

to disaster preparedness. The main examples will focus on work being done by the National Association of County and City Health 

Officials in the United States, working on a local and regional scale to increase capacity for preparedness and response. Specifically 

we have leveraged existing infrastructure to expand local surge capabilities, cultivated community partnerships to provide access 

to networks of resources, and developed best practices for using social media tools to increase local capacity.  

Keywords: Disaster, Preparedness, Community, Integration, Public Health 

1. INTRODUCTION 

As a Disaster Anthropologist I take a holistic approach to understanding the forces that contribute to making people and 

communities vulnerable to disasters of all types. This means taking economic, social, cultural, religious and political factors into 

account. Armed with this information, I have worked in different contexts (eg. post-conflict Libya, post-earthquake Nepal, and 

throughout the United States), taking an all-hazards approach to developing creative, integrated, community-based programs 

capable of reducing risk and improving resilience.  

 

Currently, I work in disaster preparedness at the National Association of County and City Health Officials (NACCHO). As a 

non-profit organization that represents the United States’ 2800 local health departments (LHDs), NACCHO works to help LHDs 

mitigate, respond to and recover from all types of disasters. We engage with health departments of all sizes and with various 

forms of governance ranging from decentralized local government to centralized state governments.  NACCHO also works with 

federal partners, including Centers for Disease Control and Prevention and the Department of Homeland Security, to assist in the 

development, practical application and execution of best practices to address a spectrum of public health security threats.  

 

Faced with staff shortages and budget cuts, LHDs are expected to protect their communities with limited resources. This 

presentation will outline three ways in which NACCHO has worked to assist LHDs in this work by identifying previously 

underutilized community resources that local communities can tap into. First, we have leveraged existing infrastructure to expand 

local surge capabilities. Second, we have cultivated community partnerships to provide access to networks of resources. Thirdly, 

we have developed social media tools that complement existing strategies and increase local capacity. The goal of these projects 

has been to increase capacity for preparedness and response while limiting the burden on local health departments and surge on 

healthcare facilities during a catastrophic event.  

 

Any type of mass casualty event will result in large numbers of people being sick or injured, and needing care. With this high 

demand comes a surge on medical facilities, causing emergency departments, clinics and medical offices to become crowded. 

Crowding leads to delays in seeing providers so patients experience a delay in receiving information and appropriate treatment. 

These projects were designed with this scenario in mind. To strengthen local capacity to respond to an event, we have used 

innovative approaches, integration and collaboration as described below. 

 

2. LEVERAGING EXISTING INFRASTRUCTURE TO EXPAND SURGE CAPABILITIES 

With limited resources at their disposal, LHDs need alternative ways to prepare their communities for the range of disaster scenarios 

they face. All communities have existing infrastructure in place that often represents an untapped resource in emergency 

preparedness and response. As part of preparedness activities, LHDs can identify infrastructure within their community and begin 

building relationships. Organizations and business already exist that already specialize in activities that can play a crucial role in a 

response, such as phone lines for triage, poison control, or social services support. By developing plans to leverage these resources, 

LHDs can significantly expand their capabilities to respond during a disaster with relatively small investments. The following are 

examples of how NACCHO and its partners have leveraged existing structures for pandemic or chemical incidents.  
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2.1 Flu on CallTM 

Flu on CallTM (Roberts 2014a) is a program involving a national network of telephone triage lines that can be turned on for use 

during a severe influenza pandemic. This program is focused on leveraging existing triage-line infrastructure and personnel to 

reduce the demand for medical services in the event of a pandemic, so as not to overwhelm hospitals and other medical care 

facilities. When callers phone into the system, Flu on CallTM staff assess their health status and can then provide them with 

education, direct them to the appropriate level of care (whether that means staying home or going to an outpatient facility or 

hospital), and even prescribe antivirals if appropriate. 

Flu on CallTM functions by using a coordinated network of nurse triage telephone lines that was formed through partnerships with 

regional and national organizations such as United Way 2-1-1 and Poison Control centers. United Way 2-1-1’s business model is 

to provide social services support and information by phone using trained information specialists, while Poison Control’s model is 

to provide expert medical triage, advice and treatment using trained medical professionals. These partners already specialize in 

these services, making them useful resources that can be called upon in case of a pandemic response. 

2.2 Chemical Defense  

With the Department of Homeland Security, NACCHO worked with local health departments to identify gaps in local response 

capabilities related to chemical responses. Since things evolve quickly with a chemical release, responders have minutes rather than 

hours or days to act (Edwards et al 2012). As a result, regional and national support could not arrive in time to provide assistance, 

leaving local response structures to manage the entire response on their own. This creates a large response gap that communities 

need to fill and this can be accomplished by identifying what resources and personnel already exist and can be leveraged in the 

community’s health system.  

Through this work, local communities have identified Poison Control centers as ideal partners in improving local chemical defense 

preparedness and response, due to their chemical expertise. These call centers employ toxicologists and poison specialists who 

routinely offer medical triage, evaluation and treatment recommendations on chemical exposure by phone. Working at the local 

and regional level, individual Poison Control call centers can easily be looped into a response; in case of a surge in demand they 

can also easily expand their capacity by exploiting existing relationships with other call centers to share calls if needed.   

 

3. CULTIVATING COMMUNITY PARTNERSHIPS 

LHDs can also increase their preparedness and response capabilities by forming partnerships with other groups, organizations and 

businesses in the community. Embedded in their communities, these entities already have existing relationships with various social, 

age, ethnic, and religious groups. These relationships can be leveraged to increase the reach of LHDs in a crisis situation. Tapping 

into these resources requires a significant investment of time and effort into relationship building before a disaster, so that once an 

incident occurs all partners are already familiar with one another and with their individual roles and responsibilities. The following 

are examples of how NACCHO and its partners have cultivated new community partnerships with pharmacies, healthcare coalitions 

and cancer centers to increase preparedness capacity at the local level.  

3.1 Pharmacies 

Within the United States there are an estimated 82,000 pharmacy locations across 50 states (SK&A 2016) and approximately 93% 

of the US population lives within 5 miles of a community pharmacy (NACDS 2011). With this profound degree of access to the 

country’s population, pharmacies make an ideal community partner in disaster preparedness and response (Roberts 2014b). 

Pharmacy staff are highly trained medical professionals who know their communities and are well trusted and respected partners 

in patient healthcare. They are experienced in providing customer service, counseling patients and processing large numbers of 

patients. Pharmacies also already have procedures for managing patient flow, medication dispensing, and vaccination 

administration, all skills that would be beneficial in a pandemic scenario.  

3.2 Healthcare Coalitions 

Healthcare coalitions (Courtney et al. 2009) are groups of local and regional healthcare facilities that collaborate with local 

emergency response agencies and public health departments. Through these collaborations, communities increase their 

preparedness and their capacity to respond to a catastrophic incident. Historically, LHDs have not coordinated with hospitals or 

involved in emergency preparedness planning or training efforts. This changed with the realization that hospitals would be quickly 

overwhelmed in an emergency with high numbers of casualties, whether they be victims of a natural disaster, chemical release, 

radiation exposure, pandemic or mass shooting. Unable to meet disaster-level demands for care, hospitals in all 50 states across the 

country have joined healthcare coalitions to establish a coordinated local or regional response in partnership with LHDs. As part 

of a coalition, hospitals and other healthcare facilities can share the burden of a catastrophic event. They work together to coordinate 

risk communication, and in surge conditions, members can redistribute patients or provide personnel, equipment or space as needed. 
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3.3 Cancer Centres  

NACCHO has also engaged with cancer centres as a community resource capable of providing acute radiation response in the event 

of a radiation disaster. This was done through relationships with professional radiology groups including the Radiation Injury 

Treatment Network and the National Marrow Donor Program. These cancer facilities were engaged because they represent an 

established system that routinely works with radiation exposure. They have the necessary equipment and employ well-trained 

radiology professionals who can educate, triage, diagnose and treat people exposed to radiation (ACR Disaster Planning Task Force 

2006). These healthcare professionals already know how to handle contaminated persons or objects, and they are capable of 

handling fallout from radiation exposure. With these skills, cancer centers make ideal partners for LHDs in preparing for a radiation 

exposure incident.    

 

4. USING SOCIAL MEDIA TOOLS TO INCREASE CAPACITY 

NACCHO has also explored the use of social media as tools often underutilized by local health departments for disease surveillance 

and response activities during a pandemic. Mobile texting platforms and mobile applications serve as multifunctional technologies 

that can be used in the context of a pandemic to increase capacity. In the United States, 90% of adults own a cell phone and 64% 

own a smartphone (Pew Research Center 2014). Cell phones have become so integrated into society that the majority of users 

constantly have their phone within arm’s reach. People have become dependent upon this technology as a way to communicate and 

access the internet, news and social media channels. By incorporating a mobile system into emergency response protocols, LHDs 

can enable the general public to effectively manage their health more independently, reducing the burden and surge on health 

departments. Text-messaging interventions are especially valuable as they are capable of reaching the largest population, relatively 

low cost and simple to implement. It has also been reported that 99% of cell users will open a text message within 3 minutes of 

receiving it, making this a quick way to communicate with the majority of the public (Hall et al. 2015). The following are examples 

of how NACCHO with its partners has explored the use of text messaging as a method to provide the public with disaster-specific 

information, reminder messages or non-invasive surveillance.  

4.1 Pandemic Influenza Vaccine Reminders and Antiviral Adherence 

One application of mobile texting technology is to setup a reminder system that can improve the prevention and control of pandemic 

influenza through improved adherence to vaccination and antiviral medication schedules. In a future influenza pandemic, vaccines 

and antivirals can be used as medical countermeasures to reduce the burden and spread of disease. First, to achieve an effective 

preventative response, a large portion of the population will need early access to vaccine to establish immunity; this will likely 

require two doses of pandemic influenza vaccine separated by 21 days (Haaheim et al. 2009). In this scenario it will be important 

to ensure that patients receive their second vaccine dose during the appropriate time interval to achieve adequate protection. LHDs 

can implement mobile text reminders to provide patients with reminders, increasing compliance and immunity throughout the 

population. Although vaccines provide the best method of prevention during a pandemic, antiviral medications also play a crucial 

role in a response. Antivirals can both be taken prophylactically and to reduce the severity and duration of disease in infected 

individuals, decreasing transmission of the virus to others (Singh et al. 2015). Mobile text reminders can be a valuable tool for 

these patients as well, ensuring their adherence to medication schedules. Both text reminder systems can significantly reduce the 

burden of a pandemic response on healthcare by reducing the duration and severity of disease for those already infected, and by 

reducing transmission rates and the number of infected individuals.  

4.2 Mobile Symptom Monitoring for Avian Influenza 

NACCHO has also partnered with LHDs to test the feasibility of using mobile texting systems for symptom monitoring in avian 

influenza responders. Responders are deployed to areas of the country with confirmed cases of avian influenza, and in the course 

of their work may be exposed to the virus and at risk of infection. As a preventative measure in the United States, all responders 

returning from the field are required to engage in 10 days of symptom monitoring to be conducted by local and state health 

departments through daily phone calls or home visits (CDC 2016). This high-touch form of surveillance requires substantial 

investments of time and manpower, which most LHDs cannot afford; this type of surveillance places an unmanageable burden on 

LHDs and can quickly overwhelm health department personnel. To address this, NACCHO developed a low-touch surveillance 

methodology. Using a mobile text messaging system, LHDs can now monitor responders for symptoms indirectly by having 

them input their own wellbeing status. This approach to monitoring significantly reduces the strain on health departments; 

personnel only call or visit those responders that report symptoms, leaving the remaining healthy responders to self-monitor for 

the 10 day period. There is also a great deal of potential for other applications of this surveillance technology to other diseases 

that require ongoing symptom monitoring (eg. Ebola, Mumps / Measles, Tuberculosis). 

 

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

This work supports the implementation of the Hyogo Framework for Action, specifically Priority Action 5: strengthen disaster 

preparedness for effective response at all levels. NACCHO has tested innovative ways of improving local community resilience by 
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tapping into existing infrastructure, cultivating collaborations with community partners, and using social media tools. Further work 

is required first to identify additional opportunities for integration and collaboration on a local community level, and then to support 

more widespread education and implementation. Although these projects have demonstrated success in pilot communities, there is 

still work to be done to share their lessons learned and best practices. Local communities need to be educated more widely about 

these opportunities and provided with necessary resources to fully explore their options for building preparedness and response 

capacity in their specific context.  

 

6. CONCLUSIONS 

A mass casualty event of any type will result in large numbers of people needing care and surging medical facilities. I have 

proposed three different ways for communities to increase preparedness and response capabilities in order to lighten the burden 

on healthcare facilities and health departments. This can be achieved by leveraging existing infrastructure, cultivating community 

partnerships and using social medial tools. These and other innovative approaches to building community integration and 

collaboration will increase local capacity to prepare for and respond to any catastrophic event. 

 

7. REFERENCES 

ACR Disaster Planning Task Force. (2006). Disaster Preparedness for Radiology Professionals: Response to Radiological 

Terrorism. American College of Radiology. 

http://www.acr.org/~/media/ACR/Documents/PDF/Membership/Legal%20Business/Disaster%20Preparedness/Primer.pdf  

Centers for Disease Control and Prevention (CDC)(2016). Self-Observation Instructions for Demobilizing Bird Flu Responders.  

Courtney, B.; E. Toner; R. Waldhorn; C. Franco; K. Rambhia; A. Norwood; T. Inglesby; T. O’Toole. (2009). Healthcare 

Coalitions: The New Foundation for National Healthcare Preparedness and Response for Catastrophic Health Emergencies. 

Biosecurity and Bioterrorism, 7(2), 153-163. http://online.liebertpub.com/doi/pdfplus/10.1089/bsp.2009.0020  

Edwards, D.; P. Krauter; D. Franco; M. Tucker (2012). Key Planning Factors for Recovery from a Chemical Warfare Agent 

Incident. Homeland Security. http://www.fema.gov/media-library-data/20130726-1910-25045-

7886/10_rrkp_key_planning_factors_chemical_incident.pdf 

Haaheim, L.R.; A.S. Madhun; R. Cox. (2009). Pandemic Influenza Vaccines – The Challenges. Viruses 1(3): 1089-1109. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3185517/  

Hall, A.K.; H. Cole-Lewis; J.M. Bernhardt (2015). Mobile Text Messaging for Health: A Systematic Review of Reviews. Annual 

Review of Public Health, 36, 393-415. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4406229/ 

National Association of Chain Drug Stores (NACDS). (2011). NACDS 2011-2012 Chain Pharmacy Industry Profile. 

Alexandria,VA: National Association of Chain Drug Stores.  

Pew Research Center. (2014). Mobile Technology Fact Sheet. http://www.pewinternet.org/fact-sheets/mobile-technology-fact-

sheet/  

Roberts, E. (2014a). Flu on CallTM: Improving Access to Pandemic Influenza Countermeasures. NACCHO. 

http://nacchopreparedness.org/toolkit-innovative-approaches-to-broadening-access-to-antiviral-medication-during-pandemic-

influenza/ 

Roberts, E. (2014b). NACCHO Statement of Policy: Local Health Department and Pharmacy Partnerships. NACCHO. 

http://nacchopreparedness.org/naccho-statement-of-policy-local-health-department-and-pharmacy-partnerships/ 

Singh, B.; H.C. Huang; D.P. Marton; G.P Johnson; A. Gutfraind; A.P Galvani; B. Clements; L.A. Meyers. (2015). Optimizing 

Distribution of Pandemic Influenza Antiviral Drugs. Emerging Infectious Disease, 21(2), 251-258. 
http://wwwnc.cdc.gov/eid/article/21/2/14-1024_article#suggestedcitation  

SK&A. (2016). Pharmacy Database. http://www.skainfo.com/downloads/datacards/SKA_Pharmacy_Data_Attributes.pdf   

405



 

1 
 

 

Preventing and Managing Large-Scale Disasters in Swiss Cities 

Florian Roth1, Linda Maduz2, Tim Prior3 

1Center for Security Studies ETH Zurich, Zurich, Switzerland. E-mail: florian.roth@sipo.gess.ethz.ch 
2 Center for Security Studies ETH Zurich, Zurich, Switzerland. E-mail: linda.maduz@sipo.gess.ethz.ch 
3 Center for Security Studies ETH Zurich, Zurich, Switzerland. E-mail: tim.prior@sipo.gess.ethz.ch 

 

ABSTRACT: Although Switzerland’s civil protection system is recognized as very efficient, its exposure to unexpected and 
extreme events is largely untested. Urban areas, where population and infrastructure are concentrated, are considered to be 
especially vulnerable. The country’s continuing urbanization and high population density in potential hazard risk areas highlight 
the need to develop systematic preparedness and response procedures for extreme events that would have consequences not only 
for the cities themselves, but for the country as a whole. The study aims to assess the current state of Switzerland’s disaster 
management at the city level. The empirical basis of the study consists of interviews conducted with city risk managers on their 
current risk assessments, planned countermeasures, and collaboration efforts with other actors, including partners from higher 
political levels and the private sector. Preliminary results from the study reveal that Swiss cities are organized more similarly 
with regard to crisis response than with regard to the identification and assessment of risks ahead of an event. While some cities 
have elaborate and institutionalized systems of risk assessment in place, measures in this area in other cities are rather in their 
infancy. Diversity also exists with regard to how well cities are integrated into the multi-level policy-making in the Swiss federal 
system. 

Keywords: urban security, disaster risk management, preparedness, resilience-building, Swiss cities 

 

1. INTRODUCTION 

Today, more than half of the world's population (54%) lives in urban areas, which constitutes a major policy challenge. The 
urban population has grown rapidly and is expected to reach 6 billion by 2045 (up from 3.9 billion in 2014) (UN 2014). To meet 
the needs of the growing urban population, infrastructures and services, such as energy, transportation, housing, employment, 
education and health care, need to be adequately developed, maintained, and protected. Cities are the centers of modern social 
and economic life. The concentration of people and infrastructures, marked by a high complexity, interdependency and 
interconnectedness also extending outside cities, are both their strength and weakness. If cities are negatively affected by major 
disasters, regions connected to them, if not the whole country and beyond, will suffer from the negative consequences.  

Political institutions adapt to the rising role of cities, but these changes are often slower at the national level than they are at the 
international level; a fact that is also true for Switzerland. Issues also vary depending on a countries’ political institutional 
arrangements. In Switzerland, the civil protection system has been in a reform process and one of the key topics has been how to 
distribute powers and responsibilities across the different political levels. Although Switzerland’s civil protection system is 
recognized as very efficient, its exposure to unexpected and extreme events is largely untested.  In order to assess civil protection 
processes and practices in urban areas in Switzerland, the study addresses several relevant questions: What are cities’ roles in the 
management and the prevention of disasters and emergencies within the federalist structures? Which risks are given highest 
priority in urban disaster management in Switzerland – and which risks might be overlooked? How can actions be coordinated 
between municipalities, cantons, and the federal government to be most effective and efficient? By answering these questions, the 
study aims to inform further adaptation measures in urban disaster risk management, contributing to overall increased resilience 
of Swiss society towards various natural and man-made hazards. 

 

2. RESEARCH DESIGN 

Seven major Swiss cities and their agglomerations were selected for the study: Zurich, Geneva, Basel, Bern, Lausanne, Lucerne, 
and Lugano. Zurich is Switzerland’s biggest city (384'786 inhabitants) and constitutes, with its surrounding municipalities, 
Switzerland’s biggest agglomeration (1.23 million) (BFS 2014). Geneva and Basel complete the list of the big three among Swiss 
cities. Bern and Lausanne rank fourth and fifth. In addition to these cities and their agglomerations, Ticino constitutes an 
additional Swiss “metropolitan area” (see statistical office’s 2000 definition). Lugano, as Ticino’s biggest city, was selected for 
the study (although it is technically not part of the metropolitan area that includes Chiasso and parts of Italy). Lucerne is 
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Switzerland’s seventh biggest city – and agglomeration. It was selected for the study as it is considered as it is representative 
Switzerland’s medium-sized cities, and because it is recognized for its innovative approach to risk assessment. 

The study’s empirical basis consists of interviews conducted with officials involved in cities’ risk management. One to five face-
to-face interviews were carried out per city. The total number of interviews conducted in the scope of this study is 16. Questions 
had been prepared (in German and in French) around the main themes and issues of interest, namely (1) the identification and 
assessment of risks (2) measures and strategies of response, and (3) the institutional and informal structures and processes of 
cooperation among actors. The interviews were recorded and then the audiotapes were transcribed to produce written texts, which 
were analyzed using qualitative methods of data analysis; hand-written notes were taken in addition. The text analysis software 
used to code and analyze the transcribed interview data was Atlas.ti. 

 

3. CURRENT STATUS OF DISASTER PREPAREDNESS AND RESPONSE MEASURES IN SWISS 
CITIES 

The extent to which cities, compared to other political actors and levels, are involved in disaster management varies along the 
disaster cycle. A comparison across cities reveals that structures are more similar in the response phase, where involvement is 
extensive, as compared to structures in the pre-disaster phase, where involvement considerably varies: in some cities, risk 
identification and assessment processes are still very rudimentary; in others, a system has been put in place, which allows for 
regular and systematic assessments. In the area of risk identification and assessment, not much exchange exists across political 
levels, i.e. between cities, cantons, and the Confederation, or across cities. When risk information are shared, this is mostly done 
in the form of passive one-way communication. Only rarely, are cities actively involved in the risk identification and assessment 
process of higher political levels. 

Conducting systematic risk assessments, including risk identification, is a relatively recent development in Swiss cities. On the 
political-strategic level, legal mandates, plans and strategies are less established in this area than in the response phase. Also, on 
the operational level, little standardization exists across cities with regard to how risk identification and assessment is done. At 
one end of the spectrum, risk identification and assessment are conducted in a regular and systematic manner by entities 
specifically assigned for this task. Typically, the relevance of a risk is evaluated in terms of its impact and likelihood (mostly 
using some type of risk matrix). Some cities use in-house experts and some collaborate with external consultants in their risk 
analysis. At the other end of the spectrum, the analysis is conducted by a single person in addition to his/her regular work. In such 
cases, less attention is given to the methods applied and outcomes are not necessarily presented in a written report. In such cases, 
the identified risks serve as a basis for operational planning. The degree of institutionalization here is limited. Interestingly, the 
level of institutionalization of risk analysis appears to depend less on the size of the cities than on their financial resources, 
personal initiative and engagement. 

So, which hazards and risks do Swiss cities focus on? Cities usually consider a fraction of the hazards included in federal and 
cantonal analyses, focusing on those that are perceived to be most relevant to them. In general, recent events (in the respective 
city itself, as well as in other Swiss cities or abroad) influence trends in risk perception and assessment. Among the most cited 
types of major disasters, which enter risk managers’ analyses, were earthquakes, floods, and power blackouts. Another major 
concern is potential terrorist attacks, a risk for which all cities are found to be prepared for in only a very limited way. More 
often, cities’ efforts are focused on rather frequent and small hazards, such as regular crime, fires and small seasonal floods. 
While the challenge of risk managers at the city level is that they need to cover the whole range of disasters, i.e. from minor to 
major events, daily business is mostly preoccupied dealing with regular events on small-to-medium scale. Depending on the 
financial and human resources available, not much attention can be dedicated to extreme and unexpected events.  

With regard to response measures to frequent emergencies, plans and procedures are generally well developed. The police is 
usually in a leading position, heading the task force convened in cases of extraordinary situations, such as disasters and 
emergencies. Structures resemble the ones at the cantonal level. By contrast, most of the work in the preparatory phase rests with 
other agencies, including professional firemen or rescue services. For response measures, special funds usually exist. The bigger 
the catastrophe, the more city risk managers expect that higher political levels would step in. In emergencies, inter-cantonal help 
is considered to be important and assessed to be readily available. However, this ad hoc support is not necessarily 
institutionalized. Exercises to train for emergencies were highlighted as important tools to evaluate and improve current 
procedures in place that should be made use of more intensively. 

 

4. HOW TO INCREASE PREPAREDNESS AND RESILIENCE FOR MAJOR DISASTERS IN SWISS 
CITIES? 

How adequate and efficient is disaster management in Swiss cities with regard to the protection of the population? We have 
identified a number of key factors that can either facilitate or limit the functioning of the system, which are related to the broader 
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institutional context of the country. A key consideration is the distribution of responsibilities and capabilities among the various 
administrative and political layers (see Heinelt & Kübler 2005, Kübler 2012 on metropolitan governance). For a civil protection 
system to be efficient and capable of deploying adequate responses to unexpected large-scale events, responsibilities need to be 
clear and the capacities at all the institutional levels need to be in place to live up to these responsibilities. This is particularly 
important in Switzerland’s highly subsidiary civil protection system, where higher political levels are only responsible to the 
extent that lower political levels are not (on federalism and disaster management, see Birkland & Watermann 2008, Scavo et al. 
2007, Schneider 1990). While responsibilities may be clear in legal terms, the reality shows that the actual sharing of 
responsibilities and the corresponding competencies and tasks is rather complicated. These challenges are further intensified by 
accelerated urbanization.  

In Switzerland, cantons have broad responsibilities in the area of civil protection. It is, however, cities that own to a large extent 
the operational means necessary to actually protect the population (fire and rescue services). A telling example is the health 
sector. Cities’ authority and access to information is very limited in this area. In case of a pandemic, their forces would still be 
employed. Yet, it is the Confederation that is responsible for pandemics and other important decision-makers are situated at the 
cantonal level (in the form of cantonal physicians and cantonal hospitals). In policy sectors other than civil protection and disaster 
management (e.g. the. transport sector), a restructuring of political governance has already been taking place to adjust to these 
new realities (see Koch 2013). Disaster management organized along the three political levels in Switzerland lags behind this 
process. 

Currently there exist relatively few and weak formal structures for coordination that city managers could draw on in their daily 
work. Instead, informal networks importantly shape horizontal and vertical cooperation patterns in the Swiss civil protection 
system: horizontal cooperation refers to cooperation across cities, as well as between different agencies (police, firemen, etc.), 
and vertical cooperation to cooperation across different political levels. Personal networks were unanimously highlighted as one 
of the main factors that facilitate the functioning and cooperation in the context of disaster management in Switzerland. Among 
the interviewed city risk managers we find people who previously worked for the federal administration or assumed positions in 
city or cantonal administrations. A common military background is not unusual. At the same time, these networks may constitute 
a hindering factor for a well-functioning and deeper cooperation. Several examples were given in the interviews where no 
cooperative efforts were made across cantonal or city boundaries due to personal animosities. 

In some instances, coordination and cooperation is also hampered by diverging views on what is the most efficient way of 
managing disasters. For example, risk analysis concepts developed and promoted by federal agencies often take a scenario-
specific approach (see hazard catalog). By contrast, we found a strong tendency towards an all-hazards approach at the city level. 
Here disaster management is an extension of city officials’ daily work. For operational forces at the city levels, concepts 
developed by the Confederation are usually too broad and too abstract.  

 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

In times of increasing urbanization in many world regions, disaster risk management on the city level is at the center of many 
debates in the field. As recognized in the Sendai Framework for Action, procedures and structures for forward-looking risk 
identification and cooperative, multi-actor disaster risk management can be of great value for the enhancement of disaster 
resilience in the urban context. By examining and comparing the practices of urban disaster risk management in Swiss cities, the 
study contributes to the lively debate on how to make cities more resilient in relation to all kinds of hazards. At the same time, the 
study also points to deficiencies in the current global frameworks for disaster risk reduction. For instance, the analysis reveals 
that the separation between the management of natural hazards and man-made hazards underlying the Sendai Framework for 
Action is of little use in disaster management practice on the city level. To reach a truly integrative framework for disaster risk 
management it appears necessary to overcome political silo thinking in this regard.  

 

5. CONCLUSIONS 

As a consequence of the pronounced federalist character of the Swiss political system, diversity exists with regard to the 
organization of the civil protection system at the city and cantonal level. The identified existing practices and policies have often 
developed over time. Mutual expectations of responsibility between cities and their partners vary from city to city. They may 
even vary according to the hazard considered. For some hazards, such as an incident at a nuclear power plant, which are not 
under the primary responsibility of cities, administrative obscurity exists. This is especially true when tasks assigned to cities are 
not congruent with the authority given to them and the competencies, i.e. the operational means, they have at hand. Strengthening 
and clarifying the cooperation between the various political levels will help the multi-level governance system in place meet 
future challenges.  
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As in other policy sectors, such as the transport sector or the promotion of the economy, political structures in disaster 
management should be adjusted to spatial and functional realities. This would also imply that initiatives and concepts developed 
at higher political levels should be more tailored to the operational needs that cities often have, rendering them more relevant to 
them. While informal networks, which are a characteristic of the Swiss disaster management system, have a favourable effect on 
the functioning of the system as a whole, a further diversification of the personnel would allow the system to become more 
sustainable and integrative, serving the overall resilience of Swiss society.  
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ABSTRACT: Human settlements represent significant and on-going investments of human cultural, economic and physical capital.  

The development of cities and towns is informed by a number of dynamic forces that exert influence within the constraints of 

existing constructed environments.  In particular, the relative “irreversibility” of the underlying patterns of infrastructure, roads and 

land tenure imposes considerable constraints upon risk management.  In combination, this physical realm is managed to a greater 

or lesser degree by an array of government agencies responsible for spatial planning, infrastructure and transport, natural systems, 

and risk management.  

 

Viewing governance as the wide range of actors and institutions with various formal and informal levels of influence, this paper’s 

goal is to critically examine the changes that have occurred over time in the management of natural hazard risks in the built 

environment of Victoria, Australia.  The paper begins by reporting the results of a review of the main elements of the built 

environment in Victoria, and corresponding risk profiles according to the main hazard categories.  A critical description of the 

agencies and processes associated with emergency management and risk reduction in Victoria is then reported.  

 

The paper’s main finding is that that while significant and valuable changes have been made and continue to be made to the formal 

structures of risk management agencies over the last decade, a number of key factors have undermined the effectiveness of these 

measures. These factors include the path dependency of associated regulatory systems, such as urban planning, local government, 

transport and water catchment agencies, the difficulties of modifying existing settlement patterns, entrenched expectations of 

settlement types, the emergence of new categories of risk, and vulnerability and climate change. The paper concludes with key 

recommendations for change, particularly focussing on those relating to meaningful integration of urban planning with risk 

reduction activities. 

Keywords: governance, built environment, Australia, integration, urban planning, disaster risk reduction. 

1. INTRODUCTION 

The growing numbers of disasters globally indicates a broad need to continue the development of appropriate risk reduction 

treatments. However, the populations affected by these events, and the nature of these disasters, are increasingly urban. Rapid 

urbanization has added new challenges to the growing number of disasters, meaning that there is a strong need to address built 

environment oriented prevention, mitigation and adaptation tools and mechanisms. This paper critically discusses changes in the 

governance of the management of natural hazards in the built environment of Victoria, Australia, and suggests potential ways of 

changing the existing practices to ensure stronger integration of the disaster risk reduction activities with urban planning.  

The term governance here is used broadly following Healey (1997: 59): “management of common affairs of political communities, 

thus involves much more than formal institutions of government”. While this definition is open ended, it allows urban planning 

governance to encompass the range of tasks and activities that form DRR, extending into the daily lives of community members 

and the range of organisations relevant to risks in the built environment.  

 

2. KEY BUILT ENVIRONMENT ELEMENTS 

The built environment itself refers to places that are modified, adapted or made by humans, primarily (but not exclusively) for 

humans’ benefit.   Built environments consist of structure(s), paved areas (e.g. roads), managed green areas (e.g. parks), 

infrastructure and services. Of course, these built environment features are intended to meet human needs, while respecting 

environmental contexts, facilitating economic systems and efficiencies, and mediating and improving upon social outcomes.  While 

it may seem that there can be “organic” settlements, the reality is that various systems of governance and organizing principles are 

applied to any larger settlement, even in the case of informal places.  These have considerable influence over the nature and 

functionality of the built environment.  The location of schools, housing, factories, workplaces, refuse facilities, the height and 

density of structures, the quality of buildings and transport efficiency are but a few examples of the impacts that regulatory and 
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governance systems can have on the built environment.  Over time, these aspects of regulation and planning interact with market 

processes, preference and decision making systems to deliver a built environment that is incrementally changed and modified over 

time.      

The Australian built environment is characterized by large primary settlements in each state, located near to the coast and rivers, 

reflecting early European settlement preferences and needs.  Being one of the first nations to suburbanise extensively, Australian 

cities are some of the lowest density in the world, largely as a result of early adoption of rail travel, followed by rapid growth after 

1945 in association with the rapid growth of private motor vehicle ownership and associated infrastructure investment in freeways 

and parking. The larger cities are now characterised by high density inner urban areas focused around high rise Central Business 

Districts.  In contrast, low density housing interspersed with activity centres surrounds these central areas and continues to grow at 

densities approximating 12 dwellings per hectare. Beyond the capital city of each state are extensive low density areas interspersed 

with country towns.  Many country towns are experiencing negative growth, although some settlements are growing if there is an 

economic driver such as mining or tourism.  

 

3. RISK PROFILES 

At a national level, the greatest cost of an event between 1970 and 2014 resulted from the extensive property impacts of a hail 

storm in 1999, as shown in Table 1.   Other regular events in Australia are storms, floods, cyclones, bushfires and earthquakes.  

 

Risk assessments in Australia since 2011 have been directed by the overarching direction provided by the National Emergency 

Risk Assessment Guidelines (NERAG), a national methodology intended to “assist planning and prioritise mitigation investment” 

(AEMC 2015), as opposed to other forms of assessment focused more upon on emergency response. The NERAG is consistent 

with AS/NZS ISO 31000:2009 and was revised in 2015. It encourages states to undertake risk assessments, and each Australian 

state published risk assessments between 2012 and 2014 (though there is significant variation in methodologies). 

Taking Victoria to provide one state example, its first statewide risk assessment integrating all hazards and agencies, “Emergency 

Risks in Victoria” was undertaken by Victoria’s State Emergency Mitigation Committee and released in 2014. Risk matrices profile 

residual risk (risks accounting for all current mitigation controls), as well as medium and severe impact emergency scenarios, each 

based on likelihood and consequence. Bushfire, flood and pandemic influenza were identified as the highest priority risks in the 

state, with transport infrastructure failure and electricity supply disruption also prominent. The assessment also included a range of 

risks from natural processes such as storm, heatwaves and earthquakes, as well as other environmental and health based risks such 

as plant and animal disease, marine pollution and insect pest outbreaks. This level of assessment considers risks only at a state-

wide level, and is therefore intended to inform strategic decisions at this level. 

 

4. THE STRUCTURE OF EMERGENCY MANAGEMENT AND RISK REDUCTION 

As is common in most jurisdictions, response and recovery measures surrounding specific hazards have traditionally been the focus 

of emergency management governance structures, policy and resources in Victoria. However, a number of national and state 

reforms over the past decade or so have attempted to shift the emphasis more towards mitigation, risk-based assessments, all-
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hazards approaches, greater “shared responsibility” of emergency management with the wider community, and greater governance 

integration. Some of the key drivers of these reforms have been the National Disaster Resilience Strategy (NDRS) in 2011 which 

highlighted the need for collective responsibility in disaster resilience, as well as two significant natural disasters and subsequent 

independent audits; the 2009 Victorian Bushfire Royal Commission (VBRC) and the 2010-11 Review of Flood Warnings and 

Response (Flood Review) which highlighted a number of governance gaps and challenges. 

Some of the major recent reforms to come out of the VBRC and Flood Review include Integrated Fire Management Planning 

(IFMP), large reforms of the central guiding legislation and the creation of Emergency Management Victoria (EMV) as a central 

coordinating agency, creating a clearer and more structured hierarchy of management at state, regional and municipal scales. 

Emergency management in Victoria is now largely coordinated by EMV as an all-hazards agency, and institutions and activities 

are legislated by the interaction of both the Emergency Management Act 2013 (EM Act 2013) and the Emergency Management 

Manual Victoria (EMMV). These reforms were intended to improve coordination of institutions and better reflect emerging 

approaches to emergency management. An Emergency Management Commissioner (EMC) is designated with the central power 

and accountability for systematic coordination of response and recovery efforts, while the state government Department of Health 

and Human Services (DHHS) also has the lead role in recovery efforts. EMV has a large range of roles, including leading sectoral 

reform and coordination, embedding emergency management across agencies and informing governmental decision making. 

Response and recovery is also undertaken at regional and local levels guided by a structured hierarchy of roles that report back to 

the EMC. 

 

5. CRITICAL REVIEW 

While significant acknowledgement of the need for reform exists, the emergency management sector continues to focus on response 

to and recovery from disaster events. As examples, some of the typical tools designated with aim of mitigation have been things 

such as community engagement and education about natural disasters, behavior change strategies and tools such as fire refuges. 

These initiatives are focused on community preparedness and reaction to an emergency event, rather than prior reduction or 

avoidance of risks. Using bushfire planning as an example, IFMP is a framework that instigates a hierarchy of state, regional and 

municipal fire management committees, respectively responsible for strategic coordination, producing Regional Strategic Fire 

Management Plans (RSFMP), and Municipal Fire Management Plans (MFMP). RSFMP typically focus on problem solving 

jurisdictional and information sharing issues, identification of vulnerable populations and assets, and fuel reduction strategies, and 

quantify risk assessment and planning needs for municipal levels. MFMP are risk-based action plans implemented by municipal 

councils typically utilising fuel reduction and community behavior change as their main tools.  

Overall, reforms such as IFMP are focused on attempts to rationalize and better integrate governance vertically, though in practice 

these have struggled with adoption and implementation due to agency capacity and buy-in. Regional planning in particular has 

been poorly implemented. For example, despite the EMMV, the Acts and IFMP designating a host of plans to be delivered at 

regional levels, many have not been updated or created. A further potential problem at the regional scale are plans developed by 

various agencies that use different regional boundaries. As an example, the 8 RSFMPs developed via the IFMP process have 

entirely different boundaries to the 7 fuel reduction-focused Strategic Bushfire Management Plans developed by DELWP. 

Additionally, risk mitigation-based tools and strategies incorporating broader thinking such as land use and the built environment 

are significantly lacking in regional and municipal level plans, despite frequent emphasis of their importance in key high level 

reviews and audits, such as the Sendai Framework, the VBRC, the Flood Review, and others. 

At local level, councils produce overarching Municipal Emergency Management Plans (MEMPs) alongside other strategic plans 

which detail overarching municipal context, risk assessment and governance arrangements. Hazard-specific sub-plans (including 

MFMPs) are produced for each municipality (e.g., Colway Otway Shire has sub-plans for fire, flood, heatwave, pandemic influenza, 

and public health emergencies). Therefore, each hazard is dealt with via different plans, disrupting coordination.  

In terms of the built environment, the Department of Environment, Land, Water, and Planning (DELWP) is the central planning 

department within state government and accordingly it has a large role to play in risk mitigation. DELWP’s main tool to date has 

been fuel reduction (for wildfires) and community education. At a municipal level, municipal councils are the central responsible 

agency, largely dealing with both flood and fire through the typical land use planning process, utilizing zones and overlays via 

planning schemes and development applications. One central problem with this tool is its limitation as a primarily statutory planning 

system within the context of highly constrained municipal council resources.  

While EMV remains a central strategic agency dealing with bushfire, flooding more strongly emphasizes regional governance, 

which is mainly split into a range of regional Catchment Management Authorities (CMAs) across the state and the metropolitan 

regional authority, Melbourne Water. Significantly, the first statewide strategic plan for flood management was released by the 

state government in 2016, the “Victorian Floodplain Management Strategy”. This is a significant strategy as it has been developed 

over a number of years with various iterations of input from a range of key agencies and sectors, and contains a large emphasis on 

the importance of land use planning and the built environment for risk reduction, clarifying significant future involvement with 

DELWP and municipal councils in strategic development of mitigation measures. To date, there is no state level overarching 

strategy for fire management however one has been funded in 2015, and EMV has been charged with its delivery.  Flood governance 

is also complicated by its intersecting with a number of other highly complex and structured spheres of governance such as coastal 
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planning. This area is also highly politicized due to federal and state political disagreement with the concepts of climate change, as 

well as significant barriers regarding insurance. For example, municipal councils are often reluctant to make public detailed risk 

information due to political push back and concerns about property prices. 

Another emerging sector that is increasingly intersecting with DRR governance is climate change, and a recent significant strategy 

is the Victorian Climate Change Adaptation Plan (VCCAP) of 2013. This plan gives significant weight to the need to deal with 

emerging and changing climate related risks strategically and in terms of resilience thinking, as well as advocating specifically for 

more built environment focused risk mitigation strategies to deal with bushfire, floods, storm, heat waves, coastal inundation and 

drought. 

The emerging trend towards resilience-based DRR is highlighted by the Rockefeller Foundation’s recent 100 Resilient Cities 

initiative. The Resilient Melbourne plan was recently adopted with the endorsement and participation of all 32 municipal councils. 

Significantly, this plan combines the traditional DRR concerns (such as bushfire and heatwaves) with other health, social-economic 

and climate change issues, such as obesity and oil vulnerability. A range of risks are brought together and re-characterised as “acute 

shocks” (e.g. storms and bushfires) and “chronic stresses” (e.g. unemployment). This re-characterisation comes with a number of 

challenges and potential opportunities for DRR reform and change. Among them is the difficulty of how to recharacterise an 

emerging set of new risks into the traditional DRR and emergency management sectors. A significant opportunity is the potential 

to foster broader interest from a wider set of stakeholders in DRR. Additionally, there is promising potential to foster the practice 

of metropolitan scale governance, which the majority of Australian cities have struggled to implement to date despite a high level 

of urban primacy. This opportunity to have municipal councils work together in this way may be a significant step towards an 

important tier of governance that may allow a more focused strategic view of risks, policies and initiatives that function at that 

level. 

 

6. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The paper shows that relatively traditional and strongly structured systems can be redirected to some extent.  While incomplete, 

the integration of agency actions and moves to mainstream a number of practices, particularly across flood and fire, have established 

greater acceptance of risk and demonstrate the benefits of these facets of the Sendai and former Hyogo frameworks. 

 

7. WHERE TO FROM HERE? CONCLUSIONS 

While traditional risks are relatively well treated, particularly with the experience of recent large scale flood and wildfire events, 

there are questions surrounding whether new emerging and slower-onset risks that require integrated actions, such as obesity, the 

lesser known or present impacts of climate change, oil supply shocks, and food supply breakdown are adequately being managed.  

Urban planning systems have only recently sought to act on risks other than land slip, flood and fire, and are often overwhelmed 

by property rights and competing goals such as aesthetics, market forces and property rights.  Higher density structures are relatively 

new to Australia and have not been carefully examined in terms of emergent risks.   
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ABSTRACT: Progressive collapse is a dynamic and nonlinear phenomenon. According to the static analytical approach 

presented in several existing regulations, a load enhancement factor of 2.0 is required to simulate nonlinear and inertial effects. 

However, in nonlinear static procedure, the multiplier is only used for estimating the dynamic influences of the loads. The current 

research investigates the progressive damage potential of a Reinforced Concrete (RC) frame structure subjected to sudden 

column removal and evaluates the accuracy of the applied Dynamic Increase Factor (DIF) approximating the nonlinear dynamic 

solution for the nonlinear static method. For this purpose, based on the acceptance criteria recommended by UFC 4-023-03 

document, nonlinear static (push down) analyses have been carried out to evaluate the progressive failure resisting capacity of 

intermediate RC moment resisting frame due to instantaneous central-column elimination at different elevation locations. 

Likewise, Incremental Dynamic analyses (IDA) have been conducted to assess the conservatism of ultimate load carrying 

capacities obtained from nonlinear static procedures. The outcomes reveal that incorporation of nonlinear effects in the static 

analytical procedure makes the DIF be significantly less than 2.0. The effect of the removed element elevation location on the 

structure’s susceptibility degree to collapse is also discussed. 

Keywords: Progressive collapse, Reinforced Concrete frame, Dynamic Increase Factor, Incremental Dynamic Analysis 

1. INTRODUCTION 

Progressive collapse can be described as a condition where a local damage of a critical load bearing structural component spreads 

from element to element and eventually leads to a disproportionately large failure or the collapse of the entire structure (UFC, 

2013). This event can be triggered by scarcely-probable severe abnormal loads, which mainly act over a relatively short duration, 

such as fire, blast, vehicle collisions, earthquake, etc. and may result in substantial casualties (Kim & Kim, 2009). 

The partial failure of Ronan Point apartment due to gas explosion first attracted limited attention of structural engineering 

researchers to progressive collapse concept in 1968. However, after the terrorist attack on the World Trade Centre in 2001, and 

the ensuing catastrophic widespread failure, extensive academic research papers have been published focusing on the progressive 

collapse performance assessment of structures, specifically RC buildings (Sasani & Kropelnicki, 2008; Menchel et al., 2009; 

Orton & Kirby, 2013; Qian & Li, 2013; Brunesi & Nascimbene, 2014).  

In addition, codified analytical approaches have been developed by US General Service Administration (GSA, 2003; GSA, 2013) 

and Department of Defence (DoD, 2005; UFC, 2013) to verify or design less vulnerable buildings against total collapse. Among 

the direct (i.e. Tie Force) and indirect (i.e. Alternate path and Specific Local Resistance) strategies pointed out in the guidelines, 

the Alternate Path (AP) method is generally recommended, as it investigates the structure’s ability to bridge over an eliminated 

critical load bearing element (Kim & Kim, 2009).  

Regarding different load carrying mechanisms of RC frame structures subjected to column removal, it was observed that in the 

initial stage of the column loss, the primary resistance to gravity loads is provided by the flexural action of beams. As the beams 

undergo larger vertical displacements, the load-carrying capacity of frame will be lost due to the fracture of reinforcements, until 

the catenary action in beams utilizes the tensile force to balance the applied gravity loads as the last defence mechanism (Orton & 

Kirby, 2013; Jian & Zheng, 2014). It should be noted that based on the UFC guideline, the flexural action is considered as the 

only progressive collapse defense mechanism in the AP method. 

Moreover, in order to evaluate the progressive failure resisting capacity of structures, four analytical techniques including linear 

static, linear dynamic, nonlinear static and nonlinear time history dynamic approaches are presented in the guideline. On the other 

hand, as progressive collapse is a dynamic and nonlinear phenomenon, the inertial and nonlinear effects of the event should be 

considered in static analytical methods in order to estimate the real behaviour of the structure under column removal 

(Mashhadiali et al., 2016). According to the earlier released progressive collapse guidelines, a constant Dynamic Increase Factor 

(DIF) equal to 2.0 was recommended to account for the aforementioned effects in both linear and nonlinear static analyses. 

However, as the dynamic effect should only be considered in nonlinear static procedures, several research works revealed that 

utilizing the fixed value of 2.0 may lead to inappropriate responses (Tsai & Lin, 2008; Khandelwal & El-Tawil, 2011).  
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For this purpose, Mckay et al. (2012) presented analytical approaches to specify load and dynamic enhancement multipliers of 

steel and RC moment resisting frames, applied in linear static and nonlinear static strategies, respectively. Several nonlinear static 

and dynamic analyses were conducted using SAP2000, and it was concluded that the DIF of 2.0 is conservative and the values of 

DIFs would vary from 1.05 to 1.75 and 1.2 to 1.8 for reinforced concrete and steel buildings. Also, based on the implemented 

studies, empirical formulas are recommended in the recent edition of UFC guideline to assess the dynamic amplification factor 

required in nonlinear static methods. According to the guideline, considering the inherent material nonlinearity and the 

performance level of structures result in the DIF values to be significantly less than 2.0.  

Hence, using the AP method, the current research surveys the progressive failure potential of a 3-story RC intermediate Moment 

Resisting Frame (MRF) designed per Iranian Seismic code (IS-2800, 2005) due to instantaneous column removal and the effect 

of the removed element elevation location on the structure’s susceptibility degree to collapse. Furthermore, the study investigates 

the validity of DIF recommended by UFC guideline by comparing nonlinear incremental dynamic analytical results with those 

obtained from nonlinear static procedure. In other words, as IDA method considers both nonlinearity and dynamic effects, it is 

the most accurate tool to evaluate the structure’s progressive collapse resisting capacity. Thus, by comparing the capacity curves 

obtained from the two displacement based and force based analytical approaches, the precision of the applied DIF can be 

determined.    

2. STRUCTURAL MODELLING 

A three dimensional analysis of the 3-story building was performed using SAP2000 (CSI, 2010). The frame was designed for an 

area of high seismicity per the IS-2800. Furthermore, a peripheral frame of the studied building was considered in order to carry 

out an evaluation of progressive collapse resisting capacity of the model structure, based on UFC guideline (UFC 2013) loading 

and acceptance criteria. 

The following assumptions were used in the models: 

As shown in Figure 1, the floor plan shape has four-by-four bays with the dimensions of 20.0 × 20.0 m and all stories are of equal 

height of 3.2 m. The design dead load, live load imposed on the roof and live load on the first- and second-floor are assumed to 

be 5886.0, 1471.5 and 1962.0 N/m2, respectively. The compressive strength of the concrete presumed to be 30.0 N/m2, and the 

yield strength of 400 N/m2 are considered for the steel re-bars. 

It should be noted that nonlinear progressive failure techniques were carried out using SAP2000 with concentrated plastic hinges 

assigned to Bernoulli beam elements.                                                                                                   

                     

                                 (a)                                                                          (b)       

Fig. 1: (a) Plan-shape of analysis model structure, the considered peripheral frame and the removed column location, (b) The 

Elevation view of the frame                        

3. APPLIED LOAD FOR NONLINEAR STATIC ANALYSIS 

Based on the UFC guideline, the following load combinations are applied in the nonlinear static (push down) analyses: 

G = 1.2 Dead Load + 0.5 Live load     and       GN = ΩN (1.2 Dead Load + 0.5 Live Load) 

Where G is the gravity load applied to all bays, GN is the gravity load applied to the bays adjacent to the removed column and ΩN 

is the dynamic increase factor. 

In addition, the DIF can be calculated by the following equation: 

ΩN = 1.04 + 0.45 / ((θpra / θy) + 0.48) 

Where θy and θpra are the yield and maximum plastic rotation angle, respectively. It should be noted that the DIF of 1.06 is 

obtained for the studied frame. 

4. APPLIED LOAD FOR NONLINEAR DYNAMIC ANALYSIS 
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Based on the guideline, the load combination of (G = 1.2 Dead Load + 0.5 Live Load) is applied to all bays. Also, the time 

history function of the gravity loads (W) and the column’s internal forces (P, V and M) is illustrated in Figure 2. 

  

Fig. 2: Time history function of the gravity loads and the column’s reaction 

5. THE ANALYTICAL RESULTS 

In this section, the progressive collapse resisting capacity curves are determined using push down and IDA analyses. In fact, the 

structure’s resistance to displacement was assessed by increasing the vertical deflection of the removed column point at each 

stage of the analysis. The applied load resulted in the given deflection was also determined. In addition, the load factor was 

calculated as the ratio of the balancing load to the initial gravity load of the structure and finally, the load factor- displacement 

curves are obtained as the frame’s capacity curves. It should be noted that a load factor of 1.0 is a state where the force generated 

by analysis is equal to the gravity load specified by the UFC guideline. 

As shown in Figure 3, based on the push down curves, the maximum load factors caused by sudden column loss on the first-

story, second-story, and roof of a 3-story frame were 0.72, 0.68 and 0.57, respectively. Since all values are less than 1.0, 

progressive failure is likely under sudden column removal for all three cases. Moreover, it can be observed that removing 

columns at upper stories leads to the lower amount of load factor, as it results in an increase in the structure’s vulnerability to 

collapse due to redistribution of loads among fewer number of components.  

Furthermore, comparing the maximum load factors obtained from push down and IDA curves, it can be concluded that the 

applied DIF, which is significantly less than 2.0, is consistent with the real responses of the structure subjected to column 

destruction. Utilizing a DIF equal to 2.0 would underestimate the frame’s progressive collapse resistance significantly as well. 

 

               

Fig. 3: Nonlinear static capacity curves in comparison with nonlinear incremental dynamic analytical results 

6. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

As progressive collapse phenomenon can be triggered by man-made or natural hazards and may result in substantial casualties, it 

is vital to assess the progressive failure resistance of structures accurately. The findings of the current research work help 

engineers to present a reasonable evaluation of the structural performance of buildings against a critical element destruction 

without using complex and time consuming analyses. Also, designing progressive collapse resistant structures using the 

aforementioned assessment leads to a considerable decrease in the number of fatalities.   

7. CONCLUSIONS 

Based on the AP method analytical result, the following findings can be drawn: 
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According to the push down progressive collapse resisting capacity curves, the maximum load factors caused by sudden column 

loss on the first-story, second-story, and roof of a 3-story frame were 0.72, 0.68 and 0.57, respectively. As the load factors were 

all less than 1.0, the collapse occurs in the structure due to first-, second- and third- story column loss. 

In addition, removing columns at upper stories leads to the lower amount of load factor, as it results in a decrease in the 

structure’s bridging capacity due to redistribution of loads among fewer number of elements. 

Eventually, comparing the maximum load factors obtained from nonlinear static and IDA capacity curves, it can be concluded 

that the applied DIF, which is significantly less than 2.0, is consistent with the real responses of the structure under column 

elimination. Thus, the UFC guideline’s empirical formulas present an acceptable estimation of the dynamic effects in AP 

nonlinear static procedures. Utilizing a DIF equal to 2.0 would lead to a significant underestimation of the structures’ progressive 

collapse resistance as well. 
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ABSTRACT: China is a vast but also a natural disaster-prone country since ancient times. The modern production mode and 

lifestyle have been even contributing to the frequent disasters. Therefore, China has been suffering huge economic losses every 

year. However, there is very little research on the probability of disaster losses at a micro level. The data used in this research is 

from a 5 year-retrospective questionnaire survey of 792 middle-aged and elderly residents, conducted in Baoji City, Shaanxi 

province of western China in the year of 2013. This research is designed to explore the influencing factors on economic loss, and 

to provide useful suggestions for disaster aid policy.  

Keywords: economic loss, demographic characteristic, social security 

1. INTRODUCTION 

Mainland China is a natural disaster-prone area. Since ancient times, natural disasters, such as floods, droughts, pest outbreaks, 

earthquakes, have continuingly occurred. The modern production mode and lifestyle have been even contributing to the frequent 

disasters, making China suffer huge economic losses every year. The Data Statistical Yearbook 2015 of China showed that, due to 

both meteorological disasters and geological disasters, the affected crop area had amounted to 24.891 million hectares, of which 

over 3 million hectares crop failed, while the affected population was nearly 244 million, including 1818 deaths and missing, 

causing a direct economic loss of 337.4 billion. What’s more, mainland China experienced 20 earthquakes in 2014, leading to 623 

deaths, 3043 injured and 33.3 billion of direct economic loss. 

This study explores the demographic characteristics and economic loss of the disaster victims. In this paper, we use the 2013 

"disaster aid and pension survey in Shaanxi" data, a retrospective investigation conducted in Baoji City of Shaanxi Province. 

Shaanxi Province is one of China’s mid-west provinces with complex landforms--mountains, basins and tablelands. The dominant 

economic framework in Baoji is heavy industry and low-profit agriculture. Partly due to the acceleration of human economic and 

engineering activity, disasters have taken place with a higher intensity and frequency in Baoji. One fact that need to be mentioned 

is that Baoji City is not far from Wenchuan County of Sichuan Province, where the tremendous earthquake in May 12th 2008 caused 

69227 known deaths, 17923 missing and more than 27 million afflicted.  

2. LITERATURE REVIEW 

As we know, human beings are one of the disaster-causing factor because their behavior may induce the occurrence of disasters. 

For example, excessive logging leads to soil erosion and landslides, and even drought sometimes. In the meantime, human beings 

are also the bearer of disasters. In other words, they’re required to withstand direct losses and consequences caused by disasters.  

Research has indicated that vulnerability of different disaster victims is different. Income of disaster victims has a positive 

correlation with their ability of withstanding disasters, meanwhile, the ability of emergency response is also differentiated by 

physical conditions (Shi, 1996). Shen (2008) suggested that disaster victims were more likely to be those who lived in rural area 

with complicated working experience when the disaster came. Liu (2012) concluded that female, the youth and the elder were more 

vulnerable to disasters than mid-age male by running a demographic risk estimation. 

More and more people have migrated to prone areas of natural disasters (Norris & Murrell, 1988; Phifer & Norris, 1989). According 

to Freedy (1992), more than one third of disaster survivors suffered from another disaster, emphasizing the significance of disaster 

research.  

3. DATA AND METHODS 

This study is based on the quantitative research method. People aged 40 years and over in Baoji City, Shaanxi province of China, 

were collected. The samples are 792 cases who affected by different kinds of disasters from 2008 to 2013. The data is taken from 

the survey of the 2013 "disaster aid and pension survey in Shaanxi". The selected sample covers all seven areas of Baoji City. 
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Questionnaire includes: basic personal information, family member information, household income and expenditure, health 

condition, demand for old-age (money), living choice, life satisfaction, self-reported life expectancy, and disaster experience and 

financial aid. 

3.1 Data  

 

Fig. 1: Probability of economic loss in each kind of disaster 

 

Fig. 2: disaster types & demographic characteristic (age) 

Fig. 1 shows the proportion of disaster victims who had suffered from economic loss in different types of disasters. Earthquake 

caused most loss in this area, especially the 2008 Wenchuan earthquake, whose magnitude reached 8.0. Then follows windstorm, 

flood and drought. Fire was the most unusual disaster in Baoji. Apart from fire, disaster victims were mostly 40-60 year-old middle-

ages. The probability of disaster occurrence was negatively correlated to the age in 40-80; however, these was a significant growth 

in facing earthquakes and floods among people who were 80 years old or older (Fig. 2). 

 

Fig. 3: disaster types & demographic characteristic (gender) 

 

Fig. 4: disaster types & demographic characteristic 

(education)

Male disaster victims had a higher probability of economic loss than female, but the probability of women affected by fire was 

slightly higher (Fig. 3). Unlike what we normally think, the probability did not decrease with a higher level of education. Fig. 4 

shows an inverted u-shaped curve in each disaster type except fire. It is noticeable that college graduates did suffer less economic 

loss in disasters. 
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Fig. 5: disaster types & demographic characteristic (spouse) 

 

Fig. 6: disaster types & demographic characteristic 

(Household) 

Fig. 5 shows that people with spouses had a slightly higher probability of economic loss in each disaster type. Agricultural 

households occupied a higher percentage in almost every disaster type. In Baoji city, most of the agricultural households were 

really engaged in agricultural work, which was highly related to weather and geological conditions, and thus they were more 

sensitive to these kind of disasters (Fig. 6). 

3.2 Methods 

Logistic regression is used to explore the relationship between disaster victims’ demographic characteristic and their economic loss. 

Regression formula: 

                              Prob (suffering from an economic loss) =𝑒^𝑧 / (1+𝑒^𝑧) 

z=a_0+a1 X1+a2 X2+…+ap Xp 

4. RESULTS 

Based on the cross analysis and logistic regression, the paper explores the influencing factors on property losses in disasters.  To 

be more specific, highly-educated old people with high annual income and social endowment insurance, are more likely to report 

economic loss when an earthquake occurs, partly because they have more assets and more to lose. What’s more, people living at 

home with own families are less likely to report economic loss than those who live in nursing house, showing an important role of 

family support. Those people who show a positive attitude when reporting their self-estimated life expectancy, are also less likely 

to report economic loss, showing an important role of living attitude. 

Table 1: results of logistic regression  

Independent variables OR z Independent variables OR z 

Age 1.025* 1.83 Social endowment insurance 2.523* 1.35 

Gender 0.823 -0.63 Living status 0.603* -1.75 

Household 1.371 0.62 Ln (income) 1.238*** 3.16 

Spouse 0.235 -1.26 Self-reported life expectancy & attitude 0.926*** -5.02 

Education years 1.095* 1.92 Cons 0.003** -2.45 

Disable 0.597 -1.16 Pseudo R2 0.1038  

Prob>chi2 0  Obs 398  

5. CONCLUSIONS 

In conclusion, our results suggest that financial aid policy of disasters need to be differentiated to target specific population. Because 

increasing age, education level and annual income all increase the probability of property loss, government needs to enhance the 

ability of disaster prevention and resilience of the elderly by disaster preparedness policy. Meanwhile, high income and highly-

educated population should be aware of their high economic loss probability. 
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The problem
On 8th October 2005 a devastating earthquake measuring 7.2 in 
the Richter scale had its epicentre in Pakistan that killed more 
than 80,000 people and left 60,000 injured & more than 400,000 
house collapsed( 1) while in India the number of lives lost in 
Jammu & Kashmir were 1,360  &more than 6000 injured, the 
impact was high as it served as a wake –up call for the 
government of  India towards the need of building its own 
resilience through preparedness.
Located in Jammu and Kashmir is India’s holiest shrine Shri 
Mata Vaishno Devi at an altitude of 6,200 feet above sea-level in 
the Trikuta Mountain range. Headed by His Excellency the  
Governor of Jammu & Kashmir & assisted by the Chief 
Operating Officer with 4000 staff drawn from three agencies: 
Shrine Board staff, Central Reserve Police Force & Jammu & 
Kashmir Police, the Shrine Board is an example of complying the 
DM ACT,2005(2) and translating the  Five specific HFA 
principles into action as per the local & national requirement.(3)
Vulnerable to earthquakes, landslides, cloud burst, fires, high 
crowd density and terror attacks on an average day the Holy 
Shrine  attracts approximately 15-20,000 visitors  & on special 
days 40 to 50,000  thereby generating  an annual revenue of US $ 
65-70 million and a corpus of  US $ 150 million from the 
donations of the large number of pilgrims, private donors.
A systematic “needs assessment” was undertaken on three 
components: Communication, GIS & Capacity Building through 
interaction, participant observation, physical verification of sites 
to understand the various requirements. It is to be noted the entire 
track has been built by cutting the mountain, in some places 
blasting the mountain to make roads, construct buildings and 
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many of   them did not comply with building codes, and blasting 
made some of the areas highly prone to landslide, rock shooting. 

The science
Key  scientific risk assessments were:
1.With high vulnerability to natural hazards staff have handled 
them in conventional methods but did not have professional 
training in  First Aid, Cardiac recovery, Search& Rescue, use of 
fire extinguisher .
2. As compared to the old tracks, new tracks were  landslide 
prone,  active loose rocks that were cut and hanging loose, and 
the railings were not strong enough to withstand pressure of 
debris & mud-flow.
3. Most of the buildings and establishments or facilities 
constructed along the track are not earthquake resistant. (4)
4. As far as Communication was concerned, use of sophisticated 
identification machines was not there. Wireless was   used by 
paramilitary personnel extensively. In other words in the 14 km 
track, Point to Point or Point to Multiple dedicated 
communication systems was not visible. 
5. Location/hazard wise inventory build-up was though present 
but necessary equipment’s were not always found.

The application to policy and practice

In 2010, the Disaster Management Program implementation put 
in a mix of structural & non-structural processes to reduce 
underlying risks. (5). 

Some of the achievements are:
- Institutionalised Disaster Risk Management at all levels. All 

the staff were being trained on Basic Life Skills, establishment 
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of dedicated Disaster Management Task Force, building of 
inventory’s as per hazards, Creation of in-house Master 
Trainers for sustainability. 

- Old building  in the track were either razed or safety measure 
complied. For example: fire safety measures were installed in 
older building, synages put up, & new buildings abided by the 
Building codes in terms of retrofitting,fire alarms, exit routes. 
Aside from this   netting, nailing, afforestation were actively 
undertaken to reduce landslide. Installation of new security 
measures along-with personal verification were adopted

- The Joint control room was revamped to ensure quick & 
efficient communication by installing aside from wireless 
systems, biometrics, scanners (already existent) to handle the 
several challenges.

Did it make a difference?

The hands-on training enhanced confidence that brought an 
attitudinal change when staff realised they could also give basic 
first aid like cardio pulmonary resuscitation, checking the pulse, 
putting the victim in recovery position, to reduce underlying risks 
and this in turn made their Disaster Management Plan 
implementable that integrated with their development projects, 
Standard Operating Procedures &a dynamic Incident Response 
System. (5)
To conclude the Sendai Framework definitely provided a focused 
direction to practitioners/governments/other agencies to carry out 
training, implement programs while tailoring it as per the local 
requirements and the correct mix of scientific methodology and 
instruments implemented at ground has made disaster risk 
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reduction outcome scalable and more precise towards ensuring 
safety and resilience.
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ABSTRACT: In 2010, a magnitude 8.8 earthquake and tsunami struck Chile. Coastal areas were particularly affected by the 

disaster; fishing villages were completely destroyed and many people were injured and killed by the tsunami. However, 

exceptionally, only one fishing village entirely survived the tsunami impact in the Talcahuano region. This is the case of the El 

Morro community, which despite its boats and houses being swept away by the destructive waves, suffered no deaths. This 

community, considered the most successful experience in effectively coping with the disaster in the country, is the case study to 

be analysed in this paper. The objective of this paper is to examine the resilience capacities that were crucial to the survival and 

recovery of the community. The results of an ethnographic investigation conducted during 6 months in El Morro show that social 

capacities, including participation, leadership, cooperation, social networks, trust, sense of community, place attachment, and 

local knowledge were essential for recovering and positively dealing with the event. The El Morro case study revealed that 

communities have the power to activate internal resources and capacities to cope with natural disasters. These findings could be 

useful for designing effective disaster risk reduction programmes and promoting community resilience in Chile and in other 

developing countries. 

Keywords: community resilience, earthquake, capacities, Chile. 

1. INTRODUCTION 

Chile is one of the most high-risk earthquake countries in the world. At the end of 2015, The National Oceanic and Atmospheric 

Administration (NOAA) registered 186 significant earthquakes in the 495-years history of the country (NOAA, 2015). 

Furthermore, the history of the country includes the largest earthquake ever recorded in the world, rating 9.5 MW. This disaster, 

known as the great 1960 Chile earthquake, occurred in Valdivia, southern Chile and led to a big tsunami in which waves rose to 

the unprecedented elevation of 30m. in some coastal locations (Castaños and Lomnitz, 2012, pp. 15-16) 

The 2010 Chile earthquake and tsunami is considered the sixth largest recorded in the history of humanity and it is the most 

powerful quake to hit Chile after the great 1960 earthquake. The 2010 disaster occurred on Saturday, 27 February 2010, at 03:34 

am. local time. The epicentre was located off the coast of Maule Province in south-central Chile, having a magnitude 8.8 MW 

(Castaños and Lomnitz, 2012). It impacted Chile from Valparaiso to the Araucanía region; this is equivalent to more than 630 

kilometres of the length of the national territory, which is home to 75% of the Chilean population. The earthquake triggered a 

series of tsunami waves that devastated many coastal areas of the country. The earthquake revealed serious deficiencies in the 

national emergency warning system. The Chilean Navy made a mistake by not immediately issuing a tsunami warning after the 

earthquake. The tsunami risk was dismissed by Chilean authorities, causing the death of many people in coastal villages.  

The country was in chaos. The disaster caused power outages for several days. Telecommunications, transport, water and 

sewerage were inoperative. The vague information provided by political authorities left people in a state of profound uncertainty. 

Additionally, the fear of food and water scarcity increased exponentially. As a result, the lack of information and the central 

government’s slow emergency response led to looting and breakdown in civic order in the first 24 hours after the disaster (EERI, 

2010, p.17). However, in the midst of catastrophe, only one fishing village survived entirely the tsunami impact, this is the case 

of the El Morro community. El Morro is a fishing community older than 100 years standing in the Talcahuano region. It is one of 

the poorest communities in the country and one of the worst affected by the Chile earthquake and tsunami. El Morro includes 

around 170 families with a population of over 550. This community remained at the top of a hill completely alone during five 

days; no authorities or relief workers helped them because it was assumed, erroneously, that no one had survived. Therefore, the 

community had to develop internal strategies for surviving the emergency. The activation of resilience capacities, including 

participation, leadership, cooperation and social networks was evident in the hours following the disaster. This illustrates the 

potential of communities to mobilise their inherent resources and capacities to deal with disasters. 

2. COMMUNITY RESILIENCE  

Community resilience is a ‘process linking a set of adaptive capacities to a positive trajectory of functioning and adaptation after 

a disturbance’ (Norris et al., 2008). The concept of resilience became popular among scholars with the Hyogo Framework for 

Action (HFA) 2005-2015, which emphasises the need and ways to build resilient communities (UNISDR, 2012). The entry of the 

term into disaster discourse can be seen as the birth of a new culture of disaster response (Manyena, 2006, p.434). This can be 
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observed in a new major agreement after the HFA, The Sendai Framework for Disaster Risk Reduction 2015-2030, which 

establishes ‘investing in disaster risk reduction for resilience’ as one of its priorities (UNISDR, 2015). Therefore, resilience is a 

term that will probably remain relevant for a long period in the natural disaster field as the evidence shows that ‘resilient 

communities are far less vulnerable to hazards and disasters than less resilient places’ (Cutter et al., 2008, p.601)  

The growing popularity of the term ‘resilience’ has not been exempt from criticism. The inability of scholars to agree on a single 

definition causes confusion and ambiguity. Furthermore, as resilience is a relatively new topic in the disaster field, the research 

evidence is still scarce. This situation is even worse in developing countries, where only a few studies have been conducted 

(Paton et al., 2008). In Latin American countries, with the exception of a few specific studies, community resilience research has 

not been commonly used. Therefore, this research contributes to filling the gap in this scarcely investigated area. 

3. RESEARCH METHODS   

A holistic single-case was the design used in this research (Yin, 2003). The El Morro case study represents an extreme or unique 

case because it was the only community in Talcahuano which completely survived the tsunami. Furthermore, in Chile, El Morro 

has the reputation of being one of the communities that performed exceptionally well in the face of the disaster. Therefore, this 

community is a critical case in analysing community resilience at a local level. The data was collected during six months through 

methods of semi-structured interviews, observation, informal conversations, documentary review and social media. The research 

participants included municipal officers, NGO practitioners, relief workers, academics and community members (leaders and 

ordinary members). 

In order to analyse community resilience in the El Morro case study, the resilience capacities in the existing literature were 

reviewed. Academic and non-academic models offer a large number of capacities in the natural disaster field and although some 

capacities are repeated in different frameworks, there is no single set of capacities. From the capacities observed in the literature, 

the resilience capacities that were suitable for Chile were selected, including social, cultural, physical and economic.  

4. FINDINGS  

The empirical evidence demonstrated that social resilience capacities were the most relevant to cope with the disaster, including 

participation, leadership, cooperation, social networks, trust, sense of community, place attachment, and local knowledge. These 

capacities were especially significant during the immediate emergency period where people had to rely on their own resources 

and capacities because there was no external help. Collective actions emerged spontaneously. The most common strategies were 

rescuing neighbours, running community kitchens and implementing community security guards. If people had not activated 

these capacities, the story of survival in El Morro would have been different.  

The El Morro community was able to quickly organise the evacuation after the earthquake. In the absence of the State, they had 

the autonomy of evacuating themselves without external help. They spontaneously organised themselves, with fishermen 

assuming leadership at all stages. They were responsible for keeping the family safe; they guided the evacuation process until 

their families and all people were safe on the hill. Fishermen performed specific tasks and roles according to their experience. For 

example, a group of fishermen were in charge of rescuing neighbours, others returned to the community to rescue some goods, 

and the most experienced fishermen had the important role of ‘observing the sea’ and predicting the arrival of the first tsunami 

wave despite the risk that it implied.  

The strong bonding networks that existed in El Morro also contributed to the quick evacuation. The fact that people know each 

other very well facilitated the cooperative actions, especially the rescue of neighbours. They knew exactly who lived in every 

house of El Morro. Without this knowledge, it would have been impossible for them to rescue their neighbours. The sense of 

community was palpable; El Morro behaved as a ‘big family’ as they said. They looked after all the members through the entire 

evacuation process, and fishermen did not leave the community until all people were evacuated. They put their lives at risk; 

rescuing a pregnant woman is one example of the solidarity that arose in the middle of the emergency as it can be observed in the 

following quotation: 

     ‘…After my husband, along with other neighbours rescued my mum, he said: “Go to the hill! I said yes, but you have to go 

with us”… He told me that he could not go with us because he could hear people trapped in their houses because they could not 

open their doors; they were shouting and pleading for help…I cried and I told him “But you have to go with us! You always say 

that we are a family!” He went to rescue a pregnant woman who was alone with her mum; they could not open the door, so they 

had to rescue her from the window…’ (Moussard, 2011, p.59) 

Local knowledge was also crucial to ensure the survival of the entire community. Even though the possibility of a tsunami was 

dismissed by authorities, fishermen trusted their experience and evacuated to the hill. As one interviewee stated:  
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‘…We were aware that the earthquake would bring a tsunami, we did not know when; it could be immediately or after many 

hours, but it will come…’ (Interview Mo-7, ordinary community member, my translation) 

This action saved the lives of all residents. Local knowledge is an innate capacity that helped people respond in a timely and 

effective manner. This capacity probably remained in a dormant state for a long period before the disaster and was activated in 

the face of the emergency. ‘No one died in El Morro’ is the common phrase that is proudly repeated by people any time when 

they shared their histories about the devastating night of the disaster:  

‘…In other communities, people died because they heard the warning from authorities: “Go back home, there is no tsunami risk!” 

So people came back home and died. In El Morro, no one returned to the houses until the next day and no one died…’ (Interview 

Mo-3, community leader, my translation) 

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Preventing and reducing disaster risk and losses have been set as the main goals of disaster risk reduction policies (UNISDR, 

2012, UNISDR, 2015). Yet, focusing on disaster risk can restrict the capacity of communities to cope with disasters. In contrast, 

focusing on resilience can empower local communities to take collective action in the face of natural disasters. Social capacities 

are often overlooked in disaster risk reduction programmes as the attention is focused mostly on material and economic 

capacities. This opens the debate about the value of social resources for dealing with disasters. This finding can be useful for 

designing effective disaster risk reduction programmes and promoting community resilience in vulnerable communities.  

6. CONCLUSIONS  

The El Morro case study showed that communities have the power to activate internal resources and capacities to cope with 

natural disasters. Social capacities are essential for recovering and dealing positively with disasters, including participation, 

leadership, cooperation, social networks, trust, sense of community, place attachment, and local knowledge. This breaks the 

traditional paradigm of seeing communities as merely passive victims or recipients of aid. Communities are active agents and the 

El Morro case study corroborated this proposition. El Morro played an active role after the disaster and succeeded despite the 

difficult circumstances. Changing the paradigm from which communities are conceived in the face of natural disasters: from 

victims to active agents, can empower people to take action in their communities to face catastrophic situations. The crucial role 

of social capacities in El Morro adds new knowledge to the community resilience field which could inform policy makers, 

emergency planners, practitioners, and communities when it comes to facing natural disasters. Social capacities can be useful for 

helping communities be better prepared to face natural disasters and for developing disaster risk reduction policies in developing 

countries.  
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ABSTRACT: Individuals, companies, cities, states and nations seek to quantify their resiliency, to understand their largest risks                                 
and to mitigate these risks. In our global economy, resiliency at each level is dependent on the supply chain. 
Organizations must first understand their supply chain and be able to visualize it. We provide situational awareness through                                   
geospatial mapping of the supply chain, characterization of the organization value (criticality, monetary value, loss of time) of                                   
each supply chain node and dependency on that node. The output of this exercise is an understanding of the organizations’                                       
critical systems and nodes within the supply chain. 
After we define the supply chain, we overlay the risks of those geographic areas. These risks include Sustainability, Human                                     
Trafficking, Natural Disasters, Cyber, Financial Stability, Political & Society instability, and physical infrastructure in areas of                               
supply, and Resources (Energy, Water, Food, and Land). The risk rating in each of these areas allows organizations to determine                                       
where and how to focus critical resources. As conditions change and mitigations occur, the risk rating changes. These risk areas                                       
are not independent factors but interrelated. 
As an example, for Human Trafficking within the food supply chain, we developed a model to leverage a combination of data                                         
source encompassing open source, private and government data sources to categorize the risk for a food supply chain of Human                                       
Trafficking/ Forced Labor. From a starting point of over 2,000 vendors within a supply chain and countless nodes, we were able                                         
to identify the 120 highrisk vendors globally that should become a focal point for mitigation. 

Keywords: Risk, HumanTrafficking, Resources, Vendors, SupplyChain 

1. INTRODUCTION 

Over the past decade, we have spent significant time and resources to assist organizations in understanding their ecosystem of                                     
operations, its resiliency and its threats. As the underpinning pieces of this ecosystem have expanded globally and external to the                                       
organization, the inherent risk has grown. Organizations including Government and Commercial have asked us to help them                                 
identify where there most significant risks are within their ecosystem and to identify opportunities to improve their resiliency.                                   
Resources are always limited and must be expended on the highest value items to the organization.   

Organizations must first define the value of all assets, events and entities to themselves. A significant part of this for many                                         
organizations is obtaining situational awareness of their entire ecosystem and its dependencies. At the conclusion of this process,                                   
each component is assigned a financial value which is comprised of the actual financial replacement value of that component                                     
with the mission value (criticality and loss of time). This value should enable organizations to visualize what is most critical to                                         
them. Risk and opportunities were characterized into areas of sustainability, humantrafficking, natural disasters, cyber, financial                             
stability, political and society instability, physical infrastructure, and resources. The value and risk is applied throughout the                                 
ecosystem including each node of the supply chain. Through the application of models utilizing a combination of organizational,                                   
open source and paid data subscriptions, the risk was characterized for each entity. The combination of risk, organization value                                     
and tolerance provided a prioritoized list of entities and associated risks that the organization should focus its resources on.   

As an example, for Human Trafficking within the food supply chain, we developed a model to leverage a combination of data                                         
source encompassing open source, private and government data sources to categorize the risk for a food supply chain of Human                                       
Trafficking/ Forced Labor. From a starting point of over 2,000 vendors within a supply chain and countless nodes, we were able                                         
to identify the 120 highrisk vendors globally that became a focal point for mitigation. 

2. METHOD 

Our methodology uses a set of artificial intelligence models to process organizational and open source information to provide 
organizations wtih risks, critical asset ratings and associated details to enable informed decision making.  The initial step in this 
methodology is to understand the organization and what is required to enable decision making.  Figure 1 below shows our high 
level methodology.   
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Fig. 1: Methodology 

Based on the risk and information needed by leaders, the input data is selected and ingested into the data framework. As part of                                             
the ingestion process the data is enriched. Enrichment includes the steps to normalize and cleanse the data as well as to enhance                                           
it with additional information. This data is used to train the models to the organizations’ pattern of normalcy and to begin to                                           
establish trends.   

 

The outputs of the models provides leaders with a critical asset list, prioritized risk and event details. A critical asset list provides                                           
a list of the value of assets to organizations. This is a combination of the financial value to replace that asset, the impact of that                                                 
asset on other aspects of the organization and the value to the organization itself. The prioritized risk list provides an actual                                         
overall risk score for each event/ asset/ item and subcategory risk scores. The risk scores incorporate the organizational value.                                     
This prioritized risk list enables decision makers to determine what is most critical and to align resources with it. The event                                         
detail provides a scorecard for each event/ asset/ item allowing for organizations to fully understand the risk profile and                                     
surrounding information that drove it to that level. 

3. RESULTS 

This methodology and framework has been applied to numerours organizations, local and federal governments. It has been                                 
applied in single risk area such as human trafficking or cyber and also across a full spectrum. This section highights a few of the                                               
results.   
 
In order to identify and reduce human trafficking within the food supply chain we were able to output a list of vendors with risk                                               
score and reasoning assigned. The risk scores were based on numerous source data and a combination of four models. At the                                         
top of the scale were 120 highrisk global vendors that became a focal point for mitigation. Mitigations included training,                                     
auditing and identification of alternate vendors. 

In another food related inititiative we characterized the local small farms providing food to the local community nationwide so 
that it could be monitored and characterized for risk to local community resiliency. 

In a local community this methodology was used to characterize the organizational value and overarching risk associated with 
events, critical infrastructure and assets.  The prioritized risk scorecards were used to identify which had the greatest potential 
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risk to negatively reduce the local community value and resiliency.  This prioritized list was used to apply resources from the 
budget.   

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Our work can be used to support the implementation of the Hyogo Framework for Action in areas 2, Know the Risks and Take                                             
Action and 4, Reduce Risk. By applying the methodology outlined in this abstract, organizations can characterize the value of                                     
their risk against their organization or local economy. This is a critical step in understanding where to apply limited resources to                                         
have the largest impact in improving resiliency. Following through on these mitigations and tracking the trend in risk scores will                                       
allow organizations to reduce their overall risk profile. 

5. CONCLUSIONS 

The use of artificial intelligence models to characterize risk, prioritize resources and provide trending enables organizations to                                 
dynamically manage their risk.  It provides decision makers with the critical information to make informed decisions.   
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ABSTRACT: The UN 2015 definition of resilience focuses on the three elements: ‘Anticipate’, ‘Absorb’ and ‘Reshape’. Key to 

both anticipating and responding is to drive a reduction in the level of risk. While insurance can assist in absorbing the impact of 

an event by helping to pay for some or all of the cost of the loss and damage,  the insurance mechanism on its own does not 

reduce risk, nor ‘build back better’ after a disaster. However by combining a long term risk transfer contract with a fund that 

invests in risk reduction, we can create financial mechanisms that drive resilience. This paper reviews the challenges of long 

term insurance contracts and explores ways in which we can create and promote such hybrid financial products.    

Keywords: risk reduction, insurance mechanism, resilience bond. 

1. INTRODUCTION 

Since 2012, the focus in disaster risk reduction policy has concentrated on the idea of resilience. Resilience was the theme around 

which the UN Sendai Framework for disaster risk reduction was formulated in March 2015, signed by 187 countries.  The word 

resilience comes from the Latin, meaning the ability to bounce back or rebound, including after some adversity. This adversity 

could cover a wide range of social, political, psychological, economic and physical circumstances, but in this paper we will focus 

only on the material and financial consequences of a disaster. Resilience after a disaster can be demonstrated and even measured 

based on the speed of recovery. Among the definitions of resilience, the one we will follow here is that of the UN, which contains 

three components headlined as: ‘Anticipate’, ‘Absorb’ & ‘Reshape’. Anticipate – means that the risk or the threat has already 

been identified, and forecasts or warnings are being carefully monitored, so that the maximum attention can be given to take 

action to reduce the risk (as through evacuations, protective measures etc). Absorb could mean that the energy of the ground-

shaking or windgust is absorbed by the structure with limited damage. It could also mean that the cost of repairs is picked up by 

an insurance policy. The final element ‘reshape’ implies not just restoring what was there before, but ensuring that going forward 

the risk is reduced, or in Japanese terms:  ‘building back better’.  

 

2) CAN INSURANCE ACCOMPLISH ‘BUILD BACK BETTER’? 

To explore further whether insurance funds risk reduction, we need to understand the terms of insurance coverage. The ‘sum 

insured’ is intended to define the maximum payout that can be made when a property is a ‘total loss’. This insured limit may be 

based on the ‘Replacement Cost’: defined as ‘the cost to replace the entire building of equal quality and utility’ or alternatively 

the ‘Actual Cash Value’ which is defined as ‘the replacement cost minus depreciation’ (see Independent Claims Service, 2012).   

 

In 2012 the valuation company MSB (now known as Marshall – Swift) recommended dropping the ‘Replacement Cost’ and 

substituting it with the ‘Reconstruction Cost’ reflecting all the potential additional costs of rebuilding, including: demolition 

costs, higher costs of accessing a pre-existing site, higher labour costs and other elements of loss amplification (the way in which 

costs rise after a regional disaster), as well as the need to replace materials in an older property because these are now impractical 

or unacceptable (which might include disposing of asbestos for example). Although not always explicit, some parts of the 

concept of the ‘Reconstruction Cost’ (in particular when the property is required to be constructed to a new building code, or has 

to be relocated because of new zoning requirements) would mean the reconstructed property is lower risk than the property it 

replaces. The older the property the more likely it will need to be upgraded, and hence that the vulnerability of the reconstructed 

property would be reduced.   

 

However, typically the policy terms of a standard insurance contract clarify that improvements in the property will not be funded. 

For example the standard ISO HO-2000 (homeowners) and DP-2002 (Dwelling policy) terms state: ‘if the insured carries at least 

80% Replacement Cost  value at time of loss .. we’ll pay the least of: 

- The limit of liability under this policy that applies to the building 

- The replacement costs of that part of the building damaged with material of like kind and quality, and for like use; 

or 

- The necessary amount actually spent to repair or replace the damaged building’.  
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The newest HO and DP forms even start the loss settlement language with a reminder that ordinance or law changes are 

excluded: ’the terms “cost to repair or replace” and “replacement cost” do not include the increased costs incurred to comply 

with the enforcement of any ordinance or law’. However a policy holder may be given the opportunity to buy an ‘additional 

ordinance or law coverage’, even up to 100% of the value of the property, so achieving ‘Guaranteed Replacement Cost’.  

 

Therefore, under normal terms, insurance does not produce a reduction in risk after a loss.     

 

3) THE KUNREUTHER ARGUMENTS IN SUPPORT OF MULTI-YEAR INSURANCE POLICIES 

For a number of years Howard Kunreuther of the Wharton Risk Management and Decision Processes Center  has been a 

champion of long term multi-year insurance contracts (see for example Kunreuther and Michel-Kerjan, 2009). He sees in such 

contracts a number of potential benefits to the policyholder, including:  

- ensuring that homeowners remain insured, as they tend to lapse the renewal of annual coverages that are required when taking 

out a mortgage  

- financial stability for the homeowner, as the price remains constant over the period of the coverage. 

 

For the insurer, the benefits could include: 

- the ability to sustain a stable portfolio of risks and  

- avoiding the costs of promoting and signing up annual renewals.  

 

However the principal reason Kunreuther champions long term insurance is from the way in which this could incentivize  

investment in risk reduction to the policy holder (also termed ‘adaptation measures’). The cost of any action to reduce risk to the 

policyholder can be compared with how many years it would take to repay the investment, assuming that the policyholder pays a 

constant premium over time. This premium would then include two components: a) the insurance costs and b) the annual cost to 

repay the investment in risk reduction. Under these constraints, and in particular the requirement that the payments from the 

policyholder remain constant while the loan to fund the risk reduction is being paid off, the question concerns over how many 

years would the policyholder have to sustain the policy. (After the period of repayment had been concluded, the house owner 

could expect to enjoy lower insurance costs.) If this repayment period was less than a single year, then it would be no problem to 

fit within the terms of an annual contract. Beyond ten years it would seem unlikely that the homeowner would sign up for such a 

contract length. Hence we are probably looking at investments in risk reduction that would be paid off (according to the 

constraints set out above) in a period of two to ten years.     

 

4. LONG TERM INSURANCE  

At the origins of fire insurance at the end of the17th Century, it was standard to offer a contract that provided multiple years of 

coverage. In 1681 the first private fire insurer in London ‘The Fire Office’, offered insurance terms up to 31 years. Its first public 

competitor, run by the Corporation of London, offered terms from one year up to 100 years. Typical durations of fire insurance 

contracts were five or seven years.  To the insurer the multi-year term was beneficial because they could sign up insureds for the 

long term, while requiring payment for the multi-year coverage upfront. No-one knew what was the fair ‘burn cost’ for the 

protection. Also when people took out multi-year policies they did not weigh up the potential that the insurer would still be in 

business at the end of the period.  

 

Over the next three Centuries, fire insurers converged on offering one year contracts. One of the principal benefits identified in 

one year contracts was finally explained by game theory (see Axelrod, 1984). When two players engage in a game of prisoner’s 

dilemma, involving their independent choices of co-operating or cheating, if that game is played only once, there may be an 

incentive to cheat (as in mis-representing the condition of a property or the reserves of the insurer), because there will be no 

redress from the cheated party. However if the game is played repeatedly (as in annual insurance renewals), a move to cheat by 

one party will be punished in future rounds by the counterparty, encouraging both parties to co-operate in building trust around 

disclosing the risks which may exist on either side.  

  

Meanwhile insurers have sustained a number of arguments against introducing long term insurance contracts, as best presented in 

a paper by Maynard and Ranger (2011). In particular this identifies reasons why a long term contract could be expected to be 

more expensive than a short term contract because the capital requirements and return on capital would be higher where there is 

no opportunity to adjust the price to reflect information arriving over that period, related to the risk of the insured or the 

underlying hazards. They also argue that the risk reduction measures that are achieved may not be fully represented in property 

values.  
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Interestingly the only country in which long-term insurance contracts remain a standard offering today is Japan, a society with 

high levels of trust. In Japan long term insurance covers match the terms of a home-owner’s mortgage, so that the amount insured 

reduces as the mortgage is paid down. Terms can extend up to the longest running mortgages – beyond thirty years.  

 

5. MULTI-YEAR CATASTROPHE RISK SECURITIZATION: THE RE BOUND PROPOSAL 

In contrast to standard insurance contracts, multi-year coverage is considered the norm for insurance linked securities. Durations 

are typically three years, but have also been for five years. Given the high costs of arranging and marketing such transactions, the 

minimum size of the risk transferred into the capital markets is  around $50M with many transactions being for a few hundred 

million dollars. 

  

Given the typical size of catastrophe bonds, linking such vehicles to investments in risk reduction, would therefore only be 

appropriate for a high value concentration of risk, such as a city, a major industrial complex or a resort of high value hotels.  

 

In 2015 in the Re Bound project (Refocus Partners, 2015) it was proposed to design catastrophe risk securitization transactions 

for two cities (Hoboken and Norfolk, Virginia) along the US East Coast, to cover the impacts of hurricane storm surge flooding.  

The study involved analyzing the expected storm surge flood losses before and after the new sea wall had been constructed.  

The proposed flood risk securitizations for these cities would run for several years, through the period in which flood defences 

were constructed. These defenses would reduce but not eliminate the risk of flooding, so that there would still remain 

catastrophic consequences but at low probability. A hurricane storm surge catastrophe model would be used to set the risk-cost to 

the bond before and after the construction of the flood defenses. In effect the securitization would be priced at two levels so that 

the bond paid a lower coupon after the risk has been reduced. The triggers for a bond payout could be either parametric or 

indemnity based, with the preference for parametric, allowing a rapid payout after a loss.   

 

6. CREATING HYBRID RISK TRANSFER AND RISK REDUCTION FINANCIAL STRUCTURES 

In the Re Bound proposal it was said that ‘resilience bonds are most effective when they are co-ordinated with project 

development timelines and milestones.’ They also admit that ‘bond issuance and resilience project  management are unlikely to 

be naturally aligned’.  

 

Therefore it would be preferable to lock the risk transfer and risk reduction  investment components together into a hybrid bond 

structure. One mechanism accomplishes risk transfer, with an annual premium paid to compensate for covering a rare and 

extreme loss. The second mechanism is an infrastructure bond which raises money to pay for the development of the risk 

protection and then repays that loan in instalments.  

 

The investor has to provide money that is allocated into two buckets: one contains the capital that will be paid out in the event of 

a major flood disaster and the other provides funds to support building the flood defense. As with the Re Bound catastrophe risk 

securitization, the level of risk reduces after the flood defense has been constructed. Once we lock these two mechanisms 

together, we can choose to equalize the annual payments from the issuer for the risk protection added to the payments returned to 

the investor for the money to construct the defence, so that they are maintained at the same annual level.  

 

For the investor, while the premium they are paid stays constant through the life of the instrument, the rating of the risk changes 

as it switches from covering the high flood risk at the start of the period to reflecting the creditworthiness of the entity making the 

infrastructure repayments.  

 

7. DESIGNING RESILIENCE BONDS 

The example of the city protected by a flood defence can be generalized to any situation where risk can be profitably alleviated 

by investment in some protective action. For example this could be the insurance costs for a house before and after investment is 

made in hurricane protections, or for retrofitting a building against earthquake damage. The duration of the product will be 

determined by how many years of preparation are required to take the action to reduce the risk and then how many years it will 

take to pay off the cost of the protection, in instalments equal to the annual  reduction in risk costs. 

  

While for a high value of exposure and investment in risk reduction, as with building a flood defense for a city, it may make 

sense to proceed through a securitization, the product should not have to rely on the complexities and costs of launching a  Cat 

bond, but should be available  to be issued by insurers, whereby  the insurer would invest in the risk reduction, knowing that this 
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investment would be paid off by the policyholder over a defined period of 2-10 years. This idea of creating a hybrid catastrophe 

and infrastructure protection has the potential to work for any situation in which risk can be reduced by some investment and the 

cost of this investment, in annual instalments,  is smaller than the reduction in the annual cost of insurance over a period of ten 

years or less. Even if issuing multiyear insurance coverages is a little more expensive than a series of annual protections, the 

advantages that the such contracts bring in developing proper resilience covers should now lead to a phase of experimentation to 

discover the appetite among property owners to enjoy the long term benefits that they offer.  
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ABSTRACT:  Catastrophe models, originally developed to help insurers and reinsurers price catastrophe risks, manage 

insurance portfolios and ensure long-term solvency, are increasingly being employed to help countries and cities plan for a 

wide range of potential disasters. Going forward we can expect to find a new focus of expertise in the use of catastrophe 

models and resilience analytics within city (and national) governments. This will require  a programme to collect and 

maintain detailed GIS information on all the exposure categories across the city: including buildings, infrastructure, people, 

economic activity and sustainability. We can expect that a single catastrophe model application, harnessing the probabilistic 

hazard capabilities developed for insurance, will then be providing information to three separate classes of users in city and 

national administration: the Chief Resilience Officer (CRO), the Chief Financial Officer (CFO) and the Disaster Response 

Manager (DRM). Each will require a customized set of applications.  The analytical knowledge on risk that will be gained 

in this process will inspire new forms of risk reduction and risk transfer, as well as highlight how resilience analytics can 

come to drive ‘risk-based government’.   

 

Keywords: catastrophe model, exposure data generation, urban resilience, risk based government. 

  

1. INTRODUCTION 

 
A series of recent urban catastrophes have highlighted the absence of preparation in leading cities ahead of predicted 

disasters. Before Superstorm Sandy hit New York  in 2012, neither the city, nor the principal businesses and service 

operators had considered the implications of a major storm surge flood and the consequences of large areas of the city being 

without electricity for several days. Hospitals had not identified how they might need to evacuate, or the dangers of locating 

some of their most sensitive research facilities in basements. Businesses had not identified the degree to which they were in 

the flood zone and also kept server farms and archives in their unprotected basements. The situation was much the same in 

New Orleans in 2005 where the city had not previously undertaken a risk analysis to determine how to manage a storm 

surge flood, in particular when accompanied by strong winds from an intense hurricane. Equally there had been no 

preparation in Christchurch ahead of the two damaging earthquakes in 2010 and 2011. All these situations highlight how, 

going forward, catastrophe risk management will need to be a core competency for the city.  

2. BACKGROUND TO CATASTROPHE MODELS 

 
Probabilistic catastrophe models for hurricane and earthquake were first developed in the late 1980s.  Models became 

mainstreamed into the functioning of the property insurance industry after a run of large catastrophe losses from 1987-1995, 

in particular Hurricane Andrew in 1992 and the Northridge, California earthquake of 1994, which imperilled a number of 

insurers. The actuarial models previously used for setting insurance and reinsurance rates could not cope with perils whose 

losses were extremely ‘fat tailed’ – ie the average annual losses are dominated by the contribution from rare extremes.   

 

Catastrophe models comprise a large stochastic event set, in effect a virtual historical catalogue of 10,000 or 100,000 years 

of extreme events. For each event there is a reconstruction of the hazard field and then losses are calculated based on linking 

the hazard to its impact on exposures through vulnerability functions. The output of the catastrophe model is expressed in 

terms of exceedance probability (or loss) curves reflecting the impact on some metric (most commonly monetary cost).    

.  

A focus on one or two scenario events, such as reconstructions of events that have already happened, may be  useful for 

planning the operations that would follow a particular catastrophe. However, there can be a danger in over-focusing on a 

small number of  scenarios when there is the potential for a wide variety of extreme incidents and when no two occurrences 

will be identical.   

 
The probabilistic approach to understanding and quantifying catastrophe risk provides a solution to these limitations. In 

particular it allows us to put a measure on the level of risk. For  an insurer this could be the annual price of insurance, but 

for a public official this could be the number of people expected to be killed or displaced.   
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Meanwhile in those territories with a thriving insurance system, catastrophe models have now been developed for the full 

range of principal perils: including tropical cyclone wind, surge and rainfall, earthquake shaking, tsunamis,  landslides, 

severe convective storm hail, wind and tornado; intense rainfall and river flooding; as well as for pandemic, terrorism, fire 

and even cyber attacks. 

 

3. CATASTROPHE MODELS FOR CITIES 

 
Catastrophe models will increasingly be used by cities in their work to reduce the impact and manage the consequences of a 

wide range of potential disasters. Such models will have the same underlying ‘risk engine’ as is used to support catastrophe  

insurance applications.  The models will similarly need to contain detailed inputs on exposures (everything that is exposed 

to harm) along with vulnerabilities that link the severity of the hazard to the consequences in terms of damage or loss. In all 

cases it will be important to employ the highest resolution outputs of these hazard models, in particular to capture the 

localized nature of flooding, or where saturated sediments undergo liquefaction following strong ground shaking.  

  

To explore the range of risk metrics will require collecting detailed geo-located data on a range of ‘exposure categories’: 

including details of the building stock, where people are located at different times of day, where business activity is 

generated and the role played by infrastructure in the functioning of the city. The city will also be interested in impacts 

beyond monetary loss. For an earthquake or flood, what will be the expected casualties?   

 

For each building impacted what is the expected damage state? This will determine whether the occupants are displaced 

from that property and will need to be sheltered elsewhere. The city will be particularly interested in what is not insured, 

when more of the costs will fall back onto the city or government. Without insurance a business that is damaged, or finds its 

customers displaced or distracted, will likely close.   

 

City officials will want to know the full range of potential locations, styles and severities of disasters in order that they can 

show, for each, what will be the consequences. They can then plan appropriate strategies of intervention, with the objective 

being that for most eventualities the city can rapidly recover.  

 

4. DEVELOPMENT OF DETAILED EXPOSURE DATA 

 
One of the first actions of the city is to initiate a program to develop a comprehensive multi-element building specific 

exposure data set, covering:  buildings, infrastructure, people and economic activity.  This list could also be extended to 

ecosystems.   

 

The will require identifying all types of relevant information held by various agencies in the city, integrating these so as to 

identify what information of relevance is available, what elements of data may be missing and how these elements can then 

be supplemented. It will require linking together the records held by different public agencies including the cadastral records 

of land title, records  of taxation, planning applications etc.   

.  

The exposure data will cover all public and private sector assets and include all relevant details of the building stock, and its 

protections, such as building elevations relative to ground level. The GIS compatible exposure data set   should include 

details on infrastructure, such as water, oil, gas sewerage pipelines, electricity transmission and distribution, reflecting the  

connectivity of the system as well as the volumes and values of whatever is transmitted along it.  

 

Exposure needs to be annually updated to reflect new construction and infrastructure.  

5. PUBLIC OFFICIALS AND THEIR REQUIREMENTS AROUND CATASTROPHE MODELS 

Different functions in city government will have distinct requirements of the model. At the same time it is most important 

that the underlying model they employ is consistent.  

We can separate these users into three distinct roles: :  

 The Chief Resilience Officer (CRO) tasked with identifying risks and taking appropriate actions to 

reduce risk.  

 The Chief Financial Officer (CFO) with the job of comprehending the potential impacts of disasters on 

the city’s finances  

 The Disaster Response Manager (DRM) with the job to plan for a wide range of potential disaster 

response activities..  
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5.1 The needs of the Chief Resilience/Risk Officer: the CRO 

 
The CRO will be interrogating the catastrophe model to output a range of metrics to identify hotspots of risk. For example 

where is there the greatest number of expected casualties? Which sections of the city will be most impacted by flooding or 

the earthquake damage?  

 

The CRO will be interested not only in the direct impacts but the consequences of the catastrophe, including displaced 

people and suppressed business activity. She will want to explore a probabilistic perspective as well as individual scenarios.  

 

Having comprehended the landscape of risk the role of the CRO will be to identify where to focus investment and 

information to reduce those risks. What are the costs and the benefits of alternative interventions: in terms of disaster costs 

averted, and in all those ways in which resilience helps bring confidence to an economy..     

 

The CRO will need new tools to manipulate the outputs from the risk modelling. For example the capability to manipulate 

the height and condition of a flood wall, and see the impact of these changes both on the cost of the wall and of the value of 

the averted flood loss costs. 

 

The CRO will want to see how the city is expected to grow over the next 30-50 years and how this will shift the landscape 

of risk. Suppose all new buildings are subject to a tougher new building code. How does this affect the key risk metrics 

around casualties? What about a targeted retrofit programme, or an initiative to replace the most dangerous properties by 

new ones. How could careful zonation of new buildings prevent risks accumulating in a coastal flood zone – for example? 

  

In each case, what would be the reduction in risk achieved for the cost?  

 

5.2 The needs of the CFO 

 
The CFO will be identifying the expected impacts of a wide range of potential disasters on city finances as well as what 

would be the costs and benefits of alternative interventions to reduce this financial impact. These will include ex ante 

funding systems that would pay out after a loss.    

 

Among the range of categories of post disaster expense that would be considered by the CFO, are:  

 the costs to repair the damage to public property, such as schools and hospitals, government offices and 

infrastructure such as roads, sewers etc.  

 the costs that will be incurred in managing the disaster itself, including: rescue, accommodating and feeding 

displaced people, provision of alternative accommodation and an expansion in welfare payments, 

 impacts on city revenues including a loss in tax base on businesses in the city, the loss of property tax revenues 

when buildings are damaged, the loss of rental income, and from tourism-related taxes.    

 

By determining all these impacts it becomes possible to estimate the overall financial impact of the disaster.  

 

There are a wide range of potential disasters and ideally we would like to have an understanding of the revenue impacts of 

each of them. The CFO will want to develop a Loss Exceedance Probability curve for city finances, identifying the potential 

for catastrophes to damage economic activity, increase public sector costs and reduce taxation, as well as find opportunities 

for implementing new risk transfer mechanisms.  

 

If the city borrows money it will be rated for its ability to repay and the CFO will want to show the city’s own perspective 

on the economic consequences of a disaster. The speed of recovery after a disaster and the degree to which properties are 

repaired will determine how rapidly the economy and tax base of the city recover. It will be an important competitive 

advantage that companies know that their city has elevated the importance of financial resilience.  

 

5.3 The needs of the Disaster Response Manager 

 
The Disaster Response Manager will be tasked to explore how to optimize the planning of evacuation, emergency response, 

shelter and recovery when faced with a range of potential catastrophes.   

 

For this purpose the DRM will want to explore and map a representative range of disaster scenarios, first in terms of a series 

of metrics related to potential loss of life and then looking at what actions will be required to respond to other sources of 

damage and disruption, in particular related to damaged infrastructure.  

 

For example with regard to life – the first focus will be on where casualties are anticipated if  people did not evacuate, either 

through lack of time or lack of information. Then there would be a review of what warnings could be provided, and how 

education would be required to ensure that any warning was heard and acted upon.  
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The modelling of expected casualties becomes the focus for how to optimize rescue activities immediately after the 

earthquake. Will the location of the rescuers (such as in a fire station) have survived the shaking. Will the rescuers be 

themselves uninjured? Where can they expect to encounter blockages in the streets or broken bridges?  

 

After the immediate focus on rescue, will come the impetus to employ available resources to ensure the recovery of the 

principle lifelines, including electricity, water and sewerage, access by road and rail. Ideally these should have their own 

dedicated resources but after the largest catastrophes contingency plans will be required to bring in repair crews from 

outside the region impacted.  

 

6. THE WAY AHEAD 

 
We can expect to see a dramatic growth in the use of catastrophe models by cities within their disaster risk management 

activities. The platform through which the CRO, the CFO and the DRM interrogate the outputs of the model will need to be 

simple to use but will employ a modelling framework that is consistent across the various users. Already we can see a small 

number of cities starting to employ catastrophe modelling capabilities, so as to identify where to focus their investments in 

risk reduction. In May 2016 RMS organized the first international workshop on ‘Resilience Analytics’ in Miami, bringing 

together city officials from a number of cities in Europe, the US and Central and South America. With new roles, new 

capabilities and new platforms we are at the beginning of a great revolution in how cities manage their risks.  
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ABSTRACT: The phenomenon, climate change, spreads its impact over various aspects of environment and human habitat. 

Irregular monsoon, a direct impact of climate change enhances uncertainty to Indian agricultural economy either by sudden over-

rain or drought or shifting pattern of rainfall. As rainfall, the basic input to water resource is subjected to highly irregular, a 

successful water resource planning even for five years is challenging. This study identified the components of water resource 

planning for agricultural sector, ascertained the components vulnerable to climate change, especially to erratic nature of monsoon 

and proposed some proactive risk management strategies. Data and information from Indian agriculture was used to analyze the 

impact of climate change on the components of water resource planning. 

Keywords: climate change, agriculture, rainfall, water resource, sustainable development. 

1. INTRODUCTION 

Sustainable water resources management is a prerequisite for resilience of social, economic and environmental systems in the era 

of rapid urbanization and unpredictable climate changes. The degree and consequences of climate change varies across the globe; 

Droughts or water crisis and extreme weather events are the two severe living challenges to the world while the impact of long 

period of hot weather and rising sea level are felt by less (Stokes et al. 2015). Inability of adapting and mitigating climate change 

impacts was ranked ‘as the most impactful global risk and third most likely to occur and water crisis as the third most impactful 

and ninth most likely to occur’ in the report of the Global Risks Report 2016, 11th edition(The World Economic Forum 2016). 

 

Conventionally, we know about the six pillars of agriculture: climate, water, land or soil, seeds, capital and human resources. 

Certainly, climate has the supreme control over all other components of agriculture. Changes in the pattern of hydrological cycle 

and its geographical distribution coupled with increasing frequency of extreme events adversely affect agricultural activity as 

well as the national economic growth and food security (UNEP 2008). Therefore, in water resources planning, strategies of 

climate change adaptation should be focused to deal with increasing variability of timing and intensity of precipitation and 

freshwater availability. 

In this study, an attempt has been made to analyse theoretically the needs of implementing proactive strategies in water resource 

planning for agricultural sustainability and to develop a framework of an e-application that would help people to choose 

alternative options of agriculture during the crisis period as well as promote water-efficient agricultural practices. 

2. NEEDS OF PROACTIVE MANAGEMENT: THEORITICAL ANALYSIS 

When we think about sustainability or sustainable development, we desire that the coordination of natural events with the flow of 

human activities would follow the state of dynamic equilibrium and finally leads to achieve the steady state equilibrium.We do 

pre-planning to avoid unstable equilibrium. When the system is affected by any sort of disturbances like issues of climate change, 

we ought to find a way through which we can regain the state of stable equilibrium. 

The concept of sustainable agriculture refers to making the agricultural system capable for self-regulation by negative and 

positive feedback mechanisms so that it can regain its previous state of equilibrium after facing disturbances. Here, we assumed 

that farmers were informed with the know-how of alternative agriculture, though they were liked to follow the conventional 

agricultural pattern during the normal climatic condition. Conventional agriculture referred to the cropping pattern and techniques 

used in agriculturenative to a particular region and did not use water efficiently. Alternative agriculture was defined as the system 

of agriculture that encourage the notion of ‘more crop per drop’ (Merrey 1997), i.e., adaptation with new cropping pattern and 

water-efficient technologies.The Figure1 illustrated an ideal situation that might happen if efforts had been made for promoting 

adaptive managementstrategies among people presuming risk and potential damage caused by climatic disturbances.  
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Fig. 1: Conceptualization of sustainable development inspired by the theory of state of equilibrium 

In the Figure1, the ratio of number of farmers adapting alternative agricultural pattern (Ag) to following conventional agricultural 

pattern (Cg), i.e. Ag/Cg, was plotted against time. The time period A to B represented normal climatic condition and no change in 

the ratio of Ag/Cg.B was the point of disturbance, like shortage of rainfall or drought. The point Cʹ depicted the phase of severe 

impact felt after the disturbances occurred. As soon as the disturbance occurred, it became difficult to continue with conventional 

agricultural pattern and the number of farmers adopting alternative agriculture was liked to be increased. C represented the 

highest value of the ratio of Ag/Cgand after that it was started to decrease as the impact of drought was becoming less with time 

and diminished at the point of Dʹ approaching normal climatic condition. The agricultural system regained its previous state of 

equilibrium at the point of D and continued further. It was observed that the positive feedback (positive slope) was characterized 

by unstable equilibrium, but was needed to regain the state of stable equilibrium generating the negative feedback (negative 

slope)in long term.In reverse condition, if there would not any planning for proactive management, most of the farmers might 

continued with conventional agricultural pattern and suffered economic loss; Such situation either made the entire system 

unstable or lengthened the time lag of reestablishing its state of equilibrium. 

Therefore, sustainable development needs planning and implementation of proactive management strategies and in case of 

agricultural sustainability, the prime focus should be on water resource planning. 

3. WATER RESOURCE PLANNING: AS A SYSTEM CONCEPT 

Here,conceptualization of water resources planning (WRP) as a system concept apportioning input, throughput and output 

components helped in identifying factors affecting availability of freshwater. Quantitative and qualitative information on 

available freshwater resource including precipitation, groundwater potential and live storage of reservoir, demand or consumption 

of water in agricultural, domestic and industrial sectors and environmental flow requirement were needed as input to the process 

of WRP. Throughput components comprised of management and planning procedures; they were measuring, recording and 

forecasting weather, land use planning, research on and implementation of water-efficient technologies and practices, 

infrastructural development for water conservation and reuse of waste water and water quality assessment and management. The 

desired output of a successful WRP wassustainability of water resource without limiting the pace of development. The whole 

process of WRP was illustrated in Figure2. 

 

 

 

 

 

 

 

Fig.2: Components of the process of Water Resource Planning (WRP) 
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Evidently, increasing variability and uncertainty of available freshwater was a direct impact of climate change phenomenon.It 

was observed that per capita availability of water in India was 5177 Billion Cubic Metres (BCM) in 1951 which was decreased to 

1544 BCM in 2011 (Central Ground Water Board 2007; Central Water Commission 2011)and was apprehended to go down 

farther extreme as demand had been continued to grow rapidly with economic development. 

According to UNESCO, 2003, agriculture shared the largest percentage of world’s total freshwater withdrawal (67%) as well as 

its consumption (86%) and Asia having the largest irrigated lands accounted for the highest freshwater withdrawal in the world 

(UNESCO 1999). A shifting trend of water use from agriculture to domestic and industrial sectors had been observed with 

continuing pace of urbanization and industrialization (Serageldin2013). Such competing demands resulted in international, 

national and local conflicts and raised the need to focus on comprehensive water resources planning. 

4. STRATEGIES FOR CLIMATE CHANGE ADAPTAION IN AGRICULTURE: FOCOUS ON 

EFFICIENT USE OF WATER 

Implementation of proactive strategies to WRP for the resilience of agricultural activity needsinformation on existing availability 

of freshwater including surface water, groundwater and irrigation, capacity of storage of excess water and reuse of wastewater 

and storm water for agricultural purpose, conventional patterns of agriculture and applicable alternative patterns of agriculture in 

a particular region with accurate weather forecasting and organized administration of the government or collaborative initiatives 

of government and private body. Therefore, it involvestwo-wayfeedback and coordination of the users, the legitimate system (i.e., 

policy and administration of the government and private body) and the shadow system (i.e., research and awareness by 

educationists).  

 

Since 2013 a rapid increase in the rates of internet access and users of smartphones had been reported worldwide (Poushter 

2016). E-agriculture had been accepted as a popular tool for pre-planning agricultural activities; but, the issues of controlling 

water-footprints of agriculture and adaptation strategies to climate change scenarios were less addressed. Here, a framework for 

developing a comprehensive e-application was proposed that would aware people and encourage individual(related to agricultural 

activities) to synchronize agricultural production with presumed weather condition adopting alternative agriculture with water-

efficient techniquesduring the crisis-periods and would take the facility of proper crop insurance and market price. 

 

The framework for developing the proposed e-application was discussed briefly below.  

 

The first step would be registration in the system with name, insurance ID (it was optional and used to encourage the users who 

had not any agri-insurance providing relevant information), occupation, address and mobile number and e-mail ID to give alerts 

on extreme weather condition and advisory services and for networking in future.  

Region wise collection and processing of micro-level data on climatic and soil characteristics, topography, groundwater 

condition, irrigation facility, conventional pattern of agricultural practices, transportation and market information had needed to 

feed researchers for finding out the alternative options for crops and water-efficient practices that would be followed during the 

period of over-rain or water-crisis.  

It would include two levels of programming; one would be automated where one could identify the perfect location of land on 

satellite images; based on the identified location and seasons of production specified by the user, information on presumed 

weather condition, list of suitable crops with their water footprints, estimated cost of production, sensitivity to diseases and 

market distance and market price would have been generated automatically.  

The other level of programming would support manual input of forecasted rainfall and temperature of the preferred seasons, soil 

condition and slope of the land by the user. If data on weather forecast would not available, the user could estimate rainfall and 

temperature with the help of the programming system based on past recorded data. At the next stage, either the list of suitable 

crops with other detailed information would have been generated or the user had asked to give preference for the crop and the 

system would judge its suitability for production analyzing all the input variables. 

 

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
 

The scope of this study encompasses needs of proactive approach to water resource planning in agricultural sector for minimizing 

the potential risk that may arise as a consequence of climate change in terms of water-crisis or over-rain. Here, an attempt has 

been made to define sustainable development from the perspective of the state of equilibrium and theoretically analyze the 

importance of proactive strategies as the positive feedback mechanism in generating negative feedback to keep the entire system 

sustainable in long term.  

It was observed that minimizing water-footprints and strategies for climate change adaptation in agricultural sector was less 

addressed in the field of e-agriculture. Here, a framework for developing a comprehensive e-application was proposed that would 

aware people and encourage individual (related to agricultural activities) to synchronize agricultural production with presumed 

weather condition adopting alternative agriculture  with water-efficient techniques during the crisis-periods and would take the 

facility of proper crop insurance and market price. 
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6. CONCLUSIONS 
 

From the above discussion, it may be concluded that the five pillars of WRP are weather forecasting, irrigation and reuse of 

water, water demand management, education and research and policy and insurance in order to make agriculture sustainable in 

the era of climate change. 
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ABSTRACT: The aim of the development is to create an information system for decision support and risk management in area of 

future urban solutions from point of view friendly settlements and other infrastructure. This system will evaluate (in a 

multidisciplinary and multi-criterial way) risk of future utilization of an area. Outputs of the system will be useful for decision-

making of land usage and will apply to urban solution, urbanism and development studies. For effective assessment and risk 

modelling we used methods based on theory of complex systems or soft computing. 

Keywords: Information system, Decision support, Risk management, Soft computing, Urban solutions  

1. INTRODUCTION 

In the last century, there were extensive changes done in the landscape. It was a deep mining of coal and lowering of groundwater 

level in the first step, then the open case mining in the second step, which was followed by partial filling in of the pits by dumps 

and, flooding of the residual pit by water in the end. Thus, an environment was created, which structure changes significantly in 

time and space, changing the conditions for following utilization due to this. Accountable decisions about next exploitation of 

these landscapes and areas ask for complex information based on multi-disciplines approach. It is the only way how to take into 

account all the risks, which could disturb or limit the development.  

The landscape after finished coal mining, which has been chosen as a model location, has a lot of very unusual parameters, which 

make unusable the common methods used in landscapes or civil engineering. The outputs from IS URBAN allow to the future 

users of these landscapes with non-standard natural conditions to carry out more easily a monitoring of complex interactions 

between natural processes and technologic systems as a base for evaluation of future exploitation or of different actions by 

integration of different points of view. Thus, it will be possible to choose a usage for a specific part of the landscape in such a 

way, which will not be disturbed nor limited by specific features or functions nowadays and in the future, too. 

 

 

Fig. 1 Area of Lake Most 

 

2. TECHNOLOGY, PROCESSES AND METHODS 

The goal of the project is to research and develop an informatics system for supporting of decisions, which have to be done in 

areas of urban planning, namely in projects aimed on realisation and exploitation of residential zones with cost-saving 
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infrastructure, which is also environmentally a sociologically favourable also for areas touched by intensive industrial activities 

(brownfields). 

Said informational system has been tested on a specific site, which is the revitalised area in neighbourhood of the “Lake Most“. 

The system will collect the relevant data and create a supporting base for to evaluate risks connected with exploitation of the 

territory from the urbanistic point of view. This evaluation of risks should avoid to make non-effective investments on sites, 

where some kinds of risk could be initiated in the future. 

The informational system (software) includes elements of artificial intelligence and non-linear dynamic. Also new methods will 

be incorporated in the system, those have been proposed in the form of complex method for to evaluate suitability of a territory 

for urbanistic exploitation including risks based on verified or newly gained analytic and empiric relations. The evaluation will 

cover different points of view, including economically favourable, environmentally and sociologically friendly ones, under 

influence of time and, it will make possible to use different scenarios, which have to be evaluated from the urbanistic points of 

view. The method has been based on the approach that by reaching of certain threshold values during different ways of the 

landscape exploitation one can notice different stages of unstability in certain parts of the exploited territory including 

endangering of goals, i.e. investments. 

The solution of the project uses theory of complex systems and non-linear dynamic. For chosen parts of the system, there will be 

proposed different criterions and evaluating principles, based on proven analytic or empiric practices. These practices will be 

integrated into informative tools, which will provide results and data for decisions about future exploitation and next directions 

for development of the territory. Together with classic mathematic and statistic methods, also tools and methods from the area of 

soft-computing will be used. 

 

 

Fig. 2 Scheme of information system URBAN 

 

3. RISK ANALYSIS AND MULTI-CRITERIAL EVALUATION 

When making a multi-criterial evaluation of risks, a method should be used, which allows to evaluate the total value of risk 

connected with the landscape and its future exploitation. For to be able to calculate such clearly defined risk values for each 

locality, it was necessary to propose the system of finite steps (methodology), which enable, after certain exactly defined steps, to 

calculate or to estimate the crisp risk value for the landscape. It the same time, it has to inform us about uncertainty or plausibility 

of this value for decisions in the future.  

For this reason, it was necessary to propose an integrated method, which incorporates both the classical deterministic approach 

and the approach known from theory of complex systems. It was also necessary to consider the fact, that we don´t have all the 

data necessary, in requested time or spatial density. That´s why it was necessary to combine classical mathematic or statistic 

methods for evaluation of time series together with tools, which enable to transform unmeasurable or estimated or even 

approximatively factors into numerical model with the goal to evaluate and predict features of the system after extreme change of 

conditions for some of its input parameter. Because different points of view should be evaluated, it is necessary to collect and to 

evaluate data of different nature. This can be possible for example by adopting non-linear methods like fuzzy-sets, neural nets 

etc.  

The proposed system also enables to work not only with strictly defined values (i.e. decimal numbers), but also with uncertain or 

“non-crisp” values, which are expressed by vague terms like “not too much”, “likely high” and so on. Thank to this, the 

evaluation can consider real or possible parameters (characteristics) of the territory, which can have certain value of influence 

onto possible states of the evaluated area. Critical values of these parameters can be set-up by experts before running the 
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evaluation process and, the actual values can be measured online by automatic sensors, calculated by specific methods or they 

can be entered manually by the user. The experts also have to set up the relations between factors, which can have influence into 

the evaluated system (for example: climatic influences can cause degradation of slope stability, agricultural activities can speed-

up the soil erosion etc.). 

It is also possible to use the system for to enter other values than actual ones – in this case the software system works like a 

“black box” for generating of different possible stages – it means this system can be also used for precognition of different 

situations including value of risks caused by different values of input parameters. 

Due to this, the user (investor, municipality etc.) can create different scenarios, which describe possible states of the system, 

based on different real or virtually possible inputs. This approach enables to evaluate not only real situations, based on actually 

measured values, but also to test stability, sensitivity and vulnerability of the system when the input values change by specific 

velocity or, when they reach some pre-defined thresholds. It means, the next function of the software system is to find input 

values, which are the most critical ones for the stability of the evaluated territory. 

 

 

Fig. 3 Scheme of risk analysis 

 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Our suggestion has been based on our own experiences with design, development and operation of systems for online monitoring, 

risk analysis, prediction and early warning. In recent years, our organisation has participated on development and operating of 

decision support system, early warning system, system for risk analysis and systems for multi-criterial evaluation of geotechnical 

risks or on proposal of integrated methods for evaluation of geo-risks with impact on stability or erosion.  
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We suppose also, that the future development and discussion in the frame „Post 2015 Framework for Disaster Risk Reduction“ 

should be focused on following:  

 Creating of specific small local systems instead of large general ones.  

 Interdisciplinary approach to the issue (geology, geotechnics, informatics, information technology, mathematics, 

physics, urban planning, municipality management).  

 Development of expert systems with elements of artificial intelligence with high grade of autonomy.  

 Preventive modelling of scenarios with external impacts and their incorporation into crisis management.  

 Predictive and analytical tool for evaluation of protection of investments  

 

5. CONCLUSIONS 

The system will collect and transfer the relevant data and create a supporting base for to evaluate risks connected with 

exploitation of the territory from the urbanistic point of view. This evaluation of risks should avoid to make non-effective 

investments on sites, where some kinds of risk could be initiated in the future. 

The study is sponsored by the project no. TD03000037 of the Technology Agency of the Czech Republic.  
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ABSTRACT: Information system is developed and implemented as an expert system for analysis, assessment and risk modelling. 

The aim of development of information system is the analyse of existing and assessment of future dynamics of groundwater 

resources. The system consists of parts enabling acquisition, management and processing of the long-term monitoring data 

(treatment and display of raw data, data derivation, data visualization, trend analysis, time series and spatial distribution analysis) 

and methodology for use of the long-term monitoring data for assessment of existing groundwater resources and their future 

changes in given area, considering expected development of climate and land use. For effective assessment and risk modelling 

we used methods based on theory of Complex Dynamic Systems or Non-linear Dynamics.  

Keywords: Long-term monitoring, Risk modelling, dynamic groundwater resources assessment, Climatic changes, Prediction 

 

1. INTRODUCTION 

The main evaluation of water-reserves in underground has been done in Czech Republic by large hydrogeological survey in years 

1970 – 1980, but without consideration of surface-fluctuation of water-reserves. In this scope, also a monitoring net has been 

proposed, which has been later used also for monitoring of surface of water-reserves. It means, that in the past no data about 

water-reserves have been available and, there was no demand to have any tool, which collects, stores and evaluates time series of 

different nature. Today, long-term continuous data collections (time series) about rainfalls, temperatures, surface-fluctuation of 

underground water and about flows are available, which can be used for to indicate changes in water-reserves availability, to 

evaluate actual surface of underground water, to describe mechanisms having influence to underground water and, to test 

credibility of monitoring system.  

 

 

Fig. 1 Locality “Anticline Jetrichovice” 

 

For to solve the above described problems, sophisticated software tools have to be used, which enable to work-out data of very 

different nature (gained from different sources) and, then to create an informative database for their analyse and for prediction of 

next development. Nowadays, the solvers of hydrogeological projects, connected with underground waters, are mostly able to 

analyse the data only partially and with difficulty because of their diversity. But, because the hydrogeological structures are 

systems with very intensive dynamic, the evaluation of their changes during time must be realised continually on both local and 

regional level. It is also necessary to update the databases regularly and to work them out on a unified platform. Today, there are 

also problems with interpretation of historic data in unity with actual analyses, because some parts of older input information can 
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be lost. An information system, developed in the scope of proposed project, should enable to store data from different sources 

into common database and to explain their importance for history and future development of water resources including trends. 

 

2. TECHNOLOGY AND PROCESSES 

The information system becomes a tool for creating database of all available data, connected with resources of ground waters. It 

will enable to collect, store, manage and analyse of hydrologic and hydrogeological data in user-friendly environment. The data 

correspond to variables (undergoing changes during time) on inputs into hydrogeological structures (rainfall, percentage of rain 

infiltration etc.), in the hydrogeological structure (fluctuation of surface) and in artificial or natural drainage of hydrogeological 

structures (natural drainage into recipients, consumption of water for waterworks). These data will be integrated into a unique 

database, which is connected with Human-Machine-Interface enabling to describe interactions between the water capacity on the 

input into hydrogeological structure, the amount of water in the hydrogeological structure and the water capacity coming out 

from the hydrogeological structure. In the same time, this system enables to incorporate data of very different nature and, to catch 

influences not considered yet (i.e. socio-economic influences or development of infrastructure in the area). 

The data stored can be figured in graphs in the user friendly environment. They can also be used for to create combined graphs 

with time series, i.e. rainfall or consumption of underground waters vs. fluctuation of surface in the underground. Due to this, the 

user will be possible to analyse capacity of stored underground waters. The analysis of influence of input changes into capacity of 

stored water (consumption, infiltration connected with climate changes) and of measured results (changes of surface, change of 

flowing-out etc.) can reveal to the user the mechanisms of dynamic changes in underground waters capacity. Based on analysis of 

all actual and historic data, the user will be able to predict future development of water resources and to asset the influence of 

unfavourable phenomenon (higher consumption during dry period vs. lower infiltration from rainfall). 

The higher the temperature between decades is, the higher the ratio of evapotranspiration is. Also, due to agricultural and forest 

activities, the direct drain increases instead of infiltration into underground. After regular analysis of underground waters in 

dependence of water amount on inputs and outputs, it will be possible to reveal this unfavourable phenomenon and, to propose a 

way for to minimize its negative influence. 

The most important tool (together with creation of unique database) is the analytic instrument for analysis and evaluation of 

correlation in already measured data. Based on revealed dependencies between variables, it will be possible to define empiric 

relations between them, which later can be used for prediction of water resources capacity. The same tool enables to create virtual 

scenarios, for ex. which influence will have the drop of rainfall or, which capacity of water resources can be expected. 

It will also be possible to import outputs from hydrogeologic, hydrologic and climatic models, aimed on prediction of water 

resources capacity. The user will have the possibility to test the reliability of these predictions and, to use these outputs for other 

prognostic models. The data will be put-in continuously. 

 

 

Fig. 2 Scheme of information system 

 

3. RISK ANALYSIS AND MODELLING 

When making a multi-criterial evaluation of risks, a method should be used, which allows to evaluate the total value of risk 

connected with groundwater resources. For to be able to calculate such clearly defined risk values for each locality, it was 

necessary to propose the system of finite steps (methodology), which enables, after certain exactly defined steps, to calculate or 
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to estimate the crisp risk value. It the same time, it has to inform us about uncertainty or plausibility of this value for decisions in 

the future.  

For this reason, it was necessary to propose an integrated method, which incorporates both the classical deterministic approach 

and the approach known from theory of complex systems. It was also necessary to consider the fact, that we don´t have all the 

data necessary, in requested time or spatial density. That´s why it was necessary to combine classical mathematic or statistic 

methods for evaluation of time series together with tools, which enable to transform unmeasurable or estimated or even 

approximatively factors into numerical model with the goal to evaluate and predict features of the system after extreme change of 

conditions for some of its input parameter. 

The information system (software) includes elements of artificial intelligence and non-linear dynamic. Also new methods will be 

incorporated in the system, which have been proposed in the form of complex methodic for evaluation of time series (it means 

crisp numeric values) from different time intervals together with data of different nature (for example described with vague terms 

like “intensive rainfall” etc.  

 

 

Fig. 3 Scheme of risk analysis 

 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Our suggestion has been based on our own experiences with design, development and operation of systems for online monitoring, 

risk analysis, prediction and early warning. In recent years, our organisation has participated on development and operating of 

decision support system, early warning system, system for risk analysis and systems for multi-criterial evaluation.  

We suppose also, that the future development and discussion in the frame „Post 2015 Framework for Disaster Risk Reduction“ 

should be focused on following:  

 Creating of specific small local systems instead of large general ones.  

 Interdisciplinary approach to the issue (hydrogeology, geology, informatics, information technology, mathematics, 

municipality).  
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 Development of expert systems with elements of artificial intelligence with high grade of autonomy.  

 Preventive modelling of scenarios with external impacts and their incorporation into crisis management.  

 Predictive and analytical tool for evaluation of assessment of groundwater resources and risk modelling. 

 

 

5. CONCLUSIONS 

The information system has been tested on 2 localities (“anticline Jetrichovice” and “Tlustecky blok”), used for waterworks 

purposes. In the same time, for these localities long-term time series of rainfall, underground water surfaces, consumption and 

flows are available. The next goal of the testing is to incorporate all the available data, including models and information 

connected with capacity of water resources for different climatic scenarios. 

The information system presents data for reading and evaluation done by expert(s) (i.e. graphs, maps, GIS) or, for export in 

selected formats of simulation tools. The evaluation methodic includes influence of average temperature and rainfall together 

with frequency of extremal climatic and other influences (if they prove to be important, for example change of infiltration ability 

of the landscape) into sources of underground waters, together with influence of drainage and consumption of water. 

The study is sponsored by the project no. TA04020207 of the Technology Agency of the Czech Republic.  
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ABSTRACT: NGOs, International Agencies and governments are expected to prepare for and respond to large scale disasters 
that have global consequences more frequently with equivalent or fewer resources. Humanitarian NGOs are experiencing 
increased resource competition, well publicized response failures, donor and staff fatigue and public demands for greater 
capability. The private sector is losing productivity, capital assets, market share and labour. Increased demand for greater results 
with diminishing resources has yielded unexpected innovations, such as NGO-private sector collaborations which transfer 

resources, expertise and knowledge between participants. Literature suggests effective collaborations can reduce risk, enhance 
recovery and increase community resiliency, yet research into what facilitates collaboration efficacy is limited. A case study 
approach investigated 2 large, international NGO and private sector collaborations and their practices. This research identified 
12 practices believed to enhance collaborative effectiveness: trust/transparency, policies/procedures, communication, clear 
roles/responsibilities/accountabilities, complementary skills/expertise/knowledge, culture and context comprehension, critical 
assessments, collaboration level, commitment, operational evaluations, aligned interests and champions. NGO-private sector 
collaborations that effectively share expertise, knowledge and resources are uniquely positioned to enhance disaster risk 
reduction, preparation, response and recovery, and to increase community resilience. 

Keywords: NGO-Private Sector Collaborations, Corporate Social Responsibility (CSR), Partnerships, Innovation  

1. INTRODUCTION 

Large scale disasters are increasing in number and magnitude, costing millions and exacerbating social problems that transcend 
organizations and sectors capacities to address them. NGOs, International Agencies and governments are expected to prepare for 
and respond to disasters more frequently with equivalent or fewer resources (Blecken, 2010). 

Humanitarian NGOs are experiencing greater resource competition, well publicized disaster response failures, donor and staff 
fatigue and public demands for greater capability and accountability (Binder & Witte, 2007). The private sector loses 
productivity, capital assets, market share, and labour, which exacerbates income reduction in effected communities (Tierney, 
2007). A nation’s GDP is impacted by disaster events and large-scale disasters increasingly have global consequences. 

Academia and media identify disasters as challenging disaster relief providers’ capacities. Single sector efforts to solve large 

public problems such as disasters fail. Three failure types are identified: Governance-governments’ inability to address problems 
in ‘top down’ manner, Market-companies cannot implement corporate social responsibility strategies (CSR) without stakeholder 
involvement and ‘Good intentions’-bottom up efforts of NGOs have not produced the results anticipated (Kolk et al, 2008). 

Increased demand for greater results with diminishing resources has yielded unexpected innovations, such as NGO-private sector 
collaborations that transfer resources, expertise and knowledge between all participants. These new models are needed to meet 
increasing world demand for disaster and humanitarian assistance and to include all sectors of society across integrative risk 
management, response and resiliency (Austin, 2010). 

This research investigates NGO-private sector collaboration dynamics and practices so that practical recommendations can be 

developed to support them in collaborating to integrate and improve risk management and to increase resiliency 

2. METHOD  

A case study approach was used with two multilateral, international collaborations, each composed of a large international 
humanitarian NGO or aid agency focused on disaster and humanitarian relief and several multinational corporations (MNC) to 
research what facilitates successful collaborations. Interviews were conducted and practices effecting the collaboration were 
identified. The execution of these practices was then compared between the two collaborations, along with any impacts the 
presence or absence of this practices had on performance. 

The presence or absence of these practices was examined in both collaborations. The practices identified in this research were 
determined, deductively, with a multi-disciplinary literature and source document review, and inductively, with interviews and 
comparative data analysis for naturalistic inquiry (Fram, 2013). 

There is limited research on NGO-private sector collaborations so the literature review considered findings and theories from 
partnership theory, public and private partnership (P3) development, team building, disaster response, social capital, stakeholder 
theory, corporate social responsibility (CSR) and the cultures and contexts of the humanitarian and private sectors. 
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3. FINDINGS  

Consistent themes for successful cross sector collaborations emerged from the literature: trust building, aligned interests, joint 
agreement on the problem, adequate and skilled resource provision, organizational and resource fit, social capital, complementary 
skills and knowledge, clear communication, internal and external shared visions, clear roles and accountabilities, private sectors’ 
profit making activities separated from partnership, procedures/processes, senior level sponsorship and support for the 
collaboration and strong champions at the implementation and operational level. This research identified twelve practices that 

participants believed enhanced effectiveness during the collaboration’s development and maintenance and the impacts the 
presence or absence of these practices had on performance.  

3.1 Trust & Transparency 

Trust and Transparency was characterized as relationship building, doing what you say you will, respect, and operating within 
agreements, policies and procedures. Trust was built in the collaborations by sharing information and knowledge, demonstrating 
competence and follow through. One collaboration had higher levels of trust than the other as a result of having spent more time 
together and having a willingness to deal directly with difficult issues. Expectation management also cultivated trust, as it 
minimized the potential for disappointment and unmet expectations. 

3.2 Communication 

Communication was defined as written and spoken, internal to each organization, between collaboration partners, and externally. 
One collaboration had extensive formal and informal communication networks and very clear protocols for external 
communications that enhanced success. The other’s communications were less structured, less frequent and seen as less valuable. 

The collaboration was impacted as limitations on what was discussed and created reduced potential innovation and effectiveness. 

3.3 Roles, Responsibilities & Accountabilities 

Roles, responsibilities and accountabilities were defined within the collaborations. Separating these from policies and procedures 
highlighted partners’ management structures and any power imbalances in the collaboration. Collaborations functioned better 
when power was equalized. One collaboration handled this by making the NGO the lead agency with responsibility for strategic 
and deployment decisions. The other had not done many deployments so was still exploring power and benefit imbalances but the 
interviews suggested that the NGO and the corporations each felt they were most competent to manage the collaboration. 

3.4 Policies & Procedures 

Policies and procedures included the written records of meetings, actions, procedures and policies of the collaboration and its’ 
members and the person(s) accountable for collaboration coordination and activities. One collaboration had clear, formal, 
documented policies and procedures that all participants knew and it also had informal or emergent policies and procedures such 
as socializing and feedback. The other collaboration had standard operating procedures and a clear governance structure but 

fewer policies which were often interpreted differently by participants.  

3.5 Complementary Skills, Expertise & Knowledge 

Complementary skills, expertise, and knowledge (resources) refers to past disaster and risk management experience, individuals, 
or organizations with needed and/or missing skills, and local knowledge of politics, government, legislation, culture, and markets. 
One collaboration had high resource complementarity, with partners possessing skills, expertise and knowledge required by other 
collaboration members to deliver the mandate. This created opportunities for relevant, practical and feasible contributions. The 
other collaboration had less resource complementarity and often the private sector skills and resources available were of limited 
use to the NGO’s, creating frustration within the partnership.  

3.6 Comprehension of Culture & Context 

Comprehension of culture and context was defined as past experience working with an NGO or corporation that provided a 
greater awareness of the other’s context and culture. One collaboration had experience working with the other sector and 

acknowledged their differences and alignments, which built acceptance. The other collaboration had little or no awareness of 
each other’s culture and often expressed surprise at their partners’ responses. 

3.7 Critical Assessments 

Critical Assessment was performing assessments for improvement, the ability to acknowledge and learn from mistakes, one’s 
value/contribution in relation to others, assessment of which partner has the best skill set for situation, and an assessment of one’s 
own strengths and weaknesses. One collaboration had regular critical assessments that were understood as necessary to keep 
improving performance and the other had not engaged in an all member assessment of past deployments.  
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3.8 Commitment 

Commitment was the allocation and donation of assets, materials, services, individuals, time, and money for the collaboration’s 
creation, development and maintenance. Resource contribution was seen as commitment in both collaborations. One 
collaboration had partners content with each other’s commitment, although the agency felt that its’ partners were not fully aware 
of its’ time commitment. The other collaboration had inconsistent commitment, with some partners contributing substantially 
more than others. In this collaboration, time was perceived as directly correlated to the level of a partner’s commitment.  

3.9 Collaboration Level 

Collaboration level can be local, national, regional, and global. The research literature says that collaborative success is related to 

the collaboration level, organizational fit and compatible organizational structures. Both collaborations are global. The biggest 
difference in the collaborations was compatible, global organizational structures. One collaboration had all hierarchical 
organizations and one did not. Different organizational structures created implementation difficulties as the collaboration levels 
differed, one partner had multiple, national level decision makers and the other partners all had global level decision makers.  

3.10 Evaluation 

Evaluation was continuous or periodic evaluations to improve operations, constructive criticism, recognition of the contributions 
of self and others. NGO-private sector collaboration evaluation frameworks are still being developed, with one collaboration 
using deployment case studies based on interviews that are then distributed to all partners for comment and the other having 
biannual meetings to discuss executed operations and how these findings will modify future activities.  

3.11 Aligned Interests 

Aligned interests encompassed the NGO/agency and Corporations having common goals, goals that intersect but are not the same 
and different goals. One collaboration’s aligned interests were thoroughly discussed and adjustments made to increase all 

partners alignment when possible. This collaboration recognized and accepted that some interests were not aligned. The other 
collaboration did not articulate all their interests and were not clear on each participant’s interests. This limited collaboration by 
reducing potential aligned interests and because unspoken interests reduced trust within the collaboration.  

3.12 Executive & Operational Champions 

Executive and Operational Champions captured the presence or absence of a strong executive sponsor and operational champions 
and included references to the impacts of a sponsor or champion on the collaboration. Sponsors were individuals with 
prestige, authority and access to resources ; these people may not be involved in the daily aspects of the collaboration. 
Champions were individuals who consistently participated in the collaboration’s ongoing activities. 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The 2005 Hyogo Framework for Action recognized the private sector as a key actor, calling for commitment and involvement of 
governments, regional and international organizations, civil society, the private sector and scientific community. The 2015 

Sendai Framework for Disaster Risk Reduction proposed multisectoral and inclusive risk reduction practices. Implementation of  
private sector involvement and NGO-private sector collaboration is not well understood or researched and is a work in progress. 

This research supports integrative risk management and urban resilience by considering practices that improve cross sector 
collaborations with partners that have very different mandates and contexts. Implementation successes and challenges need to be 
studied to determine what works and to develop practical recommendations to support NGOs and corporations interested in 
collaborating on integrative risk management and resilience. More research is required into what fosters success, evaluation 
frameworks, government policies and incentives that facilitate collaboration and potential synergies for other NGO and private 
sector collaborations 

5. CONCLUSION & RECOMMENDATIONS 

NGO-private sector collaborations can enhance preparation and response, reduce risk, and increase resilience and recovery while 

alleviating pressure on traditional support sources. The following recommendations were developed to support NGO’s and 
corporation’s in successfully collaborating to improve effectiveness and reduce suffering. 

5.1 For Organizations Considering Humanitarian NGO- Private Sector Collaboration 

Investigate resource fit and matching competencies. Does the potential partner have resources and competencies that are 
compatible with your organization and potentially offer mutual benefits? Do the organization(s) have skills, expertise and 
knowledge in areas that your organization functions in or wants to function in? Consider resources beyond the conventional such 
as high social capital, local knowledge, local relationships, market knowledge, etc. 
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Investigate organization and mandate fit. Does the organization have the same or similar mandates or goals to your own and to 
those you wish to fulfil on inside of a private sector-humanitarian NGO collaboration? Do you share any vision or attitudes? 

Identify aligned interests. Be open and transparent with potential partners and yourself about what you want to achieve for your 
organization in this collaboration. Identify the aligned interests to provide a starting point for unifying the collaboration. 

Identify a project sponsor and potential project champions. Identify a senior executive in your organization that has the capacity 

to propose and mandate initiatives and to liaise with senior management on behalf of the collaboration. Identify people within 
your organization who can participate, manage and maintain your organization’s involvement in the collaboration. 

5.2 For Humanitarian NGO-Private Sector Collaboration Creation & Development 

Communicate formally and informally. Create communication protocols for both informal and formal communications. These 
protocols should address communications internal to the organizations, internal to the collaboration and external for the media, 
organizations’ and collaboration’s stakeholders and for governing bodies as required. 

Schedule and attend meetings. Schedule consistent and regular meetings and attend them. Create a structured series of meetings 
for the year to ensure that attendance can be planned well in advance. Have at least one annual meeting in person.  

Be clear on what, when and where your organization is prepared to commit. Determine what is required from your organization 
to meet commitment indicators. If these commitments are a concern, consider a smaller, bilateral collaboration or joining a 

mature collaboration with an existing framework and mandate. Clearly state what you are committing to and what you are not. 

Identify a project sponsor and project champions. Identify the project sponsor and project champions. Share this information 
with the collaboration partners. 

Create policies and procedures. Create clear policies and procedures to guide the collaboration partners. Include conflict 
resolution processes and ‘performance’ evaluations. 

Define roles and responsibilities of all partners. Delineate the roles and responsibilities of collaboration members and their 
organizations. 

5.3 For Collaboration Maintenance 

Communicate. Schedule and maintain frequent, formal and informal communications. Have at least one annual meeting.  

Evaluate. Conduct regular, transparent, open evaluations with agreed upon criteria that address any power imbalances and 

personal biases. 

Analyze Return on Investment and perform cost reviews. Conduct financial assessments of collaboration costs and benefits. 
Acknowledge that this can be problematic as perceived benefits, such as public image, market advantage and employee retention  
and recruitment are not easily measured. 

5.4 For Collaboration Evolution/Maturation/Development 

Explore new areas for skills, expertise and knowledge exchange. Consider initiatives that offer longer term benefits and lower 
costs. Collaborations could focus more on disaster risk reduction and preparedness activities, reducing the high costs of disaster 
recovery initiatives.  
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ABSTRACT: Extreme weather phenomena such as flood, thunderstorm, hurricane, etc. cause enormous casualties and property 

damage in different countries around the world. To provide precaution notice and reduce losses, design of early warning system 

is an effective procedure to identify high risk area and disaster scenarios and scales. In management of weather disasters and 

implementation of early warning system, numerical weather prediction models are very effective in forecasting future weather 

conditions. These models can simulate weather in different time and space scales on global and regional scales, but they have 

uncertainties because of inaccurate initial atmospheric condition in the model. An important component of reconstruction of 

initial condition in numerical weather prediction is data assimilation. Data assimilation is the application of advanced 

mathematical methods to combine current meteorological observation and past data in an explicit dynamic model to provide time 

continuity and dynamic coupling amongst the meteorological fields. Therefore, data assimilation can help to reduce bias and 

uncertainty in weather prediction. That is very important in design of early warning system for flood, storm and other 

meteorological disasters. In this study, we use a regional weather prediction model, data assimilation method and different kind 

of conventional and satellite observation to forecast a disaster dust storm that took place in Tehran on June 2, 2014. This massive 

dust storm was not forecast well by Iranian Meteorological Organization. Simulation of this weather phenomenon demonstrated 

that using data assimilation has positive impact in forecasting severe winds in urban area and therefore must find applications in 

implementation of early weather warning system. 

Keywords: NWP, Data Assimilation, Early Warning System, Disaster Risk Management 

1. INTRODUCTION 

Decision makers must have timely and actionable information to guide their response to emergency situations. For 

meteorological problems, this information is usually provided to decision makers through Decision Support Systems (DSS). DSS 

is a numerical weather prediction model (NWP) usually a computer-based model that simulates future meteorological 

phenomenon and this computer-based model is used in implementation of an early warning system for flood, dust storm and 

other meteorological disasters. Using observation for current meteorological conditions, and physically-based algorithms these 

models can predict the potential outcomes for various decision scenarios, and may also provide the decision maker with 

uncertainty and risk estimates. In this way, the NWP can improve decision making efficiency and accuracy and facilitate decision 

maker exploration and discovery (Houser, 2013). Therefore, the output information of NWP models in regional and global scales 

can use for disaster risk reduction. 

An important component of NWP is data assimilation (DA). Data assimilation is the process of creating the best estimate of the 

initial state for NWP models through combining all sources of information, including the first guess from previous short-term 

model forecasts and observations, along with the associated uncertainties in each source of information (Zhang and et al., 2011). 

DA utilizes both our knowledge of physical processes as embodied in a numerical process model and information that can be 

collectedfrom observations, to produce an improved, continuous system state estimate in space and time. When implemented in 

near-real time, DA can objectively provide decision makers with the timeliest information, as well as provide superior 

initializations for short term scenario predictions. DA can also act as a parameter estimation method to help reduce NWP bias and 

uncertainty (Houser, 2013). 

Observations are important components of DSSs, providing critical information that mitigates the risk of loss of life and damage 

to property. Meteorological observations are sourced from the numerous disconnected observational networks and systems that 

have a wide variety of characteristics. Basic monthly, seasonal and annual summaries of temperature, rainfall and other climate 

elements provide an essential resource for planning endeavors in areas such as agriculture, water resources, emergency 

management, urban design, insurance, energy supply and demand management and construction. 

While ground-based observational networks are improving, the only practical way to measure all necessary observation on 

continental to global scales is via satellites. Remote sensing can make spatially comprehensive measurements of various 
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components of the environment, but it cannot provide information on the entire system, and the observations represent only an 

instant in time. Numerical weather models may be used to predict the temporal and spatial state variations, but these predictions 

are often poor, due to model initialization, parameter and forcing, and physics errors. Therefore, an attractive prospect is to 

combine the strengths of numerical weather models contained within DSSs and observations and minimize the weaknesses to 

provide a superior meteorological state estimate. This is the goal of DA. 

Improved weather forecasts are critical for better informing the public and decision makers about impending severe weather such 

as tropical storms, dust storms, tornados, frozen precipitation events, wind hazards, droughts, and flooding. Flood and storm 

forecasting using NWP and DA techniques provides extended lead-time and improved accuracy for flood and storm information 

useful for residents, local authorities and emergency services.  

A dust storm is a large cloud of dust blown by a strong wind. The dust is primarily composed of tiny mineral particles that are 

lifted high into the atmosphere. The cloud of dust is so dense that it obscures the sun and may reduce visibility to zero over an 

area as large as hundreds of thousands of square miles. The areas of the world most prone to dust storms are northern Africa, the 

Middle East including Iran, and Ccentral Asia. In many places throughout these region, dust storms take place from thirty to sixty 

days per year (Meslisa, 2008). If the wind speed increases too much in a dust storm, it would be a natural disaster and can cause 

enormous casualties and property damage. Dust storms cause millions of dollars in damage to crops, roads, and buildings and 

even threaten human lives. 

In this study, the NWP without and with DA process with conventional and satellite observations are used. this research 

investigates the impact of the NWP  and DA on wind forecasts by using the weather research and forecasting mode (WRF) 

(Skamarock et al. 2005) through the applications of DA by modifying the initial condition. We have used WRF model and 

different kind of conventional and satellite observation to forecast a disaster dust storm that took place in Tehran, on June 2, 

2014. This massive dust storm took place at about 5pm (local time). Five were killed, more than 30 people were injured, and 

automobiles were destroyed. Falling trees and objects in balconies disconnected 1,200 electric 20 KW lines.  

To carry out this research, the initial atmospheric and lateral boundary conditions were taken from two data categories: NCEP 

Global Forecast System (GFS) real-time forecasts at 3-h intervals, which are gridded to a horizontal resolution 0.5̊×0.5̊, and 

ERA-Interim reanalysis dataset of ECMWF which are gridded to a horizontal resolution of approximately 80 km at 6-h intervals. 

The WRF model is configured to run in a regional domain with options to add nested inner domains with finer resolutions. The 

physical packages and the horizontal resolution are chosen on the basis of previous research in this region. 

2. Results 

Figure 1 shows the observed wind speed reached to 25 m/s (90 km/hour) and even in some areas of the city exceeded 100 

km/hour momentarily. Table 1 shows the wind direction in hours before and after the storm has been occurred. At 2 PM UTC, 

the time of intensification of wind speed, the wind direction was (westerly).   

 

Fig.1: Observed wind speed in Tehran before and after the dust storm at 14 UTC (2 June 2014) 

 

Table.1: Observed wind direction in Tehran before and after the dust storm at 14 UTC (2 June 2014)  

 

Figure 2 shows numerical weather simulations for wind speed and direction by using WRF model for the period of occurrence of 

dust storm in Tehran. The initial and boundary condition data was extracted from GFS real-time data (without data assimilation). 

457



 

3 

 

 

The location of Tehran has been showed by circle in this figure. As seen in the plot, storm emerged in the west and south-west of 

Tehran and it moved towards east and northeast eventually. At 2 PM UTC, It arrived in Tehran and the amplitude of maximum 

simulated wind is 10-12m/s in average that it is 50% of the observed wind in the station. The wind direction has been simulated 

eastward in this experiment. 

For comparison with a data assimilation experiment, we use ECMWF ERA-interim reanalysis data as an initial and boundary 

condition data. Then we run a new experiment (with global data assimilation) by using WRF model. Figure 3 gives the results for 

this experiment. This figure shows that storm started as a small point to the west of Tehran, and it moved toward north-east and 

intensified gradually. At 2 PM UTC, the maximum wind speed was simulated over Tehran. The figure shows that this pattern is 

quite similar to observed values of wind. The wind direction is eastward and northeastward at 14 UTC in this figure. 

Comparison of two experiments proves that, although WRF model is able to simulate the wind pattern very well, but using more 

observation in global data assimilation system in ECMWF generates better results compare to observation. Data assimilation 

helps simulate the disaster and severe weather phenomena with more accuracy and provides additional information for the 

decision makers to reduce disaster impacts.  

 

Fig.2: Simulated wind speed and direction in Tehran before and after the dust storm at 14 UTC by GFS initial condition data 

(without data assimilation)  
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Fig.3: Simulated wind speed and direction in Tehran before and after the dust storm at 14 UTC by ECMWF initial condition data 

(with global data assimilation)   

3. CONCLUSIONS 

Using numerical weather prediction models and data assimilation method is very important to simulate severe and disaster 

weather patterns and help disaster risk reduction communities to receive improved information about meteorological disasters 

such as flood, dust storm, hurricane, etc. These models and data assimilation techniques plus good quality observation can be 

considered as a major option for decision makers of disaster risk reduction with meteorological purposes.  
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ABSTRACT: This case study reports on a series of learning sessions and participatory workshops, which aimed to explore and 
enhance children’s perceptions and knowledge regarding disasters and their role to build resilience in urban contexts. The 
participants involved 25 students, 22 of whom were hearing and three were hard of hearing, attending the 4th grade of an 
inclusive educational setting. Also, two teachers, a special education and a general education teacher and two researchers 
collaborated in the implementation of these workshops.	  The analysis of the data, which are based on the teachers’ reflective logs, 
indicated that children had several ideas regarding the meaning of hazards and disasters and acknowledged their role in disaster 
risk reduction. Also, the language and communication barriers of hard of hearing were carefully addressed and the principles of 
Differentiated Instruction were applied in order to enhance the participation of hard of hearing and hearing children and facilitate 
the implementation of an inclusive disaster education programme.  

Keywords: disaster education, children, hard of hearing, inclusive, disability 

1. INTRODUCTION 

Over the past decades there has been an increasing awareness for people with disabilities to be included in disaster education. 
However, although there is a consensus that people with disabilities are disproportionally affected by disasters as a result of 
accessibility barriers, it is a challenging task to create and implement inclusive disaster programs (Engelman, 2012; Smith, Jolley 
& Schmidt, 2012; Wisner, Blaikie, Cannon & Davis, 2004). First of all, the barriers associated with specific disabilities are rarely 
addressed and there is a tendency to talk about persons with disabilities as a homogeneous group, while the term “disability” by 
itself, gives little useful information considering that various types, levels and combinations of physical, cognitive, sensory 
conditions fall under the general umbrella of “disability” (Connecticut Developmental Disabilities Network, 2005). Furthermore, 
the needs of children with disabilities as well as of children overall are poorly considered (Boon et al., 2011; Johnson, Ronan, 
Johnston & Peace, 2014). However, although children do not have the same level of independence comparing to adults who have 
more control, children can be educated to act independently as well as educate their parents by sharing their knowledge and 
experience with them (Ronan & Johnston, 2003).  

In this paper, the focus is on children. Specifically, a case study is described which included a series of learning sessions and 
workshops aiming to explore the perceptions of children who were hard of hearing or hearing, regarding risks and disasters and 
to empower them in order to make them aware regarding their role in building resilience in urban contexts. These workshops 
took place within the European project CUIDAR (Cultures of Disaster Resilience among Children and Young People) which 
aims to enhance the resilience of children, young people and urban societies to disasters and enable disaster responders to meet 
children and young people’s needs more effectively. University of Thessaly, as a partner in CUIDAR, had an advisory role on 
issues regarding inclusion and disability and also implemented workshops with children with sensory disabilities.  

2. METHODOLOGY  

2.1 Participants and Method 

The study took place in the 4th grade of an inclusive primary educational setting in Greece. The participants involved 25 students, 
22 of whom were hearing and three were hard of hearing. Also, a team of professionals collaborated in the implementation of the 
workshops, namely two teachers, a special education and a general education teacher, and two researchers. The planning and 
implementation of workshops lasted for 8 months, from November 2015 until June 2016. At the beginning preliminary meetings 
took place during which the team discussed how the learning sessions would address the aims, the objectives of CUIDAR project 
and how the access and participation of hard of hearing children to the workshops would be ensured. Furthermore, special 
attention was given to ethical issues. In January the workshops with children began on a weekly basis for 2 hours per week. The 
team met every week to reflect on the workshop that was conducted and to discuss the content of the following workshop. It is 
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important to highlight that the content of the workshops, which were conducted every week, were in line with the children’s 
needs and the aims of CUIDAR. 

Specifically, at the beginning learning sessions included activities that aimed to explore the children’s perceptions about 
disasters, risks, types of hazards and causes of disasters, the children’s feelings about hazards and risks, the children’s and the 
family experiences regarding disasters. Following the workshops focused on earthquakes and mostly on fires, based on children’s 
choices as well as the fact that Greece, as well as the city where the case study took place, was vulnerable to these hazards.  

Apart from the discussions regarding the aims and the content of the workshops, during the whole duration of the workshops the 
team discussed about the language and communication barriers that hard of hearing children as well as the principles that would 
enhance their access and participation to the workshops based on differentiated instruction (Argyropoulos & Nikolaraizi, 2009; 
Guardino & Antia, 2012; Heacox, 2009; Nikolaraizi & Argyropoulos, Nikolaraizi, Vekiri & Easterbrooks 2013; Stewart & 
Kluwin, 2001; Tomlison, 2001).  

2.2 Analysis 

A qualitative data analysis was carried out. After reading the transcripts of the reflective logs (i. e. reflective diaries which 
included entries by the teachers and focused on the students’ experiences during the workshops), the authors identified a number 
of broad thematic areas or categories. Furthermore, based on Dey “bit-by-bit” data analysis (1993) the authors developed 
categories and sub-categories in conjunction with key words or/and key-phrases. The categories and sub-categories comprised the 
constituents of broad thematic areas – such as disasters and hazards - and emerged from the students’ comments (Table 1).  

Table 1. Thematic analysis through development of categories, sub-categories and key-phrases 

Categories Sub-categories Key-words/key-phrases 
Feelings/emotions fear Extremes natural hazards, hurricanes, lightning, thunders, flood, tides, 

storms, fires, thieves, to be alone at home, earthquakes, tornados insecure 
   
   
Issues of fear administration awareness Specific actions 

knowledge Need to know what it is 
support by friends Need a friend to deal with 

   
   
Notion of Hazards and Disasters localized context Car is broken 

Bankruptcy 
Financial crisis 
Victims 

broader context Wars 
Nuclear explosion 
Earthquakes  
Fires 

   
   
Issues of disaster management unrealistic Climb up the roof (in the case of a flood or tsunami) 

Get away with a rocket 
realistic Bring pumps to remove water (discussion for floods) 

I will take all my stuff and move in another place but not like refugees  
   
   
Differentiation content Visual educational material 

Transcription of audio material to written material 
Repeating information 

procedures Working in groups, 
Following communication principles  
Visual prompts 
Individual support 

 

3. KEY RESULTS  

At the beginning, the children’s perceptions regarding the meaning of hazards included natural (tsunamis, earthquakes) and a few 
man-made hazards (e.g. wars, terrorism). Also, some children interpreted the notion of a disaster within a localized context – 
such as family or work environment – whereas others had linked the notion of disaster to a broader context, more open and 
abstract such as country or continent. For example, they described a burglary or a death or a broken car as a disaster (familiar 
context) whereas others ascribed disastrous attributes to wars or nuclear explosions (broader context). Mostly they considered as 
a disaster a situation during which people could not go to their job, to the supermarket, children could not play, while they found 
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it difficult to consider environmental or human losses. Furthermore, when they were asked to see some pictures and judge 
whether this was disaster, they did not necessarily believe that what they saw in the picture was a disaster such as a picture of 
lakes without water. It is worth mentioning that children did not comment on the financial crisis or the refugee crisis in Greece, 
however during the discussions children commented on refugees expectantly when they saw a picture of people living in tents 
after the earthquake as well as when they were asked what they would do if a hazard takes place. 

During the workshops the feelings of children regarding hazards and disasters were discussed and how children could deal with 
these feelings and the majority of children believed that it was their responsibility to act (e. g. “We have to act”, “we have to take 
action”) while some other children commented on their need to be with somebody in case a disaster takes place (e. g. “it is 
important not to be alone at these moments”, “it is safer to deal with a hazard or a disaster with a friend than by yourself”).  

What was also interesting was the fact that children did not have a full understanding of the immense of a disaster and the range 
of options to take action when it happens. For example, when they were asked what they would do if there was a flood in their 
area, they said “I would leave by an airplane”, “I would climb up the roof of my house and wait”, “I would use pumps to remove 
the water” or “I would pack my things quickly and move to another city”.  

Several concerns were expressed by the hard of hearing students related to the communication barriers that they would face such 
as when they asked “if a fire breaks out during night, then what we are supposed to do since we cannot hear the fire alarm…you 
see we are not wearing our hearing aids to bed…perhaps a vibrating pillow alarm may be a solution…”. All class realized the 
seriousness of such a situation and started to brainstorm ideas. 

3.1 Differentiated Instruction 

It is important to stress that the workshops took place within an inclusive educational setting and the two teachers had been 
working together before their involvement in the project. Therefore, they already were aware of the language and communication 
barriers that hard of hearing children faced and knew the principles to promote the access and participation of hard of hearing 
students (Argyropoulos & Nikolaraizi, 2009; Guardino & Antia, 2012; Heacox, 2009; Nikolaraizi, Vekiri & Easterbrooks 2013; 
Stewart & Kluwin, 2001; Tomlison, 2001). These principles included: a. differentiated educational material, which included 
visual educational material (e.g. pictures, concept maps, videos with subtitles or written transcriptions), language material that 
accommodated the children’s language needs, questions that would promote children’s participation b. differentiated process: at 
the beginning of each session some basic communication principles would be reminded to the whole class which would facilitate 
communication for hard of hearing students. For example, all children would be reminded to talk once per time, to talk normally, 
not quickly and not at a very low voice. Further techniques included keeping visual contact between hard of hearing and hearing 
students, working in small groups consisting hearing and hard of hearing students to facilitate communication, using visual 
prompts apart from verbal descriptions and encouraging all children to reflect their thoughts in various ways through writing, 
drawing and drama. Furthermore, occasionally individual or small-group discussion with the hard-of-hearing students took place 
to activate or enrich the children’s prior knowledge, to discuss further a video or an activity. 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

In the Hyogo Framework for Action there is a small reference to persons with disabilities and children, which are presented as 
vulnerable groups together with the poor and the elderly (p.9). Also, it is supported that there is a need to promote the inclusion 
of disaster risk reduction knowledge in relevant sections of school curricula at all levels and the use of other formal and informal 
channels to reach youth and children with information” (p.9). This case study, which is part of the CUIDAR project, does not 
consider children and in particular children with disabilities as a vulnerable group or a group with homogeneous needs. Rather, 
CUIDAR acknowledges the right of children to be heard and empowered in order to play a dynamic and highly participatory role 
in frameworks, decisions and actions in relation to Disaster Risk Reduction. The CUIDAR’s approach towards children is more 
in line with the Sendai Framework for Disaster Risk Reduction according to which «Children and youth are agents of change and 
should be given the space and modalities to contribute to disaster risk reduction...» (p.23). In the Sendai Framework for Disaster 
Risk Reduction, the terms «inclusive», «accessible» «non-discriminatory participation» «universal design» are used 
(pp.10,12,13,19,23,24,25) and it is supported that persons with disabilities need to be empowered and promote a universally 
accessible response...(p.21) and also that together with their organizations they have the duty to design and implement plans 
tailored to specific requirements based on the principles of universal design (p.23). Nevertheless, there is still a tendency to 
consider persons with disabilities as well as children and youth as a vulnerable and homogenous group together with women, 
poor people, migrants, indigenous peoples (p.10, 13) rather than addressing the barriers associated with specific disabilities. 

5. CONCLUSIONS 

In order to prepare accessible and inclusive programmes in relation to adults, children or youth people with disabilities, the 
individual characteristics and the specific barriers associated with different disabilities need to be addressed. In this case study, 
the focus was placed on addressing the language and communication barriers of hard of hearing children to enhance their 
participation within a disaster education programme on equal terms with their hearing peers. Furthermore, rather than addressing 
children and youth people as a vulnerable group, the children that participated in this study were approached as individuals who 
held their own perceptions and who were encouraged to participate actively. Given the limited research evidence, both at national 

462



  

and international levels, regarding disaster education among children with disabilities it is important to examine the experiences 
of children who participated in formal and non-formal disaster education programs as well as the effectiveness of such programs. 
Finally, it is important to stress that the effectiveness of such programs requires the function of interdisciplinary teams consisting 
of professionals and practitioners, with knowledge and experience in the fields of hazards and disasters, in the specific types of 
barriers that every disability imposes – such as the communication and language barriers that hard of hearing children face – as 
well as in the field of education in general. In several countries, it is a pre-requisite to hold specific degrees, which qualify 
professionals to educate children who are deaf, hard of hearing or children with visual impairments. As professionals and 
practitioners who are involved in disaster and risk reduction programs often do not hold such degrees, it is highly important to 
collaborate with experts in order to design inclusive and effective disaster reduction programmes. 
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ABSTRACT: The focus of this research paper is on disaster resilience in the City of Brampton area, a part of the Greater Toronto 

Area (GTA) in Canada, especially in the context of immigrant population in the region. Residents were asked to respond to a 

questionnaire designed to seek an understanding of their interests in the society they live in, roles, responsibilities, and awareness 

of the resources available to them. In researching these concepts and their impact on the immigrant population, the objective is to 

determine the influences social capital and public education has on citizens, and strategize how best to maximize disaster 

resilience in communities. 
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1. INTRODUCTION 

 

The philosophy of disaster resilience is based on providing help and support to communities in urgent situations through the 

means of national and international programming and resources. One task of disaster management professionals is to obtain 

situational awareness of communities they intend to service in order to build their own capacity for risk reduction. This would 

require understanding geographies, cultures, and community needs. An agenda with policies and procedures designed that 

considers these factors can benefit the community of interest tremendously  and allow for well researched understandings of risks 

and resilience of the community that eventually can lead to greater capacity building to dealing with disaster. 

Various forms of social capital have been discussed by experts (Dynes 2006; Coleman 1990). These concepts of social capital are 

related to developing social networks, community engagement, and information dissemination allowing for the transfer of 

acquired information. These concepts support the idea that community structures have a direct role in solving disaster problems 

and reducing the dependency on external aid services. Nirupama et al. (2015) documented that people and other social units are 

able to better cope with disaster when they are well educated in emergency management and risk reduction. Social resilience lasts 

longer and can be maintained before, during, and after a disaster (Coxon 2015). People involved in a crisis situation are both 

victims and responders. One of the resources they use in a crisis is their social network of relationships (Murphy 2004). For 

example, during the 1980 Italian earthquake, ninety-seven percent of victims were saved by the efforts of residents using their 

bare hands and shovels, illustrating the importance of social networks (Lechat 1989).  

We process information in five different steps (Mileti and Fitzpatrick 1991): hear, understand, believe, personalize, and 

decide/respond. In having others help us process information, we are able to legitimize the source of the information, assess its 

credibility, and determine the course of action. Knowing better leads to doing better which leads to action that would be based on 

sound information. For example, living near a railway track can be associated with potential risks such as train derailment, 

harmful emissions, toxic spills, fires, and explosions. This was the case in 2015 when a small engine fire from a train left oil and 

debris on various properties in Mississauga in the GTA, presenting a health risk to residents (City News 2015). 

The study presented here was conducted in the Region of Peel in the GTA (Fig. 1) in Ontario, Canada. The Region of Peel has a 

Regional Emergency Management (REM) program in place to “further enhance Peel as a disaster resilient community: a 

community that's better prepared to respond and recover from a significant emergency” (Regional Emergency Management 

2015). In order to effectively prepare for any unforeseen emergency, REM has compiled a list of critical infrastructure (CI) that 

can potentially see service interruption in the event of disaster. The REM program also conducted a survey, the Survey of 

Emergency Preparedness and Resilience (SEPR), which highlighted that: i) among immigrants and visible minorities, presence of 

fire safety devices and other precautionary measures are less common; ii) they prefer to call 911 in weather related emergencies; 

and iii) there is a lack of high levels of social support for emergency situations (Taylor-Butts 2015). This research is based on the 

premise set by the SERP and further explores people’s knowledge, preferences, interests, priorities, and perceptions in order to 

identify strengths and weaknesses in the system for developing disaster resilience by strengthening social capital. 

 

2. METHODOLOGY 

A questionnaire survey was  used to collect data from three different community locations in the City of Brampton, namely, 

South Fletcher’s Sportsplex community centre, New Birth Tabernacle (a local non-denominational faith centre), and a local 
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restaurant (MJ’S BBQ & Suya). The questionnaire consisted of 29 questions intended to gather information from a sample of 

entities for the purpose of constructing attributes of the larger population of which the entities are members. A total of 100 

participants completed the survey. While majority of responses to the survey are quantifiable, it is also concerned with 

understanding the human behavior from the informant’s perspective, as the informant is able to provide context for their answers 

in the ‘additional comments’ sections of the survey. The surveys took five minutes to complete which was beneficial in gathering 

information as immigrant population is often apprehensive about ‘wasting time’ and answering personal questions posed to them 

by strangers (even researchers) for no apparent reason for them. They often are suspicious and uncomfortable that the data was 

being collected by the government for purposes unrevealed to them. 

 

 

Fig. 1: The City of Brampton in Peel Region, Greater Toronto Area, Ontario, Canada 

(https://commons.wikimedia.org/wiki/File:Greater_toronto_area_map.svg Retrieved June 27, 2016) 

3. DATA ANALYSIS 

Disaster resilience and gender roles are intertwined together as implications when culture is factored into the decision-making 

process in disasters. It can result in inequalities when accessing resources, and also poses different exposures to threats for males, 

females, boys, and girls. Gender roles and responsibilities affect coping response to disasters on an individual level. In this study, 

the gender distribution of the participants was almost equal with mixed age groups. About a third of the respondents indicated 

that they have lived in Canada for 20 years or more. Generally, 83% of the respondents indicated living in Canada for greater 

than five years. It can be deduced therefore that a significant number of people in the survey would have considerable interest and 

awareness regarding how their local government works in terms of their roles and responsibilities. About 94% of residents 

surveyed indicated that they could speak the English language reasonably well. Similarly, 95% of respondents reported they can 

write in English reasonably well whereas 85% of the residents are also able read English at the same level. The importance of this 

information is that it should be easier to communicate effective risk management, contrary to popular perception held by the City 

that resources may not be required toward multi-lingual information brochures in the study area. Most respondents had acquired 

education in their country of origin - about 36% had at least a college or university degree. Upon arrival in Canada, very few 

pursued academic degrees. Analysis showed that about 50% of the participants had full time employment, of which 57% jobs 

were in public and private sectors combined. 

Home ownership is important as it contributes to a sense of security and capacity, so the fact that 75% of the respondents owned 

their home is a sign of a strong community. Some households reported to have more than seven members living together in one 

house (Fig. 2). Overall, over four member households exceeded the number of households with less than four members. These 

members included children, parents, grandparents, and siblings. This is important information for understanding social networks 

and developing social resilience initiatives. As for personal vehicle for transportation purposes, one-third relied on carpool, 
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public transit, and other means. The survey also sought information regarding disabilities (physical and emotional) and found a 

small number of people having the concern. The importance of having a social network was examined in the survey to which 

two-third of responses were in agreement that it was important to have indispensable resources available to them through their 

families, friends, neighbors, and fellow community members. It can include information, ideas, leads, business opportunities, 

financial capital, power and influence, emotional support, even goodwill trust, and cooperation. 

Identifying potential risks in the surrounding area helps identify potential hazards for residents. Over two-third of the respondents 

selected more than one of the listed potential risks (river, railway, highway, industry, nuclear and other power plants etc.) as 

being near their homes. With such a high number of residents being exposed to hazard(s), the authorities should be looking into 

developing resilience building initiatives such as, simple retrofitting and land use planning options for the home owners. 

According to the records of the REM office, over 500 emergency events were reported during a three year period between 

January 2013 and November 2015. Of these, over 400 events were weather related and 12 were public health related. This 

information is valuable for the purpose of reviewing and updating of the regional Hazard Identification and Risk Assessment 

(HIRA) going forward in 21st century. Personally experiencing disaster situation(s) makes significant difference in forming risk 

perceptions therefore, respondents were asked about their disaster experiences, and a quarter of them confirmed that they had. 

Risk perception involves subjective judgment that people make about the characteristics and severity of a risk (Etkin 2014) and 

plan accordingly. With the subjective nature of what constitutes a disaster, it is not surprising to see that most of the participants 

said they had not experienced a disaster. People with disaster experiences become better aware of resources available to them and 

support mechanisms within the community in addition to engaging in precautionary behaviours. This knowledge may have 

contributed to the thinking of about 18% respondents that preparedness for disasters wasn’t on their mind. Thirty four percent 

were not interested in current government issues and 65% never cared about voting in municipal elections (Fig. 3). However, 

upon being asked pointedly, majority of respondents promised they would be engaging more and voting in the next round of 

municipal elections. 

As resources are placed within the community to serve and meet the needs of residents, it is important to know what community 

programs are known and used in times of emergencies, in ways that resource knowledge can be expanded upon. The social 

capital concept of intentional organizations, as outlined by Dynes (2006), points out that disaster management has been 

considered a routine community function facing communal tasks such as the fire department, police department, emergency 

medical services, sanitation departments, and traffic and parking. In this context, more than 60% of the respondents admitted that 

either they were not aware of community programs or not sure of what they meant. Knowing of available community services 

and how to access them will enhance social resilience and people’s confidence level in light of the fact that half of the 

respondents would be relying on public shelters provided by the government when facing a disaster.   

 

 

 

Fig. 2: Number of members in the households of the 

respondents.  

Fig. 3: Lack of interest in government issues demonstrates lack 

of understanding of the importance. 

 

5. CONCLUDING REMARKS 

The data collected through the questionnaire survey at three locations in the City of Brampton, Canada brought forth information 

that has transferable benefits. Having an understanding of perceptions of some of the demographics in the study area presents 

opportunities for engaging citizens and leveraging resources toward resilience building. The better equipped and engaged citizens 
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are, the more poised they would be in capitalizing their potential as social capital for the enhancement of disaster resilience and 

capacity building. This research also identifies areas that can be improved upon, such as public awareness, political engagement, 

personal preparedness, and program deliveries. The role of social networks and outreach initiatives were examined in this 

research which is a great springboard for further research on how to create an outcome where citizens are actively engaged in 

disaster resilience. In addition, it would be valuable to explore how people felt about urgency for risk reduction initiatives and 

willing to absorb the cost of implementing them involving larger population in the Region of Peel by providing potential 

participants with multi-faceted means of engagement such as, telephone or online survey. 
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ABSTRACT: Objective: Japan's 2011 Fukushima Daiichi Nuclear Power Plant incident required the evacuation of over a million 
people, creating a large displaced population with potentially increased vulnerability in terms of chronic health conditions. We 
assessed the long-term impact of evacuation on diabetes, hyperlipidemia, and hypertension. Participants: We considered 
participants in annual public health check-ups from 2008 to 2014, administrated by Minamisoma City and Soma City, located 
about 10-50 km from the Fukushima nuclear plant. Methods: Disease risks, measured in terms of pre- and post-incident relative 
risks, were examined and compared between evacuees and non-/temporary-evacuees. We also constructed logistic regression 
models to assess the impact of evacuation on the disease risks adjusted for covariates. Results: Data from a total of 6,406 
individuals aged 40-74 who participated in the check-ups both at baseline (2008-2010) and in one or more post-incident years 
were analyzed. Regardless of evacuation, significant post-incident increases in risk were observed for diabetes and 
hyperlipidemia (Relative Risk: 1.27 to 1.60 and 1.12 to 1.30, respectively, depending on evacuation status and post-incident 
year). After adjusted covariates, the increase in hyperlipidemia was significantly greater among evacuees than among non-
/temporary-evacuees (Odds Ratio: 1.18, 95% CI: 1.06–1.32, p<0.01). Conclusions: The novelty of this study is that evacuation 
following the Fukushima disaster was found to be associated with a small increase in long term hyperlipidemia risk in adults. Our 
findings help identify discussion points on disaster planning, including preparedness, response and recovery measures applicable 
to future disasters requiring mass evacuation. 

Keywords: Fukushima Daiichi Nuclear Power Plant Incident. Evacuation. Chronic health. 

1. INTRODUCTION 

Radiation exposure is a public health issue, associated with long-term risks of disorders including, e.g., eye cataracts and tumors. 
Following Japan’s Fukushima Daiichi Nuclear Power Plant incident, triggered by the Great East Japan Earthquake and 
subsequent tsunami on March 11, 2011,1 health threats have arisen in the radiation-contaminated areas, and cumulative dose from 
external and internal radiation exposure is the major public concern.1 Contrary to the concern, as Tsubokura et al. and Hayano et 
al. acknowledged in their continuing series of studies and assessments of levels of radiation exposure due to the Fukushima 
incident, the levels of dose attributed to the incident have been low owing to the weathering process and the success of 
contaminated food control.2-4 

Despite the likely low risk of radiation-related health consequences, the health effects of the Fukushima incident are not limited 
to those due to radiation exposure. Soon after the incident, following a series of government evacuation instructions, over 80 
thousand people from the area surrounding the Fukushima nuclear power plant were forced to move to a different place within 
the Fukushima Prefecture, or move out of this Prefecture, with some moving hundreds of km away from the plant, some moved 
several times. Yasumura et al. (2013) and Nomura et al. (2013) reported three-fold increase in mortality amongst evacuated 
nursing home residents up to one year following the incident.5, 6 Elevated values of metabolic markers, including body mass 
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index (BMI), blood pressure, glucose metabolism, lipid metabolism, and liver function, were also demonstrated in evacuees by 
Satoh et al. (2015) and Tsubokura et al. (2012) one year after the incident, suggesting worsen chronic health conditions.7, 8  

Understanding the evacuation risk is the basis of disaster risk reduction policy and action, and many studies of past 
emergency/disaster events have articulated the importance of safe evacuation.9 In this context, there is scope to take lessons from 
our Fukushima experience, not only with respect to radiation protection aspects, but also the impacts of evacuation. In Japan, 
municipal public health centres provide annual free health check-ups for self-employed residents aged 40 to 74. We evaluated the 
data from these public health check-ups in the most affected areas in the Fukushima Prefecture in the four years following the 
Fukushima nuclear incident. The research objective of the present study was to assess the impact of evacuation on chronic health. 

2. METHODS  

2.1 Design, settings, and participants 

The study sites are Minamisoma City, located in 10-40 km from the Fukushima Daiichi Nuclear Power Plant, and Soma City, 
located to the north of Minamisoma, and 35-50 km from the Nuclear Power Plant, where we have been supporting clinical care 
and research since the incident. On March 12, 2011, a 20km radius from the nuclear plant was denoted by the central government 
as a restricted area with compulsory evacuation. Minamisoma therefore straddles the initial compulsory evacuation restriction 
zone, while Soma was entirely outside this zone. The pre-incident populations (as of February 2011) of Minamisoma and Soma 
were 71,494 and 38,054, respectively. On April 22, 2011 the compulsory evacuation zone was expanded slightly to the northwest 
based on the measured dispersion of highly radioactive fallout, and on April 16, 2012 this compulsory evacuation zone was 
reclassified into three zones in line with air dose rates. 

We employed a data from public health check-ups, administrated by the Minamisoma and Soma city offices from 2008 to 2014, 
and compared post-incident data (2011-2014) to pre-incident ‘baseline’ data (2008-2010). The public health check-up is available 
only for those aged 40 to 74 covered by National Health Insurance. The check-up comprises a physical examination, blood 
sample test, and self-report medical history and lifestyle survey. As outcome measures of this study, we considered diabetes, 
hyperlipidemia and hypertension. To define each outcome we used the clinical guidelines for disease diagnosis or self-reported 
medication use: HbA1C of ≥ 6.5% or use of antihyperglycemic agents for diabetes; low-density lipoprotein cholesterol (LDL-C) 
of ≥ 140mg/dl or use of antihyperlipidemic agents for hyperlipidemia, and; systolic blood pressure (SBP) of ≥ 140mmHg, 
diastolic blood pressure (DBP) of ≥ 90mmHg, or use of antihypertensive agents for hypertension.  

2.2 Data analysis 

Subgroup classification  

We classified the participants into two subgroups by evacuation status: evacuees and non-/temporary-evacuees. Based on the pre-
incident district-level address, those who were living in the districts denoted compulsory evacuation after the incident were 
defined as evacuees. Participants who were living outside the compulsory evacuation zones were defined as non-/temporary-
evacuees (including voluntary temporary evacuees).  

Comparison of clinical characteristics between evacuees and non-/temporary-evacuees 

The pre- and post-incident relative risk (RR) of diabetes, hyperlipidemia and hypertension were calculated with adjustment for 
age by evacuation status and year, in order to compare change of the disease prevalence after the incident between evacuees and 
non-/temporary-evacuees. Baseline risk was defined as the average disease prevalence from 2008 to 2010.  

Regression analysis 

We conducted regression analyses to assess the impact of evacuation, adjusted for covariates. The regression models were 
constructed separately for diabetes, hyperlipidemia and hypertension using post incident data (2012 to 2014).  

3. RESULTS  

3.1 Characteristics of study participants 

A total of 11,279 individuals participated in the check-ups between 2011 and 2014. After excluding those who did not take a 
check-up before the incident (n=4,873), we were left with 6,406 individuals with pre- and post-incident data.  

3.2 Age-adjusted relative risk of diabetes, hypertension and hyperlipidemia 

Table below shows the age-adjusted pre- and post-incident relative risk of each outcome. For diabetes, both evacuees and non-
/temporary-evacuees had significantly higher risk in 2013 and 2014 than at baseline. These RRs did not significantly differ 
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between evacuees and non-/temporary-evacuees in any year. For hyperlipidemia, in evacuees, risk was significantly higher in 
2012, 2013, and 2014 compared to baseline. In non-/temporary-evacuees, risks were significantly higher in 2013 and 2014. The 
RR of hyperlipidemia by evacuation status was significantly different in 2012 (p<0.05) and in 2013 (p<0.01), showing the 
increased risk in hyperlipidemia was significantly greater among evacuees than among non-/temporary-evacuees. For 
hypertension, the RR was borderline significant in 2013 for evacuees, and significantly reduced in 2014 for non-/temporary-
evacuees. The difference of the relative risk of hypertension between evacuees and non-/temporary-evacuees was not significant 
in any year. 

Table: Age-adjusted pre- and post-incident relative risk of the diseases (versus baseline (2008-2010)) 

 Evacuees Non-/temporary-evacuees P-value of the difference in row 

Diabetes    

2011 1.12 (0.70–1.79) 0.94 (0.81–1.10) p=0.5 

2012 1.21 (0.88–1.67) 1.11 (0.97–1.27) p=0.6 

2013 1.55 (1.15–2.09)** 1.33 (1.17–1.52)*** p=0.3 

2014 1.60 (1.18–2.16)** 1.27 (1.11–1.45)*** p=0.1 

Hyperlipidemia    

2011 1.10 (0.94–1.27) 1.00 (0.95–1.05) p=0.3 

2012 1.16 (1.05–1.29)** 1.03 (0.98–1.08) p<0.05 

2013 1.30 (1.18–1.43)*** 1.12 (1.07–1.17)*** p<0.01 

2014 1.20 (1.08–1.32)** 1.14 (1.09–1.20)** p=0.6 

Hypertension    

2011 1.05 (0.91–1.21) 1.05 (1.01–1.10) p=1.0 

2012 1.04 (0.94–1.14) 1.03 (0.99–1.07) p=1.0 

2013 1.10 (1.00–1.21)* 1.01 (0.97–1.05) p=0.1 

2014 0.94 (0.85–1.05) 0.95 (0.91–0.99)* p=0.8 

* p<0.05, ** p<0.01, *** p<0.001 for given year versus baseline (2008-2010), adjusted for age 

3.3 Regression analyses 

For diabetes, there was no significant difference in risk between evacuees and non-/temporary-evacuees post-incident after 
adjustment for covariates. We identified a small but significant effect of evacuation on hyperlipidemia risk (Odds Ratio (OR): 
1.18, 95% CI: 1.06–1.32, p<0.01). For hypertension and diabetes, no significant difference in risk between evacuees and non-
/temporary-evacuees was identified. 

4. DISCUSSION 

In this study we found that in the four-year follow up of individuals in Fukushima Prefecture, there have been significant 
increases of prevalence of diabetes and hyperlipidemia both in evacuees and non-/temporary-evacuees in comparison with 
baseline years (RR of 1.27 to 1.60 for diabetes and 1.12 to 1.30 for hyperlipidemia). Evacuees had a small but significantly 
higher risk of hyperlipidemia than non-/temporary-evacuees. Despite high levels of public concern, radiation levels were not 
associated with these disease risks.  

Although many previous studies reported post-disaster increases in hypertension prevalence, adequate control of hypertension 
should be achievable after a disaster as day-to-day self-blood pressure monitoring is possible using a home blood pressure 
monitor.10 In contrast, diabetes and hyperlipidemia are more difficult to control after a disaster; almost all available blood glucose 
and cholesterol monitoring require invasive procedures, self-monitoring is less accepted by patients, resulting in reduced patient 
compliance in diabetes and hyperlipidemia monitoring and treatment.11 Previous studies have reported associations between 
experiences of life-threatening disaster and reduced chronic health control.12 The findings of our study show that, regardless of 
evacuation, there was significantly increased risk of diabetes and hyperlipidemia more than three years after the incident. This 
persistent impact on chronic health indicates the necessity of paying particular attention to the mid- to long-term effects of a 
disaster on diabetes and hyperlipidemia.  
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The fact that while evacuees had higher risk of hyperlipidemia than non-/temporary-evacuees, there was no significant difference 
in diabetes risk between evacuees and non-/temporary-evacuees post-incident may reflect public and clinicians' substantial 
concern about diabetes. This heightened concern over diabetes, even in the post-evacuation environment (characterized by 
reduced physical exercise, dietary change, reduced access to medical care, and socioeconomic changes), may have resulted in 
diabetes risk in evacuees being successfully managed at a similar level as in non-/temporary-evacuees. This wasn’t the case for 
hyperlipidemia, and these findings suggest that all parties involved in local health care should pay more attention to 
hyperlipidemia control, with a particular focus on evacuees. Here, our intention is not to over-emphasize the health risks from 
evacuation, but to highlight that there is scope for reducing evacuation-related health impacts by strengthening local health 
system disaster resilience. For instance, promoting disease- and target-specific measures at community or population level, and/or 
healthy lifestyle activities at individual level (e.g., weight control, sleep behaviour, and balanced diet).  
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ABSTRACT: Disasters cause a wide range of health impacts. Although there remains a need to understand and improve acute 
disaster management, a stronger understanding of how health is affected in the medium and longer term is also required to inform 
the design and delivery of measures to manage post-disaster health risks, and to guide actions taken before and during events 
which will also lead to reduction in health impact. Social determinants exert a powerful influence on different elements of risk, 
principally vulnerability, exposure and capacity, and thus, on people’s health. As disaster health data and research has tended to 
focus on the short-term health impacts, no systematic assessment of the social determinants of the mid- to long-term health 
impacts of disasters has been identified. We assessed the chronic health impacts of disasters and explored the potential 
socioeconomic determinants of health impact through a systematic review. Our findings, based on 28 studies, highlighted that 
regardless of health outcomes and event types, the influence of disasters on chronic heath persists beyond the initial disaster 
period, affecting people’s health for months to years. Using the World Health Organization's conceptual framework for the social 
determinants of health, we identified a total of 35 themes across the three conceptual domains (determinants related to the 
socioeconomic and political context, structural determinants, and intermediate determinants) as potentially influencing disaster 
impact. Investment to tackle modifiable underlying determinants could aid disaster risk management, improve medium and long-
term health outcomes from disasters, and build community resilience. 

Keywords: Systematic review. Disaster. Social determinants of health. Long-term effect. 

1. INTRODUCTION 

Effective emergency and disaster risk management entails specific health and multi-sector measures to reduce the overall risk to 
health from different types of hazards. The design and delivery of measures to reduce disaster risks and enable better health 
outcomes can be achieved by better understanding of the health impact of disasters and the potential risk factors that influence the 
disaster related health burden.1 Past catastrophic disasters have demonstrated that socioeconomic factors have the potential to 
influence the likelihood and/or severity of disaster impacts on health,2, 3 and the consideration of the socioeconomic factors 
associated with health, which are often collectively referred to as social determinants of health (SDH), in disaster risk 
management planning and programs could accelerate the capacities of communities and government to effectively manage and 
reduce risk and improve health and other outcomes for people at risk.  

Health outcomes and socioeconomic data on disaster-affected people months or even years after the disaster events are often 
immeasurable or unknown because they are difficult to follow-up and/or attentions shift to new events as time passes. Therefore, 
information about disaster health impacts in the post-acute periods (i.e., mid- to long-term (months to years) periods), is 
particularly scarce, and the potential mechanisms through which socioeconomic factors may affect the disaster impact on long-
term health are even less well evaluated. 
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The aim of this study was to enhance understanding of disaster-related stakeholders with respect to the mid- to long-term health 
impact of disasters and social determinants of impact, in order to help identify entry points for action and develop strategic 
directions for health policy and practice on long-term disaster risk management. To achieve this aim, we investigated the existing 
literature in relation to disasters with two objectives: a) to assess the mid- to long-term health impact of disasters with regard to 
the presence of persistent negative health consequences, and b) to identify and appraise the social determinants associated with 
these impacts. 

2. METHODS 

We assessed studies evaluating the period three months or more after the disaster. To address potential social determinants of 
health in post-disaster situations, we considered the conceptual framework proposed by the World Health Organization’s 
Commission on Social Determinants of Health. As Solar et al. (2010) acknowledges, in the framework, individual health 
outcomes are considered as the result of the interaction of several determinants functioning at three different domains: (1) 
determinants related to the socioeconomic and political context, (2) structural determinants, and (3) intermediate determinants.4  

2.1 Literature search criteria 

Peer-reviewed observational studies that both assessed disaster impacts on health in the ≥ 3-month period following a disaster by 
quantitatively comparing exposed- and less/unexposed- (or control) groups, and addressed associations between social 
determinants and the disaster impact in a quantitative or non-quantitative/descriptive manner or by reference to other literatures, 
were included. Studies with study periods crossing over the point of three months following the disaster were also included. 
Review articles were excluded. Disasters due to natural, technological and societal hazards were included. Wars and conflicts 
were excluded from the scope of the study. The general population, as well as specific target groups including elderly people, 
nursing home residents, and school children were eligible for inclusion. Quantitative outcome measures indicating any health 
outcome were eligible for inclusion. Health consequences of radiation damage were excluded. No language restrictions were 
applied. 

2.2 Literature search methods 

The following electronic databases were searched from their dates of inception to August 2014: PubMed, Embase, POPLINE, 
LILACS, CINAHL and PsycINFO. The search strategy combined relevant general research terms with filter terms, expanded and 
appropriately modified depending on database. The search strategy was iterative, in that bibliographies of the potentially eligible 
studies were also searched for additional articles. Key personnel and organizations working in disaster risk management for 
health, including members of the various networks of disaster researchers and policymakers, were contacted to identify additional 
references. The proceedings of major disaster conferences, such as The Asia Pacific Conference on Disaster Medicine, World 
Congress on Disaster and Emergency Medicine, and World Conference on Disaster Risk Reduction were also searched. The 
search strategy was iterative, in that bibliographies of the potentially eligible studies were also searched for additional articles. 
The methods for study selection and data collection were based on guidance from the Cochrane Handbook for Systematic 
Reviews.5  

2.3 Synthesis approach and data analysis 

Owing to the nature of disaster studies, heterogeneity with respect to study population, study designs, and outcome measures was 
expected and observed amongst the selected studies. As such it was not possible to perform a meta-analysis. Therefore, we 
employed a narrative synthesis approach.6 We explored the characteristics of the studies by event type and by outcome, and 
examined the post-acute disaster impacts in terms of the presence of prolonged adverse health consequences. Major themes were 
identified as proxy indicators of the potential social determinants of the disaster impacts on health in accordance with the WHO's 
framework on SDH. The themes were stratified by domain (i.e., determinants related to (1) socioeconomic and political context, 
(2) structural determinants, and (3) intermediate determinants) and types of evidence noted in order to enhance their application 
for disaster risk management policy and practice.  

3. RESULTS 

3.1 Results of the search 

A total of 1,407 citations were obtained from our search of the databases. After excluding 321 duplicate manuscripts, we were 
left with 1,086 studies for screening. The screening process identified 116 studies for full-text review. Of these, 19 studies were 
determined to meet the eligibility criteria. A further nine studies were found through other sources, including the bibliographies 
of the included studies. We then abstracted data and analysed a total of 28 studies. 

3.2 Characteristics of the studies 
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Most of the studies investigated a 'major' disaster, where an internationally recognized name had been given (n=27: 96.4%). 
Major event sites were disaster-prone Pan-Pacific countries, including China, Colombia, Japan, and Taiwan (Chinese Taipei). 
The most frequently studied single type of disaster was earthquake (n=16: 57.1%), followed by cyclone/hurricane (n=4: 14.3%) 
and tsunami (n= 2: 7.1%). Four studies addressed multiple-hazards, i.e., the 2011 Great East Japan Earthquake, subsequent 
tsunami and nuclear power plant incident. Post-disaster periods studied ranged from three months to 40 years, with a median of 
one year.  

3.3 Mid- to long-term disaster impacts on health 

In the 28 studies identified, the following health outcomes were addressed: 1) mortality (excluding suicide); 2) suicide death; 
morbidities from 3) mental and behavioural disorders, 4) diseases of the circulatory system, 5) infectious and parasitic diseases, 
and 6) nutritional diseases; and 7) outcomes based on biometric data (e.g., BMI, HbA1c, SBP, DBP). The most frequently studied 
outcome was mental and behavioural disorders (n=15, 53.6%), followed by mortality (n=4, 14.3%), and diseases of the 
circulatory system (n=4, 14.3%). All the health outcomes, evaluated by several outcome measures, demonstrated a statistically 
significant increase in risk in the post-acute (> 3 months) phase after the disaster in more than one study. 

3.4 Social determinants influencing the disaster impact on health outcomes 

(1) Socioeconomic and political context 

Five studies (17.9%) addressed this domain, and from these studies we identified six themes: the insurance system (n=1), national 
and international societal attention (n=1), public security (n=1), cultural mentality (n=1), evacuation policy (n=1), and policy for 
vitamin A supplementation (n=1).  

(2) Structural determinants 

Fourteen studies (50.0%) were identified that included analyses of the impact of the structural domain, addressing nine themes: 
age (n=8), gender (n=8), marital status (n=1), education (n=1), immigrant background (n=1), social class (n=1), income (n=1), 
and occupation (n=1).  

(3) Intermediate determinants 

This domain was addressed by 16 studies (57.1%), with a total of 20 themes identified. With regard to behavioural and biological 
factors, five studies addressed the themes of smoking, alcohol consumption, change in exercise, change in diet, and substance 
abuse. From five studies that addressed the health system as a social determinant, we identified the following five themes: 
insufficient sanitation, insufficient food supply, loss of medical records, lack of health insurance, and post-disaster psychosocial 
aftercare. Finally, from 14 studies that referred to social-environmental or psychosocial circumstances, 10 themes were identified: 
(lack of) social and community support/attention, displacement/living in a temporary housing, experience of life threat, financial 
loss (aid), insufficient litigation, living without family, loss of job, loss or injuries of family members or loved ones, property 
loss/damage, and social disruption. 

4. DISCUSSION 

We systematically reviewed the observational studies that assessed the disaster impact on mid- to long-term health and that also 
considered the social determinants of health. Seven health outcomes were addressed across the 28 studies reviewed. Studies 
reported a statistically significant negative mid- to long-term impact of the disasters for all the health outcomes, except suicide. 
These results indicate that the health impacts of most major disasters may persist over months/years regardless of event types and 
health outcomes assessed. We also identified a total of 35 themes across the three conceptual domains of the social determinants 
of health as potentially influencing the disaster impacts on health.  

The studies included in this review most frequently addressed earthquakes, followed by hurricanes. However, this focus of the 
studies can be contrasted with the severity of disaster types in terms of occurrences and/or death toll. According to the Centre for 
Research on the Epidemiology of Disasters (CRED), the most frequent disaster meeting their criteria as of the end of 2014 was 
transport accident (n=5,247: 24.7%), followed by flood (n=4,382: 20.6%), with earthquake, hurricane, tsunami, and fire 
representing just 6·0%, 9·4%, 0.3%, and 3.9% of disasters, respectively.7 In terms of mean death toll per incident, drought was 
the highest with 17,829, followed by infectious epidemic of 7,052, with earthquake, hurricane, tsunami, flood, and fire 
accounting 1,995, 643, 4,547, 1,585, and 45 deaths per incident, respectively.7 These data suggest the number of studies included 
in our review for each event type do not necessarily reflect the frequency or severity of the event. Nonetheless, regardless of 
event types and health outcomes assessed, it appears that the health impacts of most major disasters persist over months/years. 
More research attention with regard to the mid- to long-term health impacts should be given to events including transport 
accident, infectious epidemics, and drought as well as more diverse health impacts, such as chronic diseases, and their social 
determinants, which are not well covered in the literature. 
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No country, regardless of culture, religion, or economy, is immune from disaster resulting from various (and sometimes multiple) 
hazards.8 It is critical to plan for and reduce disaster risk in all settings to more effectively protect persons, their health and assets, 
and strengthen their resilience. More dedicated investment should focus on underlying determinants of health/vulnerability to 
identify entry points for more effective action. Such a focus would also support the development of meaningful strategic 
directions for health policy work on post-disaster recovery, including long-term disaster risk reduction. In this context, our study 
provides invaluable insight of these determinants of disaster health impact. Note that stakeholders share responsibility for 
reducing disaster risk. In particular, academia, scientific and research entities are encouraged to: focus on the determinants of 
disaster risk not only in the acute term, but also in the mid- to long-term; increase research for regional, national and local 
application; support action by local communities and stakeholders; and support the interface between policy and research/science 
for decision-making.9 
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ABSTRACT: The adoption of the EU Floods Directive (2007/60/EC) represented a crucial improvement in the management of 
watercourses and coastlines across Europe. However, the beginning of a new phase of implementation requires the assessment of 
which emerging topics may be included in the revision process. The aim of the research is to understand possible legislative gaps 
that could limit the preparedness to cascading events and critical infrastructure breakdowns. First, we provide an overview of the 
Flood Directive, the cascading phenomena and the vulnerability of critical infrastructure in the European legislation. Secondly, we 
analyse some case-studies to test the present approach and to improve the work of decision makers. The results suggest that the 
Floods Directive tends to focus on localised flood impacts at smaller time scale, and it could be ineffective to address the cross-
scale impact of cascading events. Although some of the corrective actions may not be of competence of this law, we argue that 
their inclusion could limit uncertainties in the attribution of responsibility and the coordination amongst institutional levels. The 
full paper has been published in the International Journal of River Basin Management, Vol.14, Issue 2, April 2016, 
DOI:10.1080/15715124.2016.1149074 
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1. INTRODUCTION 

Flooding events are a challenge for mitigation and resilience strategies because their impact is associated with complex dynamics 
and anthropic pressures on the environment, such as increased urbanisation. In the last decades, Europe suffered a series of critical 
floods, with consistent damages and fatalities (EEA, 2011). In addition to social and economic losses, floods may have cascading 
effects on private and public properties and environments, for example contaminating the soils after the inundation of wastewater 
treatment plants and chemical industries, or threatening of biodiversity along rivers, coastlines and wetlands (Uitenboogaart et al. 
,2009). 

Recently, the attention of European decision makers shifted from flood protection to flood risk management, with the integration 
of non-structural mitigation measures and the use of advanced spatial planning instruments (Klijin et al., 2008; Mostert & Junier 
2009; Nones, 2015). A central action promoted by the European Commission has been the adoption in 2007 of the Directive 
2007/60/EC on the Assessment and Management of Flood Risk (EU, 2007), known as Floods Directive (FD). Although it aims to 
reduce flood risk consequences on human health, environment, cultural heritage and economic activities, the documentation 
described only marginally the possible consequences of cascading effects, leaving a grey area that could limit the effectiveness of 
coordination in complex events. 

The hypothesis of this work is that the implementation process of the FD should include a clear agenda on cascading effects at 
cross-spatial and cross-temporal scales. We tested it with a review of the state-of-the-art and with the analysis of four case studies, 
in order to explain the linkages among cascades, critical infrastructure (CI),  and the specific features of the FD. The discussion 
considers the open matters of interoperability and the overlapping competences with other EU directives, developing an integrated 
approach based on sustainable rivers management and vulnerability reduction strategies for cascades triggered by floods. The 
conclusions highlight the existing legislative gaps, suggesting both consistent measures for water authorities and open fields of 
research for scholars. 

2. LINEAR AND NON-LINEAR PATHS OF EVENTS IN DISASTER 

Cascading effects tend to be associated with events where a primary threat is followed by a dynamic sequence of secondary hazards, 
evolving from a first trigger into a branching tree structure (May, 2007). The interdependency of the global system combined multi-
level networks that are very sensible to changes, and even small perturbations can generate large-scale or cross-boundary damages 
(Helbing, 2013). Recently, Pescaroli and Alexander (2015)  provided a coherent definition of the phenomena, arguing that cascades 
are distinguished by the existence of unforeseen and non-linear progresses of subsidiary events, which spread towards the 
vulnerabilities of society. Cascading disasters escalate as time progresses, instead of being stabilised by the full mobilisation of 
emergency resources. The disruption of CI can have a significant role in the spreading of secondary crisis because they accumulate 
physical and functional attributes are that vital for maintaining the social functions, while becoming possible sources of secondary 
hazards such as contamination (Alexander, 2013). 
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3. FLOODS DIRECTIVE 

Although many European countries have their own flood policies, the FD (EU 2007) provides the background for concerted action 
aimed at reducing both flood risks and its consequences. The law is intended to handle some key strategic issues: i) floods are 
natural phenomena that cannot be prevented and have the potential to cause displacements of people and fatalities, environmental 
and economic damages; ii) anthropogenic activities and climate change can contribute to increase likelihood and adverse 
consequences of floods; iii) measures to reduce flood risks within international river basins should be coordinated on a transnational 
level; iv) measures related to water and land use changes should be verified for their impacts on the effective risk (Nones, 2015). 
Since the early phases of the FD, many studies examined the evolution of practices across Europe, highlighting a gradual shift from 
flood control to flood management but also a limited application of a risk-based approach for both analysis and management (Klijn 
et al., 2008; Nones, 2015). Evers and Nyberg (2013) argued that water management and land use planning are often distinct issues 
for decision makers, leading to different planning strategies and problems in the overlapping of jurisdictions. Therefore, it is evident 
that a better consistency between procedure targets and long-term policies is needed and it should aim to improve the synergies 
between the FD and other European directives. A central step in this process may be the application of a new definition of flood 
consequences, incorporating the vulnerability to cross-scale events associated with cascading dynamics. 

4. CRITICAL INFRASTRUCTURE 

The inclusion of the cascading effects in the implementation of the FD should consider in first instance the possible synergies and 
complementarities with the documentation on CI. The European Programme on Critical Infrastructure Protection (EPCIP) was 
promoted in 2006 to improve the security of the Union, adopting an all hazard approach that did not mentioned explicitly floods. 
Member States were encouraged to identify the national CI according to quantitative and qualitative effects of possible disruptions, 
including scopes, severities, health consequences, effects on environment and society.  However, the definition of assessment 
criteria and common procedures were developed only after 2008, including just in 2013 the description of some cross- sector 
interdependencies and, marginally, the role of flooding as possible triggers (European Commission 2013). Despite of a great effort 
in the FD implementation, official maps that indicate both potential damages and CI are still rare. This problem can be referred to 
the lack of highly detailed topographic data and to the scarce availability of socio-economic indicators in many river basins (Tsakiris 
et al., 2009). Similarly, the possible role of CI remains mostly associated with the direct effects of disruptions, while their indirect 
effects are not included in multi-level planning. Even when natural hazards and CI are approached together in metadata, their 
qualitative assessment remains vague and almost undefined. The use of fixed assumptions in planning failed to include cross-
sectors interdependencies and long-term socio-economic challenges, mainly due to methodological limitations that still do not 
include the co-evolution of socio-economic and technical systems (Hickford et al., 2015). 

5. CASE STUDIES 

Over the last years, many projects were promoted across Europe to assess the effects of flooding events at different scales, , while 
a growing attention was attributed to financing the analysis of emerging hazards and proposing new preparedness scenarios. We 
present four case studies that describe some of the possible the cascading effects triggered by floods to understand and assess the 
non-linear consequences on economy, society and environment. In line with the methodological approach suggested by King et al. 
(1994), we adopted ex-ante criteria to allow homogeneity of selection and future replicability:  

- cases had to be distinguished by cascading patterns, in line with the definition given by Pescaroli and Alexander (2015). The 
presence of non-linear escalation dynamics had to be evident in socio-ecological systems; 

- cases had to provide a comprehensive view on natural and built environments, and social vulnerabilities. They had to show the 
presence of anthropic vulnerabilities, which are only partially addressed by the current form of the FD; 

- cases had to be related to surface water environments, in particular rivers, which is the application field of the FD analysed in this 
work. 

5.1 Venice Lagoon: environment 

Floods can be considered as a mass transfer of freshwater, sediments and contaminants along rivers. For this reason, the increase 
of discharge is generally associated with a raise in the concentration of suspended matter, like sediments and pollutants mobilised 
from the river bed or floodplains. In the Venice Lagoon (Italy), the main source of contaminants is represented by small tributaries 
flowing from the nearest farmlands. Therefore, it is essential to control and reduce their load for assuring the safeguard of the 
lagoon and its fragile environment (Zonta et al., 2005). Flooding events in the inland streams increase the concentration of heavy 
metals and anthropogenic nutrients along the marshes, threatening the lagoon as a whole. The shift in the balance produced by 
contaminants can generate effects on all the adaptation process, modifying social, economic and political behaviours, and producing 
dynamic feedbacks loops on ecosystems (Holling, 2001). Even if these delayed effects of floods are not considered in the Flood 
Risk Management Plans, they are central carriers of complex crisis: non-liner biophysical changes can recombine potential 
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ecological crisis with socio-economic and political drivers to trigger cross-boundary and cross-sector cascades (Galaz et al., 2011). 
Gill and Malamud (2014) recorded the interactions-relationships between over twenty natural hazards, drawn from six risk groups: 
geophysical, hydrological, shallow earth, atmospheric, biophysical and space hazards. They suggested that floods are very likely 
to be generated by primary triggers such as adverse meteorological conditions or earthquakes, more than be the cause of cascading. 
This approach can be integrated with climate change scenarios to understand the long-term sensibility of areas to combined risk, 
but also with better vulnerability assessments strategies that could address the roots of secondary events, when they lie in anthropic 
causes (Pescaroli and Alexander, 2015).  

5.2 Dresden: economic and social impact 

In 2002, heavy rainfalls led to extreme floods in the Elbe and Danube basins causing several fatalities and massive damages 
(DKKV, 2004). Dresden (Germany) was the most affected area with significant losses of residential buildings, industries, cultural 
and historic sites. Although the city has a long flood history, the risk awareness of the community faded after the last strong events 
occurred in 1940s. Following the German reunification, the lack of space and the low home ownership rate induced the local 
authorities to establish new settlement areas within the Elbe floodplain. Consequently, more than 50 % of the 2002 flooded area 
was occupied by settlements, involving a wide range of consequences on citizens and economic activities (EEA, 2010). Together 
with environmental and social problems, this event had a consistent economic impact which was not forecasted in the planning 
process. In the short-term, it caused the collapse of local industries and facilities, or, at least, forced them to stop their operations. 
In the medium term, the reconstruction supported the regional growth, new employment and the increase of the consumers spending 
tendency, but problems were observed at long-term (Schwarze and Wagner, 2004). On the one hand, this positive effect of 
rebuilding was associated with an overestimation of the immediate effects, but also to a projected increase in spending trend in the 
flooded regions, which was largely offset by losses in turnover and demand outside the affected areas. On the other hand, because 
of the limited regional growth effect, the overall long-term impact of floods in Germany became negative, causing a decrease of 
the consumer confidence and spending as a reaction to the governmental fiscal policies. The diminished credibility of these new 
economic policies can be considered another cascading consequence of a flooding event. 

5.3 United Kingdom and Italy: vulnerability of critical infrastructure 

In 2007, the United Kingdom was affected by various episodes of flooding. The official report of these events described what 
happened as ‘the biggest civil emergency in British history’ (Pitt, 2008), with key episodes in Gloucestershire that pointed out the 
vulnerability of society to the disruption of CI (Smith & Petley, 2009). The 2007 floods challenged the entire system and its 
organisational structure (Pitt, 2008). The UK Cabinet Office (2011) used this event to explain how a single localized event could 
generate ‘far reaching implications’: cascading effects have been associated with the unexpected path of emergency, which 
escalated with the progressive involvement of CI and their disruption. Physical dependencies and interdependencies resulted from 
functional connection, while geographical dependencies were associated with the collocation in the same area of critical nodes of 
service. The experience of 2007 floods lead the UK Government to improve the guidelines for infrastructure resilience (UK Cabinet 
Office, 2010). Similarly, the Pitt Review (2008) originated the Flood Water Management Act of 2010, which interacts with the 
Flood Risk Regulations of 2009, transposing the FD into the UK system. Their synergies are used to understand risks and impacts 
of natural hazards, but also to point out the vulnerability of CI and the challenges represented by a possible loss of services. A 
coherent approach to this topic seems to be rare among the members of the European Union, together with a lack of shared 
procedures on the assessment of the social consequences of floods as required by the FD (Tsakiris et al., 2009). The integration of 
cascading concept in the FD should lead to produce more homogeneous data where hubs and nodes of vital services are located, 
how many citizens could be affected by their total or partial disruption, and in which terms this would happen. This may lead to 
produce joint contingency plans and share better information between private and public actors at local, regional and national level 
that could produce better information for citizens. Instead, until now most attention has been concentrated on those CI that represent 
unequivocal technological hazards (e.g. chemicals plants), or have a well-known strategic value (e.g. airports).  

The flooding event that happened in Parma (Italy) in October 2014 is another recent example of how the FD maintain some 
consistent gaps on cascading and critical infrastructure. All the area is known for its food excellence and presents a strong process 
of urbanization that is likely to increase its vulnerability in the long term. However, the FD was effectively integrated in the national 
legislation and both hazard and risk maps were implemented (Regione Emilia-Romagna, 2014). In 2014, between October 10 and 
October 13, a concentration of adverse meteorological conditions caused heavy rainfalls and landslides in the mountain district. 
Parma had three districts partially flooded, with substantial economic damages but no life losses. The severity of impact was 
increased by the interruption of telephone and mobile coverage supplied by the leading provider “Telecom” which had strategic 
telephone hub in the area. This disruption was much larger than the one damaged by water, disrupting the communications for the 
western portion of the Emilia-Romagna Region for days (Civil Protection Emilia- Romagna, 2015). Although immediately after 
this event the authorities improved the risk maps and proposed a series of new mitigation measures, in line with the FD they still 
included just the CI that represented technological hazards, such as chemicals industries and wastewater treatment plants. The other 
dimension of interdependencies and cross-scale interactions proposed in the EPCIP was still missing, suggesting the need for a 
direct integration of this topic in the FD. 
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6. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

This work strongly supports the Sendai Framework for Action because it identifies some legislative gaps that could be critical for 
achieving one of its global targets, namely the substantial reduction in the disaster damages to critical infrastructure and disruption 
of services. Moreover, this work helps to increase the awareness and understanding of water-related risks, explaining how cascading 
dynamics tend to raise the level of complexity and scale up at cross –scale levels their effects on society.  

7. CONCLUSIONS 

Despite significant efforts to improve the FD, some open challenges remain associated with cascading events. The joint assessment 
of flooding events and CI vulnerability seems far to be included in a homogeneous process. Three priority subjects to address are: 
i) scientific limitations can generate high uncertainty or non-availability of data on the long-term impact of events; ii) spatial scales 
can be difficult to determine if the trigger hazard causes the disruption of interconnected infrastructures; iii) cascading requires the 
acceptance of possible reasonable worst case scenarios, which probability sometimes is simply underestimated by policy makers 
or public and private managers. The FD should include a higher balance between hazard and vulnerability management to provide 
better advice to water managers: if cascades are distinguished by the non-linear escalation process in anthropogenic systems 
(Pescaroli and Alexander 2015), a focus on ‘risk’ and ‘impact’ may be not enough, but Flood Risk Management Plans could 
integrate the impact of flooding events at scales. This approach points out the need of a better integration of common standards for 
vulnerability assessment process in the FD implementation, and an in-depth analysis of existing synergies with other EU Directives. 
A priority should be attributed to support maps and rankings that include CI interdependencies, while Risk Plans should codify and 
consider the incidence of community based stressors that could amplify the impact of the crisis. 
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1. INTRODUCTION 

On 11 March 2011, an earthquake of magnitude 9.0 and subsequent tsunamis of up to 14 m struck the northeast coast of Japan. 
The tsunamis disabled the cooling system of the reactors of the Fukushima Daiichi nuclear power plant (NPP) in Fukushima 
Prefecture, Japan. Meltdown began soon after the tsunamis, and the first visible explosion, which was suspected to be caused by a 
hydrogen gas leak, occurred on 12 March. Over the following 3 weeks, several suspected hydrogen detonations occurred.  

Immediately after the accident, the Japanese National Government designated evacuation zones. The areas within the 20km 
radius of the NPP were labelled as no-entry zones and approximately 70,000 residents in the area were mandated to evacuate. 
The 20 -30 km radius of the NPP was designated as an indoor evacuation zone, and about 15,000 residents in the area were 
recommended to stay at home to avoid excessive external radiation exposure. Even though evacuation from the indoor evacuation 
zone was voluntary, mass evacuation occurred in this area due to fear of radiation. 

This triple disaster -earthquake, tsunamis, and a NPP accident- and subsequent mass evacuation have brought unforeseen public 
health challenges to disaster-affected areas. Although the health impact caused by radiation emission by the accident appears to 
be minimal (Tsubokura et al., 2013), major health issues have instead arisen through social disruption, caused largely by fear of 
radiation. In addition, long-term displacement due to evacuation orders may pose health risks such as mental stress, job loss, and 
inactivity among the residents. However, there has been little incentive to gain a holistic view of emerging public health 
problems caused by this disaster.  

Soso district, located about 15-40 km north of the plant (Figure 1), was one of the areas most affected by the triple disaster. Using 
health-related data in SoSo district in Fukushima, this presentation will illustrate the complexity of health and public health 
problems caused by a nuclear accident. 

Figure1. Map of Soso district (Soma and Minamisoma City) 

 
 

2. METHODS 

Information on health problems related to the triple disaster other than that of radiation exposure in Fukushima were collected 
from articles in academic journals, ‘grey literature’ in Japanese, and health data of local governments, hospitals, fire stations, and 
schools in Fukushima. 
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3. HEALTH PROBLEMS in FUKUSHIMA 

3.1 Residents within mandatory evacuation zone who were left behind 
Soon after the NPP accident, most outsourcing companies prohibited their staff from entering into the area within 50km radius 
from the NPP from security reasons. As a result, residents within the indoor evacuation zone were left without consistent food 
supply, which may have further accelerated evacuation from the area. The population of the Soso district was reported to 
decrease from nearly 100,000 to 40,000 after the evacuation order (Harasawa et al., 2012). 

In these circumstances, elderly people with poor access to information and transportation were sometimes abandoned. According 
to data from a fire station, 6 emergency calls were received from within the no-entry zone during the 3 days after the evacuation 
order had been made. All were from elderly residents, who made calls because they had no methods of transportation for 
evacuation. A medical doctor who conducted inspections within the in-house evacuation zone for a month after the disaster 
remembers that he saw several elderly people who apparently died from starvation or dehydration in their own homes. 

3.2 Impact of unplanned mass evacuation on vulnerable population 
Contrary to abandonment, proactive evacuation also caused health deterioration especially among vulnerable population such as 
the elderly. According to a report of National Cabinet, of the 850 patients hospitalised in the 7 hospitals within the no-entry zone, 
at least 60 died by the end of March, of whom at least 10 died during evacuation (NAIIC, 2012). Another study also revealed that 
mortality rate among the institutionalised patients at nursing care homes significantly increased after evacuation (Nomura et al., 
2013). 

3.3 Decline in health due to prolonged displacement and in-house evacuation. 
Long-term displacement in temporary housing was another cause for health risks among residents. Soma City Municipal 
Government provided physical performance evaluations in 2012, targeting the elderly within temporary housing. Interestingly, 
residents living in temporary housing showed significantly stronger grip strength than those in the control group. On the contrary, 
the temporary housing group showed weaker standing stability. This strongly suggests that people lost leg strength within a year 
by living in temporary housing (Ishii et al., 2015).  

From fear of radiation exposure, elementary schools in Fukushima restricted the time of outdoor exercise of their students, which 
might have impacted physical activity among the children. According to the results of physical performance tests at 8 elementary 
schools in Fukushima, agility and endurance among the children appeared to be worse after the disaster (2012), compared to a 
pre-disaster period (2010).  

3.4 Decrease in the number of hospital staff around the evacuation zone 
Health impacts were not limited to the direct ones on the residents, but also included indirect impacts due to collapse in 
healthcare systems. Monthly records of the number of staff members at 7 local hospitals in Soso district revealed that staff 
shortages at hospitals reached peaked within one month after the disaster, and only 47% of the staff reported to work. The 
number of the staff gradually recovered, but shortages remained even 18 months after the disaster. As a result, the workload of 
hospital staff increased by about 20% (Ochi et al, 2016).  

This strongly suggest that after chemical, biological, radiological, and nuclear (CBRN) disasters, just keeping hospitals safe from 
direct damage by a disaster is not sufficient to maintain healthcare system. Social disturbance caused by fear of invisible risk may 
disrupt healthcare system functioning for an extended period due to staff shortage. 

3.5 Health problems of decontamination workers in precarious employment 
There has been a huge influx of decontamination workers into radio-contaminated areas of Fukushima Prefecture. The number of 
decontamination workers in Fukushima Prefecture was approximately 30,000 in 2015, most of whom are migrant workers from 
outside of Fukushima. As migrant workers tend to have low socio-economic status and may be prone to unhealthy lifestyles, it is 
possible they may be at higher risk of chronic conditions.  

Health data among hospitalised decontamination workers at a hospital in Minamisoma City revealed that 83% were current 
smokers, 24% were binge drinkers, and 10% were not covered by national health insurance. In the demographics of underlying 
chronic diseases, 56 % of the patients were hypertensive, of whom 78% were untreated. Similarly, 20% had hyperglycaemia, of 
whom 57% were untreated. From these results, it is possible that influx of workers with poor social support is becoming a burden 
of healthcare in the disaster areas (Sawano et al, 2016).   

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

These diversity of health problems in post-disaster Fukushima tells us that only taking account of health issues related to 
radiation exposure is not a sufficient approach for future nuclear disaster preparation. Instead, in the same way as any other type 
of disaster preparation, enhancing ‘absorbing, buffering, and responding capacity’(UNISDR, 2015) will be a key to effective 
nuclear disaster preparedness in potential disaster areas.  
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As is mentioned in the Sendai Framework for Disaster Risk Reduction (UNISDR, 2015), ‘the recovery, rehabilitation and 
reconstruction phase... is a critical opportunity to “Build Back Better”, including through integrating disaster risk reduction into 
development measures, making nations and communities resilient to disasters’ (32). The following cases from Soso district may 
provide some clues to future nuclear disaster recovery plans, as well as preparedness.  
 
3.1 Building buffering capacity: Reducing vulnerable population 

To prevent abandonment of vulnerable people at the time of mass-evacuation, it is imperative to understand who are the most 
vulnerable and where they are living. After the triple disaster, Soma City municipal government made a list of the most 
vulnerable elderly residents who could not evacuate by themselves, so that rescue staff could help them evacuate in the case of 
another explosion. Fortunately, there was no such explosion, but the list of the most vulnerable was used to build shared homes 
for such people. The benefit of these homes are two-fold: first, in case of another disaster, people can easily detect where the 
most vulnerable are living, and can evacuate them quickly; and second, in non-disaster settings, such facility is effective to avoid 
‘solitary death’ (a phenomenon of dying alone and not being found for several weeks) among the elderly, which is an increasing 
social issue in ageing societies.  

This case suggests that detection of vulnerable population before disaster is one of the keys to reduce abandonment people during 
social disruption after a disaster. In addition, effective intervention on such population can not only be an effective disaster risk 
reduction (DRR) but also be a beneficial plan for social development. 

3.2 Building absorbing capacity: Promoting health among residents 
A major cause of disaster-related deaths after the Fukushima disaster was exacerbation of chronic conditions (Reconstruction 
Agency, 2016). Therefore, it can be said that the most effective intervention to mitigate indirect health impact by a huge disaster, 
is to improve health status of the residents before a disaster. For example, if the number of patients with chronic conditions such 
as diabetes and hypertension is small, indirect health impacts caused by a disaster will also be small. In the same way, if people 
had knowledge on healthy lifestyle factors, such as regular exercise, evacuation-related inactivity might have been smaller. Pre-
existing health protection against chronic conditions may be key to disaster mitigation.  

After the triple disaster, medical doctors in Fukushima began providing lectures, health check-ups, and activities to promote the 
health of residents, such as lectures on healthy lifestyles, gymnastic exercises, and health consultation for decontamination 
workers. Partly due to these interventions, the prevalence of untreated hypertension appears to be decreasing after the disaster. 
Again, these health promotion activities are not only good mitigation of disaster effects on health, but also are beneficial for 
health if performed before a disaster.  

4. CONCLUSION 
The nuclear disaster in Fukushima was not a simple event of NPP explosion and radiation contamination, but included a complex 
series of secondary events including mass-evacuation, stigmatisation, and loss of jobs, which may indirectly deteriorate residents’ 
health through intermediate factors such as abandonment and mental illness (Figure2). However, with an over-focus on radiation 
and cancer, many health problems in Fukushima are still overlooked. Cases from the recovery phase in Fukushima strongly 
suggest that the most effective disaster preparedness strategy against a disaster, regardless of whether its natural or manmade, is ‘ 
to ensure healthy lives and promoting well-being for all at all ages’ (United Nations Sustainable Development Goal 3). More 
attention needs to be paid on how to integrate disaster recovery plans into social development in non-disaster settings. 

 

Figure 2. Process of health deterioration after the triple disaster 
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ABSTRACT: The Intergovernmental Panel on Climate Change (IPCC) identified Nigeria as a climate change “hot spot” which 
likely to experience colossal shifts in weather conditions over the twenty-first century (1). It further stated that third world 
countries such as Nigeria is likely to be at the fore of risk concerns, owing to their weak adaptive capacity and swindling political 
will to mitigate emissions of greenhouse gases. Recent studies also demonstrated the practical perturbation in the geophysical 
equilibrium of the country – Nigeria over the last decade. As projected by a recent study, 9.7 million Nigerians are likely to be at 
risk of flood by 2050 (2). Already, over 200 villages have disappeared in the Northern region of the country due to drought and 
desertification (3). Crop production has witnessed an alarming decline since the 1960s which was the onset of abatement in 
rainfall and the birth of drought (4). Despite these impending doom and the global call for mitigation of emissions and 
strengthening of resilience, it seems to be an era of stiff deafening for the Nigerian government. The adaptive capacity has been a 
major concern since there is always an ontological rupture between policies on paper and its empirical applications. 

As a caveat however, this paper is based on the theory of anthropogenic global warming (AGW). In that context therefore, the 
paper aims to make a case of gas flaring as anthropogenic activity which is one of canonical contributor of greenhouse gases 
which causes global warming. Nigeria is the second largest flarer of gas after Russia and despite the obvious link between gas 
flaring and global warming; this activity has not received comparative attention in the country. Hence, this paper discusses how 
to adapt the communities to the risks associated with local climate change induced by gas flaring. Flooding is the precise 
parameter and the Niger delta region of Nigeria is the case study. 
Keywords: Gas Flaring, Climate Change, Flooding, Risk Adaptation, Niger Delta, Nigeria 

1. INTRODUCTION 

The perturbation of the geophysical equilibrium brought about by climate change is not a new discuss in contemporary research. 
Today, it has procured significance as one of the most intractable challenges which have stimulated enormous scientific 
researches and dominated global political debates. Its theoretical and practical effects on the anthroposphere have now attained a 
cusp, such that the ravages can no longer be ignored or overemphasised. However, it is a well-known concept that climate change 
is not tantamount to a disaster, unless in the presence exposure and vulnerability. Therefore, where there is vulnerability and 
exposure, climate change becomes a disaster, and thereby calls for interventions, either in the risk mitigation or disaster adaptive 
context.   

1.1 Climate change and the Nigeria Case 
Nigeria is Africa’s most populous country with about 170million people, according to the 2006 population census. It is a country 
with land area of 923,200 km2 which lies between latitudes 4o and 14oNorth and longitudes 3o and 15oEast in West Africa (5). 
The country has stratified ecological zones which are basically six major vegetation zones, ranging from mangrove-saltwater 
swamp to montane regions to grasslands to desert. The country’s coastline covers over 853km with the Niger Delta portion 
covering about 80% of the entire coastal length (6). The Nigeria’s coastal and marine environment is called the Niger Delta, and 
it hover area of 70,000 km2, which makes it one of the largest wetlands in the world (7). As a result of this obvious fragmentation 
in weather and ecological zones, no single unified model for adaptation procedure can be adopted for the whole country. 

In the context of climate change, the country has witnessed a sizeable shift in her geophysical equilibrium which is characterized 
by increase in temperature, flooding, erratic rainfall, drought and desertification – to mention a few – over the last century.  
However, going by the theory of anthropogenic global warming, then it can be realized that the perturbation is induced by the 
activities required of the industrialization in Nigeria. Such activities which result to emission of greenhouse gases includes (a) 
emission from cement production in the country (b) Gas flaring (c) Oil spillage (d) Oil pipe line explosions (d) Deforestation (e) 
Incessant land use. (f) Urban heat center. More importantly, the effects of climate extreme differ from region to region due to the 
varied ecological zones. This has made adaptation strategy a very daunting task within the Nigerian context. No overarching 
adaptive strategy can be developed for the country. The following table shows the varied effects of the climate change in the 
various ecological zones and geopolitical zones. 

Table 1. The various impacts of climate change on the difference ecological zones in Nigeria (Author’s analysis) 

Geopolitical zone Ecological Zone Practical Effects Projected Effects 
South-South Costal Swamp Sea rise, Flooding Sea level rise of 0.3 m by 2020 

and 1m by 2050 
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South East Costal Swamp Sea rise, Flooding Sea rise, Flooding 
South West Costal Swamp/Rain Forest Sea rise, Erosion Sea level rise of 0.3 m by 2020 

and 1m by 2050 
North Central Southern/Northern Guinea 

Savanna 
Gully erosion, Flooding  increased rainfall of 0.2 – 

0.4mm/day, 
North East Sudan Sahel Increased temperature, Drought, 

Desertification 
Increase in temperature 2.0 – 
2.2OC (2046 – 2065) and 3.5 – 
4.5OC at the end of the 21st 
century 

North West Sudan Savannah Increased temperature, Drought, 
desertification 

Increase in temperature 2.0 – 
2.2OC (2046 – 2065) and 3.5 – 
4.5OC at the end of the 21st 
century 

2. GAS FLARING AND THE NIGER DELTA REGION OF NIGERIA 
Gas flaring as a phenomenon is associated with oil producing countries. Although, the extent of flare varies from country to 
country, depending on the degree of investment that is made in infrastructure to utilize this natural gas.  Today, Nigeria is the 
second largest flarer of these obnoxious gases in the world. Historically, this gas flaring activity started in Nigeria on a 
commercial scale at the end of the colonial rule; though, the search for crude oil in the Nigeria started in the 1930s (8). In 
Nigeria, petroleum supports 14% of Nigeria’s gross domestic product (GDP), about 95% of the country’s export and well over 
80% of government’s annual revenue (9). Ifeanyichukwu (10) and Oyekunle (11), states that there are about 130 gas flaring sites 
in the Niger Delta area today; and sadly, majority of these flaring points have been in operation for more than four decades. 
Today, according to Ajayi (12), Nigeria flares an estimated amount of 12 million tons of methane and 35 million tons of carbon 
dioxide in a year through gas flaring. However, the IPCC argued that gas flaring account for about 36% - 66% of the world’s 
greenhouse gas emission (GHG), which principally includes methane (CH4), Carbon dioxide (CO2), and Nitrous oxide (N2O) 
which are responsible for global warming. 

 
Fig. 1. The map of Nigeria showing the Niger Delta area (encircle portion) Source: UNEP-WCMC and Niger Delta Survey, 2005 

The Niger Delta (see figure 1) is located on the Atlantic coast of southern Nigeria. The Niger Delta region is a coastal 
environment. The region is mostly under tidal influence and falls within latitude 40 12’ 30.892’’ North through 40 50’ 10.7’’ 
North and longitude 40 56’ 15’’ East through 90 40’ 2.654’’ East. It is made up of nine oil-producing states namely; Abia, Akwa 
Ibom, Bayelsa, Cross River, Delta, Edo, Imo, Ondo and Rivers states (13).  

2.1 Coastal Erosion and Flood in the Niger Delta Region 
The IPCC (14) stated, owing to the data garnered over the last 100 years, that there is apparent link between greenhouse gases 
emission and change in climate and between global temperature and sea level rise. In the case of the Niger Delta, between 1970 
and now, there have been several incidences of flooding which have destroyed several homes and displaced many in this region. 
This was linked to the 0.462m rise of the sea level which started since 1970 (15). Recent studies also suggested that over 15000 
square kilometers of land  could be lost to one meter rise in sea level Niger Delta by the year 2100 (16). Onofeghara, (17) also 
argued that a 20 cm rise in sea level will destroy 3400 km2 of the Nigerian coastland, furthermore,  a sea level rise of  30cm is 
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estimated to displace about 1 to 2 million people in the Niger Delta due to the extreme exposure and vulnerability as stated in 
figure 2 and figure 3 

 

 

 

 

 

 

 

Fig. 2.  Spatial exposure in the Niger Delta region (Oyegun Et al, 2016)              Fig. 3. Spatial vulnerability in the Niger Delta region (Ibid, 2016)           

3. RECOMMENDATIONS 

According to article 4.1(b) of the United Nations Framework Convention on Climate Change (UNFCC) it addresses climate 
change risks under two options: mitigation of climate change by enforcing reduction policies which will reduce greenhouse gas 
(GHG) emissions and enhance sinks, and developing adaptation strategies to the effects of climate change. Within the context at 
hand, to adapt the urban and rural areas in the Niger Delta region to coastal erosion and flood therefore, both reactive and 
anticipatory adaptive procedure will have to be employed. But within this paper, more attention is drawn to anticipatory 
adaptation as seen in the adaptation model developed and recommended. (See figure 4).  

 

Fig. 4. Recommended anticipatory adaptation procedure to flooding in the Niger Delta region (Author’s) 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Within the Nigerian context, this paper forms conformism with the priorities of the implementation of the Hyogo Framework for 
Action. In that vein, the paper advocates the abatement of the underlying risk factor which is identified as gas flaring. 
Furthermore, the papers identified flooding and coastal erosion as the disaster risk and thereby suggest early warnings and 
subsequently developed a framework for anticipatory adaptation. Sadly, in the Nigeria context, no unified model can sort the risk 
in all regions because of the fragmentations of the eco-regions. Moreover, implementation of policies in the Nigeria context is 
also solely the responsibility of the government of the day, since the policies are enshrined in the national constitution. The 
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Nigerian constitution stipulates that the responsibility of climate change adaptation is totally vested in state, according to Chapter 
2, article 28 of the Nigerian constitution (18). Therefore as a gap in this context, this requires the State to enact adequate 
procedures which includes legal frameworks, information dissemination, knowledge and administrative structures, enough 
finance, technological improvements. Sadly, this is rarely the case in the country. 

5. CONCLUSIONS 

The Niger Delta is a coastal eco region, flooding and sea rise is therefore an imminent disaster for the urban area in this region. 
This study also suggests that there is an obvious link between the local climate change and gas flaring in the Niger Delta region 
of Nigeria. To mitigate therefore, potent policies must be enacted and implemented by the government to stop or abate the 
enormous daily emission with have lasted for well over four decades. While mitigation policies are being implemented, 
adaptation to the sea rise and flooding should be structured and implemented in parallel.  
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Abstract 

Nepal is a south Asian country vulnerable to various natural and human-made disasters. Poverty, political instability, poor 

infrastructure and low literacy rate are the factors compounding the disaster risk. The existing disaster response framework of 

Nepal is not adequate to effectively manage the large scale disasters. The recent mega earthquake of Nepal in 2015 revealed 

various drawbacks in disaster preparedness. Lack of public awareness is one of the shortfalls and enhancing public awareness is 

found to be the cost effective tool in a low economy country like Nepal. Inclusion of medical practitioners who are in close 

communication with the society in disaster awareness programs is a novel approach.  Therefore the medical and nursing students 

of Nepalese Army Institute of health sciences (NAIHS) are being trained in a comprehensive package of disaster management 

awareness program. The curriculum is designed to provide holistic knowledge from strategic to operational level in disaster 

management. These trained practitioners will be able to manage future disasters effectively and sensitize the community on 
disaster risk and preparedness eventually to build a resilient community in both urban and rural areas of Nepal.  

Keywords: awareness, community, comprehensive, medical practitioners, resilience 

Introduction  

Nepal is a small and land locked country in South Asia. It is situated between China in the North and India in the South, East and 

West. Nepal has an area of 147, 181 sq. kms and within the narrow breadth of the country, all varieties of climate and topography 

can be found ranging from the sub-tropical to the alpine. Mt. Everest the highest peak in the world with an altitude of 8,848 

meters lies in Nepal. The population of Nepal in 2014 has been estimated to be approximately 30 million. 83 percent of the total 

populations live in the rural areas and the rest in the urban areas. The literacy rate of the country is 57.4 percent of the total 
population out of which the male literacy rate is 71.1 percent and the female literacy rate is 46.7 percent (Index Mundi). 

Nepal is a low income country. The United Nations Development Programme (UNDP) 2013 Human Development Index (HDI) 

value for Nepal is 0.463, placing in the low human development category, and positioning in 157 out of 187 countries. In the 

Gender Inequality Index (GII) which reflects gender-based inequalities (reproductive health, empowerment, and economic 

activity), Nepal was categorized as 102 out of 148 countries in the 2012 index (1).  

 

Aim and Objectives  

 
This project is initiated with the aim to enhance the community resiliency against future disasters in Nepal by obtaining following 

objectives:  

1. Providing comprehensive disaster management training in medical schools by informal lectures and workshops.  

2. Increasing coordination with disaster management agencies of the governmental and non-governmental agencies. 

3. Spreading awareness about disaster risks, mitigation measures and preparedness in the community. 

 

Context and need 

Nepal is prone to various types of natural disasters due to her rugged and fragile geophysical structure, very high peaks, high 

angle of slopes, complex geology, variable climatic conditions, active tectonic processes, unplanned settlement, increasing 

population, weak economic condition and low literacy rate. (2) The country falls in the top 20th list of the most multi-hazard 

prone countries in the world. The country is ranked 4th, 11th and 30th in term of climate change, earthquake and flood risk 

respectively. Other major disasters in Nepal are landslide, fire, drought, epidemic, storm, and hailstorm, avalanches and glacial 

lake outburst floods.  Nepal loses more than 300 lives every year due to water induced disaster. During the period of 1971 to 
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2007, more than 50,000 people have been reported injured; about 27,000 deaths were recorded, which reveals a persistent threat 

to huge loss of human lives due to natural disasters. This accounts for an average death of more than two people every day. The 
economic cost associated with natural disasters has increased tremendously in each episode of the calamity (3). 

The earthquake of 1934, 1980, 1988, 2015 AD and the flood of 1993 AD were the most devastating natural disasters Nepal has 

faced. The recent earthquake in 2015 was a reality check for many of the professionals who had not witnessed calamity of such a 

scale. Despite trainings there were many shortfalls while actually managing the crisis. Most of the professionals experienced that 

the planning and preparation were inadequate. The retrospective analysis of the incident pointed out that many of them were 

totally unaware of pre, during and post disaster preparedness. Public awareness and disaster management education is lacking, 

but essential. The analysis of the existing problem shows that there are gaps in coordination between disaster management 
agencies in Health sector and the Education system.  

 “Natural hazards will always challenge us. But it is within our power to ensure that poverty does not turn hazards into 

unmanageable disasters. And it is within our power to join forces, address the immense complexities of disaster reduction, and 

build a world of resilient communities and nations equipped to counter the adverse impact of natural hazards and related 
environmental and technological disasters”. Mr. Kofi Annan (Former UN, General Secretary) (4). 

Need for Community Resilience 

Resilience entered the English language in the early 17th Century from the Latin verb resilire, meaning to rebound or recoil 

(Concise Oxford Dictionary, Tenth Edition). The National Strategy for Disaster Resilience (NEMC, 2009) includes the following 

four, core features in its description of a resilient community: functioning well while under stress; successful adaptation; self-

reliance; and social capacity. Therefore, a resilient community is one whose members are connected to one another and work 

together in ways that enable it to function in the face of stress and trauma. A resilient community has the ability to adapt to 

changes in the physical, social or economic environment, and the potential to learn from experience and improve over time. A 

resilient community can also be self-sufficient, at least for a time, if external assistance is limited or delayed. Community 

resilience can be explored in a number of ways, including the strength of relationships across sectors and groups within the 
community, and the effects of government policy decisions (5).  

Initiatives to enhance community resiliency in Nepal 
 

1. The National Strategy for Disaster Risk Management (NSDRM) was established in Nepal on the base of Hyogo Framework 

for Action (HFA) 2005. The long term vision of the strategy is to develop Nepal as a disaster resilient country. NSDRM focuses 

into nine areas which are Agriculture and Food Security, Health, Education, Shelter, Infrastructure and Physical Planning, 

Livelihood Protection, Water and Sanitation, Information, Communication, Coordination and Logistics, Search and Rescue and 

Damage and Needs Assessment (6). 

 

2. The Flagship Approach on Disaster Risk Reduction includes School and hospital safety- structural and non-structural aspects 

of making schools and hospitals earthquake resilient, Emergency preparedness and response capacity   and integrated community 

based disaster risk reduction/management. 

 

 3. The governmental of Nepal established Health Emergency Operation Centre (HEOC) as a central command and control 

facility for the effective administration of emergency preparedness and disaster management in any emergency situation.  HEOC 

as the operational hub during emergency and non-emergency setting will build on and update the policies, strategies, planning 

tools and database for the health sector emergency preparedness, response and rehabilitation. 

 

4. The Program for Enhancement of Emergency Response (PEER) is a regional training program initiated in 1998 by the U.S. 

Agency for International Development, Office of U.S. Foreign Disaster Assistance (USAID/OFDA) to strengthen disaster 

response capacities in Asia. The National Society for Earthquake Technology (NSET) is implementing the program in close 

collaboration with the national government agencies in each country. The trainings offered by PEER in Nepal are Medical First 

Responder (MFR,) Collapsed Structure Search and Rescue (CSSR) and Hospital Preparedness for Emergencies (HOPE). 

 

5. Disaster management awareness program (DMAP) is another initiative by the Nepalese Army medical corps by the assistance 

from Office of Defence cooperation (ODC), Embassy of the United States of America and National Society for Earthquake 

Technology (NSET) to provide comprehensive course on disaster management in medical schools in Nepal. 
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Disaster management awareness program (DMAP) 

Result showed that current school disaster education – which is based on lectures – can raise risk perception, but it cannot enable 

students to know the importance of pre‐disaster measures and to take actual action for disaster reduction. Self‐education is 

effective for realizing the importance of implementing measures. Community plays the essential role for promoting students' 

actual actions for disaster reduction. Future disaster education in school should be active learning for students. Continuous 
community involvement is the most important factor for school disaster education (7). 

Public and Social media are contributing to raise public awareness in association with various governmental, non-governmental 

and social organizations. For community resilience it is necessary to train teachers, students, leaders, health workers and social 

workers who can make an impact in the community. Medical doctors and nurses work in close cooperation with the community 

in normal situations and more so in a disaster scenario. Therefore disaster management course is essential in the school and 

university curriculum. In this context a non-formal education on disaster management (DMAP) is implemented as a pilot study 
with a vision to focus on the high priority areas of NSDRM based on the Hyogo framework. 

Conclusion 

Disaster happens all of a sudden and disaster management is a difficult task. The cost of disaster management is multifold as 

compared to disaster preparedness which is of significance to low economy country like Nepal.  Nepal has a dedicated disaster 

management section under the ministry of home affairs but the recent disaster has proven that the existing funds and human 

resources are not adequate. Political instability, poor infrastructure, unplanned settlement, lack of cooperation and coordination 

among various disaster management agencies, lack of modern technology, and inadequate funds and resources have made the 

disaster situation more complex. Low literacy rate and lack of public awareness on disasters are the factors that aggravate the 

situation. Medical education is a new entity in Nepal and the medical colleges do not have disaster management education in 

their syllabus. Disaster management awareness program is an attempt to educate the medical and nursing students of the 

Nepalese Army Institute of health Sciences (NAIHS). In future project will be expanded all over Nepal as a formal disaster 

management education. Community involvement is vital in disaster preparedness and mitigation therefore by implementing this 
program the greater aim is to build a disaster resilient Nepalese community. 
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Abstract: Climatic risk is one of the environmental risks. The present article presents the spatial 

pattern of major environmental risk (in terms of climate disasters) of the world at 

medium-resolution, and ranks all countries and regions. The result indicates that the most 

populated countries (China and India) and major economies (United States, China, and Japan) are 

of the highest environmental risks. Climatic risk is a type of complicated risk. Coping with 

environment risks requires to develop the consilience mode, by deeply involving the government, 

enterprises, communities and families to achieve consensus of wills and coordination of actions 

(“Ning Xin Ju Li” in Chinese saying), and thorough understanding of the integrated multi-element 

disaster system consisting of hazard, environment and exposed units. The consilience mode is a 

synthesis of multi-scale adaptation (global, regional, country and local), multi-process mitigation 

(prevention, relief, response and relocation), and multi-measure prevention structural, 

non-structural, and integrated structural and non-structural. Simulation results confirm that the 

consilience mode for integrated risk governance can substantially improve the efficiency and 

benefit of disaster prevention and mitigation resources use.   

 

Keywords: climatic risk, integrated risk governance, consilience mode, spatial pattern, world 

 

1. Global climatic risk 

Natural disasters that are now increasing in scale and more frequent in occurrence, together with 

climate change, significantly impede progress towards sustainable development (UN, 2015). 

According to the statistics by World Meteorological Organization (WMO), 7870 climatic disaster 

events have occurred during 1970-2009, which led to nearly 1.86 million in casualties and 1954 

billion in direct economic losses (WMO, 2013). Casualties in the top 10 of climatic disasters only 

accounted for 0.1% of the total number of climatic disasters causing 70% of the total casualties, 

and direct economic losses in the top 10 of climatic disasters accounted for 19% of the total losses 

(WMO, 2013). Even thought, there is a decreasing trend in casualties which caused by extreme 

weather events and climatic hazards has been observed in recently years, the economic loss is still 

increasing. Aiming at this, the United Nations Development Programme (UNDP) came up with 

the Sendai Framework for Disaster Risk Reduction 2015–2030 (SFDRR) including seven targets 

to support the assessment of global disaster risk reduction progress during 2020–2030 (UN, 2015). 
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Coping with extreme climate events and its related climatic disasters caused by climate change has 

become a global issue and drew wide attention from scientists, policy-makers and public (IPCC, 

2014). 

The existing single climatic hazard research is not enough for strategic plan of integrated risk 

governance and decision-making. While the existing risk assessment of multiple climatic hazards 

just based on statistics analysis of several historical climatic hazards, it is difficult to capture 

spatio-temporal patterns of a variety of climatic hazards, to reflect the impact of climatic disaster 

to human society objectively. According to the key risks of global climate change (IPCC, 2014), 

eight climatic drivers of impacts, include warming trend, extreme temperature, drying trend, 

extreme precipitation, precipitation, snow cover, damaging cyclone and sea level rising are 

considered. Thus, nine climatic hazards, include tropic cyclone, flood, landslide, storm surge, 

sand-dust storm, drought, heat wave, cold wave and wildfire are chosen in this study. A 

vulnerability assessment model is built to calculate the expected annual affected population, 

mortality and GDP loss risks, which can provide scientific support for managing future risks, 

building resilience, governing the integrated risk and evaluating the implement of SFDRR from 

macro perspectives. 

Based on the expected annual natural multi-hazard intensity method in the World Atlas of 

Natural Disaster Risk, the expected annual multiple climatic hazards intensity index (𝑀𝑐ℎ) is 

calculated. The vulnerability assessment model (binary linear regression model) among 𝑀𝑐ℎ, the 

coping capacity indicator (GDP per capital or population) and the mortality rate, affected 

population rate or GDP loss rate is developed to assess risks. Top fifteen countries (about 10% of 

the total countries) are ranked as the high risk countries. The results showed that: countries with 

highest risks are also the countries with large population or GDP. To substantially reduce the 

global total climatic hazards risks, these countries should reduce the exposure and improving the 

governance of integrated climatic risk; Without considering the total exposure, countries with the 

high mortality rate, affected population rate or GDP loss rate, which also have higher 𝑀𝑐ℎ or 

lower coping capacity, such as Philippines, Bangladesh and Vietnam, are the hotspots of the 

planning and strategy making for the climatic disaster risk reduction and should focus on 

promoting the coping capacity. 

 

2. Consilience for integrated risk governance 

System “consilience” is a concept to describe the capability of achieving “consensus of wills 

(Ning Xin) and coordination of activities (Ju Li)” between all sub-systems, components and 

stakeholders in a system, and the index of consilience can quantitatively assess the effect, 

efficiency and performance of “consensus of wills and coordination of activities”. Besides 

describing and assessing the system’s capability of achieving “consensus of wills and coordination 

of activities”, consilience is also an inherent property of a system, and it is mainly determined by 

both the network topology and node activities of the system. “Consensus of wills” in consilience 

means all stakeholders in the system need to reach an agreement or come to an understanding with 

each other on a specific systemic objective, and “coordination of activities” in consilience means 

all stakeholders in the system need to integrate relevant resources and take coordinated activities 

to accomplish together a specific systemic objective. In particular, consensus of wills and 

coordination of activities play a crucial role in disaster prevention and reduction, integrated risk 
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governance, and anti-perturbation performance (against both gradual and sudden changes) of the 

system. There are 4 categories of stakeholders in disaster reduction and risk governance: 

governments, institutes, enterprises and individual persons. “Consensus of wills and coordination 

of activities” must first be achieved in the dimension of each single category of stakeholders, and 

then should be accomplished between all of the 4 categories of stakeholders, who will work 

together to integrate the social subsystem, economic subsystem, ecological subsystem and 

institutional subsystem, and to facilitate cooperation, collaboration, communication and 

co-development of all subsystems. Consilience can quantitatively assess such an integrated state 

of all subsystems, and a higher consilience degree implies that all subsystems as a whole will 

function/perform better in terms of a specific systemic objective (Hu et.al, 2014). The core idea of 

consilience is cooperation and integration, and as an inherent system property, consilience degree 

measures how well the network topology and node activities in a system are functionally 

integrated together, in order to achieve “consensus of wills and coordination of activities” between 

all stakeholders in the system.  

There are 4 fundamental principles that overarch the concept of consilience: the principle of 

cooperative tolerance, the principle of cooperative constraint, the principle of cooperative 

amplification and the principle of cooperative dissipation. “Cooperative” is a key word shared by 

all of the 4 fundamental principles of consilience. Then, in the field of disaster reduction and risk 

governance, how should the key word “cooperative” be interpreted in terms of tolerance, 

constraint, amplification and dissipation?  

The principle of cooperative tolerance emphasizes that, by relevant cooperative and tradeoff 

measures, all stakeholders in the system come to an understanding and reach an agreement with 

each other, i.e., achieve “consensus of wills”. How effective are the measures to achieve this? Will 

most available resources be invested in key issues to achieve this? How fast is this achieved? To 

what extent is this achieved? These questions determine the effectiveness and efficiency of 

policies and measures for disaster reduction and risk governance. Basically, the goal of 

cooperative tolerance is to maximize the “consensus of wills” in the system, which is the 

foundation of a robust system against random perturbations and intended attacks.  

The principle of cooperative constraint emphasizes that, by necessary cooperative measures, 

some resources and activities of subsystems are preserved and restricted, in order to improve the 

capacity of the whole system in terms of disaster reduction and risk governance. Constraints are 

usually imposed on resources and capital, while the acknowledgement of subsystems or 

stakeholders on such constraints and their willingness to observe such constraints are often of 

paramount importance. Therefore, from an institutional design point of view, the principle of 

cooperative constraint highly relies on a broad consensus of opinions about constraints. The goal 

of the principle of cooperative constraint is to minimize the costs for disaster reduction and risk 

governance. For example, in the restoration and reconstruction after a catastrophic disaster, 

different regions and economical sectors in the disaster area may have rather different expectations 

and goals, but they have to accept some systematic constraints when pursuing their own 

expectations and goals, so that the disaster area as a whole (not just certain regions or sectors) may 

best recover from the disaster. Basically, a subsystem or stakeholder must learn to give up some 

things on a local level, in order to achieve some other things on a global level.  

The principle of cooperative amplification emphasizes that, by systematic cooperative 

measures, a “1+1>2” effect is achieved between subsystems or stakeholders, so that the system 
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exhibits a strong capacity against perturbations. Simply speaking, the goal of the principle of 

cooperative amplification is to maximize the social welfare in the system on a global level. In 

agriculture risk governance, for example, governments, insurance companies and famers need to 

cooperate closely, e.g., governments need to issue policies and provide subsidies, insurance 

companies can make use of appropriate capital measures, and famers also have to take initiative 

for disaster prevention and risk management, so that the performance of agriculture risk 

governance can be significantly improved. As an old Chinese saying “Zhong Ren Shi Chai Huo 

Yan Gao” intuitively explains: everyone contributes a piece of firewood, and the flame will go 

sky-high. 

The principle of cooperative dissipation emphasizes that, in a cooperative system, the risk 

confronted by each individual subsystem can be effectively distributed among and dissipated by 

all subsystems together, so that the risk confronted by the system as a whole can be reduced. In 

other words, the goal of the principle of cooperative dissipation is to minimize the systemic risk 

on a global level. For example, when dealing with the environmental risk under climate changes, 

every economic sector may suffer, and different sectors, such as agriculture, energy, water supply 

and health care, usually have rather different scales and characteristics of risk, and a cooperative 

risk governance among all sectors aims to dissipate the risk of each sector on both the temporal 

and the spatial levels of the whole system. Resources, technologies and capital sharing among all 

sectors may significantly reduce the major risk in a certain individual sector. In return, the 

systemic risk in a cooperative system can be effectively reduced, which is the most important. A 

stick is likely to get broken, while a bunch of sticks are highly unlikely.  

The above 4 fundamental principles of consilience are mainly proposed to study the 

integrated risk governance in the social-ecological system, and they can help to understand the 

co-existence in ecological subsystem, the consensus in institutional subsystem, the 

co-development in social subsystem, and the win-win situation in economical subsystem. In 

particular, the principles of consilience may reveal how the co-existence, consensus, 

co-development and win-win results are achieved in a cooperative system. It should be noted that, 

although the cooperative measures in consilience aims to reduce the systemic risk on a global 

level, such cooperative measures usually demand structural and functional 

adjustments/modifications on the level of subsystems and components, and such local 

adjustments/modifications might become a source of new risk, which could spread, accumulate 

and get amplified in a highly inter-connected social-ecological system, and eventually lead to a 

global catastrophic disaster in the system. The risk from local adjustments/modifications often 

develops slowly and gradually in a long term, and it is usually difficult to be noticed in a short 

term. Therefore, it is crucial to pay necessary attentions to watch such new risk factors emerging 

from cooperative measures, in order to improve the sustainability of the system (Shi et.al, 2014).       

 

3. Consilience paradigm for integrated risk governance in social-ecological system  

Based on the 4 fundamental principles of consilience, we proposed a consilience paradigm for 

integrated risk governance in social-ecological system (Shi et.al, 2014), as illustrated in Fig.1, to 

achieve the systemic goal of integrated risk governance in social-ecological system, based on the 

principle of cooperative tolerance, the principle of cooperative constraint, the principle of 

cooperative amplification and the principle of cooperative dissipation, various cooperative 
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measures, such as promoting the consensus of society, sharing costs, optimizing structures, and 

maximizing cost-efficiency, need to be carried out, and as the result, the consensus on integrated 

risk governance can be the most widely achieved, the cost for integrated risk governance can be 

minimized, the social welfare can be maximized, and the systemic risk can be minimized. In the 

consilience paradigm, necessary systematic, structural and functional adjustments/modifications 

are extremely important, and based on structural and functional adjustments/modifications, 

appropriate cooperative and adaptive measures play a crucial role. Consilience degree is a 

fundamental index to quantitatively assess the capacity of integrated risk governance in 

social-ecological system, the goal of cooperative measures and structural and functional 

adjustments/modifications is to maximize the consilience degree of system, and basically, 

institutional design has a key role to play in improving consilience degree. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Consilience mode of integrated risk governance for social – ecological systems 

 

The consilience paradigm is by no means straightforward, but favors a circular pattern 

involving repetitive institutional design, structural and functional adjustments/modifications and 

optimization, evaluation of global and local effects of cooperative measures, and assessment of 

new risk factors and their potential influence on the adjusted/modified social-ecological system. 

This circular pattern in the consilience paradigm emphasizes that the social-ecological system has 

a dynamic nature of evolution and self-improvement, in order to better adapt to natural and social 

changes, in particular to deal with all traditional and new risk factors (including various gradual or 

sudden extreme events) emerging endlessly during the evolutionary and self-improving process of 

social-ecological system.    

Inspired by the phenomenon of “consensus of wills and coordination of activities” in 

social-ecological system, from the angle of complex network systems, we proposed an innovative 

concept: consilience degree of network systems, in order to develop a mathematical framework to 

quantitatively study the consilience level of system (Hu et.al, 2014). Basically, consilience degree 

is a fundamental, general, static property of network systems, and it takes into account both 

network topology and node activities to measure the capacity of system against perturbations 

(such as disasters). In Reference (Hu et.al, 2014), we developed a theoretical framework of 

consilience degree, including a set of consilience degree based network properties and models, 

based on which we conducted network structural optimization and simulation analyses, and the 

simulation results clearly show that (i) the system performance against either local or global 
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perturbations improves as the consilience degree increases, and (ii) optimizing the network 

topology and node activities in social-ecological system can significantly enhance the capacity of 

integrated risk governance in the system. 

Consilience degree is an inherent property of network systems, such as the social-ecological 

system. It can help to understand how well various stakeholders in social-ecological system 

cooperate with each other. In disaster reduction and risk governance, consilience degree, by 

focusing on the process and effect of structural and functional integration of various stakeholders, 

can assess the capacity of integrated risk governance. In other words, the practicable goal for 

cooperative measures and structural and functional optimization in integrated risk governance of 

social-ecological system can be set as to maximize the consilience degree of the system. Due to 

multiple stakeholders involved often with conflictive interests, the structural and functional 

optimization in integrated risk governance is a multi-objective optimization problem, of which 

institutional design is the core. The consilience paradigm in (Shi et.al, 2014) and the consilience 

degree in (Hu et.al, 2014) provide a new angle and tools to quantitatively study the integration and 

cooperation in integrated risk governance of social-ecological system, and they also reveals a new 

direction for the research on complex systems and problems.     
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ABSTRACT  

Critical infrastructure and facilities are central assets in modern societies, but their impact on international disaster relief remains 
mostly associated with logistics challenges. The emerging literature on cascading disasters suggests the need to integrate the non-
linearity of events in the analyses. This article investigates three case studies: the 2002 floods in the Czech Republic, Hurricane 
Katrina in 2005, and the 2011 Tohoku earthquake, tsunami, and Fukushima meltdown in Japan. We explore how the failure of 
critical infrastructure can orient international disaster relief by shifting its priorities during the response. We argue that critical 
infrastructure can influence aid request and delivery, changing needs to address the cascades and contain cascading technology-
based events. The conclusions propose remaining challenges with applying our findings. The full paper has just been published 
open access in the Journal of Contingencies and Crisis Management, June 2016, DOI: 10.1111/1468-5973.12118 

Keywords: Critical Infrastructure, Cascading Disaster, International Relief  

1.INTRODUCTION 

In recent decades, technology and society have become more integrated than in any other period of history, increasing the 
sensibility to large scale cascading disruptions.  A determining role is attributed to critical infrastructure (CI), intended as those 
assets or systems essential for the maintenance of vital societal functions and the well -being of citizens (Alexander 2013, OECD 
2008). A rise of concern on the possible effect of CI disruptions is reported since the early 2000s when two episodes had strong 
implications for international disaster relief.  First, the 2004 tsunami hit areas where critical infrastructure was under 
development, challenging the deployment of emergency relief with the inadequate capacity of local CI (Egan 2007). Secondly, 
Hurricane Katrina showed the potential consequences of full infrastructural breakdowns in western societies, where relief 
resources were abundant but previous compound failures were relatively rare (Boin & McConnell 2007). It is now clear that CI 
such as airports, schools, hospitals, and telecommunications are vital for both emergency response and reprise, and good 
practices were developed to promote preparedness (e.g. Haddow et al.2008). However, the studies on CI and international relief 
are mostly focused on humanitarian logistics in developing countries, and it seems often assumed that richer areas have the 
capacity to deal with the impacts of disasters. Those very same regions are more subject to studies that address CI 
interdependencies or cascading disruptions (e.g. Luiijf et al. 2009), while disaster management tend to focus on the effects of 
networked failures more than their implications for international operations (e.g. Helbing et al. 2006). Assuming the capacity of 
CI to affect the logistics of humanitarian relief, there are no clear answers to how CI could orient the international delivery of 
emergency goods and services to developed countries. The traditional approach focused on triggering hazard could be 
insufficient to understand this process.  According to Pescaroli and Alexander (2015), there is a relation between the disruption of 
critical infrastructure and the non-linear escalation of emergencies that distinguishes cascading disasters. This could be associated 
with the cross-scale accumulation of vulnerabilities paths waiting to happen where CI may act as vectors of impact concentrating 
the negative feedbacks that cause failures (Pescaroli and Alexander 2016). Consequently, it has been suggested to identify the 
nodes that are more likely to generate secondary crisis, improving preparedness levels to contain escalation of events (Pescaroli 
and Alexander 2016). Our hypothesis is that CI can become a main driver of needs as the event progresses and the escalation 
could be visible in the shifting offer/request of specific goods or expertise that could be related to CI disruptions. For example, a 
widespread energy breakdown could require international relief to supply more generators, while compromised healthcare 
facilities could require the delivery of more field hospitals. We test this hypothesis with the analysis three case studies, discussing 
the consequences of the findings. Please refer to our full paper published open access in the Journal of Contingencies and Crisis 
management for further insights on the dataset and  methodological approach.  

2. METHODOLOGY 

We provide a qualitative comparison of the 2002 floods in the Czech Republic, Hurricane Katrina in 2005, and the 2011 disaster 
in Japan. The selection of cases was made according to the following criteria: a) The events were in line with the definition of 
cascading disasters by Pescaroli and Alexander (2015); b) Each event required a major commitment of international relief, but 
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with different magnitudes; c) The events involved developed countries and provided an overview of different geographical areas 
(North America, Central Europe and Eastern Asia); d) Primary data and secondary data had to be available and reliable  to reflect 
the evolution in progress of inter-state relief during the emergency phase.  

The sources of analysis were the reports by the NATO-Euro Atlantic Disaster Response Coordination Centre (EADRCC), the 
United Nations Office for the Coordination of Humanitarian Affairs (OCHA) and the European Commission (EC). The web site 
‘Relief Web’ (reliefweb.int) was used to cross-check the information. We approached coherently the categories and sectors of CI  
as suggested by OECD (2008). This work cannot be fully precise regarding all the resources deployed for each disaster, but 
provides a first approach to an emerging topic. We assumed that: a) The logistical chain and the deployment of emergency 
response resources are affected by CI disruption; b) The events considered implied a full mobilization of national resources; c) 
Some goods and expertise are commonly provided by international relief, such as medical supplies, or search-and-rescue teams; 
d) The discussion of root causes and decision making related to CI disruption is reported in specific literature. 

3. 2002 FLOODS IN THE CZECH REPUBLIC (PRAGUE AREA) 

The August 2002 floods were a major cross-border event that hit Central Europe, with long term consequences in the 
implementation of European regulation such as the Floods Directive. Sequential waves of heavy rainfall occurred from 6 to 8 
August 2002 and from 11 to 14 August 2002. In the Czech Republic, the event was labelled as the largest recorded in history, 
affecting three point two million citizens (Hladny et al. 2004). International assistance started on 14 August and the state of 
emergency ended on 31 August, but the status of alarm remained until 31 October. Critical infrastructure generated secondary 
emergencies that required complex efforts to be contained (Pescaroli and Alexander 2015).  The documentation shows an 
unequivocal relationship among the subsidiary events related to CI disruptions and the delivery of emergency goods (NATO 
2002a-h). The early request of assistance was mainly associated with goods that dealt with the physical impact of water, such as 
portable dryers (NATO 2002a,b). From 18 August onwards, the Czech authorities added the request of vaccines against Hepatitis 
A and goods such as chlorine-based disinfectants (NATO 2002c). In other words, international relief was used to address health 
effects of and contamination related to CI disruption. Some 124 wastewater treatment plants were damaged increasing the levels 
of organic pollution, while flooded industrial sites and petrol stations released contaminants into the water supply (Haldney et al. 
2004). After 19 August, Chlorine leaked from the Spolana chemical plant in Neratovice, required constant monitoring and the 
preparation of specialised units (NATO 2002d). The consequences of joint prolonged failures of CI on drinking water caused 
further escalation of health concerns on 22 August when the Czech Republic added the urgent request for vaccines (NATO 
2002f). The next day, 23 August, the contamination of rivers and wastewaters become a high priority task and the Slovak 
Republic added a mobile chemical laboratory (NATO 2002g). Experts of land rehabilitation where also offered by the United 
States, but it is uncertain if they may be linked to Spolana and the overall water contamination (NATO 2002h). Together with the 
cascading impacts on health caused by water contamination, the Prague case study is significant for the involvement of cultural 
and historical sites. Technical assistance for the restoration of cultural heritage was offered by Italy and Spain as a consequence 
of the damage to historical and cultural heritage sites in the Prague city centre, such as the Veltrusy Castle, and the Terezin 
catacombs (NATO 2002e-h).  Surprisingly, the heavy disruption to health and energy sectors was not consistent in the 
documentation.  

3. 2005 HURRICANE KATRINA IN THE UNITED STATES 

Hurricane Katrina made landfall in Louisiana the morning of 29 August 2005 and generated a storm surge that propagated up the 
Mississippi River. Around 300,000 homes were destroyed or uninhabitable (US Senate 2006). The emergency required a fast 
scaling up of response capacity. Despite the amount of resources available and the mobilization of active duty forces, on 4 
September 2005 an urgent request for assistance was made to NATO allies. Operations lasted until 2 October (NATOa-h). 
Katrina wiped out a consistent part CI in New Orleans, Louisiana, Mississippi, and Alabama, raising cross-sector emergencies, 
and affecting long-term recovery (Boin & McConnell 2007, Egan 2007). A substantial part of goods delivered by international 
aid compensated internal logistics failure, while coordination problems could be attributed to the absence of a pre-conceived 
scenario where the US could need foreign assistance in their territory (US Senate 2006, Kelman 2007). However, a wide cascade 
of secondary events increased the pressure on emergency relief, including the both the destruction of vital utility networks and 
the diffused pollution from chemical facilities, hazardous sites and wastewaters (Moynihan 2009, Haddow et al. 2008). First, the 
extended power outages affected homes and shelters, producing shortages of drinking water, running water and rations (US 
Senate 2006, Haddow et al. 2008). On 4 September 2005, the United States stated an urgent need for Meals Ready to Eat (MREs) 
to satisfy a critical shortfall in their capacity. 70,000 MREs were provided by Germany alone on the first day (NATO 2005a). 
Less than twelve hours later, an updated request included bottled water, water trucks, energy generators (NATO 2005b). On 6 

September the offers made to the EADRCC included chemical analysis teams, water treatment and purification units, water 
clearing, disinfectants, and naval vessels (NATO 2005 c). Despite the massive disruption of health care facilities, the number of 
field hospitals in the documentation remained marginal. From 7 and 8 September, the international offers started to focus on 
technological support, power reestablishment teams, chemical analysis/detection teams, hazardous waste handling teams, 
counter-pollution teams, decontamination teams, water purification units, and chlorine tablets (NATO 2005 d, e).On 14 
September the US authorities accepted the delivery of three GSM (Global System for Mobile Communications) network stations 
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from Sweden and 11,200 chlorine tablets from Italy (NATO 2005f), which were needed due to the prolonged disruption of 
communication and water infrastructure. The role of telecommunication support organisations could have been even broader 
including the private sector and NGOS (Kelman 2007). Moreover, later offers from international allies included elements such as 
high power pontoons and lights (NATO 2005g). It must be noted that the documentation showed a divergence between the goods 
offered and the ones accepted by the US government (NATO 2005 a-h). 

4. 2011 TOHOKU EARTHQUAKE, TSUNAMI AND FUKUSHIMA MELTDOWN IN JAPAN 

On 11 March 2011, an undersea earthquake occurred east-southeast off the Oshika Peninsula, Japan, with a registered nine (Mw) 
magnitude. It triggered a devastating tsunami that submerged large areas of the Pacific coast, arriving up to ten kilometres inland 
in Sendai. The two episodes together caused more than 15,893 fatalities, and the collapse of 399,767 properties (National Police 
Agency of Japan 2015). The emergency was amplified by the nuclear meltdown at Fukushima Daiichi Nuclear Power Plant, ‘a 
profoundly manmade disaster’ that required the evacuation of approximately 150,000 people and contaminated some 1,800 
square kilometres of land (National Diet of Japan 2012). Japan experienced a full disruption of the CI in the whole area. Vital 
networks such as energy supply, telecoms, and transportation faced a total collapse, causing cascading disruptions in all sectors. 
The National Police Agency of Japan (2015) reported damages to 4,198 roads, 116 bridges, and 29 railway lines, with a 
substantial number of secondary events such as 207 landslides and 45 dike breaks. The US Military based in Japan heavily 
supported the delivery of aid and the restoration of CI in ports and airports, deploying around 18,000 personnel in “Operation 
Tomodachi” (OCHA 2011a-i). Much of the international relief received can be associated with other CI disruptions, including 
delivery of food supplies, bottles of water, water tanks, emergency lights and lanterns, generators and body warmers, fuel, liquid 
natural gas, gasoline, and rubber gloves (OCHA 2011a- i). On 25 March, OCHA reported that fuel shortage was ‘still the biggest 
obstacle to delivering relief supplies and keeping people warm’ (OCHA 2011h). Consequently, the People’s Republic of China 
delivered 10,000 metric tons of gasoline and 10,000 metric tons of diesel. OCHA listed also consistent support to 
telecommunications, with the deployment of more than 37 broadband global area network terminals by the International 
Telecommunication Union (OCHA 2011d) and Télécoms Sans Frontières (OCHA 2011a, b). The uncertainties about the effects 
of the Fukushima meltdown oriented international relief requiring the mobilisation of particular skills, expertise, and supply. Two 
reactor experts from the US Nuclear Regulatory Commission (NRC) were deployed on 12 March (OCHA 2011b), but their 
number was raised and involved later the International Atomic Energy Agency (OCHA 2011i). The official documentation 
highlighted the recurrence of radiation survey meters, masks, personal dosimeters and readers for dosimeters, offered by different 
countries such as Russia, Canada, Korea, Ukraine (Government of Japan 2011b). Together with that goods, the United States and 
the EU member states contributed with other specific supply such as protective body armours, protective suits and gloves, and a 
radiation measurement, and 9 metric tons of boric acid (Government of Japan 2011). Two barges from the US military carried 
fresh water to assist in the cooling down operations at the nuclear power plant (OCHA 2011g). A C17 aircraft carried a special 
pump from Australia to cool the nuclear power plant (Government of Japan 2011). The US Marines Chemical and Biological 
Incident Response Force (C-BIRF) was deployed to provide emergency training. 

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

This work is in line with some of the key objectives highlighted by the Sendai Framework for Action approved in 2015. We 
provided some new empirical evidence that could be used to reduce the damages caused by the disruption of critical 
infrastructure. Indeed, the creation of new datasets that relate better cascading escalations and CI, improving preparedness 
strategies and consequently emergency deployment.  

6. CONCLUSIONS 

Our analysis verified that critical infrastructure can orient the request for and offers of international disaster relief in developed 
countries, shifting priorities as the events progress. In our cases, some major efforts in terms of goods and expertise are provided 
not only for the response to the primary triggers (flood, hurricane, earthquake, tsunami), but also to contain the escalation of 
secondary events and CI disruptions. Three overlapping paths can be pointed out: 

a) Direct effects due to the disruption of CI as functional nodes.  The absence of vital services and assets orients international 
relief and and we verified that the disruption of energy and communication can be the main drivers of cascading failures as 
shown in the literature (Boin & McConnell 2007, Alexander 2013, Luiijf et al. 2009). However, their consequences for 
international relief must be seen as effects of cross-sector disruption that struck primarily food and water supplies. Although it 
could be expected that extended energy shortages could be associated with the delivery of substantial amounts of generators, this 
seems less relevant than expected. Similarly, a part from logistics elements, the role of transportation infrastructure is less defined 
and intervention in this sector could be related to pre-existing bilateral agreements as happened in Japan. 

b) Indirect effects due to the potential of CI as self-standing hazards. This point is associated with the needed goods and expertise 
used to tackle technological events. Our data show that the relevance of indirect effects like environmental pollution or 
contamination (Alexander 2013). After a triggering event, their attribute of self-standing hazards is often revealed because same 
hazardous components or materials that are used in the production process may be released, originating secondary disasters (e.g. 
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Helbing 2006). In our cases, the international assistance consistently provided expertise or goods to contain the escalations due to 
the malicious effects of the CI itself. This is observed in the offer of or request for emergency supplies such as purification units, 
chlorine tablets, vaccines, and dosimeters but also in expertise or specialized training to deal with what are generally known as 
chemical, biological, radiological, and nuclear (CBRN) hazards. 
 

c)Intangible effects related to historical and cultural heritage. In our cases, the impact on heritage can be seen in the Prague 
floods and followed a mobilisation to protect historic and sites. However, no other evidence was found in Japan or U.S. despite a 
consistent presence of damages to cultural assets.  It is possible that the type of heritage involved was different in quality and 
quantity, for example requiring a higher level of expertise in Prague which impact was compared with the 1966 flood in Florence, 
when world-renowned museums, including the Uffizi Gallery, were devastated (Ray 2006).	 

Those findings support and extend the existing theories on cascading dynamics and networked events, providing new evidence 
about the dynamics of emergency relief (Helbing 2006, Pescaroli and Alexander 2015, Pescaroli and Alexander 2016). The key 
recommendation is that the structure of international disaster relief should acknowledge that a consistent part of its provision of 
goods and services is used to limit, address, and prevent the escalation due to the role of CI in cascading disasters. The 
development of some systematic databases could be useful to understand better the recurrent gaps in national/international 
capacities, supporting some new strategies for faster deployment and control of secondary crisis.  The analysis of other case 
studies is strongly recommended to reinforce findings and define recurrences. Our evidence has many limitations which are 
reported in the full version of our paper. Some central problems that future researches should address are associated with the 
definition of thresholds in the escalation process, and with the drivers that could differentiate accepted and offered relief. The CI 
systems that are the backbone of our society are also potentially its Achilles’ heel. 
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ABSTRACT:  
There are many factors that affect the state of food security, among them climate change is one of the most prominent factors. As 
the rural community livelihoods are hugely dependent on the natural resources, extreme climate and climate-induced disasters 
make them more vulnerable. Therefore, it is very important to ensure the households’ food security in the rural communities. In 
this regards, this study tried to find out the socio-economic impact of climate change in the rural households` food security. The 
study started with the household survey to understand the climate change perception of local people for the last twenty years in 
Lamjung district Nepal and its impact on food availability, accessibility, consumption pattern and socio-economic status. Results 
depicted that impact of climate change is different among the households depending on spatial location, economic status and 
other factors. In Kunchha Village Development Committee (VDC), the one among three-studied VDCs, overall food security was 
improved as their food production, accessibility and consumption pattern were improved for the last twenty years. But in Khudi 
VDC state of food security worsened in the same period. Similarly, due to the emergence of insects and diseases, there was a loss 
in fruit production in all three VDCs, which was the major source of income. Consequently the state of food security is likely to 
be more vulnerable in the future. Therefore, there is an urgent need of programs and policies to make the local people more 
resilient from the climate change impact.  

Keywords: Climate change, Impacts, Food security, Livelihoods, Vulnerability 

1. INTRODUCTION 

According to 5th assessment report of the Intergovernmental Panel on Climate Change (IPCC 2014), it is anticipated that the 
increasing rate of the average temperature in the Himalaya will be greater than the global average. The increasing temperatures 
may affect the timing and quantity of precipitation and change the water availability. Furthermore, with the changes in 
precipitation pattern, there is a possibility of climate-induced disasters such as landslides, flash floods and droughts etc. That may 
affect the agriculture sector and food security. Climate change along with the increasing number of natural disasters is causing 
direct/indirect impact on food security. In the last decades, more than 200 million people were affected annually by natural 
disasters seven times more than those affected by conflict. Natural hazards become disasters when severity affect the livelihoods 
and become a challenge for survival (Parvin and Ahasan 2013). According to the IPCC 4th assessment report along with other 
scientific studies, it is clearly understood that climate change has a direct impact on agriculture, livestock and fishing, specially in 
developing countries where people are living below the poverty line, that will not only affect locally but the global food security 
(Bals et al., 2008). Food and Agriculture Organization (FAO 2002) defines food security as a “situation that exists when all 
people, at all times, have physical, social, and economic access to sufficient, safe, and nutritious food that meets their dietary 
needs and food preferences for an active and healthy life.” This definition addresses four key components of food security 
namely: availability, accessibility, utilization and stability (Schmidhuber and Tubiello 2007) (p. 19703).  

Changing temperatures and erratic rainfall pattern are affecting crop production in Nepal (Malla 2008). Similarly, the loss of 
local crops and domestic animals, changes in cropping patterns, scarcity of water due to the drying up of water resources, and 
increasing incidences of diseases and pests have also been observed (Regmi and Adhikari 2007; Mishra et al. 2014). More than 
60% of the population depend on subsistence agriculture (CBS 2013), heavy dependence on agriculture makes Nepal`s economy 
very sensitive to climate variability. In 2007, food production changed remarkably with overall reduction by 3.35% on cereals 
and other crops where as other vegetables increased by 6.67% as compared to 2001 baseline (MOAC 2007), however, there are 
other factors to count to the end result of production (Bhandari 2008). Nepal is in a high risk of natural disasters, such as glacier 
lake outburst floods (GLOFs), avalanches, landslides, etc., in the higher altitudes and floods in the southern plain (NAPA 2010). 
Hence, mountainous countries such as Nepal are more vulnerable to climate change (Maplecroft 2010) and eventually on the 
state of food security. Therefore, this study tries to analyse the climate impacts on food security of mountainous households in 
Lamjung district, one of the most vulnerable districts among 75 districts, Nepal.  

2. Study Area 
The study area is located at the central mountainous region of Nepal, Lamjung district (Figure 1). It covers an area of 1,692 km2 

with a population of 167,724 where the population of male and female is 75,913 and 91,811 respectively (Census 2011). Nepal 
government has ranked Lamjung district as one of the highly vulnerable districts in climate change and climate induced disasters 
in Nepal (NAPA 2010). This study was conducted in three Village Development Committees (VDCs) namely Kunchha, Khudi 
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and Ilampokhari of Lamjung district Nepal to explore the climate change impacts on food availability, accessibility, utilization 
and daily activities of the households to ensure food security.  

 

Fig. 1: Map of study area  

3. Methodology 

Based on the available literature, hydrological and meteorological information, the extent of the problem related to climate 
change and food security of rural mountainous households was conceptualized. After conceptualization of the problem, Kunchha, 
Khudi and Ilampokhari VDCs of Lamjung district have been selected for this research. Total 150 respondents were selected 
through systematic random sampling method for a household questionnaire survey. From each household, each household head 
had been interviewed to assess the climate change impact on their food status. In addition to that, four focal group discussions 
(FGDs) (one in each VDC and one in the district headquarter) was held. Total 40 persons were participated in FGDs, 10 persons 
on each FGD. The results of collected data and FGDs, were presented in the figures and tables in the next section and all 
statistical analysis was done in SPSS. 

4. Results and analysis 
4.1 People’s perception about climate change  
Though mountainous households were not familiar about the term ``climate change``, they experienced changes in climate in 
recent decade. They were experiencing warmer winter, untimely heavy rainfall, emergence of insects etc. During the 
questionnaire survey, households were requested to rank the top three changes in their areas in comparison to last twenty years. 
All together 97% of the respondents reported increased temperature with rank one, less rainfall in winter was ranked two by 79% 
respondents and 29 % of the respondents rank three for increased number of natural disasters.  

4.1.1 Precipitation and temperature  
People’s perception of changes in precipitation was varied across the study areas. Majority of the respondents (79%) mentioned 
that there was less rainfall in winter, 29% mentioned that there was some changes in quantity and duration, and 19% mentioned 
that the rainfall was more intense in summer. All the respondents of three VDCs had the similar perception about the decreased 
rainfall during winter but 14% of respondents in Kunchha, 54% in Khudi and 20% in Ilampokhari believed that quantity and 
duration of the rainy season has changed and rainfall is more intense in the summer. The survey results match with the recorded 
precipitation (1980-2013). According to the observed precipitation record, Kunchha and Gharedhunga (Ilampokhari) showed the 
increasing trend of precipitation and Khudi showed the decreasing trend (Poudel and Shaw 2016).  
All together 97% of the respondents believed in increased temperature. Among them 92% of the respondents of Kunchha, 100% 
of Khudi and Ilampokhari mentioned hotter days in summer and longer warm days in winter in last two decades. On the other 
hand, they mentioned that the extremely cold days are also increasing during winter. As a result, the cropping pattern is 
disturbed. And a few respondents mentioned that they could grow some vegetables (tomatoes and cauliflowers) in the higher 
altitude in recent years due to warming trend in the higher altitude.  

4.1.2 Frequency of natural disasters  
Twenty-nine percentages of the respondents have noticed both severity and frequency of natural disasters have increased in the 
last twenty years. Most of the respondents reported the increasing numbers of landslides in the higher altitude and floods in the 
low altitude area. The intense rainfall in summer may cause floods and landslides and that affect summer crops, and less rainfall 
in winter affect the winter crops that consequently impacts in the state of food security.  

4.1.3 Emergence of insects  
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Thirty-nine percentages of the respondents have noticed the emergence of new insects or increasing numbers of pests’ outburst, 
crop and livestock diseases. They believed, it is due to the increasing warming trend in the hilly regions. Specially, households in 
Kunchha reported the damage of orange trees due to warming compared to the previous decade. This directly impacts their 
livelihoods and food security since orange farming was the main source of income for some of the respondents until few years 
back. 
4.2 Climate change impacts on food availability, accessibility and utilization  
Climate change can affect different dimensions of food security such as food availability (production and distribution), 
accessibility (affordability and location) utilization and stability. Therefore, the impacts of climate change can range from crop 
production, market changes, food price, income loss and supply chain systems etc. (Gregory et al 2005). Among various 
dimensions of food security, this study analysed only food availability, accessibility and utilization of mountainous households. 
Food availability can be measured through production and distribution of food to all people. Though majority (60%) of the 
respondents believed the decrease in crop production, 34% of the respondents believed increase in food availability, 12% 
believed decrease and 54% unchanged food availability in comparison to the last twenty years. Among them higher percentage 
(48%) of respondents from Kunchha reported increased food availability, meanwhile higher percentage of respondents (24%) 
from Khudi reported decreased and higher percentage respondents (68%) from ILampokhari reported unchanged food availability 
(Figure 2). The main contributing factors for increased food availability in Kunchha were increased crop production, income, 
dairy products and less household burdens. In contrary, the reasons of decreased food availability in Khudi were decreased crop 
production, decreased dairy products, increased food price and increased households’ burdens such as family illness and diseases. 
However, most of the respondents reported there is not a direct impact of climate change on food availability, 47% of the 
respondents from Khudi claimed impact of climate change on decreased food availability.  

 
Fig. 2: Percentage of respondents on changes in food availability in Kunchha, Khudi and Ilampokhari VDCs of Lamjung 

According to the respondents, food accessibility increased during the last 20 years. Fifty percentages of the respondents reported 
increased food accessibility, only 2 % mentioned decreased while 48% unchanged. Food accessibility measured through distance 
of local market and access to road to reach to the local market. Ninety-four percentages of the respondents reported that distance 
of local market is decreased with urbanization and 96% of the respondents mentioned increased road access to reach to the local 
market. As far as the food consumption pattern and utilization is concerned, 70% of the respondents explained that it is improved, 
3% mentioned deteriorated and 27% mentioned unchanged for last two decades.  
 
4.3 Climate change impacts on daily/economic activities  
The study found that life styles and economic activities have changed for last twenty years. Majority of the respondents (83%) 
reported that their daily activities were changed. As most of the agricultural land is rain fed, changes in rainfall pattern crop 
cultivation was highly affected. 81% of the respondents reported that time to fodder/grass collection for the livestock increased. 
Similarly, family member migration also increased for the last twenty years. Ninety-three percentages of the respondents 
mentioned increased family members migration for several reasons such as for abroad study, remittance and replaced by natural 
disasters. Among them 74% respondents’ migration was due to natural disasters such as floods and landslides.  

 
Fig. 3: Percentage of households’ changed professions in Kunhhca, Khudi and Ilampokhari VDCs of Lamjung 
The majority (60%) of the respondents of Khudi VDC changed their profession from agriculture to others and food crop to cash 
crop (such as rice to black cardamom) figure 3. Among them 80% of the respondents believed that they had changed their 
profession due to climate change.  
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5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT  

This study will contribute to enhance the resilience of mountainous households in the case of climate change, climate induced 
disasters and food security. Climate change has differential impacts on different community in different regions. Therefore, it is 
necessary to know the ground truth reality of climate change from the vulnerable community and to make them resilient from its 
impact. This study tries to explore the vulnerable community in the case of climate change impacts and households level food 
security. In order to reduce the negative impacts of climate change and facilitate them to enhance their food security through 
climate change adaptation, effective policy interventions and implementation are needed. However, there are not many researches 
or practical efforts yet explore the impacts of climate change on mountainous households` food security. The goal for which 
institutions and local community can take integrated efforts to enhance food security in the context of climate change should be 
identified.  This study would help the development workers and government to realize the nature and extent of the problems and 
thus facilitate to undertake the effective climate change adaptation policies and actions to ensure the food security to the rural 
households.    

6. CONCLUSION 

Though vulnerable mountainous households were not much aware of the term ``climate change``, they could experience and 
noticed that something has changed for last few years and, it affects on their livelihoods, and specifically the food. Climate 
change is not biased but the households who have less income, low adaptive capacity, low agricultural productivity and low 
access to food are more vulnerable. This study found that the overall food security of Khudi households` was deteriorated in 
comparison with Ilampokhari and Khunchha for last twenty years due to decreased income, decreased crop production and 
deteriorated food consumption pattern. It is now widely recognized that rural mountainous households are most affected due to 
the extreme climate events because they are highly depended on natural resources (Poudel and Shaw 2015). Though that is not 
enough, local communities already started few coping strategies to combat with the changing climate. National programs and 
policies are needed to strengthen the resilience of the people and minimize the loss and damage. Therefore, policy makers need to 
address the problems, expectations and potentials of local communities to ensure food security amidst of changing climate.   
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ABSTRACT: In Middle East and especially in Iran, most important natural hazards that take a huge human an economical toll 

and leave long-term and diverse effects behind, are from a climatic origin . Iran is located in the arid belt which makes it sensitive 

to climate change.  Periodical droughts or precipitation time distribution disorder that lead to extended floods directly affect GDP 

of agriculture section. These effects on future generations are obvious and even more dangerous than most massive earthquakes. 

In this paper we base our model on time periods centered on the events. Therefore, three categories are imaginable:  

1- The first category is the time period before the event. This divides into the following sections: 

a- Before the incident, the period which creates the opportunity for us to prevent foreseeable events, and, using climate 

adaptation, we can prevent its lethal effects especially on children. 

b-Before the disaster, when the concentration is on the preparation at the event’s time which lead to a decrease in the level of 

environmental damages and fatality rates. As an example, we can consider step by step instructions that is given to people on 

how to face the earthquakes. 

2- Second category is the time period of the disaster. 

3- Third category is the time period after the incident, during which every second is vitally important. 

 By studying the literature, the emphasis in this research is on how to reduce the effects of a disaster by educating the people, and 

especially the younger generations, and, therefore, raising the level of awareness in developing countries. This, eventually, 

reduces the consequences of climate change and natural hazards.  

Keywords: Climate change, events, children, educating, disaster. 

1. INTRODUCTION 

Climate change will have different impacts in different regions, and traditional patterns of conflict will – with high probability – 

change in certain areas (Martin.J,2009). Scientists warn that action must be taken, before the year 2050, to prevent climate 

change reaching dangerous levels, by limiting global temperature increase to well below 2° Celsius (wwf..2003). Warming in this 

range has also been linked to increases in the severity of many climate impacts—some of which are already intensifying—

including floods, droughts, heat waves, fires, the spread of infectious diseases, and heat-related deaths (Luers.Amy .l. et al 2007). 

Climate changes could potentially significantly affect current water vulnerability and security situations in the management of 

national and international waters in areas that are already conflict prone – such as the Middle East and Central Asia. In some 

cases, nations might achieve successful co-operation due to less water stress – but in many already politically charged areas, the 

disputes are likely to increase in intensity and complexity – in a different form than in the past – and would require new and rapid 

adaptive conflict-management strategies (Martin.J,2009). 

Children and women are most of climate change vulnerability. Between 60 and 70 percent of deaths from the Indian Ocean 

Tsunami in 2004 were among women and children, while women were overlooked in the distribution of relief or had no access to 

places where relief was being distributed in case of the 2010 floods in Pakistan. Women and girls were also more vulnerable to 

storms in the Philippines. In particular, death rates in the year after the typhoon exposure were significantly higher among female 

infants compared to their male counterparts . 

In Aceh, Indonesia, 53.7 percent of the victims of the Indian Ocean Tsunami were either children below 10 years or elderly above 

70 years, and nearly two thirds of the dead or missing people were women or girls (Rofi et al. 2006). Sri Lanka also reported high 

mortality of children (31.8 per cent for 0-5 years, 23.7 per cent for 5-9 years) and of people above 50 years (15.3 per cent) . It 

was also found that a large number of school buildings collapsed from the 2005 earthquake in Pakistan, killing more than 15,000 

school children . In Cambodia, floods have been a major factor in student drop-out rates. Students have suspended their studies 

due to inaccessibility to schools during flood events, while many schools are destroyed or used as emergency shelters . 

1.1.Outlook of the population and GDP growth in Iran  
In Iran, with almost 80 million people, more than 70 per cent of the population lies between the age of 15 and 65 and the 

household dimension is 3.55 persons. In agricultural, industrial and service industry sectors GDP is 12.5, 41.2 and 46.2 per cent 
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respectively. Agriculture sector owns the least contribution to Iran’s economy. Based on some researches, alfalfa, corn and wheat 

production would decrease dramatically between 2005 and 2100 which endanger food security. 

2.Water, food and future generation’s health 
Children are future builders of human society. There is no general agreement about the age group of children in human society. 

World Labor Organization (WLO) and United Nations Environment Programme (UNEP) consider everyone under the age of 15 

as a child, meanwhile the United Nations Convention on the Rights of the Child (UNCRC) regards everyone under the age of 18 

as a child. If any country wants to hold its future in its hands, they should invest in their children’s education.  

2.1 Future generation’s health 
Climate change affect water and food resources and through interaction with air pollutants causes different illnesses such as 

malnutrition, nausea, brain damages to children and diminishing their analytical capabilities, and generally physical and mental 

health issues for today’s children and future’s adults.  

Mental health is related to each geographical place’s climate. Based on a research, mental disorder appears in the form of 

nighttime urinary incontinence and depression in cold regions, while in hot regions it is in the form of stuttering and nail biting. 

Recent findings show another disturbing fact about the effect of climate change. The growth of the rate of natural hazards leads to 

more cases of mental illnesses like PTSD and depression. More than any other group, those who suffer from schizophrenia and 

other serious mental disorders have been disturbed by the impact of natural hazards and climate changes. 

2.2 Water crisis 
Water engineering experts predicted that in near future national and international tensions around the issue of water increases, 

with the prospect of world wars on the horizon for accessing water resources. In the past 50 years, 37 cases of conflicts over 

water issues have been reported between countries, all of which, except 7 cases, is related to the Middle East region. Water is 

considered the most sensitive reproducible resource, since humans need it not only for the sake of drinking and producing food 

but also for operating the wheels of industry and supplying energy for the society. Global warming and shortage of water 

resources, on the one hand, cause international conflicts which subsequently affect children and give rise to the crisis of refugees 

and destroying families, and on the other hand, is the root of poverty.  

2.3 Food crisis 
Since 1900, the average world temperature has increased 7 degrees Celsius. If the emission of greenhouse gasses stops now, 

Earth’s temperature in the next decades would increase between 5 to 10 degrees Celsius. And if the emission of these gasses 

remains at the current rate, Earth’s temperature would increase between 1 to 5 degrees Celsius. In a report by World Food 

Programme (WFP) it has been mentioned that between 1 to 5 percent of Iran’s population suffer from malnutrition and the 

country has a high level risk index in hunger and climate vulnerability. 

2.4 Air pollution crisis 
This is one of the most important factors in creating climate changes in developing cities. As an example, we can look at Beijing 

in China which is the most polluted city in the world.  

According to the annual report of the Air Quality Control Center of Tehran (AQCCT), in 2011, this city has experienced 3 days 

of clean air, 144 days of healthy days, 215 unhealthy days and 3 very unhealthy days. Based on this report the worst months for 

the people have been May, June, July, September, October, November and December. Children, because of the smaller volume 

of their lungs, breathe more and therefore suck in more pollutants in their lungs. Due to different pollutant particles in the air, 

children could experience different lung diseases such as lead poisoning and anemia. At the same time, lack of Oxygen reduces 

brain functionality and has a negative impact on the sleeping cycles of children, which in the end might prevent children from 

reaching the peak of their analytical and cognitive abilities. 

One of the main solutions for the air pollution is the improvement of the overall awareness and culture of the society and 

implementing strict laws in that respect. Educating children about that since an early age could be vitally important in order to 

overcome this crisis. 

2.6 Urbanism crisis  
Experts have predicted that the urban population in Iran would be 20 units larger than the average in the world. A comparison 

between official statistics from World Bank and the Center of Statistics of Iran shows that the ratio of urban to rural inhabitants in 

the world is almost 1, but in Iran is 1.5.  
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compare bitween urban population and rural population (1957-2012): from Donyaye eghtesad magazin. 

 

It seems that taking some measures against the growing rate of climate change with respect to the young population is necessary 

more than ever. Below, we introduce the temporal model related to the incident time: 

3. Time periods centered on the event model 
In this model, the emphasis is on the time for combating climate change and its consequences. Changes to the atmosphere and its 

consequences are not anything new, but rather the result of events that has happened after the industrial revolution era. Urbanism, 

meantime, has sped up consumerism among humans. Thus, the important point is the change of human behaviors in order to 

control the rise of the temperature and momentum of changes. Developing countries have stepped into this way by building green 

powerhouses and consuming green energies. But the rate of urbanism and the growing rate of consumerism in these countries 

promise a frightening prospect. 

A natural incident happens during some time, while a flood or earthquake take thousands of lives in few seconds. There are 

educational programs in the plans of the developing countries to fight against these type of incidents to reduce the number of 

casualties. But in order to battle against global warming and climate change we need a universal education. For the purpose of 

reducing the rate of consumerism, educations about the environmental protection, explanation on the present situation and the 

outlook of water and food issues for children are necessary.  

Our model  categories are imaginable:  

1.The first category is the time period before the event. This alone divides into the following sections: 

a.Before the incident, the period which creates the opportunity for us to prevent foreseeable events, and, using climate adaptation, 

we can prevent its lethal effects especially on children. 

b.Before the disaster, when the concentration is on the preparation at the event’s time which lead to a decrease in the level of 

environmental damages and fatality rates. As an example, we can consider step by step instructions that is given to people on 

how to face the earthquakes. 

2.Second category is the time period of the disaster. 

3.Third category is the time period after the incident, during which every second is vitally important. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

As it is evident in the above schematic, long term educations are the most important part, since, through influencing children, the 

growth of world temperature can be prevented and the speed of climate change could be lessened.Educates at the time of the 

disaster and mangement of disaster  are important but they cant place the educate of primery level. 

4- CONClUSION: 
Iran is a country that always has had a adaptation with its nature. Historical studies on its architecture in dry regions, life style of 

people in the past concerning the shortage of water, and other examples are all proof of that fact. The young population of Iran 

together with the existing scenery necessitates the most amount of government’s concentration and energy on education of the 

future generation. So the necessary steps towards the reduction of the dangers of climate change are as follows: 

1. Governmental planning for environmental educations since the young ages. 
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2. NGOs activities for raising the level of awareness of public and educating children to increase their courage for 

demanding healthier life.  

3. Benefiting from communication media for spreading this knowledge to the families.                             
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ABSTRACT: All over the world people are confronted with natural disasters. Depending on the conditions (e.g., type, intensity 
and duration of a natural disaster, disaster response, vulnerability) a disaster may have different impacts on public health systems. 
Literature research revealed a severe lack of research concerning long-term impacts on public health issues. For the analysis the 
research team used two Austrian natural disasters (avalanche and flood). By using a mixed-method approach various long-term 
impact variables have been identified in conjunction with different time frames. Although the impact variables and time frames 
depend on the nature and extent of the disaster, affected people, existing infrastructure etc., an attribution of single long-term 
impacts to the categories “health system performance”, “security“ and „health protection” has been proved as reasonable. It gave 
a first systematisation of long-term impacts. Based on the learning experiences of each disaster, key strategies and 
recommendations from a public health system perspective have been developed. The results of this research project are part of an 
EU-funded project called PsyCris (PSYcho-social Support in CRISis Management).1 

Keywords: Natural Disaster, Long-term Impacts, Public Health System 

1. INTRODUCTION 

Acquiring knowledge about long-term impact on public health systems supports the process of identifying services and products 
offered and needed by the people affected in order to understand the learning system from individuals and communities affected. 
It also provides information on how to cope with a disaster under specific circumstances at a destination and to derive the indirect 
accrued costs of disasters. 

1.1 Disaster Impact and Public Health System 

Disasters may have wide implications (Whysall, 2000). The multiple dimensions are represented in several impact models with 
the objective to identify relevant impact variables (e.g., Berggren and Curiel, 2006; Donker et al., 2002; Ferrando et al., 2011; 
Lindell, Prater, and Perry, 2006; Roorda et al., 2004; Tunstall et al., 2006; Shoaf and Rottman, 2000; Zaetta et al., 2011). These 
models refer for example to physical and social issues or direct or indirect impacts. 

According to Flood and Fennell (1995) there is the need to rethink which kind of organisations should be considered for impact 
analysis. One relevant question that has to be answered is what do we mean by public health system in the case of large-scale 
emergencies. The WHO (2012) defines public health as all organized measures (whether public or private) to prevent disease, 
promote health, and prolong life among the population as a whole.  

1.2 Health system performance, security and protection 
Many organizations are involved in different time spans of crisis management and/or health services management such as 
preparedness phase, acute phase with immediate interventions and recovery phase with intermediate and longer-term 
interventions. Without implying a neither public nor private approach, the healthcare system is defined by Roemer (1991) as a 
system that combines resources, organization, financing as well as management with the objective to deliver the health services 
to the population.  

 

                                                
1 This project has received funding from the European Union’s Seventh Framework Programme for research, technological 
development and demonstration under grant agreement no 312395.  
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Findings from a WHO Expert Consultation in May 2012 (WHO Summary, 2012) highlight the importance of identifying 
indicators for successful disaster risk management. Core health-relevant indicators refer to impacts on human health and 
wellbeing, reporting and risk assessment strategies of health impacts at country level as well as measurements concerning the 
establishment of safe infrastructure. The expanded indicators focus to a greater extent on risk management programs, health 
coverage for the population, health regulations and how the population deals with disasters (=community resilience).  

The increased demand during and after a disaster has a direct effect on the health system performance, i.e. the delivering of 
services, the creation of resources, the stewardship, and finally the related financing (Murray and Evans, 2003). Two further 
important elements for an analysis on long-term impact on public healthcare are security and health protection. Security and 
health protection refers to post-disaster efforts aiming at optimising leadership and governance, contingency and preparedness 
planning, infrastructure and training, or may lead to an increase in security research funding activities as well as information and 
communication activities. 

2. METHODOLOGY 

A case study approach was used to depict the complexity and multiple impact factors a crisis brings along. It allows for the 
integration of a wide range of methods for analysis. For the impact analysis we integrated qualitative and quantitative information 
in order to better understand social phenomena of disasters (World Bank, 2011a). First, a theory-based questionnaire was 
developed that serves as guideline for the data collection by document analysis. Second, interviews were conducted with seven 
experts for each disaster who were involved in the former disaster management to gain further data. The transcribed text of the 
interviews was analysed by GABEK (GAnzheitliche BEwältigung von Komplexität), which supports the structuring of expressed 
experiences, knowledge, and perceptions.  

3. RESULTS 

In the following we present the main results of the avalanche disaster and the flood with regard to impacts on health care systems, 
security and health protection. We describe shortly the most important impact(s) we have identified based on the data of the 
questionnaire and interviews.  

 
Fig. 1: Long-Term Impacts on Public Health Systems - Avalanche 

 

A completely new organisation for psycho-social support was formed after the avalanche. The management of psycho-social 
support was not organized by one central responsible body. Competition between psychologists and psychotherapists was the 
source of many conflicts. In the following years after the accident Red Cross established the crisis intervention team. The 
awareness for the necessity of psycho-social support for people affected people (victims, relatives and also rescue teams) has 
grown and improved cooperation and coordination between rescue teams. Furthermore, many long-term changes were 
undertaken in the context of security measures and health protection to protect locals and tourists as well as to provide important 
information for decision makers.   
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Fig. 2: Long-Term Impacts on Public Health Systems - Flood 

 

High investments have been undertaken regarding infrastructural protection measures. Improvements and extended flood 
protection measures with 34 new building projects were planned already after the flood disaster in 2002. It was decided to speed 
up the building process for the remaining 17 projects after this flood in 2013. For affected public buildings like kindergartens and 
community buildings, the high possibility of future floods was considered and a flood-proof way of construction and the addition 
of flood-resistant materials were implemented. For better forecasts and accurate prognosis, automated water level measurement 
stations have been installed. As a consequence to the flood, the land registry plans have been re-evaluated and danger zones have 
been updated. In the past, some of the affected people were informed about the required evacuation quite late. The emergency 
plans have been adapted in order to improve and expedite the flow of information. Finally, concepts for resettlement from the 
endangered areas have been developed. However, it is unclear if and how many people would agree to resettlement. 

The resistance of people living in an endangered zone can be influenced of their motivation and individual risk perception living 
in such an area. This conscious decision has an impact on the mental and physical health in the context of a disaster. The persons 
may dispose of a higher acceptance of the forces of the nature given by the fact that the interview partners of the avalanche do not 
evaluate the avalanches negatively. Also the investigated flood case, an area that is prone to flood, people are used to deal with 
the flood. Most people had family or friends close by were they could stay during evacuation when needed. These two factors are 
assumed to be a huge reduction of stress for the effected people. 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT  

We share the recommendation expressed by Verger et al. (2006) of the need for health evaluation programmes after disasters to 
allow more thorough long-term impact analyses. This must be designed holistically in order to measure direct physical and 
mental health effects, as well as indirect health effects like job loss, schooling consequences, and so on in order to identify the 
multilayer long-term impacts of disasters.  

There is a need for more qualitative analysis of case studies that may support the process to identify further long-term impacts of 
disasters. For high quality analysis of long-term impacts, we need decision-making support, public information, and scientific 
knowledge. In addition, an intensive collaboration between politicians, authorities and research institutions to manage 
programme evaluations in European countries is needed. 

5. CONCLUSIONS 

The analysis of the case studies has shown that learning circles play a significant role in the context of disaster management. 
Many identified long-term impacts on healthcare systems are the result of a learning process because of inadequate outputs in the 
past. Moreover, most of the identified long-term impacts are the result of each disasters´ collected experiences and reflective 
analysis of operations and results (e.g., which implications can be drawn because of operations that lead to the adaption of 
emergency plans, communication structures, laws, infrastructure, etc.). As the detailed analysis of each case study has shown, 
new structural, procedural, and legal concepts have been developed and implemented in elements of public health systems. 

The analysis of the different case studies does not allow general statements on long-term effects on public health care systems. 
Each disaster is characterized by event specific conditions, pre-impact conditions, the existing physical and social vulnerability of 
the people affected and the standard of the emergency system. Health care measures have to react differently, depending on the 
recovery needs of the people affected.  
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ABSTRACT: Cities are encountering natural hazard, extreme weather and climate related impacts on a scale that they have 

rarely, if ever, experienced in the past. Their population and infrastructure is affected in different ways and degrees. Events are 

likely to become more frequent and severe with climate change, which increases the risk of disasters and associated losses and 

damage to people and assets. Insurance plays a role in spreading or sharing the risk across communities and all sectors of the 

economy, over large geographical areas and time. The sharing and transfer of risk therefore enhances the resilience of society, but 

does not necessarily reduce its risk in the long-term. 

Many governments are challenged to provide a timely disaster response and longer-term resilient recovery due to financial 

constraints. Assistance can be provided through a more integrated approach, including risk analysis, prevention, preparedness 

and disaster and climate risk transfer solutions. By integrating risk transfer solutions, such as insurance, into disaster risk 

management and climate adaptation efforts, governments and individuals are able to (1) soften the financial impact through 

timely access to finance after a disaster, (2) increase the effectiveness of the implementation of contingency plans, and (3) plan 

preventive measures that mitigate disaster-induced poverty traps and long-term development setbacks. The insurance industry is 

uniquely placed to play a strong role in providing risk management and enhancing the resilience of communities. Internationally, 

policy makers are increasingly recognising this approach as highlighted by the G7 “InsuResilience” initiative and reference to 

risk transfer and insurance as part of a comprehensive climate risk management approach in the Paris Agreement (UNFCCC 

COP21). 

Integrated climate risk management concepts are currently being developed for four themes across sectors such as agriculture, 

energy and tourism as well as urban areas. The project Agriculture and Climate Risk Insurance Plus (ACRIplus) in the overall 

programme Promoting Integrated Climate Risk Management is funded through the International Climate Initiative (ICI) of the 

German Ministry of Environment (BMUB) and implemented by GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit 

GmbH) and the Munich Climate Insurance Initiative e. V. (MCII). This presentation will outline integrated approaches for 

climate risk management and transfer and will highlight the project’s urban resilience work in the People's Republic of China 

(PRC), where an Integrated Climate Risk Management (ICRM) concept is currently being developed. 

Keywords: Urban resilience, risk transfer, integrative risk management. 

 

1. INTRODUCTION  

Cities have a long history of managing the risk of sudden and extreme climatic hazards and threats. Many city governments and 

communities are familiar with the hazards they have faced in the past, due to their location in costal zones, at river banks, close to 

volcanos and the likes and are designed to function in the face of these challenges. Urban resilience refers to the ability of an 

urban system – and all its constituent socio-ecological and socio-technical networks across temporal and spatial scales – to 

maintain or rapidly return to desired functions in the face of a disturbance, to adapt to change, and to quickly transform systems 

that limit current or future adaptive capacity (Meerow et al., 2016). As the impacts of natural hazards and extreme weather events 

are becoming more severe and more frequent worldwide (Munich RE, 2016) cities may begin to encounter hazards that they have 

rarely, if ever experienced before. Highlighted for the first time in the Special Report on Managing the Risks of Extreme Events 

and Disasters to Advance Climate Change Adaptation (SREX) (IPCC, 2012) and integrated as a fundamental part in the Sendai 

Framework for Disaster Risk Reduction (UNISDR, 2015), the impacts of climate change pose a fundamental direct and indirect 

risk to social and economic development. Tropical cyclones, floods, and droughts cause significant mortality and economic 

losses and vulnerable communities in low-income and least developed countries are most affected, facing the risk of eroding their 

livelihoods and undermining their resilience. Over the last 20 years, 6,457 weather-related disasters were recorded, which 

claimed a total of 606,000 lives and affected more than 4 billion people with recorded losses totalling US$ 1,891 billion, 

equivalent to 71% of all losses attributed to natural hazards (UNISDR and CRED, 2015). Economies in many parts of the world 

are currently susceptible to significant disruption from today’s climate, and continued economic growth could put even more 

value at risk. Cities in particular are becoming more vulnerable to the impacts of climate change due to their high population 
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density, associated extensive infrastructure development and complex inter-dependent systems (Revi et al., 2014). Much of the 

existing infrastructure is not well adapted to current climate risks; and poorly placed to deal with anticipated future climate risks 

(Arent et al., 2014). Urban areas also provide opportunities, since cities are centres of social and cultural change and innovation. 

Many tools and practices developed for sustainable resource management or disaster risk reduction are co-beneficial for climate 

change adaptation, and vice versa, and can be integrated with mitigation objectives, if social, cultural, institutional, and economic 

factors do not constrain their implementation (Reisinger et al., 2014).  

 

Asia had more frequent events and a greater number of people killed and affected than any other continent due to weather-related 

disasters which affected 3.7 billion people and killed a further 332,000 individuals over the last 20 years. It’s large and varied 

landmass, including multiple river basins, flood plains and other zones at high risk from natural hazards, plus high population 

densities in disaster-prone regions contributed to these losses (UNISDR and CRED, 2015). Most climate models (General 

Circulation Models, GCMs) project warmer, wetter conditions for East Asia by 2050 (except south-eastern PRC) and a rise in the 

mean annual precipitation for almost the entire region by 2100 (Westphal et al., 2013). Cities and urban areas in East Asia are 

exposed to a variety of climate-related natural disasters (particularly impacts associated with sea level rise, tropical cyclones and 

flooding) due to their size and location. The PRC dwarfs other countries in East Asia, given its land area (more than 9.6 million 

km2) and population (1.34 billion). Three cities in East Asia, Guangzhou and Shanghai in the PRC and Osaka/Kobe in Japan are 

in the top 10 globally in terms of current exposed population, thus managing the risks of climate-related natural disasters is 

already a major concern and will become even more important in future (Westphal et al., 2013). The variability in weather 

patterns and intensity, often combined with pre-existing vulnerable conditions that resulted from prior disasters or associated with 

climate change impacts related to slow onset events is increasing tropical cyclone and flood damage to infrastructure, livelihoods 

and settlements in a cascading manner (disaster chains), such as exacerbating the issue of drought-related water and food 

shortages, or cholera epidemics (Nadin et al., 2015). Economic growth, rapid urbanization and considerable levels of inequality 

are major contributors to increased exposure and vulnerability to natural hazards in this region (UNDP, 2015). The PRC is facing 

a higher frequency and increasing damage from extreme weather events in recent years. Even if rainfall shows no increase on the 

national level, on the regional level one can observe significant shifts with strong impacts. For example, Beijing experienced 

significant floods (a 1-in-500 years rain event on a city wide scale) in 2012, that submerged roads and the subway, damaged 

infrastructure and lead to loss of lives. Other cities in the south of the country have also experienced heavy floods due to extreme 

rainfall events, often “preconditioned” by severe droughts, degraded soils and lack of maintenance of drainage systems (Hongjian 

et al., 2016).   

 

2. INTEGRATED CLIMATE RISK MANAGEMENT AND TRANSFER  

2.1 Insurance  

Insurance can be used as a tool to improve post-disaster damage and loss situations through the provision of timely financial 

resources. It can provide a buffering capacity and prevent knock on effects after an event to stop further losses; provide a space 

for certainty under uncertain conditions and a safe operating space for development; and support and enable risk assessments and 

incentivize risk reduction on all levels (community- /provincial- / national-) (Warner et al, 2012). At the same time, insurance is 

not a stand-alone remedy to manage climate risks, but requires combinations with other risk management approaches. For 

example, an insurance coverage in absence of any relief and rehabilitation programmes after a major cyclone would enable the 

insured to access quick payouts but no assets (e.g. productive means) to buy. Insurance is also not feasible as an adaptation option 

for slow onset events such as sea level rise, ocean acidification and glacial retreat for which other risk management approaches 

are much more cost-effective, including changes in agricultural production, contingency funds, and relocation programmes 

(Warner et al, 2013). 

2.2 Disaster Risk Management  

Disaster Risk Management (DRM) can improve the resilience of society and also promote sustainable development, if 

implemented correctly (Figure 1). Overall, resilience is improved through a cycle of risk analysis, prevention and mitigation, 

preparedness, and transfer of risk (e.g. insurance), although not necessarily implemented in this order in practice where they can 

overlap and merge. Resilient recovery draws on the lessons from a disaster to include DRM measures in post disaster 

reconstruction. Disaster response and recovery must link humanitarian aid as a rapid response measure in crisis situations and 

more medium and long-term development actions, to ensure that the immediate and short term measures contribute to sustainable 

development (BMZ, 2015b). 
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Fig. 1: Disaster risk management as a pillar of sustainable development (BMZ, 2015b). 

2.3 Approaches in the context of the UNFCCC process 

Internationally, policy makers are increasingly recognizing the important step in changing the paradigm from response towards 

risk reduction and in on how society deals with climate risks. Insurance has been recognised in the international policy debate 

since 1992 in the UNFCCC (Article 4) as well as in the Kyoto Protocol (Article 3). In 2007, the Bali Action Plan highlighted risk 

management and insurance as an instrument to advance climate change adaptation and to manage risks of extreme weather events 

in international climate change negotiations. In 2013, the Warsaw International Mechanism (WIM) for Loss and Damage put 

comprehensive climate risk management on the international agenda, since Parties to the UNFCCC increasingly expressed their 

desire for more knowledge, practical examples and capacity support to address some elements of the work programme such as 

risk management and risk transfer. The year 2015 provided a political momentum with regards to climate risk insurance. G7 

leaders cooperated with the private sector to launch “InsuResilience”, a climate risk insurance initiative to support developing 

countries in their efforts to build climate resilience (BMZ, 2015a). This will be achieved by providing 400 million people in the 

most vulnerable developing countries with access to direct and indirect insurance coverage against climate related impacts by 

2020. The Sendai Framework for Disaster Risk Reduction includes “financial risk-sharing mechanisms” in its priorities for action 

(Priority 3: Investing in disaster risk reduction for resilience) (UNISDR, 2015). The Conference of the Parties (COP 21) with the 

Paris Agreement referred to risk transfer and insurance being part of a comprehensive (climate) risk management approach for 

Loss and Damage (UNFCCC, 2015). The Executive Committee of the WIM has been tasked to establish a clearinghouse for risk 

transfer. Decisions under the UNFCCC will outline the roadmap for work in international climate policy in the coming years on 

comprehensive (climate) risk management. These debates have highlighted the importance of insurance related approaches in 

managing and transferring risks within and across countries, institutions and stakeholders. 

2.4 Integrated Climate Risk Management and Transfer (ICRM)   

Governments, especially but not only in developing countries, are often challenged by a timely disaster response and longer-term 

resilient recovery due to financial constraints, adding further uncertainties to national budgets and long-term planning. This calls 

for a more integrated approach, where insurance can play a central role to reduce the economic and financial burden after a 

disaster and can help to increase a society’s resilience. However, a disaster insurance scheme should be integrated in all parts of 

DRM, from risk analysis (including the development of probabilistic risk models), to risk transfer (insurance), rehabilitation and 

reconstruction in order to fully benefit from its synergies (BMUB, 2015). By integrating risk transfer solutions, such as insurance, 

into DRM and climate adaptation efforts starting with physical planning which includes a risk reduction and climate adaption 

approach as well as the consistent implementation of the plan and by-laws, governments and individuals are able to (1) soften the 

financial impact through timely access to finance after a disaster, (2) increase the effectiveness of the implementation of 

contingency plans, and (3) plan preventive measures that mitigate disaster-induced poverty traps and long-term development 

setbacks. The use of insurance-related climate solutions to manage and carry climate risk effectively requires the technical know-

how of the private sector and a business case in order to develop innovative insurance products. 

 

Worldwide applications of financial transfer solutions as part of risk management have been focusing on agriculture climate risk 

insurance, given the major dependence of many countries on the export sector and agendas such as food security and 

employment. The role of risk transfer solutions is also relevant for other sectors and environments, including cities. Risk 

considerations are equally important to mitigation goals, since even with the most stringent implementation of mitigation 

measures, climate change impacts over the next few decades cannot be entirely avoided. Without mitigation, impacts are likely to 

be more severe and may overwhelm the adaptive capacity of some ecosystems. For example, the loss or reduction of ecosystem 

services can lead to very high social and economic costs (e.g. insufficient quality and quantity of water for consumption in urban 
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areas, wastewater and industry can lead to fluctuations in food production, which in turn can increase prices for consumer in 

cities and contribute to economic volatility). The development of Integrated Climate Risk Management (ICRM) concepts, which 

combine risk reduction, risk transfer, preparedness and response measures, can create spill over effects and synergies which are 

based on fundamental and comprehensive disaster risk assessments and analyses (hazard, vulnerability and exposure) (BMUB, 

2015; IPCC, 2012; Warner et al., 2013). 

 

China’s population recorded 1.361 billion in 2013 and 1.367 billion in 2014. As with other countries, urbanisation is increasing 

and 70% of China’s population (or 1 billion people) is likely to be living in urban areas by 2030. The combined population 

growth coupled with the desire to live in cities will challenge the abilities of municipal governments to provide adequate services 

and infrastructure in line with a mandated transition to a low carbon economy. Failure to consider potential future climate risks 

may seriously undermine urban resilience and functioning of urban systems, as evidenced by existing negative impacts occurring 

during and after current climate hazards. In response, China’s Action Plan for Climate Change Adaptation in Cities was 

announced in 2016. The action plan anticipates that by 2020, climate change adaptation related guidance will be generally 

incorporated into urban planning systems, construction standards and industry development.  

 

On behalf of the German Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety, GIZ 

(Deutsche Gesellschaft für Internationale Zusammenarbeit GmbH) and MCII (Munich Climate Insurance Initiative e. V.) support 

the Chinese government to develop a roadmap on how to integrate risk transfer solutions into comprehensive DRM for critical 

infrastructure in or closely connected to urban areas (transport / harbour) within the next two years. Comprehensive risk analyses 

will be conducted in specific test sectors to provide a basis for the private sector to model the risk and to structure financial 

instruments accordingly. Technical assistance will enhance local prevention capacities to reduce risks, invest into preparedness 

measures, provide strategies for public subsidies and set incentives for the insured. It is expected that effective risk prevention 

and reduction measures would in turn reduce the premiums of insurance solutions for public clients, including urban 

communities.  

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

As mentioned earlier, the Sendai Framework for Disaster Risk Reduction includes “financial risk-sharing mechanisms” in its 

priorities for action (Priority 3: Investing in disaster risk reduction for resilience). However, as a new or modified set of 

instruments, integration into a comprehensive risk management approach for urban contexts needs to be the next step. The 

expected benefits of insurance products (e.g. higher investment, innovation) when strategically combined with risk management 

can produce synergies (e.g. incentive for risk adverse management but risk taking behaviour, faster response management 

through direct payouts, and lower numbers of aid-dependent city dwellers to relax the pressure on government budgets in times 

of increased fiscal stress) and spill-over effects (e.g. reduced premiums through risk reduction efforts), which will increase 

insurance effectiveness. The expected added value would be even higher if financial risk transfer products in all their diversity 

could be considered already in the planning phase (e.g. of infrastructure). Furthermore, insurance payouts can be conditioned to 

incorporate “build back better” requirements (e.g. building codes, etc.) into response and reconstruction activities which would 

favour the extension of insurance coverage, could reduce future premiums and motivate a culture of prevention in urban 

settlements. Proof, meaningful and hard data on this hypothesis is not available to date. The project Agriculture and Climate Risk 

Insurance Plus (ACRIplus) is a front runner to prove the concept and will feed its findings into the Sendai Framework for 

Disaster Risk Reduction and UNFCCC process. 

4. CONCLUSIONS 

Climate risk-related insurance, as part of China’s overall and growing DRM and climate adaptation efforts, can play a significant 

role in the near future to increase the resilience of its people against the risks of climate change. However, it must be structured as 

part of a raft of adaptation options in order to discourage high risk behaviour. Different types of insurance mechanisms need to be 

explored, considering different structures for various sectors, and phased subsidies and other forms of smart support for low-to-

middle income households in China’s urban areas. The provision of index-based insurance is often challenged by a high premium 

price, data inadequacy, mistrust, short-term risk perception, restrictive regulatory frameworks, and a mismatch between product 

design and people’s and government’s needs. Moving climate and risk-related insurance approaches forward in a meaningful way 

will require the engagement of a variety of different stakeholders, including the public and private sector, international 

organizations and local associations. Nevertheless, the current international political momentum around climate risk insurance 

can help support a comprehensive and integrated climate risk management to provide technology for data collection and scaling-

up products at the national level. If done right, this could help change the paradigm of how we manage climate risks going 

forward. 
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ABSTRACT: Recent researches observed that certain groups in society are more prone than others to damages, losses, and 
sufferings in the context of hazards. Migrants are among the vulnerable populations during disasters. Over the changing times 
and evolving mobility of people, migrants emerge as a significant consideration in the area of disaster risk reduction. The 3rd 
UNISDR World Conference on Disaster Risk Reduction (WCDRR) in Sendai City, acknowledged migrants as essential 
stakeholders in reducing disaster risks. This paper particularly explores and analyses the migrants’ social capital in facing and 
recovering from disasters. It primarily assumes that the available forms of connections (bonding, bridging and linking) inherent 
to migrants had a substantial contribution to their disaster response and recovery. The paper assessed the various forms of 
linkages available to migrants during disasters, focusing on the case of foreign residents during the 2011 Great East Japan 
Earthquake. Using combined detailed interviews and discussions, literature reviews and examinations of prefectural capital 
websites, the study conclude that: 1.) Linking social capital functions as agents of distributive and procedural justice, and 2.) 
Migrant inclusivity should not be limited to disaster mitigation and response but should include pre-disaster community 
involvement. This study reflects on the significance and challenges of enhancing migrants’ social capital to facilitate more 
inclusive disaster risk reduction programs.  

Keywords: linking social capital, migrants, Great East Japan Earthquake, distributive justice, procedural justice 

1. INTRODUCTION 

In the recent years, intense focus had been placed on forging policies and solutions to mitigate and recover from catastrophes.  
While disasters are perpetual occurrences across our lifetime, the escalating damages and concurrent impacts to every aspect of 
humanity led to such urgent considerations. With the growing emergent attention, the infinitesimal theme on the role of 
vulnerable population in disaster gradually took prominence. Earlier researches had examined the notion that some groups in 
society are more prone than others to damages, losses, and sufferings in the context of differing hazards (Blaikie et al. 1994). 
Inherent characteristics that may affect the degree of impact include class, caste, ethnicity, gender, disability, age or seniority. 
The combination of these traits positions migrants among the vulnerable population during disasters. 
 
Based on the UN Department of Economic and Social Affairs Population Division, trends in international migrant stock for 2015 
included 243,700,236 persons moving across countries for various reasons such as personal safety, economic development or any 
further enhancement leading to an aspired upward social mobility. This increase the in number of people traversing countries 
becomes an important concern in disaster risk reduction and recovery.  
  
Aldrich (2012a) emphasized that individuals and localities do not bounce back from disaster solely through wealth, government 
aid or top-down leadership but through their neighbors, connections and social networks. This is the intangible resource we know 
as social capital. It can be unceasingly discussed and explained, but it can only be seen and better understood by its 
manifestations and the forms of social connections established among individuals and communities. All connections appear as 
vectors of varying degrees of strengths or weaknesses, with applicability at different conditions and social circumstances. 
Established social capital scholars working on disasters (i.e. Woolcock and Narayan, 2000; Hawkins and Maurer, 2010; Aldrich, 
2012b) identified three forms of social capital categorically describing the forms of relations and networks (re)established during 
disasters: bonding, bridging and linking.   
 
Bonding refers to that network of social relations that reinforce exclusive identities among a homogenous group, while bridging 
capital suggests the networks encompassing people across diverse social cleavages (Putnam, 2000). Linking social capital 
considers the network of trusting relationships across [vertical] explicit, formal or institutionalized power or authority gradients 
in society (Szreter and Woolcock, 2004). Woolcock and Narayan (2000) claimed that the different combinations of these social 
capitals are responsible for a range of crucial development and environmental outcomes. More than recovering from the disaster, 
these permutations of social capital constitutes to the maintenance of social order in the community.  
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Chamlee-Wright (2006) and Airiess, et.al. (2008) delved on how migrants effected resilience and recovery for their community 
exploring the social capital of Vietnamese Americans in New Orleans during Hurricane Katrina. It reiterates the significance of 
social capital to encourage the return to the community and recover from disaster. But how do linking capital permeates in the 
social dynamics of migrants during disasters? Who are these agents of linking social capital? And, what are role does linking 
capital assumes to support migrants /foreign resident in disasters?  
 
Our paper assessed the various forms of linkages available to migrants during disasters, focusing on the case of foreign residents 
and the 2011 Great East Japan Earthquake. Using the combined qualitative research instruments such as literature review, Focus 
Group Discussions (FGD), key person interviews and examinations of prefectural capital websites; the paper opens a rethinking 
on how to engage and involve migrants in the disaster risk reduction and recovery through the utilization of their linking social 
capital.  

2. MIGRANT LINKAGES 

Although disaster researches have documented the increased engagement of bonding and bridging capital following emergencies 
and a generally positive relationship between social capital and recovery, the concept of linking social capital has been all but 
ignored. Linking social capital advances distributive and procedural justice that delivers tangible outcome towards disaster 
recovery (Loebach and Stewart, 2015). This constitutes the vital functions of linking social capital in instances of disaster. 
Matching the data from interviews and the designated functions for linking social capital, Table 1 summarizes the functions and 
identified agents that fit the migrants’ context. 
 
Table 1: Functions of Linking Capital for Migrants and the Corresponding Agents 

Function Description Agents (Social Actors) 
Distributive Appropriate resource distribution to vulnerable 

population 
Local government (Host country), 
Consular Office (Home country), International Agencies 
and Humanitarian Groups, NPOs, NGOs 

Procedural Policy formulation for inclusive implementation Local and Prefectural government (Host country), 
International Agencies 

2.1 Source of Distributive Justice 

Linking social capital is easily associated with the dynamics in the community and how resources are actually utilized. Paavola 
and Adger (2006) stressed that vulnerability encompasses characteristics that are indifferent from those covered by need or lack 
of capacity; thereby situating vulnerability as justification for putting the most vulnerable first in matters of distributive justice. 
Individuals and communities are on uneven levels of exposure to hazards, leading to varied degrees of vulnerabilities and needs. 
Reiterating the position that migrants are part of the vulnerable population, they too necessitate a particular set of support 
especially in the recovery from the disaster. 
 
The authors present the case of the Filipino group in Kesennuma to present how migrant-specific assistance and resources were 
allocated during disaster. The group since formed in 1998 consists of 74 Filipino women living in Kesennuma with their Japanese 
family. They were originally known as the Bayanihan Kokusai Tomonokai, but soon after the March 11, 2011 disaster, it was 
officially renamed Bayanihan Kesennuma Filipino Community. Prior to the disaster, the Filipino group exists to give support to 
Filipinos living in the area, particularly those who has recently moved. Over the course of the disaster, the group became a 
significant point of contact that mediate Filipinos in Kesennuma and formal linkages of support and assistance. 
 
Official institutions such as the Kesennuma local government (through the Little International Embassy of Kesennuma City) and 
the Philippine Embassy in Japan communicated with the group to account its foreign residents and nationals respectively. The 
group recounted the Filipino residents in the area; however details of whereabouts after the disaster were limited. When basic 
services partially resumed, contacts were established and distribution of available support and assistance from the Philippine 
Consulate and other organizations were organized.  
 
The large extent of damage from both the earthquake and the tsunami constrained the economic activities in the area. The 
aftermath of the 3.11 disaster led to the considerable entry of different groups like NGOs, NPOs, support groups and volunteers 
in their community. Three key projects initiated by NPOs and NGOs resulted to long-term benefits for the Filipinos in the area: 
1.) A disaster-relevant radio program, 2.) Caregiver training, and, 3.) English teacher training.  On June 2011, a multilingual 
community broadcasting from Kobe (FMYY) coordinated with the Filipino group in Kesennuma to provide facilities to air an 
Internet radio program in mixed languages about the disaster’s impact in Kesennuma, people’s experiences and safety measures 
for future disasters. Aside from the Bayanihan Kesennuma Radio broadcast, other NGOs offered livelihood trainings to support 
foreign residents who lost their livelihood because of the disaster.  Through the support of NPO Japan Association of Refugees, 
24 Filipinos received caregiver certification trainings. Currently, 9 of them are working at senior citizen and welfare centers in 
the area. Through these, Filipinos in Kesennuma were able to avail sustainable skills and start anew after the disaster. 
 
The case presented how the local government and the consular office from the home country were effective agents for 
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distributing resources and confirming safety in the immediate aftermath of the disaster. NPOs, NGOs and other international 
groups distributed skill-building trainings to support affected foreign residents as they recover from the disaster.  

2.2 Source of Procedural Justice 

Aside from the distributive role of linking social is the implementation of procedural justice, that instigates the core values of 
respect and inclusion to which all affected parties have rights, are deemed respected, recognized and encourage to participate 
(Paavola and Adger, 2006; Loebach and Stewart, 2015). Basic to the nature of linking capital is the interaction that transpires 
between the individual/community and the formal or institutionalized sources of power (Aldrich 2012b). It administers the 
formulation of rules and policies that intends to be beneficial to all stakeholders.  
 
The 2011 Great East Japan Earthquake was among the haunting disasters of the 21st century.  At 14:46 JST March 11, 2011, a 
magnitude 9.0 earthquake shook the northern part of the main island of Japan, and was compounded by a massive tsunami that 
struck the Tohoku region minutes after the seismic devastation. It was consequentially followed by the nuclear turmoil from the 
damaged Fukushima Nuclear Plant. This multifarious disaster heightened the interest to effect more comprehensive disaster risk 
reduction polices and recovery programs all over the world. It provided a rethinking of how large-scale disasters generate 
irreversible damages both in the physical structures and social fabric of communities. 
 
Existing policies were reformulated to accommodate the changes in achieving more sustainable and inclusive rules and programs. 
In the context of migrants, there was transference in their role in disasters. From the Hyogo Framework for Action 2005-2015, 
focused on building resilient nations and communities to disasters; migrants are implied to be part of the vulnerable groups that 
were identified significant in planning for disaster risk reduction as appropriate (HFA 2005-2015). The 2015 3rd UNISDR World 
Conference on Disaster Risk Reduction (WCDRR) in Sendai City provided the shift in perspective in the formulated framework 
specifically acknowledging migrants as essential stakeholders in reducing disaster risks: (vi) Migrants contribute to the resilience 
of communities and societies and their knowledge, skills and capacities can be useful in the design and implementation of 
disaster risk reduction. (Sendai Framework for Disaster Risk Reduction, March 2015) 
 
Within Japan, the Tohoku disaster provided a strengthening of policies to be better inclusive of vulnerable populations. Disaster 
mitigation schemes may well be implemented prior to the Tohoku earthquake; however it was a source of reawakening to 
implement new policies that are adaptable to the changing times and its stakeholders. In the course of the authors’ research, two 
government-initiated activities were observed to show accommodation of migrants  (foreign residents) in disaster risk reduction: 

2.2.1 Local Government Initiatives 

Miyagi Prefecture`s capital Sendai City has a large migrant population with 10,615 foreign residents as of 2015. It was one of the 
major cities located close to the March 11, 2011 earthquake epicenter (130 km). Acknowledging the large presence of foreign 
residents in the area, disaster risk reduction schemes were adjusted to accommodate their needs. The Sendai Tourism Convention 
and International Association (SenTIA) initiates disaster-relevant activities to make foreign residents better informed in instances 
of disaster. More than the disaster programs, migrants are invited to participate in other solidarity activities that can engage their 
better involvement in the community even prior to a disaster. This may have been previously practiced even in other cities, but 
the 2011 disaster strengthened this incentive for migrant participation in their community.  

2.2.2 Accessible Information 

Among the key challenges that can contribute to people`s vulnerability in disaster is language (Cutter, Buroff and Shirley, 2002). 
Within the linguistically unique setting of Japan, not all foreign residents have sufficient Japanese language skills to comprehend 
extensively technical details. Thus despite the availability of information through various media  (television, radio, and internet), 
foreign nationals are placed at a disadvantage. In a recent review of the 47 prefectural capital websites, basic support for foreign 
residents as well as disaster-relevant pages was accounted.  
 
Table 2: Summary of Findings from the 47 Prefectural Capital Websites  

Website Features/Details Total (%) 
Links available for Foreign Residents 46 (97.8%) 
Available links for International Exchanges and Supports 39 (83.0%) 
International Association (As available in the website) 20 (42.6%) 
Living Information (Settlement) Support 45 (95.7%) 
Disaster-Relevant Information 45 (95.7%) 
Available Foreign language options 46 (97.9%) 
Languages Available:  
        English 46 (97.9%) 
        Chinese 46 (97.9%) 
        Korean 42 (89.4%) 
        Other languages: Russian, German, Spanish, Portuguese, Tagalog, Thai, French, Vietnamese and Italian  

Source: Author-generated data. 
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Based from the summary in Table 2, almost all prefectural websites have provisions to support foreign residents with information 
on settlement and disasters made available in multiple languages. Also, there is sufficient information that can be accessible to 
foreign residents especially in prefectures with large foreign resident population. 
 
In summary, formal institutions had initiated programs to promote better inclusion. The prefectural initiatives through community 
gatherings and disaster trainings created more direct engagement with the migrants, while improved access to websites made 
information constantly available and accessible. For both cases, migrants were given opportunities to participate and be included 
in disaster-related programs. This presents how the host country government (both in the prefectural and local levels) are agents 
for linking capital for migrants to gain fair access to disaster-related information and resources. 

3. MIGRANT INCLUSIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The paper primarily supports the Sendai Framework Priority of Action 1: Understanding Disaster Risk consistent with its 
expected outcome of (1.4) Building capacity to ensure that all sectors and countries have access to, understand and can use 
scientific information for better informed decision making. The paper submits itself to the rethinking of policies in creating more 
integrative polices that would include and involve vulnerable populations. 
 
This paper is a fraction of a bigger research on migrants social capital and the disaster risk reduction and recovery of the their 
communities. While this paper was limited to looking at the linking capital of migrants, it presents a reassessment on how 
inclusive are disaster-related programs and policies for migrants. The increasing mobility of people precedes this movement in 
various areas mainly places with high concentration of economic, social and political activities. These urban sites remain at risk if 
a definitive understanding of their population is not achieved. Thus, recognizing and supporting the various stakeholders 
empowers them with a better discernment of risks and useful recognition of their capacities in times of disasters.   

4. CONCLUSIONS 

This paper identified the present conditions on how linking social capital is being capitalized by migrants in disasters. More than 
the agents to provide the immediate resources following a disaster, formal institutions (with supports from NPO/NGOs and other 
agencies) should be able to provide opportunities for recovery and inclusion to better face disasters in the future. 
 
Linking social capital transpires between two nodes, one of which are the formal agencies that supports the implementation of 
distributing resources and crafting procedures. However, at the other end of the spectrum are the migrants who are expected to 
actively participate and engage in such activities attuned to their needs. Inclusion requires the collaboration among stakeholders 
and to do so, we have to recognize our capacities and be able to engage and be active partners in disaster risk reduction and 
recovery. 
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Abstract 

Elevation is exterior skeleton of building which has great importance in 
introducing and building .In this article the importance of building facades 
mentioned from two views: architectural and urban scale .At first glance, the 
value is based on the exterior elevation because of the definition of the urban 
facade, the importance of building at the urban scale. Many causes are to damage 
elevation. One of the most damaging façade is acid rain. Development of urban 
population and the lack of measures to monitor and control air pollution in large 
cities on the one hand and the existence of multiple sources of air pollution in 
cities, on the other hand caused to increase contaminant of air in the cities as far 
as some of the big cities, Tehran, has been faced with the problem of acid rain in 
recent years. Air pollution in urban environments as acid rain affected on stone 
surfaces is used in view of the buildings and reduced beauty, performance and 
durability over time which is based on climate and environmental pollution 
augmenting the severity of the damage. The phenomenon of acid rain was 
discovered in late 1800 in the UK .Smith noted that the chemical composition of 
rain by factors such as wind direction, rainfall intensity and distribution, water 
and fuel are decomposed compounds .This is dangerous for plants and objects in 
the ground. So4 ,sulfate, and NO3,nitrate,are index contaminated of area with 
pollution atmosphere that combined with hydrogen ions in a solution of sulfuric 
acid and nitric acid form. In this article, the totality of the destruction of acid rain 
in buildings with various materials are investigated by the inductive method and 
strategies for building stability and protect the facade against acid rain, should be 
provided. 

 

Key words: Acid rain, Façade, Building elevation, Stone, Nanoo material 
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Introduction 

Urban landscape is a collection of natural and artificial factors which are affected by 
natural, cultural, social and economic features of a city. Urban landscape is perceived by 
senses due to its rich nature. Elevation is one of constituent factors of urban landscape 
and impacts on visual beauty and environment quality and its inobservance causes 
reduction of urban landscape quality, so attention to elevation and its damages such as 
acidic rain is very important. 
In some industrial regions and due to factories activity, the rate of SO2 dioxide and 
nitrogen oxide NOX has increased in the air. These two materials chemically react with 
oxygen and steam in the atmosphere and turn to nitric acid and sulfuric acid. These 
acidic particles traverse long distances by wind and fall on the ground surface as acidic 
rain. Such downfalls may be in the form of rain, snow or fog. When sulfur gases of 
dioxide SO2 and nitrogen dioxide NO2 are solved in the rain, they produce acid 
according the following reactions: 

  

  
One of advantages of facade will be increasing of buildings durability and stability 
against unfavorable atmospheric and environmental conditions ( earthquake, wind, 
acidic rain and corrosive moistures , freezing, acidic gases in big cities polluted air, sun 
harmful rays like UV, dusts and smuts containing chemical materials) and as a result 
increasing the building useful life , then correct selection of materials and especially the 
building facade implementation method will have a considerable effect in this case. 
Acidic rain: The term of acidic rain is referred to any type of downfall as rain, snow, 
hailstone or even fog in which harmful materials like nitrogen oxides or sulfur exist. 
These two materials chemically react with oxygen and steam in the atmosphere and turn 
to nitric acid and sulfuric acid. Main factor of these pollutants are industries, 
transportation and various factories which cause severe increase of rainfall acidity and 
damage human, plants and buildings. Most big industrial cities are threatened by acidic 
dusts. In winter of 1952, London was severely invaded by acidic dusts and this caused 
early death of 4000 patients. This accident caused authorities to implement preventive 
measurements for air pollution control. Then, today London is enumerated among cities 
which have a relatively clean air. Acidic rain could impact buildings and causes ruin of 
constructional materials. Those buildings which have been made from grit, lime cement, 
lime stone or marble, are more affected and in metal buildings, it causes metal corrosion 
and their life reduction. Historical traces and museums of many cities are threatened for 
example we may point to London, Paris, Chicago, Athens and Germany historical 
buildings. 
The origin of pollutants effective in creating acidic rains: By development of human 
societies and then the industry growth, the rate of pollutants like NO2, NO, SO2, NH3 has 
been increased in the atmosphere. The resources of producing these pollutants could be 
briefly stated as follows: 
NH3: the greatest possible source of its production is considered relating to animal farms and dung produced by them which is 

again the result of human activates. This ion, after entering the atmosphere and solving in the moisture and turning to Ammonium 
ion, causes acidic rain. 
SO2: is produced by volcanos activity and sulfur gas oxidation due to plants decomposition and also coal combustion. These 

oxides are usually circulated in above part of atmosphere and return to the earth surface due to direct gravity or synthesizing with 
atmospheric moistures as acidic rain. 
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NO & NO2: nitrogen oxides NOX are produced due to human activities such as combustion of fossil fuels (like oil, coal, gas, 

airplane fuel and cars exhaust smoke) and also bacteria activity in soil and synthesis of oxygen and nitrogen existing in the air at the 
time of firelight and forests fire. 
Which regions are more exposed to acidic rain? 
Till sometimes age, it was supposed that acidic rain is a European problem, but toady we 
know that acidic rain affected all industrial countries. America, Canada, Germany, 
England and Scandinavia seriously face this problem. Some regions of Asia are also 
affected by acidic rain (such as Japan, North and South Korea, South of China, 
mountainous and southwest of India). In Tehran, mainly in northeast regions of this city, 
acidic pH has been reported. For example, we van name Shemiran and Parkway stations 
which is due low buffer (like calcium and magnesium). The lowest reported pH in 
Tehran is 3.8. 
The impact of acidic rain on building facade 
Dry and wet sediment both help materials corrosion, dry sediment is formed from gas 
stuff and particles which reach the earth surface. Adjacency to greenhouse production 
source causes direct damage. Sulfur dioxide often exists as dry sediment in 30 km height 
from surface. Wet sediment occurs when the pollutant has been spread in high level 
inside the atmosphere where they react with steam in clouds as thin acids. Wet 
sediment could impact the regions which are away from any source of pollution more 
than 10s kilometers.  co2 

Sulfur dioxide is the main factor of corrosion but other materials like NOXs, CO2, Ozone, 
O3, sea salt are also effective. Studies have shown that when nitrogen dioxide NO2 is 
along with SO2, corrosion rate increase occurs. Reactions between materials and 
pollutants are very complex and many other variables are also involved. Pollutants 
sediment on the surface depends on atmospheric pollutants concentration, climate and 
continent around the surface. When pollutants exist in the surface, reactions would be 
different and depending on the rate of exposure to pollutants and existing moisture, the 
reaction is different. The latter factor is very important since SO2 is dry sediment and is 
turned to sulfuric acid in the presence of moisture on the surface. 
Acidic rain, in two forms of wet and dry, destructs and changes lime stone surface. In 
wet state, acidic rain is fallen on stones surface , react with elements present in the stone 
and causes stone destruction , since calcite mineral (CaCo3) which is the main mineral of 
lime stones, is rapidly solved by acidic waters, the reaction of H2CO3 and H2So4 is as 
follows:        

 

Those buildings which are made from lime stones( marble, lime stone, lime grit) are 
more vulnerable to acidic rains and this issue , besides economic loses, could cause 
cultural harms too, for example historical traces of cities like Paris , London and so on 
are subject to serious dangers due to acidic rain. In Iran, due to cities extension and 
increasing of air pollution, historical buildings face such a danger too. Acidic rain in dry 
state deposits on stones and causes building's facade dimness which besides creating an 
undesirable face in city, causes building facade destruction , also it enters museums 
through air and destructively impacts art works. 
Pollution rate: Studies show that man , by yearly adding 75 to 100 million ton sulfurs, 
combustion of 60% coal, 300% oil products and 10% of industrial products, ignition of 
organic fuels and production of 20 million ton nitrogen causes air pollution.  
Strategies for preventing from destructive effects of acidic rains on the building 
facade 
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Double-skin façade: It is for a long time that architecture and engineers aspire that the 
building's wall act as natural skin, still a long way has remained to realization of this 
ambition but recent progresses in the field of multilayer facades is enumerated an 
important step for achieving  quasi-penetrant skin of the building. Hansen et al in their 
studies concluded that simulating double –skin façade includes examining factors like 
temperature and air flow fluctuations that by appropriate analysis of these factors and 
providing suitable solutions regarding the project special conditions, we can reduce the 
building cooling and heating load. Double-skin façade is distinguished from other 
facades by possessing at least two skins between the building internal space and 
external environment. 
In the partition between these two skins a path is ventilated for air flow. The facade 
external skin is fully glassy which is usually prepared from hard glass. Internal skin is 
not often thoroughly glassy and the glass used in it is of insulator type. Existence of the 
second skin not only will turn the building to a sustainable architecture, but creating the 
second façade could protect main façade against hard atmospheric conditions. 
Double-skin glassy façade technology is often designed for buildings with the aim of 
energy consumption optimization, sustainability and green architecture, then the 
number of such buildings is increasing and these facades success is due to optimal use of 
day light and beautiful and seamless façade. Transparency is often the main 
architectural reason for selecting double –skin façade since it causes close contact of 
internal space with surrounding environment. the building skin conventionally has been 
as a guard between internal space and diverse external climatic condition of the building 
and its performance evaluation has been accomplished regarding the ability of 
separating internal and external space of the building, while modern designing ideas, 
regard the building skin as a guard which causes creation of balance between internal 
space and the building environment. Double-skin facades efficiency depends on many 
factors including the building type and usage , the building facade isolation method ,  the 
ratio between transparence and glum surfaces of internal skin, locating the shadings 
between the internal and external layer , quality and dimensions of the two skins 
casements , the number of internal and external layers walls of double-skin façade. 
Using dry materials for external skin: Porcelain ceramics: porcelain word is referred 
to a wide range of ceramic products which have high baking temperature. The reason of 
baking porcelains in high temperature is creation of glassy nature and also low porosity 
in porcelain. Porcelain ceramics are produced in two forms: glazed and non-glazed. 
When biscuit (body) is baked in a high temperature and its porosity reaches zero, there 
is no need to glazing and non-glazed porcelains are produced.  
Porcelain features 
* High bending strength (two to three times industrial stones) 
* Low water absorption to less than 0.1% and resistance against freezing (impervious 
comparing to stone) 
* High chemical resistance and resistance against being stainable (detergents and acids 
and base abstergents) 
* High resistance to erosion ( long life and high sparkle)  
* High surface rigidity (lack of surface scratch and beauty preservation) 
HPL planes: HPL is the name of planes which are made by combining cellules layers and 
phenolic resins. This combination after perching in high temperature of 180C and BAR 
pressure 80 turns to solid planes with special technical characteristics. These planes 
final surfaces are covered by colored layers and anti- scratch coverage. HPL planes have 
a wide usage in various fields. 
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Using Nano-materials in external skin :Nano technology has made a scientific and 
great movement in humankind world for solving many environmental problems, 
conditions qualitative improvement and especially energy consumption reduction. By 
entering new materials to the construction technology, we will have some structures 
which won't have defects like chemical corrosion under the influence of atoms 
arrangement change, so some phenomena like acidic rain, chemical mechanisms during 
implementation and construction and air temperature will be no more propounded as 
destructive and limiting factors especially in the building external skin, among these 
factors we can point to the following cases: 
- Using nanoparticles of titanium dioxide for improving concrete features in the building 
façade 
- Using Nano-insulators and their application as thin or painted skins in surfaces 
coverage in three forms (Nano-gel, thin and coating skin) 
- Using Nano-coverage in the building facade 
Result and conclusion 
Finally it should be noted that modern materials and techniques including the facade 
shell, use dry materials for the outer shell , the use of nano materials is not globally able 
to respon this major problem and should not ignore the uncontrolled growth of air 
pollutants to cause extent many problems, and try to solve caused problems .At the first 
point problems could be prevented till did not need to solve them after and also did not 
do any proceedings for them. Air pollution controls such as: 
 Finding and replacing new ways instead of burning to produce energy such as solar, 

nuclear and ... 
  Increasing the efficiency of energy production through burning 
 Reduction or elimination of substances that result in fuel burn , emissions are 

created , Manndgvgrd of gas oil 
 Trap pollutants before they enter the air after burning 
According the paper and other searches about this problem.A few steps that could be 
taken in this regard are mentioned below: 
Clean up smokestacks and exhaust pipes 
Use alternative energy sources 
Restore a damaged environment 
Take action as individuals 
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ABSTRACT: It is widely understood that absolute protection for critical energy infrastructures is – as a practical matter – 
impossible.  As a consequence, a key aim of critical infrastructure protection must be to achieve infrastructure resilience, with the 
level of investments targeted to protect and back up critical infrastructures keyed to analyses of expected risks and the potential 
human and financial harm incurred if critical infrastructures are in fact successfully attacked and fail.   We discuss the roles that 
probabilistic risk assessment (PRA), ‘defense-in-depth’, and design-basis threat (DBT) analyses can play in achieving levels of 
infrastructure resilience that are practically and publically acceptable, using the electric grid as a prototypical illustration. 

Keywords: critical infrastructure, resilience, defense in depth, design basis threat. 

1. INTRODUCTION 

Recognition of the need to deal with potentially serious or even catastrophic societal disruptions resulting from intentional 
interference with critical infrastructures, especially in the energy domain, is relatively recent.  As a consequence, and to no one’s 
surprise, the level of sophistication with which stakeholders in the energy domain have dealt with critical infrastructure 
disruptions of this kind has been very mixed.  In contrast, there is an extensive literature on – and considerable understanding of – 
of infrastructure protection and resilience in certain civilian (rather than military) domains where threats of intentional disruptions 
and damage have long been taken very seriously.  The most prominent example of this kind of domain is electricity generation 
via nuclear power plants.  In this presentation, we will argue that the lessons learned by the nuclear energy industry worldwide 
can provide useful guidance to energy infrastructure protection in much more general settings. 

Nuclear power stations in the U.S. operate under the licensing authority of the Nuclear Regulatory Commission (NRC), a federal 
regulatory body with oversight responsibilities for both safety and security at such sites.  In the case of safety issues, the NRC 
relies upon an analysis framework referred to as Probabilistic Risk Assessment (PRA), which allows quantitative analyses of the 
probability of potential failures of plant components, systems, and operations.  As for security, the NRC has adopted a 
methodology referred to as ‘design-basis threat’ (DBT, IAEA 2009) “… as a basis for designing safeguard systems to protect 
against radiological sabotage and to prevent the theft of special nuclear material” (NRC 2016).  Given that “protecting against 
radiological sabotage” directly implies protecting against damage to the nuclear reactor infrastructure, such as preventing rupture 
of the pressure vessel, it is evident that DBT analysis must couple to an analysis of the physical vulnerabilities of the engineering 
systems of such a plant, i.e., Probabilistic Risk Assessment.  Clearly, both the DBT and PRA analyses drive the (re-)design of 
protective measures of nuclear power plants; the re-design part of this analysis cycle is organized under the concept of ‘defense in 
depth’, a design notion for building highly redundant engineered systems. 

In the following, we discuss the aspects of PRA, DBT and ‘defense in depth’ that pertain to our target problem of critical 
infrastructure protection, and then discuss how these three concepts can be implemented in contexts outside the nuclear power 
realm, and specifically in the context of protecting electricity distribution grids. 

2. DESIGN-BASIS THREAT (DBT) 

The concept of design-basis threat has been in common use by a number of communities that are faced with possible attacks 
either by external forces or “insiders”, most notably the nuclear power industry, both in the U.S., and abroad.  In the following, 
we rely on the use of this concept by the International Atomic Energy Agency (IAEA), which has adopted DBT as the key tool 
for assessing the vulnerability of nuclear power plants (e.g., IAEA 1972); and our discussion largely reflects the published views 
of the IAEA on DBT (viz., IAEA 2009). 

The full DBT analysis entails four distinct aspects: first, an analysis of the possible insider or external actors who might offer a 
threat; second, an analysis of the possible actions taken by adversaries that could lead to significantly damaging consequences; 
third, an analysis of the specific nature of the adversaries, e.g., their capabilities in the most general sense of this word; and 
finally, fourth, an analysis of what would be required on the part of protection systems (including possibly protective forces as 
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well as physical protections) in order to deal effectively with adversaries and their potential damaging impacts.  When all is said 
and done, the aim of the DBT analysis is thus to understand what must be done in order to ensure that the system to be protected 
in fact survives functionally after an attack. 

It is important to note here that, by and large, DBT analyses do not require the system to be protected against attack indefinitely – 
for example, such analyses would generally not require a power plant’s protective force to be sized so that it was capable of 
surviving and successfully defending against an attack for an indefinite time: typically, what would be called for is a protection 
scheme that (a) detects adversaries and then (b) delays them sufficiently to allow external help (viz., first responders such as 
firemen, police or national guard) to engage on site, repel the aggressor(s), and prevent serious damage.  Thus, the protection 
scheme could be a some combination of physical systems (e.g., sensors, fences, walls, etc.) and people (e.g., an armed protective 
force), with the details determined by what is needed to be protected (and its vulnerabilities), by what the nature of the threat is, 
and by what is practically possible.  The lattermost of these determinants is absolutely key and cannot be forgotten: for example, 
it is not plausible to expect protection of electricity grid power substations based on the use of on-site protective forces – the 
associated costs are simply too large, given the large number of such sites on any national grid.  As a result, the design of such 
physical systems – ones where protective forces cannot be put in place indefinitely – must involve layers of engineered 
redundancy that allow continued system functioning under attack – not indefinitely, but for a time (determined by the DBT 
analysis) sufficient to bring to the site external help capable of effectively defending the site. 

3. PROBABILISTIC RISK ASSESSMENT (PRA) AND DEFENSE IN DEPTH 

The fundamental insight governing the approach to safety and security practiced by the U.S. NRC is that humanly engineered 
systems can and will fail, and that targets attractive to opponents can and will be attacked.  In other words, the NRC admits from 
the outset that systems designed and built by humans are inevitably vulnerable, and thus the optimum strategy for protecting 
society against failures is to admit the possibility of failure(s), and then to design a process that guides investments in reducing 
the risks and penalties attendant to failure. 

The NRC’s response to possible system failures in nuclear power plants is based on two concepts: Probabilistic Risk Assessment 
(PRA) and ‘defense in depth’.  To quote the U.S. NRC, it “uses Probabilistic Risk Assessment (PRA) to estimate risk by 
computing real numbers to determine what can go wrong, how likely is it, and what are its consequences” (NRC 2013).  Because 
the NRC requires operators to use PRA as a tool for pushing the probability of various types of particular accident scenarios 
below numerically specified levels, the nuclear industry has responded by developing an engineering framework referred to as 
‘defense in depth’.  The idea behind this framework is to devise a multi-layered, redundant structure of independent systems that 
guard against failures of the engineered structures and systems in a nuclear power plant; these multiple layers, and the associated 
redundancy, are designed so that none of these layers is relied upon exclusively – a failure of any one layer is compensated by the 
fact that some other layer is designed to also deal with the same failure. 

Note that PRA and ‘defense in depth’ are intimately coupled, in the sense that – for any given plant design involving the concept 
of defense in depth – PRA allows one to compute the risk that given plant design fails, despite the levels of redundancy and other 
protections that are part of this design.  If this computed probability of failure exceeds the NRC-specified threshold, then the 
‘defense in depth’ concept defines a path towards engineering yet further redundancies into the plant design, thereby reducing the 
computed risk of design failure; the cycle of PRA analysis and ‘defense in depth’-inspired re-design is then iterated until the 
required threshold risk probability is reached.  This type of coupled PRA-‘defense in depth’ analysis can be carried out for any 
energy infrastructure system – not just nuclear plants – and is what we pursue in the next section. 

4. APPLICATION AND DISCUSSION 

We finally turn to the question of how the analysis framework defined by DBT, PRA and ‘defense in depth’ can be applied more 
generally to promote critical infrastructure assurance.  In order to provide a concrete setting for this discussion, we take as an 
illustration the question of how a nation’s electric grid – surely one of any modern nation’s critical infrastructure – can be 
safeguarded against attack.  We note that a number of studies of the vulnerabilities of the electric power distribution system have 
already been published (e.g., Abel et al. 2004; Parfomak 2014); here we focus on how DBT, PRA and ‘defense in depth’ can be 
used in combination to deal with these vulnerabilities.  

As a first step, we define the components of the “grid”.  An electricity system consists of the generating power plant(s), the 
electricity distribution system, and the ultimate users (see, e.g., Brown & Sedano 2004); and in the following, we will refer to the 
distribution system as the “grid”.  Figure 1 illustrates a model electricity system; the items contained within the dashed blue box 
are collectively what we refer to as the “grid”.  There are four distinct components of the grid to be considered: 

1. The generator step-up unit, whose purpose is to take the typically medium-voltage output of the generating plant as 
input, and transform it to the high voltages (typically well in excess of 100 kV) required for long-haul transmission 
lines.  This type of transformer is generally located in the immediate vicinity of the generating power plant, and 
therefore usually shares its security perimeter and access control that of the power plant itself.  For this reason, we will 
not consider this component of the grid any further.  Figure 2a shows an example of such a step-up transformer. 
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2. The substations, which contain step-down transformers designed to take power from the high-voltage transmission 
lines (HVAC) and output power at intermediate voltages, generally well below 100 kV, to large user communities (viz., 
an urban area).  Figure 2b illustrates such a substation, located in Australia near Melbourne; note that access control for 
this component of grids tends to be limited to chain-link fencing, sometimes topped with razor or barbed wire, and 
sometimes includes surveillance sensors (mostly limited to video cameras).  This type of grid component is highly 
vulnerable to attack, as illustrated by the recent sniper attack on PG&E’s Metcalf transmission substation located near 
San Jose in northern California (AP 2014; Wikipedia 2016), and will be discussed further below. 
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Figure 1: A functional diagram of the electric power distribution system; the “grid” is the component of this system that connects 
the power generator to the power users, and is indicated in this graphic by the interior of the blue dashed box. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Images of three types of transformers: (a) a generation step-up unit, typically located at power stations; (b) a substation, 
containing step-down transformers that connect local power users to a high-voltage transmission line; (c) a local step-down 
transformer, typically used in residential areas to supply 120/240 voltage AC power to local home and apartment dwellers. 

3. Local step-down transformers, an example of which is shown in Figure 2c.  Although these transformers are obviously 
important to individual electricity retail consumers, they should not be viewed as part of the critical infrastructure 
subject to potential attack: In order to cause system-wide failure of the grid by attacking these transformers, attackers 
would need to attack large numbers of these grid components, a highly impractical and implausible tactic on the part of 
the attackers. 

4. The actual transmission lines, ranging from the high voltage lines designed to transport power over long distances to 
the local voltage lines transporting power within urban areas (both seen in Figures 2b and 2c).  The transmission lines 

(a)	 (c)	

(b)	
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are highly vulnerable to attack, as they are generally not protected – and in the case of long-distance HVAC or HVDC 
lines, such attacks can lead to catastrophic system-wide outages (see analyses of a catastrophic HVAC line disruption 
caused by natural events, NRC & U.S. DOE 2004, 2006). 

In order to illustrate how DBT, PRA and ‘defense in depth’ can be combined to address the vulnerabilities of these grid 
components, let us focus on substations.  Note that substations are vulnerable for two key reasons: first, there is generally no on-
site protective force in place; second, certain components (such as the step-down transformers) are in many instances not readily 
replaced on short time scales – months may pass before a replacement transformer is put into service.  Furthermore, certain 
substations are particularly critical components of a regional grid, as exemplified by the PG&E’s Metcalf transmission substation 
in northern California – its destruction would have brought down economic activities in the entire California “silicon valley”, 
potentially for many months.  This certainly would have been classified as a catastrophic attack on critical infrastructure, had the 
attack succeeded, and motivates our present focus on substations. 
Next, we consider how DBT, PRA and ‘defense in depth’ can be used to analyze the vulnerability of such substations.  DBT 
analysis would argue that delaying the effectiveness of the attack is key – thus, early detection of an attack is essential – 
something that would call upon installation of acoustic and visual sensors linked securely to a central utility control station. 
Based on the Metcalf substation experience, DBT would further argue for hardening of the site, viz., electrifying fences, 
installing visual obstructions blocking direct ground-based views, and installing deflecting wall structures encasing the 
substation’s key hardware components.  These multiple layers of physical protection – an example of ‘defense in depth’ thinking 
– would be designed to delay damage in response to attacks of the Metcalf substation type.  Now, PRA allows us to analyze the 
effectiveness of delays via the engineering solutions suggested by the combined DBT-‘defense in depth analysis’ – can protective 
forces arrive on site within the time delay offered by these physical protection installations?  Furthermore, PRA would examine 
alternative attack strategies that the above-mentioned physical protection measures could not address.  For example, attackers 
might be able to carry out reconnaissance via combinations of tools such as Google Earth and camera-equipped drones, and then 
attack critical substation elements such as the transformers by using mortars or bombs released via drones.  This is not to say that 
such types of attacks cannot be addressed as well, based on a re-analysis via DBT and ‘defense in depth’, but at some point one 
does reach a point of diminishing returns: one has to accept the possibility that protective forces will not arrive in time, and that 
the nature of the attack circumvents all of the ‘defense in depth’-inspired physical protections.  In that event, a ‘defense in depth’ 
re-analysis would argue that critical infrastructure components such as the Metcalf substation would require a backup substation; 
and would argue further that the details of the local grid connectivities be held confidential so that potential adversaries would not 
be able to identify which pairs of substations serve as backups to one another.  

5. CONCLUSIONS 

In this presentation, we have shown how the combined use of DBT, PRA and ‘defense in depth’ can lead to a highly resilient grid 
electricity distribution structure, even in the event of determined attack by adversaries, as specifically illustrated by analyzing the 
vulnerabilities of grid electricity distribution substations.  Whether this type of approach to critical infrastructure protection is in 
fact implemented depends of course on a close cost-benefit analysis: Certainly one can argue powerfully that cost-benefit 
analysis for increased protection of grid components such as the PG&E Metcalf transmission substation will show that the 
benefits far outweigh the costs.  Unfortunately, history suggests that this type of thinking does not enter the realms of 
implemented public policy until a catastrophic event has in fact occurred that reveals unexamined vulnerabilities in critical 
infrastructures that were not ameliorated – consider the fact that the present regulatory structure of the U.S. nuclear power 
industry (which we’ve used as a prototypically effective driver of increased resilience in this industry) was not put into place until 
after the Chernobyl and Three Mile Island nuclear accidents. 
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ABSTRACT : Italy faced the challenge of hosting EXPO 2015 – The Universal Exhibition in Milan from May 1 to October 31,     
and more than 20 million people from all over the world attended. Mass gatherings of this scale require complex planning to 
ensure the availability of adequate public health care during the event, and must also integrate the needs of the venue into the 
existing medical resources of the Region. AREU – the Regional Emergency Service Company of Lombardia  (EMS) was asked 
to organize the health preparedness and response for EXPO. AREU worked on preparing an integrated model of intra and extra 
hospital preparedness and response,  involving  7  Major Hospitals, that  had to be ready in 20 minutes to receive victims for 
conventional major medical events and  for non conventional events. Luigi Sacco Academic Hospital in Milan, one of the Italian 
National Referral Centre for Bioterrorism and SARS, was chosen as referral hospital for EXPO to manage Bioterrorism Events 
and Infectious Diseases Emergencies. Syndromic surveillance and Epidemic intelligence principles were applied as early warning 
tools for monitoring infectious diseases emergencies and possible non-conventional  biological events.  It was the first time in 
Italy that a so complex integrated health care response for a Mass Gathering event such as EXPO had been organized. AREU 
organized an all-hazards of intra-and extra hospital  preparedness and response,  in which civil and military competencies  were 
integrated suggesting a new approach. Hospital disaster preparedness is critical to community safety, especially as evidenced by 
the last emerging global infectious outbreaks, terrorist attacks, and disasters  that severely taxed local hospital resources. 
Standardizing hospitals and EMS preparedness and response during disasters and mass gathering events has become a priority of 
all countries and a concern of public health  systems. EXPO 2015 experience showed a new model of integrated approach of all-
hazard response of the emergency system for mass gathering events. 

Keywords: Mass Gatherings, Disasters Medicine, Resilience, Public Health Policy,   

1. INTRODUCTION 

The World Health Organization (WHO) defines  mass gatherings (MGs) as “events attended by a sufficient number of people to 
strain the planning and response resources of  the community, state or nation “ (1,2).  MGs have significant implications for the 
public health beyond the acute public health events which may occur, and require rapid detection and effective management. The 
public health response to MGs is similar to that of public health emergencies or disasters, with the same implications in terms of  
public health, health care and emergencies service due to the inadequate resources available for the surge in demand, besides 
having additional repercussions on homeland security(2). Mass Gatherings present complex health care challenges  and 
implications related to communicable diseases surveillance, vaccination, travel medicine, environmental health, emergency 
preparedness, crowd management  and national and international security. Many implications are related to mass gatherings 
events extended to the benefits of cross-sectoral preparedness planning and increased capacity in health infrastructure, from the 
international spread of epidemic and pandemic diseases (communicable diseases), to non-communicable diseases, to  the public 
interest that pose problems in information and communications concern,  to the role of media in information, to the increasing 
risk  related to health security  such as potential target for terroristic attacks, that may potentially directly endanger the health of 
the population ( 3).  
Italy faced the great challenge of hosting EXPO 2015 – The Universal Exhibition in Milan, from May 1 to October 31 2015, 
more than 20 million people attended. Mass Gatherings of this scale require complex planning to ensure availability of adequate 
public health care during such events and to integrate the needs of the venue into the existing medical resources of the Region 
and coping with the increasing demand in homeland security. AREU - the Regional Medical Emergency Service Company of 
Lombardy  (EMS) was asked to organize the health preparedness and response for EXPO. AREU applied  a new  model of  
planning and response. An all-hazard approach  to public health risks  was planned according to the current World Health 
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Organization (WHO) recommendations. An integrated intra-and extra hospital approach for preparedness and response was 
planned. A strategic Risk assessment and an event-based risk assessment were included in the planning of the MG process. 
Standardized guidelines and procedures for hospitals and EMS were established according to the international guidelines on mass 
gatherings medicine and disasters and the needs of Lombardy Region Department of Health (3,4,5)  
 

2.METHODS 
 

AREU worked in prepare  preplanning and planning an integrated model of intra and extra hospital preparedness and response,  
involving 7 Major Hospitals in the metropolitan area of Milan,  that had to be ready in 20 minutes to receive victims for both 
conventional major medical events and non-conventional events or CBRNE events (Chemical Biological, Radiological, Nuclear 
and Explosives).  Luigi Sacco Hospital as Academic  Hospital in Milan and Italian National Referral Centre for Bioterrorism and 
SARS was chosen as referral hospital, during EXPO, for the management of Bioterrorism events and Infectious Diseases 
Emergencies.  

The authors report their  direct experience in the planning and response, in order to prepare for and manage the public health risks 
at such gatherings, including specific public health measures developed before the event, training for the successful and the 
effective implementation of such measures, as well as planning improvements in the hosting nation's health systems, in particular 
in the Lombardy region. Because of its size, duration and features, EXPO served as a model of integrated response to prepare the 
local Medical Emergency Service in preparedness and response, and the Major Hospitals in pre-planning specific response to 
mass casualty events. EXPO also served to test on the field the epidemiological assessments in highly crowded environments by 
applying the principles of syndromic surveillance and epidemic intelligence as early warning tools for monitoring infectious 
diseases emergencies and possible non-conventional  events (CBRNE).   

Pre-planning and Planning procedures included the following fields : 1) Emergency medical services and hospitals: Specific 
plans have been designed and prepared for the management of mass casualties or mass fatalities and preparedness for 
emergencies at the community level as well as at the event venue and the related locations level. Seven hospitals were chosen in 
the metropolitan area of Milan, close to the EXPO site, in order to ensure appropriate care according to the different specialties of 
each hospitals. Each hospital had to be able to be ready to receive any casualties within 20 minutes for conventional major 
medical events and for non-conventional CBRNE events. 2) Infection control: Best practice and correct standards for infection 
control had to be ensured, including outbreak management, were designed according to international guidelines and protocols; 
Vaccination, isolation or other measures if requested. For EXPO 2015 a system of surveillance to monitor the diffusible diseases 
was developed to allow the timely identification of infectious emergencies, assessing the extent of risk to the public health and 
implementing promptly appropriate prevention and control measures, by applying principles of syndromic surveillance and 
epidemic intelligence (7,8,9,10,11,12). This surveillance system was integrated with clinical and training activities at the 
Department of Infectious Diseases of the Luigi Sacco Academic Hospital  - Azienda Ospedaliera Polo Universitario Luigi Sacco 
in Milan  that ensured the medical response in the field of infectious diseases and infectious diseases emergencies. 3) Laboratory 
capacity: adequate diagnostic capacities  were included  in the preparedness for hospital surge capacity; 4) Travel Medicine: 
procedures aimed to providing updated health advice for visitors were designed. 5) Points of entry: Specific procedures were set 
up inside the EXPO site, in order to guarantee safety and health care provisions  for any visitors, in particular fragile patients  
with special conditions or disabilities.  In the EXPO site three outpatient health centres (First Intervention Points) were activated 
to meet the health requirements of  visitors and workers. The activity in the  First Interventions Points (PPI) was, by analogy, 
compared to General Physicians practices or to Emergency Departments’ white codes or even a "tourist lookout" surgery, so the 
presence of medical and nursing staff with experience in emergency rescue and general practitioners of Continual Assistance 
service was expected. The function of the  PPIs was firstly to treat patients and secondly to prevent them from going directly to 
the emergency departments for minor health problems. The PPIs  were operating during the opening times for the public from 10 
am to 23pm on weekdays, and until 24 pm on Saturdays and Sundays. (Figure 1)  6) Information Technologies and 
Communications: An inter-operational communication centre was established in order to ensure medical care workstations, 
medical aid for the management of requests for assistance from the EXPO site in close link with the EMS and 112 services. 
Inside this Centre there were also police, firefighters and municipal police  workstations to monitor and ensure  the safety and  
security  of all visitors inside the EXPO site with a multilevel approach. An  IT platform called “Easymeeting” was built for 
managing security and emergencies, in order to ensure the co-working activities among all the entities involved in the 
management of  all emergencies, in particular during major incidents that needed an integrated coordination among all 
institutions, to share information in real time and the exact location, size, type and features of the event. This integrated  IT model 
allowed to display the data of the area, to enrich even in "peacetime" the information assets of the trading desks of the entities 
taking part into this digital ecosystem. 8) Training activity and drills: A specific training program was provided for all EXPO 
health workers,  the courses were focused mainly on possible infectious foodborne illness, and infectious diseases connected to  a 
mass event like EXPO. As for Drills activities, the Prefecture of Milan jointly with AREU and the Civil Protection organized 
different exercises and scenarios to test and  manage the whole chain of emergency, from pre-hospital  to intra-hospital 
preparedness and response that had to be able to receive mass casualty events, security forces  preparedness was also tested. On 
February 2014 the first civil protection operational test was held in the areas nearby the exhibition site. The  Prefecture wished to 
test the coordination between all the agencies and institutions involved in the management of  their specific  competencies during  
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emergencies and ordinary activities;  also 
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resources in an emergency was performed
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Figure 1. First Intervention Points (PPI)
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the more vulnerable metropolitan areas. Strong and efficient institutions and their mutual collaboration contributed significantly 
to the efficiency and effectiveness of a hazard risk management system during EXPO 2015. The authors suggest  to carry out 
further research in this field, especially to develop a more resilient framework to be used in different contexts, to promote in 
different countries, in particular in “fragile poor countries”, in terms of global health policy, in order to create a future model idea 
of public health behaviours that help community to become more resilient, and opening the discussion for further analysis on  the 
understanding future global emergencies and to reduce global inequalities. 

5. CONCLUSIONS  

 EXPO 2015 Milano represented for AREU an important winning challenge in the planning, organization and health management 
of such a complex event in terms of intensity and duration. As described in detail in this report, AREU prepared an integrated 
health plan for an adequate and effective response to the needs of an active health "basic" service within the exhibition site and 
the management of internal and external health emergencies to the site, with transport to the hospital network when needed. 

AREU provided for the entire health care service an organizational management model for all hazards integrated with an 
emergency health response through the activation of a network of hospitals, identified in the Milan area, which could provide 
health care and response for mass casualties. A quick integrated inter-hospital response was guaranteed for the whole period. 
Considering the present historical period at high risk of a terrorist attack,  the activation of a common inter-hospital plan  for the 
treatment of Mass Casualty patients, for both conventional and non-conventional victims was also provided. 

AREU collaborated with the Prefecture of Milan and the Lombardy Region in making a successful model of Integrated 
Interagency Cooperation, working  hard and effectively, during both the planning phase and the  EXPO to guarantee an 
operational model in the field that involved different institutions by positions and specificity, but with the same objective  of 
managing  emergency medical care and homeland security at mass events. All institutions involved, from the Lombardy Region  
to the Prefecture, from the police to the Ministry of the Interior, from the Fire Department  to the Civil Defence, the Public Health 
Agency of Milan and some Hospitals  took part into all the working groups of planning in order to ensure the homogeneity and 
the integration of the  whole operating system, as well as in the implementation and management phases. The whole staff of 
AREU Directorate was involved in all its components: medical, technical, logistical and administrative support, in the planning 
and implementation of the event. 

 A new model of information technology was developed and proposed for EXPO 2015, applied also to the field of Emergency 
response, which has seen  the creation and the implementation of an IT platform for  sharing and  assessing the information flow 
by creating a closed and protected digital ecosystem, accessible only to the participating institutions. This tool was created  to 
manage common emergencies, in particular those caused by major incidents or mass casualty events, and able to ensure 
homeland security for the whole metropolitan area of Milan and the Lombardy region. This advanced technological model, 
applied for the first time at EXPO, can certainly be considered an innovative operating model that can be useful in other contexts 
of mass and public health events management, not only on the national level, but also on the international level. 

Surveillance and Health Integrated Management of Infectious Diseases system based on the application of principles of 
syndromic surveillance and epidemic intelligence allowed to strongly reinforce the entire system of detection of the 
communicable disease on the basis of  the international guidelines suggested by WHO and the European Centre for Diseases 
Prevention and Control (ECDC). The Lombardy Region applied this system of strengthening surveillance, prevention and control 
on infectious diseases by applying modern  public health methods of early detection  and monitoring of diseases. 

Training activities and drills involved all actors engaged in the emergency response. Various types of simulation exercises and 
table top exercises of different levels of complexity were organized to test pre-hospital and hospital preparedness, reviewing 
policies,  standards  of procedures, bed surge capacity, equipments, and allowing an integration of knowledge among personnel. 
This experience showed the need  to  improve and develop more standard procedures in drills and exercises among the personnel 
involved in coping with emergencies, from EMS to hospital personnel, from police force to firefighters and army forces,  to civil 
protection volunteers. 

EXPO 2015 presented a significant challenge to the planners of routine and emergency health service within the host city. The 
multidisciplinary, collective, and integrated approach of all entities involved during EXPO was the winning key as well as being 
necessary, due to  the  complexity of this approach, in order  to successfully avoid adverse outcomes, maximize the results, and 
disseminate good practice.  

The positive results of the effects of emergencies and crises on the public health and homeland security can be reduced 
substantially, if the home and host communities are ready and well prepared, and are able to reduce and cope with the connected 
risks. The main challenge during EXPO 2015 was  the existence  of systematic operative capacities such as risk assessment plans, 
coordinative mechanisms and standard procedures, institutional capacities, legislations and budget, skilled personnel, 
information, public awareness and strong participation of all the entities involved, that reduced the effects on the  public health 
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and the economic losses, suggesting a new model of institutional capacity building, not only on the national level but also on the 
international level. The authors strongly recommend the further development of  an international public health policy in the field 
of the development and application of modern public health methods in research topics  for the early detection and monitoring of 
communicable and non–communicable diseases, new programs of prevention and increasing the activity in travel medicine 
principles,  the application of new tools in communication  in order to minimize the effects of public health events, in disaster 
risk reduction, ensuring and reinforcing International Health Regulation. More efforts in research are needed to improve further 
modern methods in the early detection and monitoring of diseases and for strategic risk and communication, in sharing 
communication in implementing  specific training  and exercises  on emergencies not only for all actors involved in emergencies 
but also for population in order to develop a more resilient and  understanding and conscious  society.  A multidisciplinary   
cooperation approach was suggested in order to develop a more resilient framework to use in different context , to promote in 
different countries, especially in “fragile poor countries”,  in global health policy and creating future model idea of public health 
behaviours. 

 

6. REFERENCES 

1. World Health Organization - WHO. (2008) .Communicable Disease Alert and Response for Mass Gatherings .http 
://www.who.int/csr/Mass_gatherings2.pdf ( accessed 20 June 2016) 

2. Abubakar Ibrahim, Gautret Phillippe et al. (2012). Global Perspectives for prevention of infectious diseases associated with 
mass gatherings. Lancet Infect Dis, 12: 66-74, London 

3. WHO. (2011).Global mass gatherings: implications and opportunities for global health security (2011) .http 
://www.who.int/mass gatherings ( accessed 20 June 2016) 

4. Tam John S, Barbeschi Maurizio, Shapovalova, Briand Sylvie, Memish Ziad A, Kieny Marie-Paule. (2012). Reserach 
Agenda for Mass Gatherings: a call to action . Lancet Infect Dis, 12, 231-239, Geneva 

5. Mass Gatherings Medicine (2010). The Lancet Conference on Mass Gatherings. http ://www.thelancet.com/infection 
(accessed 20 June 2016) 

6. WHO. Alert, response, and capacity building under the International Health Regulations (IHR) and mass gatherings. 
://www.who.int/mass gatherings ( accessed 20 June 2016) 

7. Turris Sheila A, et al (2016). International Consensus on Key Concepts and Data Definitions for Mass –gathering Health : 
Process and Progress. Prehosp Disaster Med 2016; 31(2): 220-223 British Colombia 

8. Ping Yan, Hsinchun Chen, and Daniel Zeng (2008) SYNDROMIC SURVEILLANCE SYSTEMS: PUBLIC HEALTH 
AND BIODEFENSE. Annual Review of Information Science and  Technology (Arist) Vol 42, 1-96 

9.  Ziemann Alexandra,  Fouillet Anne, Brand Helmut, Krafft Thomas. (2016) . Success Factors of European Syndromic 
Surveillance Systems: A Worked Example of Applying Qualitative Comparative Analysis. http:// PLOS ONE | 
DOI:10.1371/journal.pone.0155535 May 16, 2016  ( accessed 20 June 2016) 2016. CAPHRI School of Public Health and 
Primary Care, Faculty of Health, Medicine and Life Sciences, Maastricht University, Maastricht, The Netherlands 

10. TRIPLE  S Syndromic Surveillance Systems in Europe. http://www.syndromicsurveillance.eu/publications (accessed 
June 2016) 

11. Epidemic Intelligence Service  . Centers for Diseases Prevention  and Control  http: //www.cdc.gov ( accessed June 20 
2016) 

12. Epidemic Intelligence. European Centre for Diseases Prevention and Control .ECDC.www.ecdc.europa.eu/en/epidemic 
intelligence . (accessed June 20 2016) 

 
 

540



  

Pathways for Coastal Adaptation in Metro Vancouver 

A. Rutledge1 

1University of Waterloo, Waterloo, Canada. E-mail: a3rutledge@uwaterloo.ca 

ABSTRACT: Municipalities in British Columbia’s Lower Mainland are vulnerable to impacts of climate change. Sea level rise 
and coastal hazards threaten the urbanized and growing population, unique ecosystems, and important local, subnational, and 
national assets. Awareness of the risks has spurred the need for updated coastal adaptation planning and policy responses. Many 
municipalities in Metro Vancouver are protected from coastal hazards and flooding from hard structural adaptation methods, with 
heavy emphasis on coastal engineering infrastructure, such as dikes and seawalls. Alternative approaches, including soft-
engineering and non-structural adaptation methods, such as managed retreat, receive less attention. Using a qualitative research 
method of actor-centred key informant interviews and review of relevant literature, the research explores the barriers and enablers 
of coastal adaptation, with a key focus on managed retreat. Municipalities of Vancouver, Surrey, and Delta are used as case 
studies. Initial findings reveal that green infrastructure approaches are gaining momentum, yet managed retreat continues to be a 
less palatable adaptation strategy facing numerous barriers.  

Keywords: Managed retreat, sea level rise, coastal adaptation, barriers 

1. INTRODUCTION 

Coastal cities are vulnerable to the impacts of climate change. Climate change is likely to amplify coastal hazards from rising sea 
levels, coastal erosion, and extreme weather. Exacerbating these biophysical hazards is the societal pressures for development, 
growth, and urbanization in coastal regions. Not only is adaptation essential to lessen the impacts of sea level rise and climate 
extremes; but also, adaptation is necessary for a fundamental transformation in communities towards resilience.  

The trend of people moving to major urban centers including Metro Vancouver is increasing. Regardless of climate change 
impacts and sea level rise, the vulnerability of people and assets exposed to coastal hazards are mounting, especially when 
occupancy within the floodplain is risky and highly questionable.  

Globally, Vancouver is highly ranked at 15th of 136 port cities vulnerable to climate extremes (Nicholls et al., 2008). Vancouver 
is also ranked 11th for exposed assets, with $55 billion at risk, and 320,000 people exposed (Hallegate et al., 2013). The 
combination of sea level rise, strong storms, and king tides may result in erosion and flooding events that can overwhelm local 
resources. Municipalities in Metro Vancouver are in various stages of developing, planning, and implementing climate change 
adaptation strategies. Common adaptation strategies to coastal hazards are categorized as protect, accommodate, retreat, and 
avoid (Nicholls, 2011). 

Workshops held in 2012 to determine the cost of adaptation for municipalities in the Lower Mainland indicate a clear preference 
for structural protect adaptation as 29 of 33 municipalities selected dike construction as the preferred method to combat sea level 
rise and coastal hazards (Delcan, 2012). Non-structural methods of adaptation such as managed retreat are less common. 
Managed retreat is a climate change adaptation strategy involving the relocation of people and infrastructure away from risky 
coastal areas. Such an adaptation strategy can offer long-term protection from sea level rise and coastal hazards. Yet, significant 
barriers hinder the application of managed retreat (Turbott & Stewart, 2006; Alexander et al., 2012; Niven & Bardsley, 2013).  

The aim of this presentation is to identify the barriers that underpin the uptake of managed retreat and non-structural adaptation 
methods to sea level rise and coastal flooding in Metro Vancouver.  

2. COASTAL ADAPTATION IN BRITISH COLUMBIA  

While there is attention given to managed retreat as a coastal adaptation strategy in the United Kingdom (French, 1999; Few et 
al., 2007; O’Riordan, Nicholson-Cole, & Milligan, 2008; Harries & Penning-Rowsell, 2011), the United States (Moser, 2005), 
Australia (Abel et al., 2011; Alexander et al., 2012; Gibbs, 2013; Niven & Bardsley, 2013; Harman et al, 2015), and New 
Zealand (Turbott & Stewart, 2006), there has been little discussion of managed retreat in the Canadian context.  

Metro Vancouver relies on the stability of approximately 600km of dikes in Lower Mainland. New dike guidelines proposed by 
the Province recognize the need to plan for a sea level rise of approximately 1.0 meter by 2100 (Ausenco Sandwell, 2011). The 
province of British Columbia recognizes that adaptation is necessary and a broad portfolio of adaptation options is the best 
approach for upcoming challenges with sea level rise and coastal extremes (BC Ministry of Environment, 2010). While this 
mandate from the provincial government is promising, there is a lack of on-the-ground change and adaptation is progressing 
incrementally. 
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Flood protection and dike infrastructure is the responsibility of the local government. In 2003, the Local Government Act, gave 
municipalities the responsibility to manage floodplains and zoning. However, the Act effectively allows municipalities to permit 
development on floodplains (Lyle & Mclean, 2008; Stevens & Hanschka, 2014). Downloading of responsibility from higher 
levels of government has slowed adaptation (Lyle & Mclean, 2008). Without support from higher levels of government, 
adaptation is not a municipal priority. Local governments are faced with trade-offs, as there is little incentive for municipalities to 
dedicate resources to flood management (Macintosh, 2013; Oulahen, 2015). 

Shrubsole (2000) asserts that across Canada, the majority of local governments are not always effectively managing floodplain 
development. Local governments may not have the capacity, political will, or adequate decision making tools for floodplain 
management. Local governments must provide important municipal services such as public safety, parks, and water services to 
citizens. While promoting economic development with most revenue attained from property taxes, flood management initiatives, 
and floodplain management and zoning must compete with these needs (Shrubsole, 2000). Taken together, local governments are 
faced with ‘bundles’ of interacting barriers to coastal adaptation. 

3. METHODOLOGY  

The research uses a qualitative approach to explore climate change adaptation to sea level rise and coastal hazards in Metro 
Vancouver municipalities. A qualitative study is appropriate to understand the ways in which actors involved in coastal 
management and planning perceive climate change adaptation, and their role in the decision-making process. There is a strong 
call for actor-centered research (Moser et al., 2012; Dow et al., 2013; Eisenack et al., 2014), as actors can influence adaptive 
capacity and are at the forefront of undertaking adaptation measures. Secondary data are collected from relevant literature, 
government documents, and consulting studies. Primary data are collected from semi-structured key informant interviews during 
June through July 2016. Informants selected are employed in sectors involving coastal management, planning and research 
activities.  

4. INITIAL FINDINGS   

4.1 Managed Retreat as a Coastal Adaptation Strategy  

Managed retreat is a policy and management approach that involves moving existing infrastructure back from the danger of rising 
sea levels, coastal erosion, coastal flooding, and other coastal hazards (Turbott & Stewart, 2006; Niven & Bardsley, 2013).  Abel 
and others (2011) expect that managed retreat options will be less expensive over the long term, rather than protect and 
accommodate options. Even though managed retreat could ultimately reduce vulnerability from sea level rise and coastal climate 
change impacts, there are potential significant costs to communities.  

Alexander and others (2012) summarizes the negatives associated with retreat policies including increased market uncertainty 
and reduced land values; social inequity and compensation claims; and the loss of sense of place. Alternatively, managed retreat 
is regarded as flexible and able to deal with the uncertainty of sea level rise (Abel et al., 2011; Alexander et al., 2012; Niven & 
Bardsley, 2013). Further, retreat, may help regenerate coastal buffer habitats, such as salt mashes (French, 1999) and wetlands. 

Managed retreat may not be a suitable adaptation option for all coastal communities. A large scale retreat plan is permanent and 
demands a large capital investment (Gibbs, 2015). Further, retreat is very likely to cause significant social costs to community 
networks (Niven & Bardsley, 2013). Proponents of long-term retreat policies express that retreat will be more cost-effective with 
looming climate change and sea level rise impacts. However, opponents argue that this ignores real-time economic conditions 
(Gibbs, 2015). Effective implementation of retreat methods may be constrained by current land use, private development and 
assets, equity and public and political acceptability (Niven & Bardsley, 2013). 

Adaptation opportunities are enabling factors that enhance the potential for actors to plan and implement adaptation actions 
(Klein et al., 2014). Adaptation options are more likely to be implemented if they offer benefits (Nicholls, 2011). For managed 
retreat to be successful, the psychological, and emotional aspects of place-attachment must be considered (Agyeman, Devine-
Wright, & Prange, 2009). Thus, Agyeman and others (2009) note that managed retreat is more likely to be accepted in the public 
realm if engagement is fair, transparent, and leads to positive outcomes. Adger and others (2013) reinforce that adaptation 
decisions should involve the public in a transparent process. The process of implementing managed retreat itself is a potential 
enabler or barrier. 

4.2 Managed Retreat in the context of Metro Vancouver Municipalities 

Coastal adaptation is progressing in municipalities in Metro Vancouver. Many municipalities have developed or in the process of 
developing climate change adaptation plans and strategies. As well, municipalities are undertaking vulnerability and risk 
assessments, and identifying and evaluating coastal adaptation options for specific parcels of land.  

542



  

Managed retreat is confronted with an array of barriers. Key themes that are echoed in multiple interviews are the lack of political 
and public acceptance and support for the option, as well as financing land acquisition for a retreat strategy. Educating and 
communicating an understanding of long-term risks to senior staff and decision-makers is also a barrier. Many informants 
suggest it may take a large disaster to harness buy-in for a retreat strategy. Informants also note that the high value of land, 
infrastructure, and development in Metro Vancouver is a barrier to managed retreat. Informants express concern for the unclear 
responsibilities, authority, and levels of power in coastal management and planning at the various jurisdictional levels of 
government. Historical flood protection infrastructure such as dikes also constrains alternative adaptation choices as 
municipalities were adapted to a set of conditions that are now not prepared to handle new long-term risks associated with sea 
level rise and future climate change. Further, municipalities face legal, regulatory, and institutional barriers that favour structural 
engineering responses to flood risk. Changing policy and regulation to support managed retreat strategies is a challenge.  

Informants noted that to improve the discussion on managed retreat and other alternative approaches for adaptation, there must be 
more opportunities to educate, communicate, build trust, and collaborate with politicians, senior staff, and the public. Further, 
establishing an overarching agency to lead flood management could provide the necessary leadership and help coordinate 
adaptation activities with municipalities.   

Green infrastructure approaches to coastal adaptation are gaining momentum as alternatives to traditional hard structural 
approaches. Important factors identified to facilitate uptake was creating a meaningful dialogue with the community based on 
community values, trust, and transparency. Where community values align with goals of protecting the natural environment, and 
open public access to beaches and water, alternative and non-structural approaches are less constrained.  

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Managed retreat is a long-term adaptation and risk reduction strategy. While local in context, this research in Metro Vancouver 
can be used as a comparative piece for lessons learned and knowledge sharing. Understanding why barriers emerge to adaptation, 
and identifying pathways for overcoming barriers, is crucial to lessen the consequences of climate change and move towards 
transformation and resilience. Finally, the research integrates perspectives from a variety of actors involved in coastal 
management, including engineers, consultants, planners, non-profits, academics, and local governments, whom all have diverse 
backgrounds and values. Initial gaps and needs are a deeper understanding of how to facilitate implementation of coastal 
adaptation measures as well as a clear understanding of trans-boundary authority and jurisdictional coordination of land-use for 
coastal adaptation planning and decision-making.  

6. CONCLUSIONS AND NEXT STEPS 

Municipalities in Metro Vancouver are making strides toward preparing for the impacts of sea level rise and future climate 
extremes. However, meaningful implementation of plans is slow. Further, using a diverse suite of adaptation options is faced with 
many barriers. Although managed retreat faces numerous barriers, there is consideration of the adaptation method.  The strongest 
barriers seem to be the potential cost of land acquisition and compensation, short-term economic conditions, and political and 
public support. Many municipalities are currently focused on raising flood construction levels and financing maintaining, 
strengthening, and building up dikes. If municipalities are to move beyond the status quo of coastal and flood protection, 
municipalities must be provided with more support from higher levels of government, in the form of funding, technical capacity, 
and legal and policy tools.  

In the Canadian context, community retreat from sea level rise is understudied. The research intends to fill the gap using an actor-
centered approach to understand barriers of non-structural adaptation options and why managed retreat may or may not be an 
equitable or appropriate option in Metro Vancouver municipalities.  
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ABSTRACT:  
Any organization in society follow regulations, policies and plans decided for their production, goals and means. Pressure for 
changes comes both from the outside and from the inside of an organization, the pressure prompt flows of decision, 
communication and information. Beside these pressures of interest, contracts for public-private partnership and the top-down 
flow of decisions and information that arrangement entail is another pressure for sharing information and make changes. This 
case study shows that the complexity makes it difficult to share lessons learned across boundaries in a way that could enhance the 
chances to become more resilient. The socio-technical system approach show that multidimensional layers are at play as the 
respondents’ answers indicate that when it comes to feedback and lessons learned, the loop of feedback is firmly nested in 
respective organization and a sign of intra-organizational sharing. There is a lack of “win-win” incentives for lessons learned to 
be transferred cross-border due to underlying goals, means, values and norms. In a longer perspective, this can lead to less well-
underpinned management ambitions to endorse implementations for a more resilient society. 

Keywords: lessons learned, public private partnership, natural hazards, build back better, socio-technical framework. 

1. INTRODUCTION 

In the 1980s and 1990s, a shift in governing society took place. This shift grew from neoliberal ideas of freedom through 
deregulation, smaller government and market facilitation, which became the norm to steer and govern society (Thompson & 
Coghlan 2015). The foremost aim of this shift was to unleash and liberate processes of capital accumulation through free-market 
principles, open trade and competition. As a result, deregulation and liberalization of the public sector in Sweden and Europe 
evolved. The changes included ownership, regulations and new forms of organizations. The national actors included theses 
neoliberal thoughts with the aim to eliminate corruption, and enhance efficient use of tax-money, and rational processes of 
production through public procurement (SCA, 2015; EU-Directive 2004/18/EC; EU commission directive 93/37/EEC; Lenferink, 
Tillema & Arts, 2013). One of the purposes of the competitive tendering processes was to operate through strategic collaboration 
and cooperation across boundaries in society, and to build a resilient society that is well informed and prepared for the challenges 
that lay ahead (EEA, 4/2014; EEA 8/2014). Outsourcing of services, with cross-border solutions to handle challenges, requires 
integration of various tiers in organizations and across organizational borders. This arrangement entails public organizations to 
become dependent on external partners to a greater extent than before. The socio-technical approach can be a fruitful framework 
to trace patterns of decision-making, communication and information flows (Svedung & Rasmussen, 2002; Rasmussen, 1997). 
One of the strength of the socio-technical approach is the multilevel framing that gives indications of how top-down and 
feedback signals work both within an organization, and as in this case, between organizations of different origins. 

2. METHODS  

2.1 Case study of Swedish Transport Administration and contractors  
The Swedish Transport Administration (STA) is responsible for the long-term planning of the transport system for air, sea, road 
and rail, as well as for building, operating and maintaining public roads and railways (TDOK 2010:119). After the end of 1930s, 
the maintenance and operation of roads and railways were carried out by in-house organizations. However, since 1993, the 
operation and maintenance of roads, and later also of railways, have gradually been contracted out on publicly procured actors. 
Since 2001, all maintenance and operation work on the state road network in Sweden has been carried out by contractors (Abdi et 
al., 2013; Liljegren, 2003). In the case of the STA, tendering processes concerning operations and maintenance by external 
contractors have risen significantly since 1991. STA was in 2013 the single biggest publicly procurement agency in Sweden, with 
21% of all public procured contracts or to a value of 50 billion SKr (SCA, 2015). Due to the shift created by the neoliberal 
politics, it is important to understand how knowledge transfer is practiced.  
 
2.2 Qualitative semi-structured interviews 
A qualitative approach with semi-structured interviews was applied. 28 respondents from both the STA and two different 
contractors participated in the interviews. A pre-study at the STA had targeted five areas of strengths and weaknesses in 
knowledge sharing of experiences from damages due to extreme weather on state roads. Content analysis of the pre-study gave 
five themes for the continued study. The themes were: contracts and responsibilities, risk awareness of climate change and 
adverse effects, preparedness for climatic adverse events, systematic feedback and learning, and finally the attitude to sharing 
information and knowledge. 
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3. RESULT 

The neoliberal ideas of outsourcing and tendering argue that cross-border cooperation enforce relationships to evolve, rest on an 
understanding of a homogeneous society with similar processes, means and goals. Outsourcing and the tendering process aim to 
enforce mutual capacities, and to build relationships over organizational boundaries. Relationships will get stronger over time, 
and become a future advantage for the parties involved (Holcomb & Hitt, 2007). After the outsourcing of the contracts the 
balance of experienced knowledge, has started to tip in favor of the tender companies.  

Intra-organizational patterns of responsibilities, along with communication patterns and core beliefs, are important for learning 
and knowledge sharing to occur. These incentives can promote sharing among trusted groups also in an inter-organizational 
relation (Spiekermann et al., 2015; Davies et al., 2015; Braut & Njå, 2013; Le Coze, 2013). The case study shows that intra-
organizational patterns are more prominent then incentives through legislation of cross-border sharing of knowledge and 
experiences from natural hazard damages (Figure 1, No 1 Nested loops of feedback). Traces of trust and respect between the 
levels of staff, both inter-organizationally and intra-organizationally, indicate that some sort of transfer of knowledge and 
information occur, but it seems to be of an incremental art or incomplete sharing, which contradicts the theory of how sharing 
and learning take place (c.f. Argyris & Schön 1996). This indicates that knowledge sharing is a reflection of informal and formal 
connections linked both to the past and to the future. This is partially true in this case where respondents’ relationships are dating 
back to before the legislative changes and the outsourcing of the contracts for operation and maintenance. This means that the 
majorities of the respondents has similar experiences and knowledge base, and have trust in each other, and a profound base 
knowledge of each other’s experiences (c.f. Davies et al., 2015, Spiekermann et al., 2015; Braut & Njå, 2013; Le Coze, 2013). 
The outsourcing process seen in this case study does not show any signs of a stronger control over processes and sharing of 
lessons learned that are cross-border (Figure 1, No 2 & 3). The findings in the case study indicates shattered feedback loops of 
lessons learned from the contractors to the public entity, contradicting the theory of lessons learned and sharing between entities 
of public and private organizations.  The dependence on outer knowledge will be accentuated over time, if the sharing of 
information and feedback processes is not well-established and desired at all steps of the way up in decision levels. The finding 
includes a possible drainage of knowledge of extreme weather impacts at the STA unless a systematic approach for sharing of 
information and experiences, are established and followed.  
 

 
 

Figure 1: The organizations overlap each other, their differences in means and goals are reflected in the multidimensional figure shown. The 
outside pressure and incentives for change influences the actors (boxes to right).  The organizations are also driven by top-down incentives, and 
feedback signals bottom-up. The multi-dimensional aspect outline, in this case study, two parallels of systems that have overlaps of information 
and communication flows (pink arrows): 1. Nested loops of feedback, 2. Information given to the contractors, 3. Received feedback from 
contractors, which is demonstrated as shattered or incomplete (After Rasmussen, 1997, and Rydstedt Nyman & Johansson, 2015). 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 
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This article support points of action made in Sendai 2015. Findings in the article enhance possibilities to understand differences 
in actors’ attitudes, and comprehension of the paramount importance for disaster risk management and disaster risk reduction in 
today’s society. The socio-technical approach highlights part of the complexity of establishing mutual understanding of the 
urgency of matters concerning disaster risk reduction and disaster risk management. The analysis through a socio-technical 
approach, show that all actors involved in societal work need incentives for strengthening disaster risk reduction and risk 
management. The socio-technical system approach draws attention to different actors’ means and goals. For a platform of 
knowledge and understanding to grow, and become a steppingstone for future policies and plans concerning disaster risk 
management and disaster risk reduction, some of the gaps in processes needs to be acknowledged and dealt with. These processes 
need to address differences in various actors’ means and goals in a way that establish incentives to build platforms to become 
more resilient and to enhance changes for building back better. The need for established processes of investigation of all natural 
hazards to build aggregated knowledge base from previous event is of importance. Through collaboration and incentives made 
clear for all actors’ involved this important work could move forward. 

5. CONCLUSIONS 

The socio-technical system perspective is helpful in providing an understanding of the complexity of information and 
communication flows, in the context of lessons learned and knowledge management. The socio-technical system can draw 
attention to gaps in processes of sharing, implementation and compliance, especially when dealing with actors driven by 
differences in goals and means. The analysis indicates that the actors involved, work and exist in parallel to each other, driven by 
their organizations goals, a situation that challenges the understanding of how feedback loops can be nested among different 
actors.  
 
In the tendering process between a public and a private actor, the goals are different. The public agency has to combat corruption, 
use tax money efficiently and build a resilient society, while the private actor’s goal is to build a reputation and a strong 
knowledge base for future tendering offers, and ultimately to make a profit. These root differences play a role in how well 
sharing of experiences take place, regardless of stipulated contracts. The feedback loops in our case study are not as nested as the 
theory suggests. Feedback is rather one of the resources that the contractors, and individuals, can use as an advantage and build 
their professional reputation on. Therefore, knowledge and experience are assets worth protecting instead of sharing. 
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Project:                                "The Essence" 
 

Oday Samad 

Individual 

 

 
Project "The Essence" won 1st place in Social Business Best Idea Video Competition CSR Al Ahli Holding Group. 

Quoting Omar Hamdan, Al Ahli Holding Group: “Dubai, 4th April 2016 - CSR Division of Al Ahli Holding Group in partnership 

with Yunus Center AIT, Turkish Airlines and the American University in Dubai announced the winners of the Social Business 

Best Idea Competition with the presence of an esteemed jury in the American University of Dubai (AUD) on the 4th April 2016. 

The competition has been launched last October 2015 across different countries and attracted more than 120 video from Asia like 

Thailand, Iran, Pakistan and India to the MENA region like UAE, Jordan, Palestine, Lebanon, Kuwait, Syria, Egypt and Iraq 

reaching Italy, France and UK, knowing that the competition have been promoted in the best universities around the world like 

American University of Beirut, American University in Dubai, Canadian University of Dubai, Dubai University, École 

supérieure des affaires Lebanon, Manipal University, Catholic University of Córdoba in Argentina, Bristol University, Salford 

and Rajabhat University in Thailand”.The competition aiming at encouraging the youth to come up with business solutions that 

solve social problems, the participants have to showcase in a video their social business ideas in 3 minutes, the team that comes 

with innovative ideas that address global social issues and its solution will be awarded an internship at Yunus Center AIT in 

Thailand for one month flying on the Turkish Airlines, where they will build skills further. 

Post presenting the final 17 videos to the judging panel that includes Mr. Osman Nurettin Sen the PR & Marketing Manager for 

the GCC countries from Turkish Airlines –the main sponsor -, Mr. Joshua Rajkumar the CEO of the Sustainability Platform, Ms. 

Gita Ghaemmaghami the Regional Marketing Communications Manager & Head of PR - Sony Mobile and Ms. Lina Hourani the 

Director of CSR Division of Al Ahli Holding Group, the following project won 1st place in competition”.  

 

Project Theme: 

Distributing Information can save a life. 

 

It is important to provide updated preemptive Information in different Forms in certain Essential Products. 

 

Presenting information in certain essential products can help people to know when, what to do in urgent situations. It would help 

in raising awareness and simultaneously you would be helping the people who suffer from such force majeure. 

We find these products are missing and hard to find when Natural Hazards happen such as Earthquake, Volcanos, Flooding and 

Tsunami. Many regions face major challenges nowadays - be it natural catastrophes, diseases or any other emergency conditions. 

All these issues have a direct impact on the communities that we live in. Quoting NFPA( National Fire Protection Association) 

 “In a disaster, local officials and relief workers cannot reach everyone immediately. Help may not arrive for hours or days. You 

and your family need to be prepared ahead of time because you won't have time”.  

Referring to NCEMA (The National Emergency Crisis and Disaster Management Authority) statistics questionnaire about people 

knowledge for preparedness information: 

 

 Do you have enough information about how to behave during a heavy rains?  

 

53.98% - 312 out 578- answered No 

23.53% - 136 out 578- answered Somehow 

 Do you have enough information about earthquakes? 

65.39%- 410 out 627- answered No 

18.82%- 118 out 627- answered Somehow 

 

 Quoting UNISDR (United Nations International Strategy for Disaster Reduction):  “We Believe in creating Culture of prevention 

not just culture of reaction”. 

 

Preparedness Guidelines : 

•  Mitigate and lessen  the impact of natural hazards  

•  Reduce the Risk of being influenced  

•  Enhance the Security standards 

•  Maintain  good governance in communities 

•  Maintain sustainable and Resilient societies 
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The benefit of Different Preemptive will help to spread awareness among large groups of people: 

 Written Form                                           [ Literate] 

 Visual Form                                             [ Literate & illiterate] 

 Stamped  Characters                                [ Literate & illiterate] 

 Braille Characters                                    [Blind & Visually Impaired] 

 

 

When goods are readily available to us we tend to not maximize the efficiency of their use. 

 

I believe using certain products to send a message; can save a life. 

Maybe you will be asking what will be the product. And why many people will see these guidelines? 

The Answer is:  “Water Bottles” 

We believe that since bottled water is the essence of life and is widely consumed by all ages worldwide… why not use water bottles to 

spread awareness Because we can’t live without drinking water; so many people will buy, use these information, so it will be double 

edged tool. 

Referring to Pat Franklin in his article “Down the drain” Figure 1 and 2 statics: 

FIGURE 1) Total bottled water consumption among 10 countries. Source: Beverage Marketing Corporation 

 

 

FIGURE 2) Per-capita bottled water consumption. Source: Beverage Marketing Corporation 

 

0

5

10

15

20

25

30

35

40

45

US Mexico  China  Brazil Italy  Germany France Indonesia Spain India All Others 

1999

2004

0

20

40

60

80

100

120

140

160

180

200

1999

2004

Bottled Water Consumption  

 (Billions of Liters) 

 

Bottled Water Consumption 

(Liters per capita) 

550



 

Taking in Consideration:All Manufactured Water Bottles: Has to be Environmental Friendly 

• Toxin Free (bisphenol A :  BPA-free plastic bottles) 

•  100% Recyclable (biodegradable PET plastic bottle) 

•  Eco-Friendly  (Less PET Plastic to be used per Bottle) 

Drinking water from a bottle will help us to survive in our normal days and difficult days. 

It's not all about just mentioning words and photos to sell, it’s about to rescue a life when we are able. It’s not only a Water Bottle, it can be also 

any certain essential highly demanded products to spread even a simple precautionary information in certain countries and areas that suffers from 

certain issues such as natural hazards. 

 

In addition, part of the profit from water bottle sales will go to support the areas that suffered and faced natural hazards; In order to help people in term 

of precautionary information (Pre Measures) and financially as (Post Measures). The cost would be minimal compared to the lasting impact it would 

leave on people’s lives. 

“Always, remember how often you read nutritional facts or the list of ingredients on the bottle of the water/beverage you drink. Although this 

information can help you live a healthy life, it is also possible to include information that can save your life.” 

While there are many things to mention to make a DIFFERENCE 

When we know the information that we need: 

We can STAY CALM – THINK – ACT 

Always remember ‘SAFET Y DOESN’T HAPPEN BY ACCIDENT’ 
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ABSTRACT: Earthquakes without Frontiers (EwF) is a 5 year research project (2012-2017) that aims to increase resilience to 

earthquakes in Kazakhstan, Nepal and Bihar, and NE China. To do this, the EwF team, which includes earth scientists, social 

scientists and science-policy practitioners, is working in partnership with local scientists, practitioners and decision makers in 

these countries.  

A key goal for EwF is to ensure that the research we produce addresses real needs and contributes to resilience building. 

Documenting and reflecting on what we learn about how to achieve this goal is an important aspect of EwF’s approach. Formal 

and informal discussions amongst the team show that integrating science into disaster risk reduction (DRR) and resilience 

building processes presents certain challenges for a project like this. They fall broadly into these five themes: 

1. The need for good interdisciplinary cooperation and breaking down of disciplinary boundaries 

2. Engaging with stakeholders effectively for sustained periods of time. 

3. Understanding how scientific information is used and viewed by different DRR stakeholders and tackling the 

challenges that arise when trying to communicate uncertainty. 

4. Undertaking research with and for stakeholders in developing countries and managing differences in priorities or the 

way people undertake research. 

5. Sharing learning across the consortium of organisations involved in EwF. 

As the project enters its final year, we are building on what we have already learned and exploring the nature of these challenges 

in greater depth. We are learning how EwF team members have perceived and tackled them so that the project and its findings 

can support the resilience building process beyond advancing our understanding of hazard and risk. At the conference we will 

present our findings to date on how research projects like EwF that aim to contribute to DRR and building resilience can achieve 

impact. 

Keywords: interdisciplinarity, stakeholder engagement, uncertainty, resilience, impact, learning 

1. INTRODUCTION 

Since 1900, between 2 and 2.5 million people have died in earthquakes. Approximately two thirds of those deaths occurred as a 

result of earthquakes in the continental interiors, i.e. deforming regions away from plate boundaries. In that time, scientific 

understanding of earthquakes has increased enormously but in the continental interiors, earthquake hazard is still often much less 

well understood and more scientific research is required to better understand the threat and inform decision making (England and 

Jackson, 2011). 

Earthquakes without Frontiers (EwF) is a five year research project which started in 2012 and aims to increase resilience to 

earthquakes amongst communities along the Alpine-Himalayan Belt with a focus on Kazakhstan, Nepal, the Indian state of Bihar, 

and Northeast China. It is funded jointly by two research councils in the UK: the Natural Environment Research Council and 

Economic and Social Research Council. As a result, the EwF team comprises several disciplines including earth scientists, social 

scientists and science-policy practitioners. They are working in partnership with local scientists, practitioners (such as 

humanitarian and development NGOs) and decision makers in these countries to ensure that the research addresses real needs and 

is used to improve resilience.  

EwF has three overarching objectives: 

• To provide transformational increases in knowledge of the distributions of primary and secondary earthquake hazards in the 

continental interiors 

• To identify pathways to increased resilience in the populations exposed to these hazards 

• To secure these gains over the long term by establishing a well-networked, transdisciplinary partnership for increasing 

resilience to earthquakes 

552



  

 

2. CHALLENGES OF INTEGRATING SCIENCE INTO DISASTER RISK REDUCTION AND 

RESILIENCE BUILDING WORK 

Science and technology is expected to play an important role in disaster risk reduction (DRR) and this is set out in the Sendai 

Framework for Disaster Risk Reduction (UNISDR, 2015). Discussions about the implementation of the scientific elements of the 

Sendai Framework like those at the UNISDR Science and Technology Conference in January 2016 have highlighted the 

importance of taking a ‘partnership approach’ in order to bring scientists from different disciplines together with decision makers 

so that science and scientists can support DRR effectively. Various aspects of this process have been discussed informally and 

formally as EwF has developed. Broadly speaking, five overarching themes have emerged each bringing with them their own 

challenges: 

• Promoting interdisciplinarity 

• Engaging with stakeholders 

• Communicating risk and uncertainty  

• Undertaking research and engagement with and for stakeholders in developing countries 

• Sharing learning across a large project effectively 

These are described below. 

2.1 Promoting interdisciplinarity 

Complex issues such as increasing resilience to natural hazards do not lend themselves to study within individual research 

disciplines and so disciplinary divides must be managed and sometimes crossed. Together researchers must try to develop an 

approach that draws together various discipline-specific theories, concepts, approaches, knowledge and experiences to address 

the problem. However, this is no small undertaking and relies on trust and a willingness to work together. Strong, long-lasting 

relationships, and time to develop them, are therefore crucial for this process to work.  

 

2.2 Engaging with stakeholders 
Scientists must aim to to ensure that their research is useful, usable and can be used for DRR (e.g. Southgate et al., 2013). This 

requires engagement with various stakeholders at different levels of governance (national to community level) at different stages 

of the research process to ensure the research is addressing stakeholder needs and any opportunities to co-produce knowledge and 

recommendations for action are taken full advantage of. EwF has tried various approaches. For example, in Nepal, interviews and 

focus groups with local scientists, engineers, urban planners, and representatives from donor and DRR practitioner organisations 

have explored how science is used in DRR (Oven et al., 2016). This has led to specific recommendations to address some of the 

problems that stakeholders encounter such as the creation of a government-led science advisory group (Oven et al., 2016). In 

China, workshops and meetings with key stakeholders highlighted not only the wealth of existing knowledge and practical 

resilience-building experience at community level within this group but also how information held by one stakeholder might not 

be available to another (Young et al., 2015). This culminated in the writing of a book by all the stakeholders to try to address this 

problem (Young et al., 2015). Again, relationships between people are key to this, as is a supportive research environment that 

enables the demands the engagement process places on science and scientists to be managed. 

 

2.3 Communicating risk and uncertainty 
Managing the limitations of scientific knowledge and stakeholder expectations of scientific information is important. In the case 

of the occurrence of future earthquakes, decision makers often want to know when the next ‘big one’ will occur in their region. 

For example, in Nepal (before the April 2015 Gorkha earthquake) when another great earthquake would occur in the Kathmandu 

Valley was a matter of concern for decision makers. Some spoke (in 2014) of a ‘70-year rule’ which indicated that the region was 

‘overdue’ for a large earthquake since the last major earthquake happened in 1934. The 1934 earthquake (8 Mw) caused 

widespread damage and heavy human losses in Bihar and Nepal and was at the forefront of people’s minds in the region in 2014. 

However, there was no scientific basis for this rule (Oven et al., 2016). Addressing these types of misunderstanding, explaining 

the limitations of scientific understanding of earthquake-generating processes, and managing the impact of this is another 

challenge that a researcher faces.  

 

2.4 Undertaking research with and for stakeholders in developing countries 
Building local capacity (scientific or otherwise) is considered vital for effective DRR. Strengthening capacity for research and 

innovation in developing countries (and the UK) is one of three challenges that the £1.5 billion Global Challenges Research Fund 
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in the UK aims to tackle (RCUK, 2016). Again, for this to be effective, strong relationships between the people involved are 

required to manage the meeting of different research cultures, and the expectations of the wider systems that govern them. 

2.5 Sharing learning across a large project effectively 

Projects such as EwF provide opportunities for researchers from different institutions working in different contexts to come 

together and work collaboratively. Sharing learning is crucial if people are to learn from the experiences and findings of others. 

Regular opportunities to meet and discuss progress and to reflect on the research process itself are therefore vital to the success of 

a project like EwF.  

3. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE  

The Sendai Framework for Disaster Risk Reduction (2015-2030) emphasizes the important role that science has to play in 

reducing risk (UNISDR, 2015). Understanding how science and scientists support this process is therefore necessary and the 

findings from this work will contribute to that.  

4. CONCLUSIONS 

A research project like EwF, which aims to increase resilience to earthquakes, provides a valuable opportunity to reflect on how 

research can support the resilience-building process. Our experiences highlight the complexity of this process. Monitoring and 

evaluating the impacts of the project’s research and engagement after the project ends will also provide valuable information. 
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ABSTRACT: A proper collaboration environment is of utmost importance for crises managers as well as decision makers to get 
continuous and accurate information about the crises situation and to manage the available resources on the fly. Interoperability 
of existing systems, tools, methods and standardized processes are needed to allow effective management of emergencies, crises 
and disasters. Emergency Management and decision making tools shall support and monitor all activities between the evolved 
actors (e.g. authorities, first responders, volunteers, etc.). In an European funded project called C2-SENSE (Interoperability 
Profiles for Command/Control Systems and Sensor Systems in Emergency Management, www.c2-sense.eu) a tool, called 
Emergency Maps Tool (EMT), has been developed as part of a broader collaboration environment in the C2-SENSE Emergency 
Interoperability Framework. This tool aims to display all relevant resources (e.g. authorities, organization, object of interests (like 
roads, railways, bridges), messages, alarms, etc.) involved or of special importance, in order to allow proper management of the 
crises situation. EMT allows decision makers to set and monitor activities, send and receive event related messages but also to 
include ad-hoc information from sensors or sensor networks (e.g. water monitoring sensors in case of flooding). 
Backbone of this tool is a data, communication and collaboration model realized in a flexible, configurable and extendable way. 
That means new, so-called “Objects of Interest (OOI)”, can be added on the fly and displayed by the EMT. In principle, such 
OOIs can be everything, spanning from metadata of responsible authorities to civil protection departments up to alarms, pure 
measurement values stemming from sensors, or information/messages about blocked roads as well as number of endangered 
peoples at a specific location. 

Keywords: Command & Control, Decision Making, Collaboration, Emergency Maps Tool, Crises and Disaster Management 

1. INTRODUCTION 
One of the main issues for managing crisis situations, during or after a natural or man-made disaster event has occurred, as shown 
by (Mayer-Schönberger, 2003) and (Ansell et.al., 2010), is the lack of interoperability. Different crisis responders and involved 
organizations usually have their own Command & Control (C2) Systems. Adding to these different procedures, languages, 
practices and cultural differences increases the complexity of interoperability, especially when a crisis crosses countries and 
political borders as noted by (Schimak, 2016).  In other words, territorial emergency management requires a cross-organizational, 
cross-domain and often cross-border collaboration between the involved actors. To allow for that a collaboration environment is 
part of the development work in the C2-SENSE project that aims to connect all relevant organizations and services that have to 
cooperate in an emergency or crisis situation (Figure 1). 

2. COLLABORATION ENVIRONMENT 

In a crisis scenario several responders and organizations (from now on referred to as actors) attempt to coordinate their efforts 
with the main goals of better organizing, more effective prioritization of response actions, quicker response time, and more 
effective resource allocation (i.e. material or personnel). 

This means exchange of information (and data) and alignment of actors’ procedures. For example, the number on injured people 
during an event is important information for Health Services which should prepare for their intake and treatment; but this 
information could be provided by another actor (e.g., police) as shown in Figure 1. Although very simple, this example shows the 
danger of not sharing information, as important time for saving live might be lost.  

Other crucial information for the actors on the ground might be provided by sensor networks in a flooding situation (e.g. water 
level information, road and bridge conditions, flooded areas, etc.). Spontaneous, but accurate and precise information as well as 
profound coordination are needed. As shown by (Wattegama, 2007), the better the coordination becomes, the higher the chances 
for more effective response and rescue will get. 
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Fig. 1: Actors needs to collaborate in in an emergency situation 

For situations, as described above, the collaboration environment of the C2-SENSE Framework is highly applicable. Its central 
part is the Interoperability Knowledge Layer as shown in (Duro et.al., 2015). This layer within the C2-SENSE architecture 
includes various methods and components to provide a common operational picture of a crises situation, while supporting joint 
decision making.  

2.1 Tools and Components 

The main components forming the in the C2-SENSE collaboration environment are: Emergency Maps Tool, for crisis mapping; 
Sensor Management Tool, for integration and management of different sensors, even ad-hoc ones; Messaging/Communication 
Platform, to send and receive messages (e.g., alarms, reports, etc.); Registry of Emergency Web Services, to register web services 
used in the framework; But also other cross-cutting components for monitoring the execution of the implemented emergency 
process/workflow, the definition of profiles, the protection against security issues, the storage of data (Objects Of Interest) are 
provided. 

2.2.1 Emergency Maps Tool 

The Emergency Maps Tool (EMT) aims to display all relevant resources involved or of special importance during an event, in 
order to allow proper resource management and decision making (Figure 2). Resources can be ambulances, buildings related to 
organizations, roads, bridges or other critical areas and infrastructures.  

But, EMT is much more than just an interactive map showing actual situation related information. EMT combines functionalities 
to organize information views in different ways in order to facilitate a more effective and quicker decision making. Real-time 
sensor data (including trends) can be accessed and visualised, messages (i.e. alarms, notifications, commands, etc.) can be sent or 
received and also be filtered by type, source or geolocation when necessary.  Another very useful EMT feature, compared with 
other software solutions is the flexibility and extensibility provided by the used implementation approach. The user interface 
based on (WireCloud, 2015) is built from widgets providing different data representations and interaction possibilities. The 
widgets are independent of each other and can easily be extended and combined in various ways to fulfil different end user needs. 

The main data store for the EMT is the “Object Of Interest” repository holding all relevant data to be displayed e.g. on the map or 
in the message box or last-values table. Of course, the EMT is tightly connected to the OOI. Thus it guarantees a fast response 
time for the GUI. If needed, additional data sources can be used by the EMT as well. This includes external GIS server providing 
background maps, or other sources connected over the internet. In the case of a crisis with degraded internet connectivity, 
however, these external data sources may be unavailable, so all the necessary data and maps should be in the OOI or other local 
services, e.g., a local service providing the background maps. 
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Fig. 2: Emergency Maps Tool – Graphical User Interface 

Technically spoken, the OOI data repository is connected to an Enterprise Service Bus (ESB) using a set of listeners. This makes 
it very easy to add new data types from any sources being translated into OOI entries. Moreover the OOI data can be used by 
other C2-SENSE components and it can also provide data for external usage. Means, that the existing (OGC WMS, 2016) and 
(OGC WFS, 2016) based on (GeoServer, 2016) can provide OOI data to clients/actors that already have well established tools. 

3. ACKNOWLEDGMENT 
The research leading to this paper has been performed in the scope of C2-SENSE project. C2-SENSE has received funding from 
the European Community’s Seventh Framework Programme (FP7/2007-2013) under grant agreement number 607729. 

4. CONCLUSIONS 
Due to C2-SENSE specific framework approach and interoperability mechanism the C2-SENSE developments are a-priori 
providing a manifold of added values for integrative risk, crises and emergency management but also to urban resilience. Actors 
and resources can be integrated on the fly and the various C2-SENSE tools and services provide an overview about the actual and 
upcoming emergency situation and allow for collaborative decision making and planning. Through situation monitoring, early 
warning or alarming capabilities of the C2-SENSE system mitigation as well as resilience can be improved. 

The Emergency Maps Tool in combination with its “Object Of Interest” data repository is one of the main tools available for 
collaboration, management and visualization of crises situations. It is designed to be highly flexible and customizable, thus 
configuration and adaptation to the users’ needs can be quickly applied.  

Proper technology (as ESB Kafka Apache) provides quick data and message exchange, as is crucially needed when real-time data 
and situational awareness are demanded, as it is clearly the case for a rapid response in crisis situations.  
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1. INTRODUCTION 

The immediacy of social media has the potential to both help and hinder emergency managers in their response to crisis 

situations. Sites such as Facebook and Twitter can be used by incident managers to provide accurate, real-time information to 

members of the public affected by such incidents. However, the rumours, disinformation and misinformation spread on social 

media may also have negative consequences for emergency management. Panic and anxiety amongst members of the public may 

cause further strain upon critical infrastructures that lead to disruption of other key services. It is in this context that the 

identification of best practices for using social media for crisis and risk communication appears critical for emergency managers.  

In order to address these issues, this paper presents some of the results from the European Commission-funded project “CascEff: 

Modelling of dependencies and cascading effects for emergency management in crisis situations”. The project examines the 

“cascading” effects of both natural and human disasters – where an initial incident can snowball, potentially threatening lives, 

property and the environment across large areas. Specifically, this presentation focuses on how social media can help key 

stakeholders mitigate the effects of cascading disasters. To do so, it illustrates a communication strategy between key agencies 

and members of the public.  

 

2. METHODOLOGY AND APPROACH 

Disasters invariably involve some form of communication failure that contributes to the disruption of other essential services in 

the affected area. In CascEff, we have defined cascading effects as the impacts of an initiating event where system dependencies 

lead to impacts propagating to other systems; the combined impacts of the propagated events are greater consequences than the 

root impacts; and multiple stakeholders and/or responded are involved. Previously considered unreliable conduits of crisis 

information, citizens now play an important role in the collection and sharing of data that helps build situational awareness for 

crisis responders. The ‘command and control’ structure of emergency management that treated the public as passive participants 

during crisis situation appears to be no longer fit for purpose in the era of social media and big data. 

The communication strategy proposed in this presentation is based on information gathered from four primary sources, namely 

academic resources into best practices in crisis and risk communication; the results of other EU funded projects in emergency 

management; the exploration of three case studies including the floods in the South-West of England (2013-14), Projects X 

Haren (2012), and the Pukkelpop festival disaster (2011) in which communication played a key role in the mitigation of 

cascading effects; and an analysis of 41 semi-structured interviews conducted with key stakeholders (including police, fire and 

rescue services, representatives from local authorities and professional journalists). 

 

3. DEFINING CRISIS COMMUNICATION STRATEGIES 

Considering that crises (or disasters) are events that are usually unexpected, the purpose of crisis communication strategies aims 

to improve this situation and contain the harm to those affected by disasters. Empirical research shows that the best practices in 
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crisis communication are recognised in the need to build partnerships with the public, understand the audience and their 

information-seeking behaviours, conduct rigorous risk assessments in the pre-event stage, and to incorporate communication into 

the decision-making messages.  

Following this, the rigorous evaluation of crisis messages and the development of local partnerships should be considered to 

improve crisis and risk communication practices. In this context a more dialogic approach that involves partnership with local 

stakeholders, including members of the public is advisable together with the importance of communicating before, during and 

after the crisis situation in order to mitigate its effects.  

However, it needs to be considered that the negative emotions associated with different crisis types play a crucial role in 

determining the behavioural tendencies of people affected by disasters. It would appear highly unlikely that efforts to promote 

preparedness within disasters-affected communities will positively influence the behaviour of all residents.  

 

4. SPEAK Guidelines for communication during cascading disasters 

This presentation proposes a set of guidelines for effective communication practices during each stage of a crisis situation 

(between blue light organisations and members of the public). These guidelines, which we refer as ‘SPEAK’ are: 

1) Study the information-seeking behaviours of your audience before deciding upon which communication platforms to use 

during crisis situations;  

2) Prepare for the loss of critical infrastructure during such incidents by employing a communication mix that includes both 

traditional and digital media;  

3) Engage key stakeholders e.g. civil society organisations in order to ensure that the information shared with the general public 

is both accurate and consistent; 

4) Always consider the ethical implications of using crowdsourced information obtained from social media sites; 

5) Knowledge gained from previous incidents should be used to inform future communication strategies. 

These guidelines and tactics can be applied to other conceptualisations of the disaster cycle such as mitigation (prevention of 

future emergencies and minimising their effects), preparedness (preparing to deal with an emergency), response and recovery.  

 

5. COMMUNICATION STRATEGY  

Although the cooperation between emergency management communicators and key stakeholders is essential in order to ensure 

the serial transmission of accurate information during crisis situations (Sutton et al, 2014), our findings emphasised on the 

importance of using multiple traditional and digital medial platforms (such as Apps, cell broadcast, e-mail bulletins, newspapers, 

opt-in text to speech calls, radio, SMS, social media and television), in order to reach as many people as possible during man-

made or natural disasters. We propose that this communication mix should include not only media that are readily available and 

disaster-resilient, but also that are the most likely to be used by local residents to search for crisis information. Emergency 

managers should adopt multi-channel risk communication strategies in order to maximise the impact of these messages and to aid 

disasters mitigation. 

 

5. CONCLUSIONS 
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In its conclusion, this paper presents an overview of best practices in crisis and risk communication during cascading disasters. 

The lessons learnt for the three case studies (Projects X Haren, Pukkelpop and the UK Floods) are incorporated into the SPEAK 

guidelines.  

We propose that a systematic review should focus on what element of the communication strategy did and did not work during 

major incidents. We propose that shared responsibility approach towards communication during crisis situation is more likely to 

emerge through the organisation of workshops that brings together citizens and the emergency services.  

While much of the crisis communication research to date has focused on communication strategies employed during crisis 

response, this presentation argues that effective risk communication practices can not only help build preparedness, but also 

reduce pressure on essential services during the later stages of an incident. 
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ABSTRACT: Earthquakes are one of gravest natural disasters threatening cities and human settlements. Iran is a seismically 

active country and several major fault lines cross Iran and Tehran as the capital with a population around 9 million; is situated on 

three main fault lines and is in great risk of earthquake. 

This article tries to determine a resilience score for one of Tehran’s older neighbourhoods. The parameter used for this 

assessment is urban land use. The data for this article was gathered through fieldwork and published sources. 

Measured criteria are in five categories including: “distance to hazardous land use”, “distance from health and rescue centres”, 

“access to open spaces”, “access to main streets” and “urban fabric properties”. AHP analysis is then used to produce layers of 

data from each category illustrated in a map. The ultimate analysis is done by putting all layers of data together and get the end 

result. The final map shows us the final resilience conditions of 10th district of Tehran. 

Results show that 2% of the area of district are in alarming conditions meaning they have minimum resilience in case of a 

disaster. In the rest of the district, 55% percent is in a bad condition, 35% have medium resilience, 5% in good conditions and 

only 3% show to have a very good resilience towards a natural disaster. Therefore the results show that 10th district of Tehran 

doesn’t have a good level of resilience in case of an earthquake. 

Keywords: resilience, natural disaster, earthquake, land use, Tehran. 

1. INTRODUCTION 

Earthquake has claimed lives of more than 120,000 in Iran during the past century. Rapid and unplanned urban growth especially 

in suburbs, concentration in overcrowded neighborhoods, weak regulations and supervision on constructions, speculation in land 

use planning, lack and improper distribution of health and rescue centers and open urban spaces; have all compounded the 

circumstances and made cities more vulnerable  in case of disasters. Manjil-Rudbar earthquake in 1990 have occurred, bearing 

more than 35000 fatalities, 60000 casualties and leaving half a million homeless. Another incident was Bam earthquake in 2003 

leaving 26000 dead, more than 30000 injured and more than a hundred thousand homeless. 

Tehran, capital city of Iran has a very high risk of earthquake. It is situated on three major faults named “Mosha”, “Rey”, and 

“Northern Tehran”. These faults are expanded through minor faults under the urban area. In the JICA seismic studies on Tehran 

(2000); 10th district, is identified as a very high risk region. “Relative seismic damage risk that is not caused by a specific 

earthquake was evaluated using the Floating Model. District 10 is evaluated as the most hazardous, followed by Districts 12 and 

17.” (JICA, 2000) The most important cause of high probable casualties lies in high density and tiny urban fabric of these areas; 

having very low of accessibility to open areas or major routes. 10th district is also the smallest in area, most crowded in 

population with a high residential land use as shown in table 1, and is one of the old historical districts of Tehran. This means 

streets are narrow, walls rise high and spaces are enclosed. Green spaces are rare and unevenly distributed, parcels are small and 

hazardous land uses are located near populated areas. It is also located near two of the main faults of Tehran. So the question of 

this paper is how resilient is this district regarding its land use. 

Objective of this paper is to give a practical analysis that can be usable for devising urban solutions. We use a combination of 

conventional methods and look for causative relations between different factors that affect resilience of the region. 

 

Table 1: Land Use of 10th District 

Land Use Percentage 

Residential 57.8 

Transportation 27 

Commercial 3.5 

Other 11.7 
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2. ANALYSIS METHOD 

For data analysis, we used Analytic Hierarchy Process (AHP) method in Expert Choice software. Each criterion is given a weight 

and then each parcel is associated with a weight to create resilience layers. Then by combining layers the final map is generated 

showing the resilience of the whole region. 

3. CRITERIA AND INDICATORS 

Table 2: Criterion of physical characteristics of urban fabric 

Indicator Measurements Reference Comment 

Number of stories 
1 story – 2 stories – 3 stories – 4 stories 

5 stories – 6 stories – more than 6 stories 

Habibi et al. 2008 

Rezaei, 2011 
More stories means 

less resilience 

Average parcel size in 
fabric  

0-100 m, 100- 200 m, 
 200- 300 m, more than 300 m 

Ziari & Darabkhani 2010, 
Sharifzadegan & Fathi, Habibi et al. 2008 

Bigger parcels are 
more resilient 

 

Table 3: Criterion of distance from hazardous land uses 

Indicator Measurements Reference Comment 

Distance from industrial 
land uses 

0-  50 m, 50-  150 m, 
 150-  300 m, more than 300 m 

Bahraini, 1996 
More distance from industrial 

activities means more resilience. 

Distance from fuel pumps 
0-  50 m, 50-  150 m, 

150-  300 m, more than 300 m 
Bahraini, 1996 

More distance from fuel pumps 
means more resilience. 

 

Table 4: Criterion of distance to health and rescue land uses 

Indicator Measurements Reference Comment 

Distance from fire 

stations 

0-50 m, 500-  1000 m, 
1000- 2000 m, more than 2000 m 

Habibi et al. 2010 
More distance from fire stations 

means less resilience 

Distance from Hospitals 
and health centres 

0-50 m, 50 -100 m, 100-  300 m,  
300-  500 m, more than 500 m 

Habibi et al. 2010 
More distance from health centres 

means less resilience 

 

Table 5: Criterion of accessibility to open spaces 

Indicator Measurements Reference Comment 

Accessibility to parks 
0-50 m, 50-150 m,  

more than 150m 

Azizi & Akbari, 2008 

Habibi et al. 2010 

More distance from green open space 

means less resilience 

Mass-space division in 

each parcel 

0-25 %, 25- 50 %, 

50- 75 %, 75- 100 % 
Bahraini et al. 1996 

Less mass and more space means more 

chance of escape; hence more resilience. 

 

Table 6: Criterion of accessibility to major routes 

Indicator Measurements Reference Comment 

Accessibility to main routes 
High speed, Principal arterial,  
Minor arterial, Local access 

Habibi et al. 2010, 
Abdollahi, 2003 

More distance from green open space 
means less resilience 

Accessibility to routes with 

appropriate enclosure factor 

0.5-0 , 1-0.5 , 1.5-1 , 

2-1.5 , 2.5-2 , 3-2.5 , 3-4 

Habibi et al. 2010, 

Abdollahi, 2003 

Less mass and more space means more 

chance of escape; hence more resilience. 

Accessibility to bridges or 

routes covered by bridges 

0-50 m, 500-1000 m, 

1000- 2000 m, more than 2000 m 
Ahmadi, 1998 

Considering chance of collapse of 

bridges; distance of parcels from bridges 

enhances resilience 

4. ANALYSIS 

Resilience of the region is calculated considering these criteria: 1. Resilience of the region considering the physical 

characteristics of the fabric; 2. Resilience of the region considering distance to hazardous land uses; 3. Resilience of the region 

considering distance to health and rescue land uses; 4. Resilience of the region considering accessibility to open spaces; 5. 

Resilience of the region considering accessibility to major routes. 
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Fig. 1: Resilience of the region considering the physical characteristics of the fabric. 

 
Fig. 2: Resilience of the region considering distance to hazardous land uses. 

 
Fig. 3: Resilience of the region considering distance to health and rescue land uses. 

 
Fig. 4: Resilience of the region considering accessibility to open spaces. 
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Fig. 5: Resilience of the region considering accessibility to major routes. 

5. CONCLUSIONS 

The final map is combined of 5 criteria of resilience with associated weighting. 

 
Fig. 6: Final map of resilience of 10th district parcels. 

Table 3: Resilience of 10th District parcels 

Resilience Area (m2) Percentage 

Very dangerous 112068 2 

Dangerous 3331143 55 

Medium 2121040 35 

Appropriate 317924 5 

Very appropriate 164696 3 
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ABSTRACT: Today cities face severe impacts of extreme weather events (EWE). In this paper, 3 selected cities worldwide – 
New York, Singapore and Berlin – are presented with a focus on EWE and green spaces and their influence on climate 
resilience of critical infrastructures. The work is based on several concepts in the field of resilience and sustainability. The 
Sustainable Development Goals, Climate Action Plans, Disaster Risk Reduction and links to the energy-food-water nexus 
frame the research and implementation of strategies in urban planning. The work therefore aims at supporting cities to increase 
their resilience and thus provide a safe and healthy environment for their citizens. 

Keywords: critical energy infrastructures, ecosystem services, urban resilience 

1. INTRODUCTION 

Several concepts around climate resilience, energy supply and green spaces are reviewed for the selected cities New York, 
Singapore and Berlin. Additionally, latest research in the fields of Urban Ecosystem Services Reviews (uESR in Singapore 
conducted in 2014/2015) will be implemented in the general development phases of the cities. 

A variety of concepts and ideas around resilience court for the favour of cities. Among them are Climate Action Plans, the 
City Biodiversity Index, the Biotope Area Factor, Ecosystem Services Reviews and Disaster Risk Reduction. Still, there are 
several common key elements in these approaches. One of the main points is climate resilience against extreme weather events, 
another major topic is the safe supply of energy and energy efficiency. A rather underrated issue is the function of green spaces 
in urban agglomerations especially for the quality of life of the cities’ inhabitants. Moreover, this research and practical 
implementation deals with fundamental outcomes of the Sustainable Development Goals, the Sendai Framework for Disaster 
Risk Reduction as well as the balance between sustainability and resilience. 

2. BACKGROUND 

In November 2014, the City of New York released its updated hazard mitigation plan called “NYC’s risk landscape” [City of 
New York (2014)]. Therein, the most eminent risks of coastal storms, erosion, flooding, windstorms, extreme heat, winter 
weather as well as water shortage, earthquakes and influenza are highlighted. Moreover, in 2013 the plaNYC was ratified, 
taking into account the resilience of infrastructures and the built environment [City of New York (2013)]. A very 
comprehensive list of initiatives and measures addresses the main points to make NYC resilient and highlights the importance 
of critical infrastructure adaptation such as for energy or green infrastructures. Nevertheless, extreme weather events and their 
implementation into concepts such as an Urban-ESR and the risk factors are not explicitly framed. Therefore, a database for 
the modelling of hazards and risks of extreme weather events on renewable energies helps to define the options of green spaces 
to reduce heavy impacts. Additionally, competitions between renewable energies, other critical infrastructures and greenery 
are analysed and rated. 

Singapore started developing its vision of becoming a “City in a Garden” already in the 1960’s with the Green City Plan. Due 
to this programme, the green areas in the city could be increased from 35.7 % to 46.5 % in the time period 1986 – 1997 [Inter-
Ministerial Committee on Sustainable Development (2009), National Parks Board (2009)]. Consequently in 2008, the Ministry 
for National Development Singapore proposed an “index to measure biodiversity in cities” – the first reference to the 
“Singapore Index on Cities’ Biodiversity” later on known as City Biodiversity Index (CBI) [Rodricks (2010)]. Exemplary 
indicators of the CBI are the percentage of natural areas in the city, the cooling effect of vegetation as climate regulation and 
awareness of greenery in education and recreation [Patrickson (2011)]. Until 2012, 50 cities were in the state of applying the 
CBI. Between 2012 and 2015, EIFER developed an Urban Ecosystem Services Review (Urban-ESR) with an application on 
Singapore in order to describe the most relevant ecosystem services, their distribution in the city and their influence on people’s 
wellbeing. Among the priorities were aesthetic quality of green spaces, recreational functions of nature in the urban 
environment as well as food production. 

In the 1970’s, Berlin enacted several laws with reference to nature and environmental protection, among others the Berlin 
Nature-Conservation Law and the State Forest Law. Consequently, Berlin established the conservation of historic gardens, the 
Environmental Atlas of Berlin, the expanded habitat and species protection and the courtyard-greening programme in West 
Berlin. The courtyard-greening programme [Senatsverwaltung für Stadtentwicklung und Umwelt (2013)], established between 
1983 and 1997 was dedicated to courtyard, rooftop and façade greening with the main goal of improving the quality of life. 
Furthermore, Berlin started the creation of its Land Use Plan and the associated Landscape Programme in 1984 with a revision 
in 1994 [Kopetzki (2010)]. Both of these programmes shape the frame for the Biotope Area Factor (BAF). The BAF aims at 
setting a benchmark in terms of improving ecosystem functions and developing biotopes and biodiversity in inner city areas. 
Moreover, the targets or functions of the BAF are tackling several ecosystem services such as an improvement of the 
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microclimate and air quality, retaining habitats and improving the residential environment in terms of quality of life. Here 
again, an Urban-ESR was conducted. 

More information on this state-of-the-art and few results for the three selected cities has already been published elsewhere by 
the author [Sieber, Fremgen, and Pons (2015), Sieber and Pons (2015), Sieber (2016, unpublished)]. 

3. RESULTS 

Common to most of the concepts in the resilience and sustainability debate is the conflicting use of limited urban space for the 
installation of critical energy infrastructures and green or green/blue infrastructures. Especially when it comes to different 
interests, e.g. the installation of a solar PV plant versus greenery or rooftop gardens, planning instruments like GIS-based 
assessments can help to prioritize the best case measure in terms of sustainable city development. In case of the interest to 
provide citizens with ecologically sound energy and the interest to provide citizens with recreational (green) space, analyses 
can help to identify possible sites or locations for each type of usage. 

3.1 Data Input 

For the assessments in the three exemplary cities, only publically available, open source datasets were used. For the GIS-based 
analysis, each dataset was implemented either directly as a shapefile or transformed into a shapefile and then added to the 
spatial database. Besides toolboxes already implemented in the GIS software ArcGIS®, the open source software InVEST1 
was used for the calculation of the ecosystem service “recreation”. In order to display both, critical and green infrastructures, 
datasets of renewable energies (e.g. solar PV, wind turbines) and other critical installations like cooling towers in NYC as well 
as parks, urban green, forests and gardens were selected.  

3.2 Case New York City 

Due to the past extreme weather events, like Superstorm Sandy, Hurricane Irene or recurring events of blizzards, New York 
City already implemented main strategies and plans for mitigation, adaptation and resilience of people and infrastructure. Yet, 
a direct comparison of critical and green infrastructure in contrast to ecosystem services like recreation has not been drawn. 
Figures 1 and 2 show the display and analysis of said factors. 

 

  

Fig. 1: Overview map on Critical and Green Infrastructures in NYC 
2016, design and layout: author, datasets: download from the Open 
Data NYC Platform 

Fig. 2 Overview map on the calculation results of “Recreation” in 
NYC 2016, design and layout: author, datasets: download from the 
Open Data NYC Platform, calculations in InVEST Version 3.2.0 

The colour scale in the infrastructure overview is understated in green for green infrastructures, orange for resilient but not 
necessarily green infrastructures like cool roofs (with a high albedo to minimize the urban heat island effect), and red for 
critical installations such as fuelling stations and solar PV. The map on the right hand shows the calculations of recreation in 
NYC represented in users per day on average. This is due to the algorithm in InVEST, where individual datasets of green 
infrastructures that serve for recreation, land use information as well as geotagged photographs from the flickr database are 
combined in order to find touristic hotspots in the region. 

The direct comparison shows clearly that despite the distribution of green infrastructure in all five boroughs of NYC, the 
touristic activities accumulate in Manhattan and partly in Brooklyn. In the most visited places in Manhattan, the model shows 
a maximum of about 220 users per day on average (dark blue) while the least visited regions are displayed with about 6 users 
per day on average (yellow). 

                                                           
1 InVEST Integrated Valuation for Ecosystem Services and Tradeoffs (developed by the Natural Capital Project)  
http://www.naturalcapitalproject.org/invest/ 
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3.3 Case Singapore 

The Singaporean Government is eager to meet its claim to become a “City in a Garden” or rather transform itself into a real 
“Garden City”. With a diversity of programmes and actions, green infrastructures such as rooftop gardening and the 
implementation of a set dimension of green areas per neighbourhood are established gradually. 

  

Fig. 3: Overview map on Critical and Green Infrastructures in 
Singapore 2016, design and layout: author, datasets: download from 
the National Government of Singapore 

Fig. 4: Overview map on the calculation results of “Recreation” in 
Singapore 2014, design and layout: author, datasets: download from 
the National Government of Singapore and Open Street Map, 
calculations in InVEST Version 2.6.0 

Similar to the mapping of NYC, the infrastructure overview in Singapore shows a concentration of green infrastructures in the 
more central part of the island while the critical infrastructures are positioned along the shoreline in the north, the main airport 
in the east and waste disposal facilities in the west near the main port. The right hand map on recreation shows a concentration 
of tourism in the downtown area of Singapore with a maximum of 250 users per day on average – similar to the calculations 
of NYC. The purple line structures display the so-called park connector loops and cycling paths that are installed to connect 
parks and green spaces in a sustainable way and are only allowed to be used by bicycle or by foot. The secondary concentration 
of tourism along these lines shows the positive effect these structures have in the use of ecosystem services. 

3.4 Case Berlin 

For historical reasons, the City of Berlin had limited space for the development of green areas in the urban agglomeration. 
Though, early approaches to environmental protection date back to the 1970’s. By now, green and open spaces can mostly be 
found at the outskirts of the city, especially in the southwest and southeast part of the town. Nevertheless, the area around the 
Zoological Garden is a very central recreational space. Activities like urban gardening are additionally very popular in Berlin. 
Together with the measure of “Green Walks”, green corridors that link neighbourhoods to the next recreational park, the 
ecosystem service of recreation is very well addressed in urban planning in Berlin. 

Concerning the critical infrastructures, and in this case focus is put on renewable energies again, the German Energiewende 
adds its part to the even distribution of installations throughout the city. Moreover, Berlin has been subject to extreme weather 
events in the past that affect critical and green infrastructures likewise. Large hail events, tornadoes as well as damaging 
lightning and thunderstorms pass Berlin in all parts of the urban structures and therefore influence the resilience accordingly. 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Urban resilience and integrative risk management are essential services for the citizens in terms of well-being and security. A 
review in the literature and discussions with involved stakeholders have shown, that critical infrastructures, green and 
green/blue infrastructures as well as ecosystem services are interlinked in several ways. Moreover, all of these are part of urban 
planning and development. While the concept of critical infrastructures encompasses among others “energy supply”, “urban 
development”, “disaster risk management” and “air pollution”, indicators of ecosystem services are e.g. “energy provision”, 
“local air quality and climate regulation”, “moderation of extreme events” and cultural services like recreation. Applied to the 
case studies in New York City, Singapore and Berlin, all of these factors are assessed and give insights into the complexity of 
current urban resilience requirements. 

5. CONCLUSIONS 

In the frame of sustainable development and resilience, three case study cities were selected. In this process, different concepts 
around critical infrastructures, ecosystem services and the Sustainable Development Goals were tested. Therefore, GIS-based 
assessments such as the proximity of critical energy infrastructures and installations of renewable energies to extreme weather 
events, a clustering of green adaptation measures as well as different densities and viewshed assessments were conducted. The 
necessary databases were compiled from publically available datasets and other free to access information provided by the 
cities and governments. The overall approach combines discussions on conflicting use of spaces in urban planning and the 
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Energy Transition not only in Germany but also the worldwide expansion in renewable energies and the development towards 
resilient energy systems based on microgrids and distributed generation. But it also integrates contrasting effects like rooftop 
configuration either with greenery or solar PV and takes into account new planning requirements in the water-energy-food 
nexus debate with reference to human well-being. 
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Durable School, a solution for the formation of the school 
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1) Introduction- Implementation of any macro program in the community without 

change in the education system is not possible; since it is one of the main point of sustainable 

development. The role of inclusive education, especially in schools, is the effective factor in 

social planning. In the learning environment, with the foundation and guiding foresight cycle 

of crisis management at the school; scientific  and subjective knowledge of the students,  will 

be  became operational  and functional and the gap between applications distributed as rings 

can fill in the fields of social management .Durable school is an opportunity for institutional 

interaction and inter-sect oral participation to attract communities to social participation and 

enhance safety in society . In this regard, with promotion of culture of safety among teachers 

and students, the consequences and damages of the crisis will be reduced.  The results of  this  

study, emphasis on the importance of education and its impact on risk reduction in 

communities in both Micro and Macro level. An education system by planning and 

formulating a comprehensive and integrated training system can play a basic role in 

promotion of culture and transfer of knowledge and skills in society. It can also, in the 

context of suitable substrates targeted training prepare the students to undertake their roles 

and responsibilities in real life. The major components of the educational system, is health 

and safety, especially in our country(Iran) due to geographical features and environmental 

changes has been threatened by a variety of natural hazards and disasters .Coordinated and 

systematic plan is an important requirement  for city and neighborhood resiliency against 

natural disasters and accidents. One of the effective point  of  planning and management, is 

comprehensive training , especially  in schools, with the aim of gaining knowledge and skills 

required to identify risky behaviors and  reducing risk-taking, we will succeed to reduce 

damages of   hazards and accidents and  will accompanied  with security and stability for   

educational and residential space as well.  

2) The necessity  importance of research 

Due to the changes in   climate pattern and concerns arising from the environmental and 

crisis, the need to educate the younger people to communicate consciously and balanced with 

the environment, has been increased day by day. Individual interests and closely contacts 

with sample community, was the main reason for conducting this research. In fact, the need 

to develop educational plans and programs and initiatives in the field of crisis management 

schools to raise awareness and empower learners to understand and cope with accidents 

environmental behavior will become necessary. Study about safe and ready school to facing 
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crisis of global proportions is raised.  The fourth priority document for Disaster Risk 

Reduction (2030-2015) at the third UN World Conference against natural disasters. Recovery 

and rehabilitation and reconstruction, children and young people are agents of change and 

review the space and conditions for their participation in the field of disaster risk reduction in 

accordance with the law, is necessary in the national education curriculum and practices Said 

(38, 2015). A research by Municipality of Tehran and Education office of Tehran with the 

slogan "School Ready School durable" aims to promote awareness, safety and empowerment 

in Tehran schools in dealing with incidents from May to March 2015 has been implemented. 

Keywords: natural hazards, school preparation, risk management, crisis management 

3) research methodology 

The study is descriptive-analytic study that was conducted to survey and in terms of purpose 

is functional. Questionnaire has been developed   based on the theoretical framework. The 

population study was female students in second grade of high school in educational region of 

Qazvin province that means   43 % of the total students of this region.  . 240 questionnaires 

were distributed in the population in two stages, before training and after training (120 

questionnaires before training and 120 questionnaires after training  (. The questionnaire, 

completed, gathered and analyzed using SPSS software. 

4) research findings 

Variables  are: changes in the level of knowledge and abilities of the population in  two unit 

of time; before and after the educational training which are influenced by  education as main 

variable   . In this regard, six indicators have been considered:  1.Shelter and emergency 

evacuation 2. Fire Fighting 3.camping 4.  First Aid 5)Charring  injured6) Illustrated report of 

accidents 

A- Descriptive analysis: Percentage distribution of subjects according to background 

variables, shows that from 120 students whom were tested , 45% were from  second grade of 

high school and 55% were in third grade that were examined in two stages: pre-training and 

post-training. knowledge and skills of  respondents were assessed and evaluated in two stage. 

B. Inferential analysis: 

Given that the value of the T test for the credibility of the maximum acceptable value for the 

hypothesis (05/0 = P) is smaller. Can conclude that the null hypothesis (no significant 

difference between students in the two units of time before training and after training) does 

not exist and The underlying assumption is based on the effect of significant differences in 

the two time periods according to the criteria above. As Table 1 shows, mean scores for 

students in pre-training and post-training using T test to measure the difference between the  

average scores obtained are as follow:    
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of  a period of time. As Table 1 shows The underlying assumption is based on the effect the 

first indicator; "cover, and emergency evacuation". The scores of students  that before 

education was 12.5 has improved to 17.5 after the training, so the trainees after the training 

show favorable situation. In relation to the second  indicator, "Fire Fighting" is likewise mean 

scores increased from 11.5 to 0.5 16. The third indicator, "camping" the scores before 

training that was 12. After training   upgraded to 16, in relation to the fourth indicator, "first 

aid" also average score was from 13 to 17 after training. Fifth indicator, "carrying injured" 

shows an average from 11 to 15. Sixth indicator, "Illustrated report of  accidents" are also 

have had  significant differences in the scores of students; ranged from 12 to 18. Thus, we 

can conclude that in all aspects, adopted after the training, there are significant differences. 

. 

 

 

 

 

 

           

Table 1: Comparison of student scores in two units of time before training and after training 

Conclusions and recommendations 

Codification appropriate educational and training programs play a major role in strengthening 

the safety and health of the community. In this context, the present study proposes two 

hypotheses, the first hypothesis: between education and the knowledge and skills of students 

to deal with accidents there is a direct relationship. According to the first hypothesis testing, 

the results show that the first hypothesis is proven hundred percent. There was significant 

difference between before and after learning .The second hypothesis: "School durable" can 

lead to preparation of the school, neighborhood and city and create a sense of individual and 

collective responsibility and help the educational system to achieve  an integrated 

management system, targeted and coordinated with other institutions in the field of crisis 

management. 

According to the findings of this study suggest that with long-term planning and goal-

oriented and dynamic educational projects in the educational system, while increasing the 

skills and abilities of learners, promote safety school, in order to deal with accidents and 

natural risk reduction, crisis management cycle of formation lay in schools. 

 

 

variable Groups Score avarage Degree of 

freedom 

Difference of 

average  

T value Credit level 

of Sig 

1 before training  1.21 .42 1-  1.21-  000 

 after training 1121 .42 1-  1.21-  000 

. before training  1121 .42 1-  1.21-  000 

 after training 1.21 .42 1-  1.21-  000 

4 before training 1 1. .42 .-  122.-  000 

 after training 1. .42 .-  122.-  000 

. before training  14 .42 .-  1.2.-  000 

 after training 11 .42 .-  1.2.-  000 

1 before training 11 .42 .-  112.-  000 

 after training 11 .42 .-  112.-  000 

. before training 1. .42 .-  .024-  000 

 after training 12 .42 .-  .024-  000 
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ABSTRACT: Recently, in connection with the climate change, Harmful Algal Bloom (HAB) with the excessively high amoun

t of microorganisms and various substances that they produce cause serious problems in the farming fisheries.  Large amounts of 

toxicity and slime of hazardous algae make lower dissolved oxygen in the seawater and reduce the capacity of oxygen exchange 

of fish by sticking to the gills. It kills by suffocation marine creatures and gives massive damage to aquaculture. In this study, the 

HAB monitoring technology using the images of the Geostationary Ocean Color Imager (GOCI) and a risk assessment was perfor

med about the damages of aquaculture farms due to the HABs in the southern coast of South Korea. To analysis the high chlorop

hyll-a concentration for using index of red tide in the southern coast from the satellite, this study use GOCI Data Processing Syste

m(GDPS). The spatial distribution of the high chlorophyll-a area was analyzed using ArcGIS 10.1, and a qualitative risk assessm

ent was conducted with the attribute data of aquaculture farms through the GIS database so as to contribute to the minimization o

f damages to aquaculture farms from red tides and the minimization of the spread of red tide damages. Furthermore, for three sce

narios of HAB, a quantitative risk assessment was performed by assuming the generation probability, spatial range, and the scale 

of the events that change spatially.  

Keywords: Risk assessment, HAB, GOCI, Chlorophyll-a, GIS, Farming fisheries 

1. INTRODUCTION 

Red tides are increasing in domestic and overseas coasts recently due to climate change such as sea surface temperature rise and 

abnormal climate change. Studies on red tide detection and monitoring with remote sensing were attempted on the basis of 

chlorophyll density or chlorophyll anomalies estimated from the satellites. The first development of chlorophyll-a analysis 

algorithm was attempted by Carder and Steward(1985), and then satellites such as MODIS(Moderate Resolution Imaging 

Spectroradiometer), MERIS(Medium Resolution Imaging Spectroradiometer), SeaWiFS(Sea-Viewing Wide Field of View 

Sensor) were launched, being developed many algorithms. Relationship with the occurrence of red tide and meteorological and 

oceanic factors in the South sea of Korea and research on the possibility of red tide monitoring using satellite(Yun et al., 2003), 

research on the MODIS red tide index based on the nLw(normalized water-leaving radiance) and HAB spectrum of MODIS(Kim 

et al., 2008), systematically to identify the red tide occurrence area through spectral classification method by using MODIS 

image data (Hu et al., 2005), Research by applying an algorithm to separate the spectral characteristics of the red tide, detect red 

tide in coastal waters sensitive to atmospheric effects and ambient seawater signal(Stumpf et al., 1998; Son et al., 2011) have 

been conducted. Also, developing methodology to extract area of red tide and the possibility of HAB detection using GOCI 

images in South Sea of Korea(Son et al., 2012), analysis of red tide movement in the South Sea of Gyeongnam Province using 

the GOCI images of COMS(Kim et al., 2015). Researches are back tracking using analyzed data of the movement and diffusion 

path of the red tide through the field observed or ancillary to the study of red tide occurrence mechanism (Ahn et al., 2006; Moon 

et al., 2010). However, a study of risk assessment on vulnerable fishing grounds in the form of red tide phenomenon is lacking. In 

this study, with the attribute data(concentration of chlorophyll-a, latitude, longitude) of the red tide organisms that are generated 

every year, a spatial analysis based on geographic information system is conducted for searching the scope of red tide and 

damaged aquaculture farm in South coasts of Korea. Then a risk assessment was performed with the attribute data of the red tide 

organisms, the aquatic farms in the red tide sea areas, the damage area size of the aquatic farms in red tides, and the farming 

species. 

2. Materials and Methods 

GOCI(Geostationary Ocean Color Imager) could capture 8images in a day. The high temporal resolution(every hour) makes it fit 

for monitoring drift direction and speed of red tide. GOCI(Level 1b; spatial resolution of 500m) data is from KOSC(Korea Ocean 

Satellite Center) of KIOST(Korea Institute of Ocean Science and Technology)(Son et al., 2012). The software for date processing 

is GDPS(GOCI Data Processing System) version 10.3. The images used in this study are on clear day without cloud that could be 

analyzed by satellite image processor, and they are from KOSC. First, since the target area (Figure 1.) is the coastal waters, to 
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extract the waters off the coast of Gijang that this study was conducted using GDPS masking to separate the land and waters. To 

predict the red tide sources analysis was carried out, which shows the distribution of chlorophyll-a (Figure2 ).  

 

Fig. 1: (left) Target Area (Part of South sea of Korea), (right) Chlorophyll-a concentration (mg/m3) 

3. Risk Assessment of Aquatic Farms 

3.1 Qualitative Risk Assessment 

Risk assessment is the overall process of risk identification, risk analysis, and risk evaluation (European Commission, 2012). 

Risk identification is the process of finding, recognizing and describing risks. Risk analysis is the process to comprehend the 

nature of risk and to determine the level of risk. Risk evaluation is the process of comparing the results of risk analysis with risk 

criteria to determine whether the risk and/or its magnitude is acceptable or tolerable (European Commission, 2010). For the risk 

assessment of aquatic farms due to harmful algae in this study, images of the Geostationary Ocean Color Imager (GOCI) and the 

GOCI Data Processing System (GDPS) were used. We applied for the real-time image download system to the Korea Ocean 

Satellite Center and tried to improve the accuracy of this study by raising the temporal resolution. Figure 2 above shows the 

images of the chlorophyll-a area in August 13th, 2013 when the harmful algal blooms (HABs) broke out on a clear day with no 

cloud. The ASCII data of chlorophyll-a concentration extracted from GOCI images were converted to point data, and then we 

derived the results using ArcGIS10.1 in Figure 3.  

 

Fig. 2: (left) Apply to ArcGIS for Risk Assessment, (right) Risk matrix 

The methods use a scoring and weighting approach emphasizing on quantifying the subjective components involved in the risk 

assessment procedure as much as possible, defining terms as precisely and clearly possible and development of categories of 

hazard, consequence and risk that may be presented in a quantitative format (C.J. van Westen et al., 2011). Through this 

qualitative risk assessment, depending on the each risk level A, B, C, and D, response and recovery plans can be made. 

3.2 Quantitative Risk Assessment 

Quantitative risk assessment aims at quantifying the risk according to equation (1). 

RS = PT * PL * V * A (1) 

PT is the temporal (e.g. annual) probability of occurrence of a specific hazard scenario (Hs) with a given return period in an area; 

PL is the locational or spatial probability of occurrence of a specific hazard scenario with a given return period in an area 

impacting the elements-at-risk. ; V is the physical vulnerability, specified as the degree of damage to a specific element at-risk Es 

given the local intensity caused due to the occurrence of hazard scenario HS. A is the quantification of the specific type of 

element at risk evaluated (C.J. van Westen et al., 2011). In this method the combined effects in terms of losses for all possible 

scenarios that might occur are calculated. There are several approaches. Although there are certain similarities, some differences 

appear between the approaches. They include either the way to calculate the hazard or to calculate vulnerability and consequence. 

576



  

Commonly agreement was found among the methods in combining hazard as probability of the hazard and vulnerability as 

consequences. For a number of different hazard scenarios the consequences are plotted against the temporal probability of 

occurrence of the hazard events in a graph. Through these points a curve is fitted, the so-called risk curve, and the area below the 

curve presents the total risk. The risk assessment method determines the characteristics and range of risks by analyzing potential 

risk factors and evaluating the potential risks to people, livelihood, and environment and the conditions of vulnerability that can 

expose them to threats. 

 

Fig. 3: Red tide scenario A, B, C 

 

Table 1: Damages of red tide in 1990-2015(South Korea) 

 

-PT: Annual Probability of occurrence of the scenarios. The annual probability is calculated as the reciprocal of the return period. 

-A: Quantification of risk factors which is the monetary value including the internal assets (fish and shellfish) of the aquatic farm 

-V: Vulnerability of the aquatic farm for a specific red tide scenario. This is determined by the relationship between the mortality 

amount and damage amount. 

-V*A: This is the result. The predicted loss amount per building for a given flood scenario is calculated by multiplying the 

amounts of risk factors and the vulnerability. 

∑V*A: Total result of the HAB scenario for every risk factor exposed to the scenario. 

The total area under the curve represents the total annual risk for red tide. 
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Fig. 4: (left) Vulnerability curve, (right) Risk curve 

 

Table 2: Risk calculation 

 RP PT M V V*M ∑V*M 

A 2 0.5 120000 0 0 30000 

B 2 0.5 70000 0.2 14000 30000 

C 2 0.5 200000 0.08 16000 30000 

A 10 0.1 120000 0.1 12000 182000 

B 10 0.1 70000 1 70000 182000 

C 10 0.1 200000 0.5 100000 182000 

A 20 0.05 120000 0.4 48000 278000 

B 20 0.05 70000 1 70000 278000 

C 20 0.05 200000 0.8 160000 278000 

4. Conclusion and Discussion 

The annual red tide events and damages of South Korea were analyzed through the spatial information constructed by 

accumulating the red tide monitoring data using the GOCI images of the Korea Ocean Satellite Center and the fisheries and 

maritime environmental statistics provided by the Korea Maritime Institute. In the future, the accuracy of risk assessment should 

be improved by applying to hydrodynamic numerical model like EFDC, adding detailed attribute data to the estimation of the 

distribution of risk factors and the damage scale by identifying the aquatic farms in the red tide sea areas, the area size of the 

damaged areas, and the farming species. 
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ABSTRACT: Planning of infrastructure and disaster risk mitigation measures is carried out under significant uncertainties. In 
particular, the effects of climate and anthropogenic change are associated with large uncertainty, but most extreme events are 
poorly understood even under stationary conditions. To address these uncertainties, the designers/decision makers can follow 
different strategies, such as conservative designs, flexible (adaptable) designs or delaying the decisions to later times when more 
information is available. The optimal adaptation strategy depends on multiple factors such as system type, regulatory framework, 
the degree and type of uncertainty and the amount of learning that is possible in the future. Based on quantitative Bayesian 
decision models, we derive general recommendations on optimal design approaches. Our results show, for example, that flexible 
systems are especially beneficial in cases where uncertainty is high and where the learning effect in the near future is expected to 
be significant. They are typically less advantageous in the context of a risk-based decision framework (where the aim is to find a 
balance between the residual risk and cost) than in a rule-based regulatory framework (where safety requirements are prescribed, 
e.g. that flood protection must be designed against a 100-year event). In the former case, it is often more effective to add safety 
margins, which is a no-regret strategy. 

Keywords: Climate adaptation, uncertainty, flexibility, robustness.  

1. INTRODUCTION 

The planning and implementation of infrastructure systems and integrated disaster risk reduction is associated with large 
investments and long lifetimes. For example, 3,4 billion Euro is to be spent in Bavaria alone on flood protection measures before 
2020 (Rimböck, 2015). The identification of optimal decisions is hindered by the uncertainty on the frequency of extreme 
disaster events, on the future effects of climate change as well as the future changes in societal vulnerability and damage 
potential.  

Strategies exist for dealing with these uncertainties. These include the application of safety factors on the system capacity or the 
implementation of flexible systems that can be adjusted in the future without excessive costs or delaying of decisions to later time 
when more information is available (Hallegatte, 2009). The selection of the appropriate strategy should consider many factors. A 
full optimization of these strategies under uncertainty therefore requires sophisticated extensive modelling that is not practicable 
in specific projects. We examine the key factors that decision makers should consider when selecting the adaptation strategy: 
system characteristics, regulatory framework, frequency of system revisions, type and degree of uncertainty and potential for 
future learning. We discuss the optimality of different design approaches in function of these key factors. Our discussion and 
recommendations take basis in quantitative Bayesian decision models described in Špačková and Straub (2016), Dittes et al. 
(2016) and Straub and Špačková (2016). 

3. PLANNING APPROACHES: FLEXIBILITY AND SAFETY FACTORS 

Flexibility describes the potential of a system to be changed in the future without excessive costs. The terms adaptability, 
reversibility or changeability are also used in this context, with slightly different meanings (Ross et al., 2008). Examples of 
flexible infrastructure systems include  

− flood protection systems whose possible future upgrades are facilitated by reserving land for future building of 
additional flood defences or heightening of existing dikes (Vrijling et al., 2009), as illustrated in Fig. 1(a); 

− urban drainage systems whose backbone parts are overdesigned to allow extension of the system in the future or which 
enable cheap adjustment of the retention capacity in the future (Radhakrishnan et al., 2014). 

In Špačková et al. (2015), a measure of flexibility ϕ was proposed, which expresses how costly it is to adjust a system, relative to 
the initial investment. ϕ=0 corresponds to an inflexible system and ϕ=1 to a fully flexible system. If an inflexible system has to 
be altered, the associated cost are the same as if the system is built completely anew. If a flexible system is adjusted (e.g. if its 
capacity is increased), the costs are significantly lower, because the existing system is used. For fully flexible systems, the 
number of steps to reach the final capacity is irrelevant; the total costs are the same if one builds to the final capacity at once or if 
one adjusts the capacity gradually.  

The safety factor is a measure of the reserve capacity that is built into the system to account for uncertain future changes in 
demand; it is defined as the ratio between the actual capacity of the system and the minimum required capacity without 
accounting for uncertain future changes in demand. In other words, it measures the over-design of the system. Safety factors 
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against uncertain future changes are used in practice; for example in Bavaria a safety factor of 1.15 – i.e. a 15% reserve – is 
applied to the design flood discharge when planning new flood defences to account for climate change uncertainty.  

Recommendations for system overdesign, i.e. safety factors, do not explicitly consider the flexibility or the projected lifetime of 
the systems. It is intuitively understood that different safety factors should be applied for flexible and inflexible systems: Flexible 
systems can be easily changed in the future and their safety factors (reserve) should thus be lower than for inflexible systems 
whose future changes are costly. Similarly, a system with shorter lifetime is unlikely to require a big reserve to account for 
climate change effects, since these are likely to take effect only further in the future. The characteristics of the system (flexibility, 
lifetime) should therefore be taken into account when deciding on system overdesign.  

 
Fig. 1: (a) Illustration of a flexible flood protection system. (b) Risk-based optimization of system design.  

 

3. KEY FACTORS INFLUENCING THE OPTIMAL PLANNING 

Besides the characteristics of the system (flexibility, lifetime) described in the previous section, multiple other factors influence 
the optimal planning. These are discussed in this section.  

With respect to regulatory framework, two main directions can be distinguished: (A) Risk-based (sometimes referred to as 
performance based) planning, where the optimal design is identified as the one providing a reasonable balance between the safety 
of the system (the residual risk) and the costs for its implementation and maintenance. The optimal design minimizes the lifetime 
sum of discounted risk and cost (Špačková and Straub, 2015), as illustrated in Fig. 1(b). (B) Rule-based (or prescriptive) 
planning, where the system is subject to prescribed safety requirements. For example, most new flood protection systems in 
Germany must be designed for a 100-year event, and some levees in the Netherlands are required to withstand a 10 000 –year 
event (Vrijling et al., 2009). In this case, the optimal design is the one that minimizes the discounted lifetime costs while 
complying with the regulatory requirements.    

Three different types of uncertainty in infrastructure and disaster risk reduction planning are considered here: (1) Climate 
uncertainty associated with the effect of the climate change on the frequency of extreme events. (2) Socio-economic uncertainty 
associated with the development of society leading to changing demands on the infrastructure, e.g. through increased 
development in flood plains or changing vulnerability to natural hazards. (3) Statistical uncertainty associated with determining 
the frequency of extreme events even under stationary conditions, due to limited historic records and imperfect models (Dittes et 
al 2016).  

The degree of uncertainty determines the significance of the uncertainty. For example, there exists uncertainty in changes of 
average temperature and precipitation due to climate change, but the uncertainty on the effect of the climate change on the 
frequency of extremes is significantly higher. Similarly, the statistical uncertainty on estimating the magnitude of a 100-year 
discharge is not negligible when 100 years of discharge measurements are available, but it is higher with only 30 years of data.  

Finally, future learning, i.e. the type of information that will be gathered in the future and used for informing the future decisions 
is a crucial factor that should be considered in making the current design decisions, as was shown in (Pozzi et al., 2016). In most 
problems, also the future decisions will be made under uncertainty. For example, statistical uncertainty on the 100-year flood will 
be reduced with additional observations of annual maxima, but it will never fully disappear. The amount of learning in the future 
will be larger if the present uncertainty is larger. This follows from classical statistics, which dictates that the statistical 
uncertainty reduces with √𝑡, with 𝑡=time, if the amount of data collected is constant over time. In contrast, climate change is 
gradual and its effects are likely to materialize at a later time in the future. Therefore, uncertainty on how the climate change 
influences extreme flood events will likely not be much reduced in 20 years from now.  
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4. IMPLICATIONS FOR PLANNING 

The planning of disaster risk reduction measures and infrastructure need to take into account the system characteristics and key 
factors discussed in the previous sections. The decision makers can face different situations: (1) When the flexibility of the 
system is given, the decision maker has to select the safety factor for the system. (2) When the flexibility can be selected or the 
choice is between systems with different flexibilities, the decision maker has to additionally determine the Value of Flexibility 
(VoF), i.e. up to how much should one pay to make the system flexible? Flexible systems are typically more costly initially: 
reserving the land in the example of Fig. 1(a) is associated with additional cost. 

In the following, the general design recommendations are listed, some of them are additionally illustrated in Fig. 2. These are 
based on the numerical investigations of Špačková and Straub (2016) and Dittes et al. (2016). 

− Flexible systems require lower safety factor (less conservative design) than inflexible ones (Fig. 2a), because they can 
easily be changed in the future without excessive costs. 

− The higher the degree of uncertainty, the higher should be the safety factor (Fig. 2a), i.e. the more conservative should 
be the design. 

− If there is a significant learning expected in the near future (e.g. reduction of statistical uncertainty due to gathering 
new data), the Value of Flexibility is high. In contrast, if there will not be much new information at the time of future 
system revisions (which is likely to be the case for climate change effects on extreme events), the VoF is much lower, 
because the decision maker is not likely to change the system in the future (Fig. 2b). 

− The higher the degree of uncertainty, the higher the VoF. 
− In risk-based approach, VoF tends to be lower and applying higher safety factors is recommendable since it is a no-

regret strategy (a more conservative design leads to a reduction of residual risk under all future scenarios).  
− In rule-based setting, in which the safety requirements on the systems are prescribed (e.g. the flood protection that has 

to be designed for 100-year event), VoF is higher than in the risk-based approach (Fig. 2b).  This is due to the fact that 
the estimate of the 100-year event is likely to change in the future requiring modifications to the system, which are 
cheaper for flexible systems. 

− Systems with short lifetime (e.g. < 30/50 years) do not need high safety factors to account for uncertain gradual 
changes (such as climate change). However, when statistical uncertainty is significant, even systems with short lifetime 
should be designed with high safety factor.  
 
 

 

Fig. 2: (a) Optimal safety factor as a function of system’s flexibility and degree of uncertainty. (b) Value of Flexibility (VoF) as 
function of future learning effect under two regulatory frameworks – with prescribed safety requirements or using risk-based 
planning.  
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5. CONCLUSIONS & ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN 
RESILIENCE 

Huge investments to disaster risk reduction and climate adaptation will be necessary in the coming decades. To use the available 
but limited resources efficiently, the planning of disaster risk reduction measures and infrastructure must proceed with caution. 
The decisions to be made are particularly complex as they are made under significant uncertainties such as: How will the climate 
change affect the frequency of extreme weather events? How will the society evolve in the next 50 years? The aim of this work is 
to support such decisions and to help the decision makers with selecting the best disaster risk mitigation option. We identify key 
factors influencing the optimal design and provide generalized recommendations on how these should be reflected in the 
decisions. For example, we show that incorporating flexibility into the systems, which is typically considered as a good solution 
for dealing with future uncertainties, is not necessarily beneficial in all cases and that, in some cases, it may be preferable to 
invest into an inflexible system with conservative design.  

The presented results and the models underlying them are novel attempts to base adaptation decisions on quantitative analysis of 
uncertainties and characteristics of the designed system. The need for such investigations has been identified recently and there 
are several open questions that require future research, such as the planning under combined uncertainties, the derivation of 
quantitative recommendations on safety factors and Value of Flexibility, or confirmation of the presented general findings on 
concrete applications to different planning problems.  
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ABSTRACT: National Risk Assessment (NRA) studies have recently received increased interest from governments, authorities 

and other involved stakeholders, e.g., civil protection agencies, emergency planners, etc. The NRA approach combines risk 

assessment methods and decision-making processes in a structured manner to support the prioritization and management of 

national hazards and threats. A NRA commonly builds upon an intensive information processing and judgmental exercise, 

therefore, in a qualitative or semi-quantitative way, requiring the cooperation of experts from various fields. The validation of an 

NRA is of great importance to ensure that the analysis of national hazard scenarios results in the implementation of adequate 

preparedness strategies and contingency planning. In this study, a method is developed to verify the accuracy and consistency of 

establishing risk indicator values by expert elicitation by comparing it against historical experience. The proposed method is 

based on Bayesian analysis, and is tested in a floods scenario case study for the Swiss NRA. The results for the chosen Swiss 

NRA case show that scenario-specific assumptions and boundary conditions defined by the experts are not in all cases supported 

by evaluation of historical experience. Finally, the method proposed here has the advantage to be generic and thus applicable to 

other risk assessment contexts outside of NRA.  

Keywords: National Risk Assessment, Validation, Bayesian Analysis. 

1. INTRODUCTION  

Risk assessment all over the world is of great importance for all kinds of stakeholder groups, including governments, authorities 

and regulators, politicians, industry, etc. to support rationale decision-making processes with regard to potential consequences for 

human health, the economy, environment and society. In the past years, national risk assessment (NRA) has received increased 

recognition and support from governments and other institutions as a science-based approach that allows prioritizing and 

managing of national hazard and threat scenarios (e.g., Vlek, 2013). 

The development of a comprehensive, objective and transparent NRA as well as its practical implementation are equally relevant 

to define realistic hazard scenarios and to identify crucial elements to improve preparedness and contingency planning for 

disastrous events (e.g., Federal Office for Civil Protection (FOCP), 2013). In particular, this kind of analysis focuses on the 

identification of the hazards and the assessment of potential damages and their associated likelihood. In other words, the central 

result is based on the common definition of risk being a function of both the undesired consequences and the likelihood of an 

event. In this way a “likelihood x consequence” diagram can be constructed for each considered hazard. Within a complex multi-

risk assessment, a broad variety of hazards needs to be considered, which can then be visualized in a so-called risk matrix (e.g., 

Cox, 2008), reflecting various levels of risk as the product of the harm probability categories and harm severity categories. 

Although Cox (2008) pointed out that only little research rigorously validates the performance of risk matrices, many 

organizations and risk consultants (e.g., the Swiss Federal Office of Civil Protection (FOCP)) have been stimulated in the 

adoption of such approaches as a basis for disaster risk reduction. However, such risk matrixes are commonly developed in a 

qualitative or in some cases in a semi-quantitative way. Thus, the results are more or less directly affected by the subjectivity of 

assumptions taken and the boundary conditions defined by the risk matrix developing team. 

The validation of an NRA is of great importance to ensure that the analysis of national hazard scenarios results in the 

implementation of adequate preparedness strategies and contingency planning. In this study, a method is developed to validate 

the accuracy and consistency of establishing risk indicator values by expert elicitation by comparing it against historical 

experience. The method presented here is based on a Bayesian analysis (e.g., Eckle et al., 2012). Such a fully probabilistic 

approach has the advantage that the uncertainty related to both randomness and lack of knowledge of the data can be explicitly 

modeled. The expert judgment expectation does not refer to everyday risk, but rather to uncommon conditions or extreme events 

(e.g., Vlek, 2013). The proposed approach allows comparing if the expert estimate is in line or not with the historical experience.  

In this study, we applied the aforementioned method to floods in Switzerland, which is one of the hazard scenarios considered by 

in the NRA of Switzerland (Federal Office for Civil Protection (FOCP), 2013). Two consequences by the experts are extracted 

from this report, and then compared with the model developed from historical observations (time frame 1972-2012). 
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2. AN OVERVIEW OF THE SWISS NRA 

The NRA in Switzerland currently contains the results of the risk assessment for a set of 12 technical, natural and societal hazards 

(e.g., Federal Office for Civil Protection (FOCP), 2013). These results are presented in a risk matrix considering the likelihood 

and the consequences in terms of aggregated, monetized losses expressed in Mio CHF. The total loss equals the sum of the 

marginal costs for 12 consequence indicators, ranging from fatalities to impacted terrestrial and aquatic areas, supply disruptions 

and damages to cultural heritage. The estimation of the corresponding consequences is based on both historical observations and 

expert judgment. For each hazard three scenarios representing different levels of escalation (severity) are described. Among 

them, in the NRA of Switzerland (FOCP, 2013) a so-called major scenario is considered, which is defined as a scenario of major 

intensity. Nevertheless, considerably more severe occurrences and courses of events are imaginable in Switzerland. In addition, 

to aggregated monetized losses for each scenario corresponding likelihood values are given, representing the expectation in the 

next 10 years in terms of probability based on the expert judgment (e.g., Federal Office for Civil Protection (FOCP), 2013).  

3. METHOD 

In order to validate the experts’ probability in the next 10 years of having a certain consequence value (e.g., 25 fatalities) for a 

hazard of interest (e.g., floods), two components of interests, the frequency and severity distributions, need to be determined 

separately. In fact, the former describes the number of accidents per year, while the severity distribution characterizes the extent 

of the consequences. Therefore, by combining the aforementioned information, the frequency, and thus the probability, of having 

an accident with a certain consequence extent can be assessed. In this study, this is achieved by combining the fitted historical 

observations of the two components separately. In particular, the fit is assessed for each component using a Bayesian approach. 

The latter has the advantage to intrinsically model confidence intervals, meaning that for a parameter of interest (e.g., the mean of 

the fatality distribution) a probability distribution is calculated instead of a single value of it, which is the common result of the 

maximum likelihood estimation. More specifically, in the Bayesian analysis the parameter estimation is made through the 

posterior distribution using the Bayes’ Theorem (e.g., Boshuizen and van Baal, 2009). The latter consist in the product of a 

likelihood function of the data and a priori distribution of the parameter of interest, which may come from other data sets or a 

modeler’s experience and physical intuition. Therefore, both a likelihood model for the data and an a priori distribution for the 

parameter of interest have to be defined. In this study, the frequency component has been modeled using a Poisson distribution, 

which is described by the rate parameter 𝜆, since the events have been considered independent from each other (e.g., Eckle et al., 

2012). On the other hand, the severity distribution is assessed using a lognormal model, which is described by the location 

parameter 𝜇 and the scale parameter 𝜎, since it has been shown to be a good approximation for severity distributions (e.g., Spada 

et al., 2014).  Furthermore, for both cases, no prior information was available, thus non-informative very broad prior distributions 

have been used. Once the parameters of interest for both the frequency and severity distributions have been assessed through the 

Bayesian analysis, the complementary cumulative distribution function (CCDF) has been estimated. This gives the frequency per 

year of a given severity level. More specifically the CCDF is built by modeling the cumulative distribution function (CDF) of the 

severity distribution using the posteriors for the parameters of interest, assessing the (1- CDF) and multiplying it by the posterior 

for the parameter of interest of the frequency distribution. Finally, in order to assess the probability of having a certain level of 

consequence in the next 10 years and comparing it with the expected one from the experts, first the probability in 1 year for the 

same consequence level is extracted from the CCDF result. Afterwards, since the events have been considered as independent in 

time, the probability in 10 years can be estimated as: 

                                                                                              𝑃10 𝑦𝑒𝑎𝑟𝑠 = 1 − (1 − 𝑃1 𝑦𝑒𝑎𝑟)10                                                                             (1) 

4. APPLICATION TO FLOODS 

4.1 Expected Consequence Event & Historical Observations  

According to the Swiss NRA, a flood of major scenario intensity, resulting in 25 fatalities and 10 Billion CHF economic losses, is 

expected with a probability (likelihood) of 1-3% in the next 10 years, meaning that it may not have been occurred in Switzerland 

yet, but is known to have happened in other countries. In order to test the method proposed here the historical data for 

Switzerland including neighboring countries (e.g., Italy, France, Austria and Germany) have been collected for fatalities and 

economic losses from the Dartmouth Flood Observatory database, MunichRe NatCatService and the Swiss flood and landslide 

damage database (Hilker et al., 2009). The final dataset, which comprises 122 and 1436 accidents with regard to fatalities and 

economic losses, is based on harmonized data from the three considered databases in order to avoid possible double counting for 

flood events for the time period 1972-2012.  

4.2 Threshold Analysis 

Figure 1 shows that the historical data for the severity distribution are possibly not distributed following the same function along 

of the complete range of reported consequences (e.g., fatalities). Therefore, prior to the definition of a suitable likelihood function 

for each of the datasets of interest, the threshold between small and severe accidents has to be defined. This is essential in order 

to avoid possible randomness in the long tail Bayesian modeling, which could result in an unrealistic distribution at low 

probability levels. 
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Figure 3: Comparison of the complementary cumulative distribution function (CCDF), which is (1- CDF) 

multiplied with the frequency, based on the posterior distributions assessed using a Bayesian analysis and the 

historical observations. a) Fatalities; b) Economic Losses in Mio CHF. 

 

 

 

 

 

 

 

In this study, the threshold is determined following a two-step procedure. First, a rough estimate is based on visual inspection of 

the data. Afterwards, the threshold is estimated using a maximum curvature method (MAXC) (e.g., Wössner and Wiemer, 2005). 

The latter has been shown to work quite well for distributions where the completeness matters. The MAXC consists in defining 

the point of the maximum curvature by computing the maximum likelihood of the first derivative of the distribution of interest 

(e.g., fatalities). In practice, this matches the bin with the highest frequency of events in the distribution of interest. The estimated 

threshold for each dataset of interest is shown as a red bar in Figure 1. Therefore, as data input for the Bayesian analysis, only 

severe accidents are considered, since the expected consequence is assumed to belong to the latter distribution. In particular, for 

the fatalities and economic losses, 33 and 21 events distributed in the time period 1972-2012 (Figure 2) are used for the Bayesian 

analysis, respectively. 

 

 

 

 

 

 

 

 

 

 

4.3 Results 

Once the Bayesian analysis has been carried out for both the frequency and the severity distributions, for the fatality and 

economic losses cases, the CCDFs have been constructed considering all the information given by the posterior of each 

parameter of interest. In particular, both the frequency and the cumulative distribution function used to build the CCDFs are 

considering not only the mean value given by the posterior, but also different selected quantiles (5-32-50-68-95%). The resulting 

CCDFs are shown in Figure 3.  

 

 

 

 

 

 

 

 

 

Figure 1: Number of floods per consequence type in the time range 1972-2013 for Switzerland and the 

neighboring countries. In red the threshold between small and severe floods estimated using the maximum 

curvature (MAXC) method. a) Fatalities; b) Economic Losses in Mio CHF 

Figure 2: Number of floods for Switzerland and the neighboring countries per year for the severe events only (See Figure 1). a) 

Fatalities; b) Economic Losses in Mio CHF. 
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For both fatality and economic losses, the model results in good agreement with the historical observations, proving the validity 

of the method in order to build such a probability distribution. Finally, the probability in 1 year of having an event resulting in a 

number of consequence of interest (25 for fatalities and 10000 Mio CHF for the economic losses) is then directly extracted (and 

converted from a frequency to a probability) from the results in Figure 3. Afterwards, the probability in 10 years is estimated 

using equation (1). Table 2 shows the comparison between the expectation of the expert and the modeled historical observations. 

For fatalities the probability in 10 years results to be larger for the historical observation with respect to the expert expectation, 

while for the economic losses it is the other way around.  

Table 1: Comparison of the probability in the next 10 years defined by the experts and calculated using a Bayesian model for the 

historical observation (showed in terms of mean and 5-95% quantiles) for 25 expected fatalities and 10000 Mio CHF expected 

economic losses in case of major flood in Switzerland.  

Consequence 
Expectation by Expert Bayesian Model: Mean (5% - 95%) 

Value Probability in the next 10 Years Probability in the next 10 Years (%) 

Fatality 25 

1 – 3 % 

 

7 (4; 12) 

Economic Losses in Mio CHF 10000 1.5E-2 (7.7E-5; 2.3E-2) 

5. CONCLUSIONS 

In this study a method is developed to verify the consistency of hazard-specific risk indicators estimated by experts in National 

Risk Assessment (NRA) against actual historical experience. The method is tested against in a floods case study for Switzerland. 

In this case, the expected likelihood given by the experts is 1 - 3% (e.g., Federal Office for Civil Protection (FOCP), 2013). This 

describes an event with expected consequences that may not have occurred in Switzerland yet, but is known to have happened in 

other countries. The expected fatalities (25) modeled using the proposed method result to lie at a larger probability level 

(mean=7%, quantiles (5-95%) = 4-12) with respect to the one proposed by the experts. This clearly indicates that the expected 

number of fatalities by the experts for the major scenario does not reflect a rare event (probability = 1-3%), but a rather more 

likely one. For the economic losses (10 Billion CHF), the modeled probability is significantly smaller (mean=1.5E-2%, quantiles 

(5-95%) = 7.7E-5-2.3E-2) than the one proposed by the experts. This indicates that the expected economic losses by the experts 

for the major scenario do not reflect a rare event, but a more extreme one. In conclusion, the developed and tested method, which 

is based on Bayesian inference, allowed comparing hazard-specific scenarios and their expected consequences estimated by 

experts against historical observations. In addition, the conducted case studies clearly showed that the proposed approach could 

be applied in a simple and straightforward manner to real data.  
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ABSTRACT: Camp John Hay watershed and forest reserve in Baguio City, Northern Luzon, Philippines is one the last remaining 

contiguous pine forest block in the city. Various factors, mostly anthropogenic in nature, act as the key drivers to land use 

change, and eventually the degradation of these pine stands. Since forests provide vital ecosystem services especially in 

mitigating the effects of climate change, and recognizing the close association between the state of the ecosystem and the impact 

of disasters, there should be a sense of urgency to address the problem. With due consideration to the socio-economic and 

political factors relevant to the site, this study designed a restoration plan to repair degraded sites in the forest and watershed area 

and to preserve the ecosystem services it provides. The different objectives of the project include: a) Restoration of degraded sites 

through Assisted Natural Regeneration (ANR) and enrichment planting; b) Restoration of degraded sites through planting of 

native species in addition to the dominant Pinus species; c) Establishment of Riparian buffer zones along the tributaries of the 

watershed to mitigate eroded areas in the sites; d) Maintain functionality and improve the existing nursery. Close monitoring by 

the major stakeholders including the indigenous community will ensure the sustainable management, conservation and 

restoration of this forest ecosystem to reduce disaster risk, with the aim of achieving sustainable and resilient development.   

Keywords: Pinus kesiya, ecosystem services, climate change, tropical forest restoration  

 
1. INTRODUCTION  

The Philippines is part of a few mega-diverse countries characterized by biodiversity and endemicity. This high level of 

biodiversity in this archipelagic country is largely intertwined with the presence of different ecosystems and habitat types, most 

especially forest ecosystems. Unfortunately, tropical rainforests in the Philippines, similar to that of other Asian countries, have 

seen a massive deforestation and land use change. Lasco and Pulhin (2009) mentions that, in the last century alone, the 

Philippines have lost  14.9 M hectares of tropical rainforest or an average of 150.000 ha/yr. 

The project site is located in Camp John Hay Watershed and Forest Reserve, Baguio City, found in the Northern part of the 

Philippines. It has the last remaining contiguous pine forest block in the said locality. Various factors, mostly anthropogenic in 

nature, act as the key drivers to land use change, and eventually the degradation of these pine stands. Thus, there should be a 

sense of urgency to address the problem, with due consideration to the socio-economic and political factors relevant to the site. 

1.1 Ecology of the Site 

Merill and Merrit (1910) as cited by Balangcod et al. (2011) describes the Benguet-Bontoc region in the Philippines as a natural 

vegetation dominated by pine forest, specifically Benguet pine (Pinus kesiya). This includes the Baguio plateau where the site is 

located. However, Jacobs (1972) pointed to strong indications that the present pine forest was covered by broad leaf species 

characteristic of a lower montane forest growth. Anthropogenic activities which involved extensive clearing and burning of the 

montane forest eventually produced changes such as soil erosion, alterations in the soil matrix and microclimate, favoring natural 

succession and expansion of the pine forest. 
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Forests play a vital role in the delivery of various ecosystem services. Lasco and Pulhin (2002) asserts that, although tropical 

forests are sources of carbon, they also have the largest potential to mitigate the effects of climate change and this underscores the 

important role of the Philippine tropical forest in carbon sequestration. Various forest types in the Philippines, including 

watershed areas and forest reserves, store significant amounts of carbon stock, varying from as low as 5 t/ha to a maximum of 

200 t/ha. These ecosystems, although having different rates of sequestrations, contain a cumulative amount of 1,046 Tg C in its 

different carbon pools and sequester an estimated 30 TgC annually (Lasco & Pulhin 2000).  

This same pine forest provides a buffering function against air pollution present in this highly urbanized area, and more 

importantly as a carbon sink to mitigate the effects of climate change.  Tapnio (2013) in his study on P. kesiya in Busol 

watershed, Baguio City, Philippines measured the carbon stocks in the 2 sampling plots at a total cumulative estimated carbon 

density of 62.8 MgC/ha. The forest vegetation, aside from also sequestering carbon also contributes to the stability of the soil 

against erosion.  

 
2. DISCUSSION  

2.1 Recommended Restoration Treatments 

 

The main goal of the project is to restore degraded sites in the forest and watershed area and to preserve the ecosystem services it 

provides. The different objectives of the project include: a) Restoration of degraded sites through Assisted Natural Regeneration 

(ANR) and enrichment planting; b) Restoration of degraded sites through planting of native species in addition to the dominant 

Pinus species; c) Mitigate eroded areas in the sites by establishing Riparian buffer zones; d) Maintain functionality and improve 

existing nursery.  

 

Measurable indicators include the restoration of at least 10 hectares of degraded sites to be determined by having a reference site 

also within the forest reserve, 75% survival of different native species planted in the Riparian buffer zones, effective mitigation 

and repair of eroded areas in the chosen site, and the expansion of the nursery including propagation of other native species 

within 6 months. 

 

A forest and watershed monitoring team (FWMT), including the indigenous community, will be involved in the monitoring of the 

project.   

 

2.2 Integrated Risk Management and Urban Resilience 

 

One priority of the Hyogo Framework for Action (HFA) is to reduce the underlying risk factors that increase the vulnerability of 

communities to natural hazards. Generally, these risk factors are very much interrelated to the status of ecosystems- from the 

forest cover, to the quality of coastal resources, and consequently, the state of biodiversity. Since vulnerability is increased when 

we destroy forests, this situation can only be mitigated through sustainable ecosystems and environmental management. The 

success or failure of these management systems determines the impacts of climate change.  

 

This study supports the HFA in addressing the need to fortify the resilience of vulnerable areas through the restoration of 

degraded areas of the forest and watershed. Different methods mentioned increases the capacity of the environment to withstand 

hazards and spell higher adaptive capacities for the community by lowering their vulnerabilities. Furthermore, capacity building 

of the local indigenous communities to act as protectors and stewards of the forest also contribute to increased resiliency for the 

community. 

 

However, uncertainties and gaps still exist and act as barriers to the effective implementation of this restoration plan. This 

includes the lack of government support, minimal manpower, and continued unsustainable practices, exacerbated by an 

increasing number of informal settlers around the periphery of the forest and watershed area dependent on forest products. 
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3. CONCLUSION  

The success of any forest restoration program depends on a myriad of factors. This study looked into the background of the site 

as well as the various anthropogenic activities that also acted as the main drivers for land use change. Based on these, it designed 

various restoration treatments to hopefully restore degraded sites inside the only remaining contiguous block of pine forest in 

Baguio City, Philippines, and eventually maintain and even improve its capacity to perform basic ecosystem services ranging 

from its hydrologic function to its ability to sequester atmospheric carbon, mitigate climate change, and avert future disasters. 
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ABSTRACT 

 
Because 89% of businesses in Thailand are Small and Medium Enterprises (SME), how well 

those businesses are doing impacts to overall country’s GDP highly. The disaster events in Thailand 
had shown that SME in Thailand had yet been prepared for disaster well enough. Especially, the great 
flood in 2011 suggested that the SMEs were affected highly and recovered difficulty. With the fact that 
the number of new startups in Thailand is increasing rapidly, it is very important that the SME should 
be able to make the assessment and understand their risk.  

This study presents the idea of knowledge implementation in disaster management for Thai 
SME startups both from business management integrated with an engineering point of view. The 
disaster management is highly important topic for supporting Thailand’s economic development with 
easy-to-use analysis tools with engineering data for analysis that had yet been introduced in Thailand. 
To reduce lost and prevent development obstacles, this study suggests SME startups to conduct 
business with cautions for unexpected disasters+6. 

Business Risk Assessment (BRA) system is the useful tool that suggests startups what should 
be considered and how much should be considered and invested in preventing lost due to disaster. It is 
3 times cheaper to prepare than to recover. This study explains the development stages of BRA system, 
which is the internet-based-platform for risk assessment for young SME in Thailand. It suggests SME 
startup for disaster preparation by determines the risks, vulnerability, and analyzes the suitable 
preparation suggestion for before, during, and after the disaster. This study conducts under the goal to 
minimum risk management investment of resources for lost prevention and fast recovery for the SME 
startups. With the fast and easy to access platform, by inputting business's information, the system will 
output risk score and suggest the possible disaster preparation for SME startups. The result from this 
tool can be used for Business Continuity Plan (BCP) to result the necessary measures for high-
prioritized business activity. BCP standard and suggestion for implementation is available in Thailand, 
but the practical execution is still under limitations.  
 
 
Keywords: Business	 Continuity	 Plan	 (BCP),	 business-self-assessment,	 vulnerability	 estimation,	
resilience	business,	startups	
	
 
1. Introduction 

From	 the	 Thailand’s	 country	 reports,	
the	 natural	 disasters that	 result	 in	 high	
damages	in	the	past	years	are	flood,	tropical	
cyclones,	 earthquake,	 landslide,	 drought,	
and	extreme	temperature	(for	life) [1]. All	of	
the	mentioned	disasters	had	resulted	in	the 
loss	 of	 life	 and	 economic. To	 relatively	
compare	 with	 other countries,	 the	
cumulative	 loss	 from	 a natural	 disaster	 in	
Thailand	is	less,	which	affects	the	interest	of	
developing	 the	 disaster	 preparedness	
protocols. However,	after	years	passed	and	
the	 vulnerability	 of	 assets	 are	 increasing	
year	 by	 year	 according	 to	 the	 rapid	
economic	 developing,	 the	 lost	 from	 the	

same	 disaster	 intensity	 can	 be	 expected	 to	
be	higher.	After	 the	recent	major	 incidents;	
the tsunami	in	2004,	the great	flood	in	2011,	
and	 earthquake	 in	 2014,	 it	 had	 increased	
the	 awareness	 of	 disaster	 preparation	 in	
Thailand	greatly.	

GDP	 value	 of	 Small	 to	 Medium	
Enterprises	 (SMEs) in	 Thailand	was	 39.6% 
of	 GDP,	 which	 came	 from	 89% of	 the	
business	 in	 Thailand [2]. Also,	 by	 2018,	
from	 the	 boosting	 fund	 from	 ICT	 and	
Finance	Ministry,	a startup	in	Thailand	may	
increase	90%. Therefore,	by	assisting	SMEs	
are	 not	 only	 affecting	 the	 country’s	 wealth	
but	also	protecting	assets	of	most	people	as	
well. The	 organization	 that	 has	 direct	
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responsibility	 to	SMEs	 is	 the	Office	of	SMEs	
Promotion	 (OSMEP) under	 the	 Ministry	 of	
Industry. They	 assist	 SMEs	 in	 every	 aspect	
including	 the	 Business	 Continuity	 Planning	
(BCP) assessment. However,	to	conduct	the	
BCP,	 the	most	 important	 part,	 the	 business	
owners	 (or	 the	 conductor) need	 to	
understand their	 risks.	 It	 was	 referenced	
from	 International	 Standard	 ISO	 22301	 for	
Business	Continuity	Management.	

 	
In	 2013,	 the	 University	 of	 the	 Thai	

Chamber	 of	 Commerce	 (UTCC) had	
surveyed	 429	 SMEs	 in	 Thailand	 to	 assess	
their	preparedness	 for	a natural	disaster	 in	
Thailand. The	 result	 from	 this	 study	
suggested	 that	 the	 respondents	 want	 the	
disaster	 risk	 management	 assistance	 for	
development	 and	 implementation	 of	 the	
plan	 for	 future	 events. Unlike	 the	 big	
company	 that	 has	 experts	 to	 analyze	 risks	
and	accessibilities	 to	valuable	data,	 the	 less	
privilege	 business	 owner	may	need	 to	 take	
more	affords. The	budget	of	SMEs	is	limited. 
It	 is	 challenging	 for	 the	 SMEs	 to	 invest	 in	
disaster	prevention,	and	to	recover	after	the	
incident.  Therefore,	 this	 study	 aims	 to	
create	 the	 easy-to-use	 business	 self-
assessment	 for	 Thai	 entrepreneurs,	 to	
understand	 their risks	 of	 the	 business	
environment	in	natural	disaster	aspect. 
 
 
2. Scope	of	Study	

This	 study	 scoped	 the	 assessment	 the	
risk	 analysis	 assessment	 of	 Thai	 startup	
SMEs	 that	has	persona’s	 condition	as	 listed	
below;	
− Number	of	employees	
− Balance	sheet	total	
− Established	year	
− Base	and	most	of	the activity	is	located	

and	conducted	in	Thailand	
− Be	able	to	go	online	

This	 study	 focuses	 on	 SME	 startup	
because	in	this	state	of	SME	has	the highest	
vulnerability. SMEs	 usually	 come	 with	 the 
limited	 budget,	 which	 restricted	 to	 use	 for	
business	 developing	 in	 higher	 proportion.  
The	 investment	 in	 disaster	 preparing	 and	
recovering	is	a minor	priority. Not	only	the	
financial resources	 but	 also	 the	 usage	 of	
time	and	other	resources	 fall	 into	 the	same	
situation. The	 limited	 experiences	 in	 the	
environment	of	investment	are	also	another	
source	of	vulnerability	of	startup	SMEs. The	
mentioned	 environment	 of	 investment	
refers	 to	 the	 many	 aspects. Other	 than	

basics	investment	that	startup	needs	to	take	
into	 consideration,	 i.e., the	 industry	
environment	 (Porter’s	 Five	Force	Analysis),	
the	 physical	 location	 environment	 and	 its	
hazard are	 highly	 important	 for	 the	
suitability	 business	 development. To	 fulfill	
the	 precaution	 about	 natural	 hazard	 in	 the	
area,	 SMEs	 start	 needs	 support	 about	
awareness,	 basic	 understanding,	 and	
expertise	about	a natural	disaster. However,	
theses	practices	may	not	benefit	without	the	
data	 for	 analyzing	 and	 support	 decision-
making.  The	 privilege	 trades	 the	 data	
accessibility. For	 startups,	 the	 fragile	
foundation,	 the	 recovering	 after	 failing	 is	
more	challenging	 later	on	 than	establishing	
the	new	business. 	

The	 study	 aims	 to	 create	 the	 system	
schema	 for	 fundamental	 data	 inventory	 for	
individually	 risk	 analysis	 of	 SMEs	 startups.	
The	scenario	analysis	in	the	study	considers	
under	 the	 condition	 of	 flooding,	 drought,	
and	earthquake.	The	result	from	this	system	
may	 suggest	 the	 basic	 information	 for	
conducting	Business	Continuity	Plan	 (BCP).	
The	 implementation	 of	 this	 plan	 is	 to	
identify	 the	 necessary	 measure	 that	 needs	
to	be	conducted.	
 	
	
3. System	Frameworks		

This	 study	 considers	 the	 vulnerability	
of	 the	 SMEs	 both	 internally	 and	 externally. 
Under	 internal	 vulnerability	 the	 topics	 that	
took	into	the	consideration	are	listed	below:	
− Infrastructure,	 which	 includes	 the	
location	 and	 construction	 details	 e.g. 
number	 of	 the	 stories,	 type	 of	 construction	
materials	and	structure	
− Machinery	 and	 stationaries	 with	
the	capability	of	mobility		
− Warehouse	 and	 stocking	 result	 the	
vulnerability	of	the	assets		
− Human	resource	
− IT	 system,	 the	 consideration	 (it	
covers	 the	 security	of	 the	database	and	 the	
connection	capability)	
− Financial	assets	and	its	security		

This	 study	 applies	 the	 Geographic	
Information	 System	 (GIS) for	 analysis	 the	
connect-ability	 of	 SME	 to	 the	 necessary	
utilities	 under	 the	 disaster	 condition. The	
basic	 utility	 GIS	 database	 in	 this	 study	
includes;	 electricity,	water,	 communication,	
and	logistics.	

591



	
Figure 1 the study's system framework 
	
The	 cause	 of	 vulnerability	 from	

external,	 this	 study	 considers	 the	 role	 of	
stakeholders. The	stakeholder	 in	 this	study	
refers	 everyone	 that	 exists	 in	 same	
environment	 of	 the	 business	 (PESTLE	
analysis). The	stakeholders	will	be	analyzed	
under	 the	 Interest-Power	 Stakeholder	
Analysis	as	presents	in	Figure	2.	

	
Figure 2 Interest-Power Stakeholder Analysis 

under the PESTLE analysis of business 
environment [6,7] 

	
Also,	 user	may	 need	 to	 input	 the	main	

activities	 of	 the	 business	 and	 prioritized	
them	from	level	of	effect	under	the	disaster	
incidences,	 in	 another	 word	 Prioritized	
Activity	 (PA) analysis	with	 the	 internal	 and	
external	factors	to	consider	the	effects. The	
PA	 will	 be	 used	 for	 Maximum	 Tolerable	
Period	 of	Disruption	 (MTPD) and	Recovery	
Time	 Objective	 (RTO)	 analysis	 assessment. 
The	result	of	MTPD	and	RTO	suggests	which	
PA	 that	 needs	 measure	 for	 the	 hazard	 of	

flooding,	 drought,	 and	 earthquake. This	 is	
the	result	of	BCP.	
	
	
4. User	Relationship	and	Channels	

The	 most	 challenging	 part	 of	 BCP	
preparation	 is	 to	 find	 the	 resources. The	
basic	information	of	the	business	is	existing,	
but	 the	 other	 basic	 data	 for	 vulnerability	
and	hazard	analysis	in	Thailand	is	disrupted	
or	 not	 publicly	 available. This	 proposed	
mobile	 application	 provides	 all	 the	
necessary	 data	 for	 analysis	 other	 than	 the	
basic	 information	 of	 the	 business	 that	 only	
the	 entrepreneur	 knows	 best. The	 basic	
utilities	are	available	 in	vector	data	 format. 
It	 contains	 the	detail	of	 the	 location,	 shape,	
and	 attributes	 of	 geographic	 utilities	
features. For	basic	data	for	hazard	analysis,	
the	 geomorphological	 map	 and	 river	 basin	
is	 used	 as	 the	 base-map. The	
geomorphological	 map	 refers	 to	 the	 map	
that	 locates	 the	 geomorphological	 feature,	
which	is	the	landform	feature	that	considers	
the	origin	and	evolution	of	through	physical	
and	 chemical	 processes	 that	 result	 the	
existing	landform.	

For	 flooding	 hazard,	 the	 analysis	 is	
based	 on	 the	 historical	 level	 of	water	 body	
on	 each	 basin. For	 the	 drought	 hazard,	 the	
Vegetation	 Condition	 Index	 (VCI) is	
calculated	 from	 the	 normalized	 difference	
vegetation	 index	 (NDVI) to	 determines	 the	
level	 of	 severity. NDVI	 can	 be	 calculated	
from	 remote	 sensing	 data;	 Moderate	
Resolution	 Imaging	 Spectroradiometer	
(MODIS)	 and Advanced	 Very	 High	
Resolution	 Radiometer (AVHRR). For	 the	
earthquake	 hazard,	 in	 general,	 there	 are	 3	
effects	 that	 need	 to	 be	 considered	 for	 the	
hazard	 analysis	 i.e. source,	 path,	 and	 site	
effects. In	this	study,	the	application	covers	
the	 basic	 information	 for	 source	 and	 site	
effects. For	 the	 source	 effect,	 the	
microzonation	 from	 distant	 earthquake	
incidents	 is	 applied. it	 referenced	 from	
Ornthammarath	et	la.	(2010) [4]. This	study	
performed	 the	 probabilistic	 seismic	 hazard	
assessments	 in	 Thailand	 for	 the	 whole	
country	scale	(without	consideration	of	site	
effect). For	 the	 site	 effect,	 it	 is	 estimated	
from	 the	 ground	 characteristic	 based	 on	
geomorphology	property.	
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Figure 3 The example of input pages and result 
reporting: (a) location input page, (b) the main 
activity input page, (c) the infrastructure 
information input page, (d) the result page (the 
examples was translated to English from Thai) 
	

	All	of	 the	mentioned	basic	 information	
will	be	analyzed	with	the	input	basic	data	of	
the	 business	 to	 result	 the	 risk	 score	 and	
suggestion	 for	 the	 measure	 in	 BCP	
assessment	 though	 mobile	 platform	
application. The	example	of	input	pages	and	
result	 reporting	of	 the	 application	presents	
in	Figure	3: (a) presents	the	example	of	the	
input	 location	 of	 the	 business’s	
infrastructure	 location,	 (b) presents	 the	 the	
main	 activity	 input	 page,	 which	 the	
information	 is	 for	 PA	 analysis,	 (c) present	
the	 example	 of	 infrastructure’s	 detail	 input	
page,	 the	 information	 will	 be	 used	 for	
structure’ vulnerability	 analysis,	 and	 (d) 
presents	the	example	of	the	result	page	that	
presents	 the	 risk	 score	 and	 necessary	
measure	for	BCP	assessment. 	
	
5. Discussion	and	Conclusion	

This	 study	 aims	 to	 create	 the	 system	
schema	 for	 fundamental	 data	 inventory	 for	

individually	 risk	 analysis	 of	 SMEs	 startups. 
The	 approach	 is	 the	 solution	 that	 intended	
to	 assist	 SMEs	 conduct	 the	 BCP	 to	 prepare	
for	 the	 possible	 natural	 hazard	 risk	 in	 the	
local	 environment.  The	 system	 covers	 the	
analysis	 for	 flood,	 drought,	 and	 earthquake	
on	 the	 first	 release. However,	 the	 further	
study	may	include	the	multi-hazard	analysis	
in	 future. The	 result	 from	 this	 system	
presents	 the	 risk	 score	 from	 the	
vulnerability	analysis	and	 the	suggestion	of	
the	 necessary	 measure	 of	 prioritized	 main	
activity	 of	 the	 business.	 This	 study	 activity	
meets	 the	 Priority	 Action	 number	 1	 of	
Sendai’s	 Framework	 that	 the	 disaster	 risk	
management	 needs	 to	 consider	 the	
vulnerability,	 capacity,	 exposure	of	persons	
and	 assets,	 hazard	 characteristics	 and	 the	
environment [5].	

The	 analysis	 is	 delivered	 to	 user	 with	
the	 mobile	 application	 under	 the	 goal	 of	
easy-to-use	 platform. This	 study	 expected	
to	 assist	 the	 entrepreneur	 to	 development	
the	 resilience	 and	 sustainable	 SMEs’ 
business	 plan,	 which	 will	 affect	 the	
macroeconomic	state	of	the	country. 	
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ABSTRACT: Every year, natural disasters such as earthquake, hurricane, landslide, etc. kill thousands of people and destroy 

habitats and assets worth millions-of-dollars. Temporary establishments are arranged in order to provide shelter to affected 

population. Choosing the locations of temporary shelter areas for accommodating homeless people is critical to the quality of 

humanitarian assistance provided after a large scale emergency.. The aim of the present study is to locate potential shelter 

sites as a critical part of humanitarian relief preparedness and response. The work proposes a multi-objective model based on 

goal programming approach for locating strategic shelter sites under uncertainties of damage to the infrastructure due to 

disasters like earthquakes, hurricanes, etc. The study attempts to consider evaluation of multiple objectives based on both 

quantitative and qualitative criteria, and solves it to obtain a solution under different scenarios of disaster damage caused. A 

numerical example is also presented to illustrate the practice ability of the proposed approach in solving the model.  

Keywords: Goal programming, Humanitarian logistics, shelter site selection 

1. INTRODUCTION 

International Federation of Red Cross and Red Crescent Societies (IFRC) defines a disaster as “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” (IFRC,2015). The 

increase in the number and impact of disasters over the past few years has been very significant; from fewer than 50 disasters 

per year reported in 1950 to more than 400 disasters in 2010 (EM-DAT, 2015). Every year, a number of people become 

homeless due to natural disasters like earthquakes, hurricanes, etc. Dealing with the adverse effects of these disasters 

requires better planning and implementation (Trivedi et al., 2015). Efforts should be made to develop capacities at all levels 

to manage and reduce risk associated with natural hazards. Temporary Shelters support affected people by providing 

immediate accommodation, medical care and food (Bayram et al., 2015). Since these shelter areas’ locations are of 

paramount importance, they must be strategically selected for an efficient disaster recovery. Keeping in view one of the 

priorities listed in Hyogo framework (ISDR, 2005) to strengthen disaster preparedness for effective response at all levels, 

this paper proposes a methodology based on goal programming for emergency shelter site location and relocation problem 

under uncertain damage scenarios. It also attempts to address all the crucial aspects of shelter location planning in a disaster 

recovery. 

1.1 Facility location in emergency relief 

Facility location in humanitarian relief has been addressed by works that broadly cover three aspects: the emergency medical 

centre location, the relief material warehouse location and the shelter site location problem (Kılcı et al., 2015). Shelters are 

vital for disaster affected people as they provide safety, security, climate protection, and resistance to disease and ill health 

(IFRC/RCS, 2013). They serve as facilities to provide food, accommodation and medical care to affected population. 

Moreover, they protect the population from possible dangers that might arise later on. Selection of suitable sites for locating 

shelters from potential alternatives is of critical importance as it affects the performance of an evacuation plan (Sherali et al. 

1991; Kongsomsaksakul et al. 2005; Kulshrestha et al. 2011). 

1.2 Criteria for shelter site selection 

The relevant criteria that are taken into consideration while selecting any potential shelter site are listed in Table 1. In 

addition to previously established criteria, three additional factors were identified through consultation with disaster 

management professionals.  

Table 1: Criteria for shelter site selection 

 
Criteria Sub-criteria Reference 

Favourability of terrain Soil hardness Kılcı et al., 2015 
Topography Kılcı et al., 2015 

Slope Kılcı et al., 2015; Liu et al., 2011; IOM, 

2015; Sphere project, 2011 
Presence of trees Kılcı et al., 2015 

Wood/timber availability for construction purposes  

Electrical infrastructure Electricity Kılcı et al., 2015 

Telecommunication facility Liu et al., 2011 
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Hygiene and sanitation 

system 

Drinking water  Kılcı et al., 2015; Sphere project, 2011; 

IFRC,2013 
Drainage system & sewage infrastructure Kılcı et al., 2015; Sphere project, 2011 

Solid waste disposal Sphere project, 2011 

Burial/cremation sites Sphere project, 2011 

Community infrastructure Educational facilities IFRC,2013 
Recreational facilities Sphere project, 2011 

Safety and security Safety from landslides, flooding, etc. Liu et al., 2011; IOM, 2015; IFRC,2013 

Access to livelihood IFRC,2013 
Livestock accommodation IOM, 2015; Sphere project, 2011 

Fire safety Sphere project, 2011 

Warning systems Liu et al., 2011 

Transportation capacity Air traffic handling   
Condition of local road infrastructure Liu et al., 2011; Sphere project, 2011; 

IFRC,2013 

Proximity Distance from market/warehouses Kılcı et al., 2015; IOM, 2015 
Distance from main roads Kılcı et al., 2015; IOM, 2015 

Distance from healthcare facility Kılcı et al., 2015; IOM, 2015; Liu et al., 

2011; IFRC,2013 
Distance from transportation hubs IOM, 2015; Sphere project, 2011 

Distance from Disaster debris storage sites  

Degree of ownership  Kılcı et al., 2015 

2. MODEL FORMULATION 

The objective of present study is to select suitable locations for establishing temporary shelters by considering all the 

relevant criteria. The factors that are qualitative in nature were used to assign numerical weights to candidate locations from 

which the selections are to be made whereas the quantitative criteria are incorporated in a multi objective model based on 

goal programming approach. Following are the key four objectives that are addressed in the model. 

• Maximization of the weights assigned to the candidate sites based on subjective evaluation criteria. 

• Minimization of the total distance covered by affected households. 

• Minimization of the number of households who are not provided shelters. 

• Minimization of the number of shelter sites. 

Sets 

  : set of clusters affected 

  : set of candidate shelter locations 

  : set of objectives 

   set of scenarios 

 

Parameters 

   : Weight of shelter sites based on subjective factors 

   : Distance between shelter sites and clusters 

   : Capacity of shelter site (number of households) 

    : Number of affected household at cluster   under scenario s 

    : Distance of site   to nearest healthcare facility 

    : Distance of site   to nearest relief warehouse/market 

    : Threshold distance to nearest healthcare facility 

    : Threshold distance to nearest relief warehouse/market 

  : Threshold value for minimum utilization of shelter site capacity 

  
  : Ideal value for goal   

  
  : Anti-ideal value for goal   

U : Number of households not getting shelters 

  
 

 : Weight associated with goal   

   : probability of scenario s 

 

 

Decision Variables 

   : Binary variable, 1 if site   is selected as shelter area, 0 otherwise 

    : Binary variable, 1 if people from cluster   can be relocated to site  , 0 otherwise 

    : Number of households moved from cluster   to site   

  
  : Over-achievement of goal   

  
  : Under-achievement of goal   

 

Formulation 
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To illustrate the applicability of the model, an illustrative example was used in which thirteen candidate locations (S1-S13) 

were identified and among them, the most suitable locations were selected under four different damage scenarios. Table 2 

shows the selection of sites under different scenarios. Table 3 shows expected relocation of people from affected clusters to 

shelter sites considering equal probability of all scenario occurrences.  

Table 2: selection of sites under different damage scenario 

scenario 

(no. of 

households) 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 

500 1 0 0 0 0 0 0 0 0 0 0 0 0 

1000 1 0 1 0 1 0 0 0 0 0 1 0 0 

1500 1 1 1 1 1 1 1 0 1 0 1 1 0 

2000 1 1 1 1 1 1 1 1 1 0 1 1 1 

 

Table 3: Expected relocation from clusters to shelter sites 

cluster\site S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 

C1 22 0 0 0 125 63 8 0 0 0 0 0 0 

C2 52 30 8 19 0 0 0 0 0 0 16 0 13 

C3 40 0 0 0 0 0 16 13 34 0 0 0 0 

C4 25 0 0 0 21 0 11 0 4 0 0 0 0 

C5 17 8 52 19 0 0 0 0 0 0 38 38 0 

C6 457 0 0 0 2 0 0 0 0 0 3 0 0 

 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The resilience conceptualisation has implications for disaster risk reduction and resilient community development efforts. 

The strategic goal of world conference on disaster reduction emphasized on incorporating risk reduction approaches while 

implementing emergency preparedness, response and recovery programmes. Taking that into perspective, this study 

proposed a decision model to prepare hazard prone societies in becoming more resilient against disasters. The present work 

contributes towards the realisation of sustainable development and recovery of affected community as temporary shelter 

locations play a significant role in speedy rehabilitation in a post disaster situation. Since shelter provision and performance 

is not up to the mark & poor location selection is one of the reasons for the same (Bashawri et al., 2014), there should be an 
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increased focus on shelter location planning at all levels specially in disaster prone countries. Moreover, there should be a 

planned effort to relocate panic struck people from their damaged dwellings to safe shelter locations. 

5. CONCLUSIONS 

A number of complex decision problems involving incommensurable and conflicting objectives are encountered in disaster 

planning and implementation. This research work proposes a decision support approach that can generate recovery plans that 

include shelter site location and relocation recommendations. Such plans can expedite the recovery process, thereby 

ameliorating the sufferings of affected people. The purpose of this model is to assist humanitarian professionals in the 

planning stage of a possible disaster recovery process. The contribution of study is that it addresses the selection and 

relocation issue by collectively taking both qualitative and quantitative factors into consideration. Four objectives were 

identified that included all the requisite metrics related to subjective weights, distances traversed, unmet demand and number 

of shelter sites. The significance of this research is applicability of the proposed model in a real world scenario by generating 

efficient solutions in quick time.  
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ABSTRACT: Critical infrastructures are the backbone of modern society and provide many essential goods and services to urban 

areas. Given the risks associated with the impact of natural hazards on critical infrastructures, the move towards safer and more 

resilient cities requires the development and application of an improved risk assessment framework to address high-impact and 

low-probability events. In this context, the STREST project developed a stress test framework to determine the risk and resilience 

of non-nuclear critical infrastructures. In addition, the project developed a consistent modelling approach to hazard, vulnerability, 

risk and resilience assessment of low-probability and high-consequence events, considering relevant epistemic uncertainties and 

interdependencies of critical infrastructures. Six key representative critical infrastructures in Europe were selected for exploratory 

application of the stress test methodology. 

Keywords: Stress test, critical infrastructure, natural hazard. 

1. INTRODUCTION 

Critical infrastructures are the backbone of modern society and provide many essential goods and services, e.g. electrical power, 

telecommunications, water, etc. (indeed, they are also referred to as lifelines). These infrastructures are highly integrated and 

have growing mutual dependencies. Recently, natural events impacting critical infrastructures have highlighted the vulnerability 

of these infrastructures to natural and manmade hazards. They have also revealed the risk of cascading multi-infrastructure 

failures with potentially widespread societal and economic consequences. Given the risks associated with the impact of natural 

hazards on critical infrastructures, the move towards a safer and more resilient society requires the development and application 

of standardised tools and an improved framework for hazard and risk assessment to address low-probability and high-impact 

events. 
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The FP7-funded STREST project (www.strest-eu.org) developed a stress test framework to determine the risk and resilience of 

critical infrastructures systems. The project developed a consistent modelling approach to hazard, vulnerability, risk and 

resilience assessment focusing on earthquakes, tsunamis, geotechnical effects and floods. STREST selected six key 

representative critical infrastructures in Europe for exploratory application of the stress test methodology: a petrochemical plant 

in Milazzo (IT), large dams of the Valais region (CH), hydrocarbon pipelines (TK), the Gasunie national gas storage and 

distribution network (NL), the port infrastructure of Thessaloniki (GR) and an industrial district in Emilia (IT). The critical 

infrastructures are categorised into three classes: i) individual, single-site infrastructures with high risk and potential for high 

local impact and regional or global consequences; ii) distributed and/or geographically-extended infrastructures with potentially 

high economic and environmental impact; and iii) distributed, multiple-site infrastructures with low individual impact but large 

collective impact or dependencies. 

2. STATE-OF-THE-ART AND LESSONS LEARNED FROM STRESS TESTS AND RECENT EVENTS 

Several measures that are implemented in nuclear facilities may be used in non-nuclear critical infrastructures, such as bunkered 

systems, ‘dry site’ concept for the plant layout against flooding, seismic monitoring and tsunami warning systems coupled with 

provisions for operator action. Besides, state-of-the-art guidelines are available and provide quantitative, semi-quantitative and 

qualitative concepts for risk assessment. Regarding earthquakes in particular, seismic hazard is defined in the national annexes to 

Eurocode 8 (CEN 2004), while the SHARE project (Woessner et al 2015) represents the most recent approach on the seismic 

hazard harmonisation in Europe. 

Recent events have highlighted the potential for catastrophic natural-hazard impact on critical infrastructures, with consequences 

ranging from health impacts and environmental degradation to major economic losses due to damage to assets and business 

interruption. For major earthquakes, floods and tsunamis, there is a high risk of multiple and simultaneous impacts at a single 

infrastructure or to several infrastructures over a potentially large area. The review also highlighted the major risk of cascading 

effects, such as the release and dispersion of flammable substances and the reduction of production due to impacts at suppliers of 

raw materials or because products cannot be delivered where major transport hubs are affected by the natural hazard. 

3. LOW PROBABILITY – HIGH CONSEQUENCE HAZARD ASSESSMENT 

A coherent process was developed to ensure a robust management of epistemic uncertainty within a stress test (Marzocchi et al 

2015, Selva et al 2016). The process ensures a standardised and robust treatment of the epistemic uncertainty emerging from 

hazard and hazardous phenomena selection, alternative models implementation and exploration of the tails of distributions. It 

takes into account the diverse range of views and expert opinions, the budget limitations and the regulatory impact. 

Hazard measures and extreme event scenarios for geographically extended lifeline systems were defined with emphasis on 

continuous pipelines (Akkar & Cheng 2016). The multi-scale random fields technique was used to incorporate spatial correlation 

and near-fault directivity while generating Monte-Carlo simulations to assess the probabilistic seismic hazard of dynamic ground-

motion intensity measures, as well as permanent fault displacement that is significant for geographically extended structures 

(Giorgio & Iervolino 2016). 

Near-source ground motions can carry seismic demand systematically larger than that of so-called ordinary records, due to 

phenomena such as rupture forward directivity. A framework for considering forward directivity in structural design was 

developed. The displacement coefficient method was implemented for estimating near-source seismic demand, by making use of 

the results of near-source probabilistic hazard analysis and a semi-empirical equation for near-source forward directivity inelastic 

displacement ratio (Baltzopoulos et al 2015). 

Probabilistic multi-hazard scenarios, where cascades of events emerged from three types of hazard interactions, were generated. 

‘Intra-event’ earthquake triggering is based on concepts of dynamic stress to evaluate the maximum magnitude Mmax of cascading 

fault ruptures (Mignan et al 2015). ‘Intra-hazard’ earthquake triggering is based on the theory of Coulomb stress transfer to 

evaluate earthquake spatiotemporal clustering. ‘Inter-hazard’ interactions at dams examine the impact of earthquakes, floods, 

internal erosion, malfunctions on the dam and foundation, spillway, etc. The characteristics of the cascades were investigated 

under various parametric conditions with a view to discussing their possible inclusion in stress tests (Mignan et al 2016). 

4. VULNERABILITY MODELS FOR PERFORMANCE ASSESSMENT IN STRESS TESTS 

Regarding single-site critical infrastructures, standardised procedures were developed for the hazard assessment and consequence 

analysis of petrochemical plants (Salzano et al 2013), dams (Matos et al 2015) and harbours. Structural vulnerability functions for 

all elements at risk (such as storage tanks and pipelines; foundation, spillway and hydropower system in dams; and buildings and 

cranes in harbours) were defined with respect to the earthquakes and tsunamis. 

Similarly, tools and specifications were provided for the three geographically distributed critical infrastructures (Miraglia et al 

2015, Uckan et al 2015, Trevlopoulos & Guéguen 2016). The interdependencies in the port of Thessaloniki were investigated, 

with the aim to develop a conceptual framework on factors influencing the resilience of geographically distributed critical 

infrastructures and to define stress tests at a regional scale that account for the consequences of cascading failures. 
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Industrial districts have been selected as an example of multiple-site, low-risk high-impact non-nuclear critical infrastructures. 

Precast concrete warehouses that are typically found in industrial districts in Europe, and that have demonstrated high levels of 

damage in past earthquakes were used as an application of the guidelines for developing a probabilistic risk model that includes 

fragility functions for structural and non-structural components and contents, and modelling the consequences of damage with a 

focus on monetary losses (Babič & Dolšek 2016, Casotto et al 2015). 

Finally structural methods for probabilistic performance assessment in the case of state-dependent seismic damage accumulation 

were developed based on Markov chains (Iervolino et al 2016). 

5. STRESS TEST METHODOLOGY FOR NON-NUCLEAR CRITICAL INFRASTRUCTURES 

The engineering risk-based multi-level stress test, ST@STREST, (Esposito et al 2017) aims at enhancing procedures for 

evaluation of the risk exposure of critical non-nuclear infrastructures against natural hazards. To account for diverse types of 

infrastructures, the potential consequence of failure, the types of hazards and the available resources for conducting the stress 

test, each stress test level is characterised by a different scope (component or system) and by a different complexity of the risk 

analysis. In the Pre-Assessment phase, all the data available on the critical infrastructure and hazard are collected. Then, the risk 

measures and objectives, the time frame, the total costs of the stress test and the most appropriate stress test level are defined. In 

the Assessment phase, initial design demand levels for each component are compared with the best available information about 

their capacity and then, the systemic probabilistic risk analysis of the entire critical infrastructure is performed. In the Decision 

phase, results of the Assessment phase are compared to the risk objectives defined in the Pre-Assessment phase. A grading 

system prescribes by how much the safety of the critical infrastructure should be improved until the next periodical verification. 

Critical events that most likely cause the exceedance of a loss value of interest are identified through a disaggregation analysis. 

Risk mitigation strategies and guidelines are formulated based on the identified critical events. In the Report Phase, the experts 

present the stress test results to authorities and regulators. The presentation includes the outcome of stress test in terms of the 

grade, the critical trigger events, the guidelines for risk mitigation, and the accuracy of the methods adopted in the stress test. 

6. EXPLORATORY APPLICATIONS 

Quantitative risk assessment of an oil refinery impacted by earthquakes and tsunamis was performed according to the STREST 

methodology. For the specific site, tsunamis damaged a limited number of atmospheric storage vessels along the shoreline, while 

earthquakes increased the failure frequency of atmospheric storage tanks. However, societal risk was mainly caused by damage 

to LPG tanks, which failed due to industrial-related causes, and therefore the impact of the natural hazards was limited. 

For a conceptual dam system, it was shown that accounting for component fragility functions and epistemic uncertainty affecting 

hazards, components, and their interactions increased four-fold the frequency of failures. In order to characterise losses in the 

downstream area, more than 8000 inundations were studied based on a 2-D hydraulic model, capturing the uncertainty in the 

dam-break wave propagation and the probabilistic response of buildings to the flood. Resulting maps can be used to plan which 

buildings at risk to reinforce, provide with shelters, or relocate. 

The stress test of the oil pipeline crossing five faults was performed considering the failure at the intersections as perfectly 

correlated or statistically independent and spotted the three most critical intersections to be retrofitted. The proposed change of 

the pipe-fault intersection angle reduced the probability of failure to less than 2% in 2475 years and the overall risk to negligible. 

The application to the port facility showed that it might pass, partly pass or fail a stress test depending on the seismic scenario, 

analysis approach and risk metric. Several electric power distribution substations, which presented high failure risk and 

contributed significantly to the performance loss of the port due to loss of power supply to the cranes, should be considered for 

upgrading or/and provided with alternative power sources. Although the systemic risk for the tsunami hazard was very low, it 

was recommended to investigate the effect of floating ships that may hit the harbour components. 

The limited budget for a stress test of an industrial district has conditioned the level of detail and complexity of the stress test, 

which considered only seismic hazard as the predominant one. The results showed that several facilities failed the component 

level assessment and identified the sub-typologies that contributed most to the total average annual losses. The event 

disaggregation implied that business interruption losses were not just driven by the rare events, and thus mitigation efforts related 

to structural and non-structural retrofitting should be given high priority. 

7. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

STREST adopted a multi-hazard approach (earthquakes, tsunamis, geotechnical effects and floods) to develop stress tests for 

non-nuclear critical infrastructures. The added value of the project addresses several Priorities for Action of the Hyogo 

Framework (UN/ISDR 2005), in particular scientific and technological developments for multi-risk assessment, research capacity 

for safety and resilience, and risk reduction through the protection of critical facilities that provide essential goods and services to 

urban areas and whose failure has potentially widespread societal and economic consequences. Furthermore, the harmonised 

approach for stress tests that was developed within the project will increase public awareness of risks related to critical 

infrastructures. The final goal is to enable the systematic implementation of stress tests in Europe, targeting integrated risk 

mitigation strategies. 
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In addition to the development of the harmonised multi-level stress test framework for non-nuclear critical infrastructures, the 

STREST project advanced the state-of-the-art concerning the assessment of low-probability and high-impact natural hazards and 

the vulnerability of elements at risk within different types of critical infrastructures, considering several sources of uncertainties 

and cascading events on both hazard and vulnerability. The tools and methodologies produced within the project may be used to 

identify the most critical elements and hazards for specific critical infrastructures and to support decision-making for risk 

reduction measures. 
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ABSTRACT: The term "Industrie 4.0" denotes the advent of the fourth industrial revolution which will be characterized by the 
optimized and networked use of information across the complete life cycles of both products and production assets. The 
exploitation of Industrie 4.0 paradigms in terms of economic benefit, flexibility and better-informed decision taking requires the 
availability and provision of adequate information across all engineering and production value chains in an interoperable way, 
preferably based upon international standards. Up to now, a hierarchical structure of information technology (IT) systems, the so-
called automation pyramid, is predominant in industrial production environments. This leads to a separation of office and 
production networks that shield the safety- and real-time critical field and controller level from inadequate access from upper 
levels and remote users. Now, with the application of the paradigms of the Internet of Things and Services (IoTS), there is an 
architectural trend towards a mash-up of networked smart devices and services, deployed within and across enterprises in order to 
enable new higher-level services and business models such as smart maintenance. This contribution considers this architectural 
IT paradigm shift from a risk management perspective.  
Keywords: Industrie 4.0, information technology, Internet of Things, vulnerabilities, cyber security. 
 

1. INTRODUCTION  
Since its inception in 2013, the German initiative Industrie 4.0 has raised substantial interest among the industrial stakeholders, 
starting with Germany, in the meantime around the world. This is due to the quite challenging high-level vision, which, once the 
Internet of Things and its related and emerging technologies will be fully exploited, will have disruptive and decisive effects on 
business levels. New business models based on cyber-physical systems and (big) data analytics are expected to change the way of 
industrial production in such a way that it may be called the 4th industrial revolution. Most members of the Industrie 4.0 
community rather think in terms of decades than years as to when the full vision will be state-of-the-art. 

Hence, the term "Industrie 4.0" denotes the advent of the 4th industrial revolution which will be characterized by the optimized 
and networked use of information across the complete life cycles of both products and production assets. The exploitation of 
Industrie 4.0 paradigms in terms of economic benefit, flexibility and better-informed decision taking requires the availability and 
provision of adequate information across all engineering and production value chains in an interoperable way, preferably based 
upon international standards. Such information is the result of aggregation and fusion functions applied to (big) data from various 
heterogeneous sources, often under real-time conditions and from production plants under constant change and different 
ownership. This comprises a challenge for the provision of an efficient, secure and dependable information management 
infrastructure. 

2. ARCHITECTURAL CONSEQUENCES OF INDUSTRIE 4.0 
Up to now, a hierarchical structure of information technology (IT) systems, the so-called automation pyramid, is predominant in 
industrial production environments. This leads to a separation of office and production networks that shield the safety- and real-
time critical field and controller level from inadequate access from upper levels and remote users. Now, with the application of 
the paradigms of the Internet of Things and Services (IoTS) (Usländer, 2014), there is an architectural trend towards a mash-up of 
networked smart devices and services, deployed within and across enterprises in order to enable new high-level services and 
business models such as smart maintenance. 
According to the vision statement of the Platform Industrie 4.0 (2014) the step towards I40 requires the “availability of all 
relevant information in real-time by the connection of all entities that are participating in a value chain” as well as “the capability 
to derive the optimal added value” at any process step in the chain. Entities may be humans, objects and systems. From the 
technological perspective, these ideas coincide with the application of the principles of distributed processing and the emerging 
Internet of Things and Services to the domain of industrial production (Usländer and Epple, 2015).   
This vision results in dynamic and self-organizing value chains across enterprise borders which may be optimized according to 
criteria like cost, availability, resource consumption etc. These new applications require interoperability across systems and the 
access to necessary data in a granularity they need and not just aggregated data at the respective level of the automation pyramid 
(Schleipen et al, 2011). Commonly Manufacturing Execution Systems (MES) serve as such data hub for production information 
interchange. 
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Fig. 1: Influencing Concepts for a Reference Model for Industrie 4.0 Architectures 
 
These requirements prevent a complete segregation between Office IT and production IT, or more general, between networks 
with different security needs. But network segregation is essential for IT security, as it forces an intruder to overcome several 
barriers and allows different security policies in the networks. 
The access of a wide range of different data sources raises the question of how a common data repository should look like. The 
use of jointly maintained data heavily depends on digital sovereignty, i.e. control over the own data, privacy and protection, 
especially intellectual property rights (IPR), thus sustaining independence.  

3. RISKS AS SEEN FROM AN ICT VIEWPOINT 
This contribution considers this architectural IT paradigm shift from a risk management perspective. What are the new risks and 
vulnerabilities associated with respect to security and dependability of production systems and critical infrastructures? How can 
these risks be taken into account already in the requirements analysis and design phase? What can be done in existing production 
environments for risk mitigation? The contribution provides a terminological structure and mirrors possible answers to these 
questions at emerging IoTS reference architectures. Organizational risks and avoidance strategies are not in the focus here. 

3.1 Design Principles 
For new production systems security is a functional requirement and security by design a design principle. This may be achieved 
by protecting the information flows, the data sources and sinks and intellectual property. Other means are monitoring the 
production line IT using security software.  
Technically the information flow in a production system, data sources and sinks may be protected by encryption to prevent 
misuse and unauthorized access. When using public networks, an end-to-end encryption is necessary. Restricting the access to the 
systems and networks protects the data as well. This may be refined to a defense-in-depth strategy. 
Unique and secure identification for products, processes and machines and integrity of the components is needed for secure 
information exchange throughout the entire manufacturing process. It may contain the security classification of the assets and be 
used for determining the overall security of a system.  
Production line IT security software comprises intrusion detection systems (IDS) or rather more comprehensive software for 
cyber-attack detection and response for industrial control systems. One approach to detecting and mitigating cyber-attacks, that 
adopts several key features for improving cyber-protection, uses security enclaves, perimeter defense and interior anomaly 
detection, an event correlation framework, a countermeasure management system, open source tools and standards, is PRECYSE 
(McLaughlin et al, 2014). A security enclave is a subset with common security policies, in order to minimize the attack surface 
and the impact of security breaches. Enclaves may be defined by logic function, role or physical location. A production 
infrastructure can be divided e.g. into Process network, supervisory control and data acquisition (SCADA) network, Office 
Network and Central System enclaves. 
There the enclaves are monitored by a comprehensive set of tools in order to protect all classes of IT assets. For enclaves that 
include specialized SCADA operations, customized tools can be adopted to enhance security monitoring capabilities. This 
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network segregation is one means to enhance IT security, as it makes it more difficult for an intruder who then has to overcome 
several barriers. 
For an IDS architecture, the target infrastructure segmentation into multiple security areas is an architectural approach, which 
reflects the enclave model. Such a model basically introduces a multiple instantiation of modules devoted to data extraction, 
anomaly detection, alert correlation and countermeasure selection, replicating a logic building block for each segregated part of 
the monitored network. For existing systems this design decision results in a separate security system enclave (Krauss and 
Thomalla, 2016). 
The framework segmentation organizes the functions in a distributed manner, where each identifiable portion of the target 
network system, i.e. SCADA Network, Office Network, external/ Perimeter Network, is managed, as for security data collection 
and correlation by a separate enclave instance, communicating with other instances. The domain model can be regarded as a 
special form of static, design time, application partitioning, where the services provided by the platform are shared between the 
domain logic layer and the central layer. 
Of course production IT software with built-in security functions like an IDS increases complexity or a particular critical safety 
function of a subsystem raises the risk of cyber-attacks and thus might make the system vulnerable. 
Security focuses on confidentiality, integrity and availability, whereas safety means not to endanger either people or the 
environment and requires operational safety and a high degree of reliability. As security is a prerequisite for safety, increasing the 
first will make the production processes safer. If an intruder is able to interfere with the data acquisition, he may easily change 
sensor data making the control system react in panic and the process running out of control. 
As existing production environments were often planned for a lifetime of 30 years or more, during that time functions may be 
added, additional sensors included and connections for remote maintenance, or to enterprise resource planning (ERP) systems 
installed. As a result, networks that were separated before, e.g. Office IT and production IT, are no more. In general at that time 
security was no functional requirement for the application. Then the connection of production systems to the internet made them 
vulnerable by external threats and attackers. For risk mitigation these systems need an IDS. 
The above IDS solution fits into existing or to-be-created SCADA systems as it does not alter too much, to further enable the 
proper functioning of the existing control system. It interferes as little as possible with the underlying SCADA system, which 
results in some kind of “minimal-invasive” security platform supervising the operational system (Krauss and Thomalla, 2016). 
But when implementing security measures like cryptographic processes or authentication procedures one has to consider the 
impact of these on time-critical functions or resource availability. 
To support collaborative industrial business processes, a jointly maintained data repository has to ensure security and privacy of 
the data. The owner of the data has to decide upon who is allowed to use the data, e.g. his own medical history or data in a supply 
chain. The confidence in data sovereignty is a crucial point for the acceptance of a project called Industrial Data Space as a 
secure data container compared to a cloud. The Industrial Data Space provides basic services like the anonymization of data, 
integration services and the setting of expiry dates for the use of the data. 

3.2 Risks 
Among the risks is the fact, that there is currently a lack of fully standardized operating platforms for implementing adequate 
safety and security solutions that have been tailored to the specific requirements of industry in terms of their implementation and 
cost. Sometimes there are solutions for specific problems available but they have yet to be implemented. Today’s IDS still cannot 
detect reliably breaches of the system, if the attack patterns are rather unknown. There is no easy way to integrate new 
technologies into older ones and old systems will need to be upgraded with real-time enabled systems. Ideally there would be a 
continuous surveillance of a plant without having physical access to it and without interfering with its control system.  
In general safety and security solutions have to be user-friendly to be accepted, as people tend to avoid using processes and 
applications that are not.  
Historically in production people are not IT specialists. Innovations in IT advance faster than they do in production, which may 
explain the different life cycles as well. Awareness-raising for security will lead to a demand for more and better skilled 
personnel. The need for inter-disciplinary training of all the people involved in production is growing and has to prepare the 
required workforce.  Security awareness often plays a key role, particularly with regard to IT security issues. Currently the level 
of security awareness in different industries varies strongly.  
When cooperation between several different partners in a value chain is required, it will be necessary for partners to have a high 
level of confidence in each other’s competence.  
There is insufficient monitoring of risk assessment indicators, particularly with regard to industrial IT security. Analysis and 
assessment of IT security right at the planning phase is not yet available.  

3.3 Standards 
There are standards for risk management like ISO 70021 (ISO, 2008), IEC 62443 (IEC, 2012), which was formerly ISA 99 and 
recommendations like the VDI/VDMA risk analysis (VDI, 2008). 
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The standard IEC 62443 introduces a holistic view of management, system, and component. It explains concepts like zoning, 
conduits and security assurance levels (SAL) for industrial environments and may be used as a standard for certifications. 
Applying 62443 shows how security requirements can be derived.  
It comprises risk identification, classification, and assessment. It suggests methodologies for risk management and 
implementation, system development and maintenance, information and document management, and security threat analysis. A 
risk assessment, combined with a vulnerability assessment and threat scenario analysis, specifically identifies cyber 
vulnerabilities that may be eliminated. 
The threat and risk model identifies and evaluates the threats and risks with regard to the protection targets integrity, 
confidentiality, availability, authentication and authorization. For the analysis, identification and evaluation of risks and new 
challenges both people and processes and all layers of the IT infrastructure of industrial production environments are taken into 
account. 
While the threat model refers to aspects such as the potential attackers, the possible attack vectors, and assets worth protecting, 
the risk model allows based on specific parameters (e.g. exposure of a production plant, danger to life, financial risks, etc.) to 
estimate an overall risk. 

4. CONCLUSIONS 
This contribution considers the new risks and vulnerabilities associated with respect to security and dependability of Industrie 4.0 
and how these risks can be taken into account in the design phase. Security incidents may raise the risk for the population, 
especially in critical infrastructures like the chemical industry or at water and power suppliers. As security is a prerequisite for 
safety, increasing the first will reduce the risk of disastrous incidents caused by production processes. Doing so increases security 
and reliability of supply e.g. with water and energy, which are technically close related to production.  

Safety and security cannot simply be broken down into functional components but should instead be seen as a process. A part of 
disaster risk management deals with fail safe procedures, which often do not exist or are not implemented. There is no 
standardization for recovery yet. The integration of safety and security is still missing.  

Strong support by the top-management for the implementation of IT security is essential. There still is a lack of standardization, 
poor work organization and availability of products for security. 
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ABSTRACT: Since 1939, there have been several important earthquakes in Turkey. However, from the Erzincan 

quake in 1939 through the Marmara quake in 1999 and then the Van quake in 2011, the number of people dying 

in earthquakes has steadily decreased. In the 1999 Marmara earthquake, more than 17000 people were killed and 

a great deal of regional infrastructure was destroyed. Almost 12 years after the Marmara earthquake there were 

many fewer deaths in a similar magnitude earthquake in Van. What had changed in Turkey during this time? 

This paper compares these two earthquakes and reveals big differences in terms of preparedness, mitigation, and 

response. The sources of these changes are explained, focusing on institutional changes regarding Turkey’s 

disaster risk reduction system as well as urban transformations in Ankara and Van. 

 
Keywords: The Marmara earthquake, the Van Earthquake, response, recovery, mitigation and preparedness.  

 
1. INTRODUCTION 

 
Turkey is located in a high seismicity region and in its recent history, has suffered extensive losses due to several major 

earthquakes. Since 1939, the North Anatolia fault has been home to several earthquakes whose magnitudes (Richer scale) 

were more than 6.0 (Ercan, 2015). The biggest of these occurred on December 26, 1939 in Erzincan, a 7.8 earthquake that 

killed approximately 32700 people.  

 

More recently there were two major earthquakes in 1999 in Turkey. The epicenter of the Gölcük (Marmara region) 

earthquake was on the North Anatolia fault on August 17, 1999. The second earthquake hit Düzce that also lays on North 

Anatolia fault on November 12, 1999. More than 18000 people were killed by these two earthquakes. Even though the Düzce 

earthquake area was located in the western part of Black Sea Region this earthquake influenced the Marmara Region, too 

(Efe, 2014).  

 

 

 
 

Fig. 1: The seismic hazard map of Turkey (Gunes, 2015) 

 

 
There are three main faults in Turkey: the North Anatolian fault, the East Anatolian fault, and the West Anatolian fault. The 

North Anatolia fault stretches from Van Lake towards Gulf of Soros and its length is 1100 km. The East Anatolia fault is a 

broken fault in Eastern Anatolia Region, and it is located between the Anatolia plate and the Arabian plate. These two faults 

converge into the East Anatolian vicinity, in north of Karlıova / Bingöl. See Fig. 1 (Gunes, 2015). 
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Table 1: Notable earthquakes in Turkey’s history (Ercan, 2015) 

 
Year Place Magnitude 

(Ms) 
Number 
of deaths 

12/26/1939 Erzincan  7.8 32700 

12/20/1942 Tokat-Niksar-Erbaa 7.0 3000 

11/26/1943 Samsun-Ladik 7.4 4000 

02/01/1944 Bolu-Gerede 7.5 3959 

08/17/1949 Bingöl-Karlıova 6.8 450 

08/13/1951 Çankırı-Kurşunlu 6.9 50 

05/26/1957 Bolu-Abant 7.1 52 

08/19/1966 Muş-Varto 6.7 2396 

07/22/1967 Adapazarı-Mudurnu 7.2 89 

05/22/1971 Bingöl 6.8 1000 

03/13/1992 Erzincan 6.8 498 

08/17/1999 Marmara (Gölcük) 7.4 17118 

11/12/1999 Düzce 7.2 894 

03/08/2010 Elazığ-Karakoçan 6.1 41 

10/23/2011 Van-Erciş 7.2 601 

    
On October 23, 2011 another very powerful earthquake struck in Van. The epicenter of this earthquake was in Tabanli 

Village that 30 km north of Van in Eastern Anatolia Region (Cakir, et al, 2015). According to Hekimoğlu et al. (2015), this 

earthquake had a Richter scale magnitude of 7.2. It destroyed 2262 buildings, but compared to the 1999 earthquakes there 

were far fewer casualties. Approximately 601 people died and 4152 people were injured in the Van earthquake. A second 

earthquake hit Edremit Village in Van on November 9, 2011 (Magnitude in Richter Scale 5.6). The casualties in this quake 

were also very low: 40 people died and 30 people were injured (Hekimoğlu, et al, 2015).      

 

The different outcomes associated with these two earthquakes offer an opportunity to assess the progress of earthquake 

management in Turkey during this 12-year period. This paper explores this dramatic improvement in progress, comparing 

experiences in these two quakes and the changes in Turkey’s political and emergency management institutions. The Marmara 

earthquake experiences were the impetus for major advances in earthquake risk reduction. The government established new 

regulations to prevent and mitigate the damages. Civil associations whose members are mostly volunteers have been founded 

to help rescue processes during earthquakes. However, these advances have been made alongside a period of major economic 

development in Turkey, development which brings new challenges.  

 

This paper compares the Marmara and Van earthquakes, revealing big differences in terms of preparedness, mitigation, and 

response. The sources of these changes are explained, focusing on urban transformations in Ankara and Van and institutional 

changes regarding Turkey’s disaster risk reduction system. 
 
2. WHAT WENT WRONG IN THE MARMARA EARTHQUAKES? 

 
The Marmara earthquakes in Gölcük and Düzce created a severe amount of trauma and loss. The population of Gölcük was 

18.000 before the earthquake. In 2004, the population of this district was 6.540. Some people died during the earthquake. 

Some of them migrated. The differences shows clearly that the people migrated because of heavy disaster (Südaş, 2004, pp.4-

6). Many of those who remained were children and teenagers who lost their family. They were transferred to child protection 

homes. But the living conditions were bad in those houses. Some teenagers escaped from these houses. Some of them were 

captured by mafia and enforced to engage in prostitution (Pincha, 2009, p.32). In addition to human losses, there were huge 

effects on infrastructure. According the report of the Association of August 17th, 90% of the roads were destroyed in Gölcük. 

Many of the governmental and military buildings and shipyard collapsed. 

 

Why were the damages and deaths so high during the Marmara Earthquake? Among the primary reasons: Quick and irregular 

urbanization, poor selection of urban dwelling spaces, squatting, bad planning and unrestraint. In addition, the Gölcük district 

had been "swampish" in its history. The swampish region had been dried and later the city Gölcük was created on this area. 

This fact resulted in increased structural damages in the earthquake (Südaş, 2004, p.8).   

 
Warning systems were also dysfunctional. The communication was totally broken during the Gölcük earthquake. The disaster 

warning system on cellphones collapsed as critical infrastructure was destroyed. Because of broken communication rescue 

processes were much more disorganized than they might have been otherwise. Rescue teams could not be warned on time 

because of lack of communication systems (Varol, 1999). 

 

In addition, there were other dysfunctional aspects of the rescue process that contributed to fatalities. Dr. Varol was in the 

region a couple days after earthquake hit the Gölcük in order to observe the rescue process. He noticed that the preparedness 

of the government was disorganized. Rescue processes were done randomly. For example, during the rescue process of some 

people who laid under collapsed buildings, excavator machines were used unorderly to dig the rubbles. Shovel of an 
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excavator machine hit a person head that resulted in his death. This event was defined as an accident of the rescue process. In 

fact, it was a fault of the drivers of excavator machine because he dug carelessly. 

 

Finally, prior to the Marmara earthquakes, education on earthquake preparedness and reaction was relatively low. For 

example, during the earthquakes the people who lived in tall buildings ran downstairs through stairwells to escape during the 

earthquake. But most of them were killed as other buildings in the area collapsed. Many people had not been educated 

regarding how they should react when an earthquake occurs.  

 
3. WHAT CHANGED AFTER 1999? 

 
After the catastrophic Marmara earthquakes, the government decided to create some regulations in attempt to mitigate and 

prevent damages in future earthquakes as well as improve the processes of response and recovery. Part of this change 

included an overhaul of its emergency management structure. Passed in November 1999, Law 1999/583 created the Turkish 

Emergency Management Directorate (TEMAD). TEMAD was tasked with coordinating post-disaster activities, forming a 

variety of sub-national emergency management units, promoting disaster mitigation and risk reduction measures, short- and 

long-term planning, collecting and managing data, coordinating relief equipment and vehicles, and forming technical 

committees (Ural, 2011). TEMAD reports directly to the Prime Ministry and works in conjunction with the Council of 

Ministers to formulate emergency management policy at the national level.  

 

In addition to changes in its emergency management structure, Turkey established a Statement named Obligatory Earthquake 

Insurance General Condition that was published on the Official Newspaper on May 13, 2011 with the issued number 27933. 

According to this statement all damages caused by an earthquake are protected by insurance. All insured buildings are 

covered by this regulation. Even if a building was affected due to secondary fires, explosions, tsunami, landslides occurring 

as a result of an earthquake, it is included in this insurance system (Resmi Gazete, 2011).  Following this, the Turkish 

government released a regulation called Turkish Compulsory Earthquake Insurance (TCIP-in Turkish DASK) at Official 

Newspaper (Date: August 15, 2012, Newspaper number: 28385). This is a compulsory earthquake insurance provided by the 

Turkish Government to ensure the compensation of the material damages on dwellings caused by earthquakes (Resmi 

Gazete, 2012). 

 

Following the Marmara earthquakes there was also a significant improvement in earthquake-related education. Many 

television programs were released about being prepared for earthquakes. In addition, a new course was created for the pupils 

of the elementary schools in Turkey to teach protection methods from disasters (including earthquakes). A famous scientist in 

the field of earthquake whose name was Prof. Dr. Ahmet Mete Işıkkara (passed away) gave many seminars in the elementary 

schools. He prepared cartoons and released videos on YouTube demonstrating how the children could protect themselves 

from the damages of earthquakes (Işıkkara, 2013). 
 
4. THE 2011 VAN EARTHQUAKES: PROGRESS BUT STILL CHALLENGES 

 
On October 23, 2011 a 7.2 magnitude earthquake struck near the city of Van. On November 9, 2011 another earthquake, a 

magnitude of 5.7, hit the region between Van and Erdemit. While the quakes were similar in magnitude to the 1999 Marmara 

earthquakes, the death toll was much smaller. A 2013 damage assessment study conducted by the Turkish government placed 

the number of fatalities at 644 with another 1.966 people injured (Prime Ministry Disaster & Emergency Management 

Authority 2013). Many of the reforms enacted following the 1999 Marmara earthquakes created dividends in the 2011 Van 

earthquakes. 

 
4.1. Progress on earthquake response 

 
In the Marmara earthquakes, disaster alerts systems on cellphones had collapsed. This bad experience yielded new 

communication systems. If we compare the Marmara and the Van earthquakes in terms of communication facilities, we can 

say that no broken connections occurred by Van earthquakes. This was an important improvement in the communication 

systems. The Turkish government was also able to leverage new technologies in the 2011 earthquakes, proving better 

warning systems utilizing social media, TV, and radio during the Van earthquake.  

 

The rescue processes were more coordinated in the Van earthquakes. The Turkish government partnered with volunteers in 

groups like the AKUT Association (AKUT, 2015). The government supported the volunteers with technical instruments 

during the rescue process. 

 
4.2. Progress on earthquake recovery 

 
There is another improvement in terms of recovery of the disaster between Marmara and Van earthquakes. Since a new 

regulation named Obligatory Earthquake Insurance General Condition enacted in May 2011, a huge amount of money was 

collected in the relevant accounts. The government used this money during the rescue and new buildings that were 

constructed with this money. In addition, some television programs were done to collect money from the philanthropists 

under the control of government.  
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The children who lost their families during the Van earthquake were collected by the relevant offices of government. They 

have been protected in special designed Children houses and they have been sent to schools and all their expenses have been 

covered directly by the government.  

 

Finally, post-Van recovery has seen improvements in urban development patterns as the government attempts to mitigate the 

effects of the next big earthquake in the region. The redevelopment of squatter housing settlements has been a primer policy 

of the governments in Turkey since middle of 1980s. The first redevelopment policy was based on the law called Amnesty 

Law (Law numbered 2981). This law enacted in 1984 and after this year a lot of modern constructions are built in the district 

Şentepe in Ankara (Özdemirli, 2014). At the first stage, the government had built temporary housing and then constructed 

permanent housing for the victims. Some of the people who resided in Van had migrated to other cities, for some of their 

dwellings were destroyed, and others were psychologically affected by the earthquake. However, some people came back as 

workers to Van from other cities because the starting of construction activities following the earthquake revealed new 

business opportunities (Hekimoğlu, et al, 2015). 

 

According to Özdemirli (2014) during the last decade, the city Ankara has experienced a construction boom, especially in the 

form of development. Fig. 2 shows urban transformation in north Ankara. For example, in the north Ankara, in the direction 

of Esenboğa Airport a lot of shanties had existed. Urban Transformation in this area has been begun and almost of shanties 

have been destroyed, and new modern buildings have been constructed in that vicinity. Completed buildings have been 

distributed the owner of the shanties. These people have used mortgage and they have moved into these new apartments. 

Özdemir says that the negative impacts of urban transformation projects across Turkey are well documented, and residents 

have to move out or use the expropriation money as a down-payment and taking mortgage to own a new apartment in that 

area (Özdemir, 2014).  

 

 
Fig. 2: Urban Transformation in North Ankara 

 
We can say that the same urban transformation methods have been used after Van earthquakes in Van to provide comfortable 

residence for the victims of the earthquakes. Fig. 3 shows the urban transformation that has done in Van after Van 

earthquakes.  

 
4.3. Challenges Remain 

 
According to Bayraktar and et al. (2013), 35.000 buildings were collapsed completely during the Erçiş and Erdemit 

earthquakes in 2011. It is indicated that the buildings completely collapsed because the reinforced concreate buildings were 

not constructed in accordance with Turkish Earthquake Resistant Design Code (Bayraktar, et al, 2013). Damages of the 

reinforced concrete buildings were usually considered lacks of the following: Ground failures, liquefaction of soils, poor 

quality of concrete, un-ribbed reinforcement steel, poor joints in the beam-columns, strong beam-weak columns, soft and 

weak stories, short columns, inadequate safe distance between buildings, faulty walls, unconfined gable walls, concrete slab 

failures, broken staircase slab, insulation materials, incorrect end hook angle, cracks at the corners of the doors and windows, 

inadequate transverse reinforcement, etc. (Bayraktar, 2013).  
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Fig. 3: Urban transformation in Van after Van earthquakes. 

 
5. CONCLUSION 

 
After the Marmara earthquakes there were many improvements in terms of mitigating, preventing, recovering and being 

prepared for earthquakes. These improvements directly contributed to the lower casualty rates in the 2011 Van earthquakes. 

However, Turkey needs more improvement in these areas. People who live in the rural area should continue to be educated 

for being prepared against earthquakes. The control mechanism of the new construction of the buildings should be improved. 

Ground studies should be investigated before allowing to build apartments on a ground. In the cities all concrete 

constructions should be investigated whether or not they are enough strong for earthquakes. If not these buildings should be 

reinforced. All shanties should be destroyed and new buildings should be constructed instead of shanties. Urban 

transformation should be applied in the provinces to mitigate the damage of earthquakes. Because of locating on faults, 

people must learn to live with earthquakes in Turkey. As Işıkkara said “Be not afraid of earthquakes but be afraid of being 

unprepared (Işıkkara, 2013).           
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ABSTRACT: The assessment of shelter needs aimed at displaced population in the aftermath of major earthquake events is one 
the main challenges that emergency responders currently have to face. The study presented here is focused on a critical review of 
currently available methodologies and software packages that were developed specifically to estimate the number of displaced 
people and those who will most likely seek public sheltering and will need temporary housing. The main features and 
shortcomings of such tools are shown. 

Keywords: Seismic risk; Short-term shelter needs; 2011 Christchurch earthquake; Temporary housing software tools. 

1. INTRODUCTION 

Findings from various earthquake events in the past suggest that the decision to leave home and seek public shelter is influenced 
by the impact to the physical infrastructure: built environment, networks of water, electricity, gas, etc. (Zelaschi et al., 2015) as 
well as the socio-economic and demographic characteristics. Wright et al. (2010) divided factors that contribute to evacuation 
decision making in two groups – one related to the impact to the physical infrastructure and the levels of damage caused by 
earthquake shaking and the other related to socio-economic, demographic and individual characteristics, which are less tangible, 
but equally important. Following a thorough literature review on currently available risk assessment tools (GFDRR, 2014), six 
software tools dealing with shelter needs estimation were identified: SYNER-G (2009-2012), HAZUS (2006), ERGO-EQ (2014), 
the MCEER model (Chang et al., 2008), INASAFE (2014) and RiskScape (2014). In this paper, a summary description of each 
software tool is presented with a view to introduce its main features. A final comparison is carried out to highlight major 
potentialities and shortcomings. 

2. TEMPORARY HOUSING PREDICTING TOOLS 

2.1 SYNER-G 

The European FP7 project SYNER-G (2009-2012) presented an advanced methodology for post disaster shelter needs assessment 
revealing strong links between socio-economic factors influencing the decision to seek for alternative accommodation and 
structural damage or, generally, structural habitability (building usability, utility loss and weather conditions). In the SYNER-G 
tool, the shelter needs index (SNI) is a combination of a displaced persons index (DPI) (based on age, type of housing, household 
tenure, perceived security) and a shelter seeking index (SSI) (based on income, ethnicity, education, car ownership). Shelter 
accessibility is also included in the shelter needs index (Figure 1). 

 

Figure 1 – SYNER-G Shelter Needs Index: hierarchical multi-criteria framework (JRC 2013) 
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The SYNER-G model is an open source code that provides input for a Multi Criteria Decision Analysis framework in which all 
of the above mentioned factors are weighted and combined. The main disadvantage of the SYNER-G framework is the limited 
adaptability, as it requires a significant amount of time to adapt the code to specific characteristics. 

2.2 HAZUS-MH 

HAZUS-MH (2006) is a geographic information system-based software platform for natural hazard loss and risk assessment 
developed by the FEMA in the US. It represents certainly one of the most widely used earthquake loss estimation software tools 
that are also capable of calculating short term shelter needs. This is accomplished by calculating, first, the number of displaced 
households due to loss of habitability (i.e. related to structural damage, estimated using e.g. pushover analysis – Pinho et al., 
2013; Monteiro et al., 2014) and then weighting this value with other socio-economic variables such as income, ethnicity, age 
and ownership. Whilst considering both physical and social vulnerability models, the main limitation of HAZUS-MH relates to 
the number of displaced people, which is based on structural damage and socio-economic variables calibrated on a US social 
fabric. Furthermore, it is census based and shelter accessibility is ignored – differently from SYNER-G shelter model (Chang et 
al., 2008). 

2.3 ERGO-EQ 

ERGO-EQ (2014) is a seismic risk platform developed at the Mid-America Earthquake Center at used to estimate important data 
for planning and responding to earthquake disasters. It applies a Consequence-based Risk Management (CRM) methodology to 
evaluate and visualize expected physical, economic and social impacts of seismic hazards on geographic regions. ERGO-EQ 
implements a modified, improved version of the HAZUS-MH shelter algorithm, as it utilizes different damage state probabilities 
for estimating the number of displaced households. Furthermore, ERGO-EQ takes into account the actual number of dwellings 
per residential structure and calculates household dislocation for each single family structure (rather than by tract) and then 
aggregates the results at census block level. In addition, ERGO-EQ presents two additional displaced household algorithms: the 
Logistic Regression Approach, based on direct economic damage and ethnic factors (e.g. percentage of Black and Hispanic 
people), and the OLS through the Origin Approach, including also the number of vacant housing units and number of structures 
with one detached dwelling unit. Finally, the software provides an estimate of both the public shelter needs, by applying HAZUS 
logic, and of shelter supply requirements. 

2.4 MCEER Shelter Model 

The MCEER shelter model consists of a linear set of decisions, depicted in Figure 2, based on the model of Chang et al. (2008). It 
can be seen as an improvement of the HAZUS-MH methodology and consists of a sequence of four questions, ranging from 
building habitability to perceived desirability to leave home (function of tenure, age, housing conditions, weather) and shelter 
(public or not) accessibility parameters (distance, car ownership). This conceptual model depicts the decision making process 
about shelter use at household level and, for this reason, was taken as a reference in other models, such as SYNER-G. The 
MCEER shelter model is a theoretical model that can be implemented in a spreadsheet. As such, it represents a flexible tool for 
risk managers however it needs to be integrated with another risk assessment software providing the required building damage 
input. 

 

Figure 2 – MCEER shelter model – conceptual framework (Chang et al., 2008) 
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2.5 InaSAFE 

InaSAFE (2014) was developed within a project of the Australia-Indonesia Facility for Disaster Reduction (AIFDR) and GFDRR 
and is a plugin that takes exposure (population, buildings) and hazard data (MMI) from any model. It then couples it with simple 
vulnerability functions to calculate output in terms of disaster impact through a GUI in a QGIS plugin form. The software 
includes a tool to measure shelter needs (amount of rice, drinking water, family kits and toilets) based on the number of displaced 
people estimated from the exceedance of an imposed limit for a specific level of damage. In this sense, the software is not able to 
produce an estimate on the number of people in need of public shelter taking into account also socio-economic factors. 

2.6 RISKSCAPE 

RiskScape (2014) is an initiative of the New Zealand Government’s Foundation for Research, Science and Technology, which in 
2004 decided to fund the development of an impact and loss modelling tool. The software implements a series of fragility 
functions providing several measures of loss with respect to a pre-defined input hazard and in correspondence to each analysed 
asset. Among such loss measures, the one of interest for shelter needs calculation is represented by the human displacement 
measurement. This is a state based fragility measurement and represents the extent to which humans and human activities are 
displaced by exposure of the asset to the hazard. All the mentioned calculations are made for each spatial unit (meshblock) 
chosen by the user. In conclusion, RiskScape provides only a measure of human displacement (including time needed before 
reoccupation), relying on a state based fragility measurement. 

3. RESULTS AND DISCUSSIONS 

A comparison of the features and potential of the different software tools is presented in Tables 1 and 2. From the observation of 
Table 1 is it immediate to notice that all the analysed methodologies include building structural damage (building usability) as a 
basis for population dislocation estimates. In particular, for InaSAFE and RiskScape, this is the only parameter used for that 
calculation which is based on the exceedance of an imposed threshold for a specified level of damage and a state based fragility 
measurement, respectively. On the other hand, the other methodologies, which represent four out of six, can also provide an 
additional output: shelter needs estimation. For this aim, they combine physical damage with a basic set of social vulnerability 
indicators (age, income, ethnicity and household tenure) to come up with a minimally accurate estimate for dislocated people. 

Table 1 - Parameters included in population dislocation and/or shelter needs calculation 

Parameters included in population dislocation and/or 
shelter needs calculation 

SYNER-
G 

HAZUS-
MH 

ERGO-
EQ MCEER INASAFE RISKSCAPE 

Building Structural Damage (Building Usability) � � � � � � 
Age � � � �   
Income � � � �   
Ethnicity � � � �   
Household Tenure � � � �   
Utility Loss � � � �   
Weather Conditions �  � �   
Housing Type �   �   
Car Ownership �   �   
Distance to Shelter �   �   
Perceived Security �      
Enforced Evacuation Area �      
Education �      
Direct economic Damage   �    
Neighbourhood condition    �   
Fire, inundation and other hazardous materials   �     

 

Table 2 - Output produced by investigated models 

Output produced by investigated models 
SYNER-G 

HAZUS-
MH ERGO-EQ MCEER INASAFE RISKSCAPE 

Population dislocation by tract (or 
smallest statistical unit available) � � �   � 

Population dislocation by dwelling units   � �   
Population dislocation by study area     �  
Time frame of human displacement      � 
Public shelter needs � � � �   
Shelter needs requirements   �  �  
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Then there are five extra variables which are used in SYNER-G and MCEER shelter model (distance to shelter, car ownership, 
housing type, weather conditions and utility loss) and some variables which are exclusive of specific methodologies (see Table 
1). In terms of output produced, Table 2 provides a summary of the main findings. 

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The present work supports the implementation of the Hyogo Framework for Action by addressing the issue of increasing the 
availability of and access to disaster risk information and assessment to people (see 7th global target). It addresses mostly 
Priorities 3 and 4 (“Investing in disaster risk reduction for resilience” and “Enhancing disaster preparedness for effective 
response and to “Build Back Better” in recovery, rehabilitation and reconstruction”) as the final aim of this review is to identify 
the applicability and the gaps of current post-disaster shelter needs methodologies. It also highlights the importance of the 
inclusion in Disaster Risk Management of ad-hoc socio-economic factors in the estimation of disaster related outcomes, such the 
one represented by the shelter needs, here discussed.  

5. CONCLUSIONS 

In comparative terms, among the six currently available software tools analysed, SYNER-G represents the methodology that 
includes the largest and widest range of parameters in population dislocation and shelter needs calculation, even if its output is in 
terms of relative ranking expressed by the displaced population index (DPI) and shelter needs index (SNI). The MCEER shelter 
model results are a function of many of the factors used in SYNER-G and they are produced at dwelling units. However, it needs 
to be translated by the user in an operative tool, typically using a calculus spreadsheet. HAZUS-MH and ERGO-EQ are presented 
in the form of closed software packages and utilize the HAZUS logic for shelter needs calculation. ERGO-EQ has different 
algorithms for computing displaced people, in addition to the modified HAZUS approach, which also take into account utility 
loss, weather conditions and direct economic damage, and it works at dwelling unit level. InaSAFE and RiskScape 
methodologies provide only human displacement as a result of building damage alone. According to the authors’ opinion any 
software tool intending to be general-purpose needs to foresee easily adaptable models tailored to the specific context and 
optional variables that will be able to fine tune the social components of the estimate. Further research is still needed to identify 
and quantitatively calibrate other relevant social and cultural location-specific parameters, which will be able to capture actual 
decisional processes that lead to seek public shelters in the aftermath of an earthquake. This could be accomplished by including 
this type of variables already in the estimation of displaced people, as it was observed in SYNER-G, MCEER or ERGO-EQ. In 
the calibration phase of these local variables it could also be useful to reduce the uncertainty of the building damage analysis 
outputs by using actual building damage observation (for example, by inferring it from building tagging system). 
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ABSTRACT : Resilience, defined as the ability to find a new balance after a disturbance, to renew, to reorganize and to adopt new
paths  to  better  protect  themselves  from  a  potential  disaster,  holds  the  attention  of  territory  managers.  Indeed,  it  gives  new
perspectives for dealing with unfavorable environments and / or disturbances of various origins. Applying resilience to cities and
territories implies the use of levers such as learning, innovation, development of cooperation and solidarity between stakeholders. It
is  a  way to  enrich conventional  approaches  usually focused  on  hazards or  vulnerabilities,  and  to  integrate  risks  and disasters
management into overall objectives. Using resilience means taking into account the different scales of time and space, the capacity to
act, the role of the population, the nature and the quality of links between stakeholders and the monitoring and the surveillance. It
promotes appropriate responses, somehow « tailor-made » solutions. This entails combining anticipatory actions to prevent disaster
with approaches designed to address slow disturbances such as socio-economic crisis, job losses, climate change that durably affect
territories. For this it is necessary to build a systemic knowledge taking into account the history, the identity and the ability to cope
with  perturbations,  to  better  understand  the  dynamics  and  local  resources,  and  to  mobilize  and  produce  new  levers  using
organizational and social creativity in order to build meaningful projects in a collective way. The combination of a conceptual and
theoretical analysis and of several field studies on French sites who have experienced disasters, led to the establishment of factors of
resilience in order to make more robust territories in an uncertain context.

Keywords: resilience, territory, disaster, systemic analysis, population

1. INTRODUCTION

Resilience, defined in the scope of this article as the ability to find a new equilibrium after a disturbance, to renew, reorganize and
adopt new paths to better protect themselves from a potential disaster, is a notion that today holds the attention of the territory
managers. It indeed opens new perspectives for dealing with adverse environments and / or disturbances of various origins. Using
resilience is a way to enrich conventional  approaches usually focusing on hazards or vulnerabilities  and to  integrate  risks  and
disasters in a broader framework. Indeed, resilience can take into account the scales of time and space, the capacity to act, the place
of people, nature and the quality of links between stakeholders, vigilance and forward-thinking. Resilience promotes appropriate
customized responses for territories.

2. DISASTER RESILIENCE

1.1 Definition of territorial resilience

Resilience participates in prevention and disaster reduction, particularly by focusing on making the population play a role in reducing
risks and also in influencing territories where they live and work. "Governance" is then considered in a new light to include local
knowledge in defining the action strategy. Territorial resilience is a perpetual search of dynamic equilibrium between paradoxical
characteristics and contrary processes : short and long term, local and global, redundant and efficient, customized and standardized,
autonomous and dependent... it makes sense only if it is rooted locally, based on local history and culture. Territorial resilience to
natural and technological disasters conveniently returns to adaptability and the organization of a territory which allows it to better
face damaging events. The approach by resilience, based on a broader and systemic analysis of the territory, beyond the single issue
of  natural  and  technological  hazards,  offers  opportunities  in  terms  of  anticipation  of  cascading  effects.It  particularly  reflects
advantageous properties of collective and individual learning ability, ability to act in reconciling very different time scales, ability of
governance, innovation and creativity, co-construction and open-mindedness. Those qualities overcome the inevitable rigidities of
strict and normative framework to provide a flexible space of collaborative work in which the expertise and know-how can be
assembled and overcome differences.

1.2 Post-Disaster monographs

Several monographs were conducted by teams of Cerema between 2013 and 2015 on several French territories that have experienced
natural and technological disasters.

Table 1: Study sites

Disaster sites

Site Type of event Year

Somme river Flood
108 stricken communities 

among which 10 severely affected

2001

AZF accident in Toulouse Industrial accident
Victims, destroyed or damaged housing, impacts on economy

leading driving to job cuts

2001
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Aquila (Italia) Earthquake
Victims, estimated repair and replacement costs 3 billion euros

2009

Watershed  of  Argens  (Var
department)

Flood
62 stricken communities among which 19 severely affected,

victims, estimated repair and replacement costs 1 billion euros

2010

Territorial approaches led after a disaster or in anticipation on territories exposed to major risks

« Post-Xynthia » workshop Storm, flood
2 impacted departments, victims, estimated repair and

replacement costs 2 billion euros

2010

« Major  flood  in  the  Paris
region » approach

Flood
Scenario : 508 impacted communities, estimated repair and

replacement costs 15 to 20 billion euros 

Scenario : 1910 flood

« Ruines de Séchilienne » Landslide, risk of sliding (several millions of m3), possible
impacts on infrastructure and industrial zone

Since 1980 : acceleration of
instability, frequent falling
rocks on urbanized areas

Feedback from modelling and crisis exercice on territories exposed to major risks

RESEAU2 process in Drome and
Ardèche departments

Scenario : forest fire entailing failures of large scale
infrastructure

2009

« Evac’agglo »  exercice  in
Grenoble : evacuation capabilities

Scenario : multi-hazards (flash flood and dam failure) 2010

« Evac’agglo » exercice in Metz :
evacuation capabilities

Scenario : Discovery of a chemical shell during a construction
site

2011

Their  study covered  4  axes  of  resilience:  the  articulation  of  space  and  time  scales,  the  nature  of  links  between stakeholders,
surveillance combined with a prospective monitoring, and the capacity to act. It helped establish factors that increase the capacity of
territorial resilience.

2. FACTORS ENHANCING TERRITORIAL RESILIENCE 

2.1 The overall vision of the territory

The perimeter of resilience is linked with the nature of disturbance and the capabilities of each territory and it  can be difficult to
determine : there are at least three spatial scales at which the territorial resilience can be considered with distinct types of responses :
the territory directly subject to the hazard, the impacted territory and the neighbouring solidarity territories. The identification of
policies  or institutional  stakeholders  of these nested territories that  may have to  make decisions and take actions that improve
resilience on different spatial scales, is essential in decrypting the stakeholders’ role to bring and balance different points of view
together.

The methodological insights and contributions of functional systems analysis are needed to identify the essential components of the
territory, the dependency relationships and social-economic inequalities. The assessment of the resilience thus implies taking into
account the impact of projects at various levels of maturity, and regularly reviewing the actions to, if necessary, change them. The
renewal of the occupation terms of certain areas may be a lever of resilience to natural hazards. For a district, having a dynamic
reconstruction or rehabilitation is an opportunity to allow its inhabitants to better face the occurrence of a hazard. 

2.2 Infrastructure, resilience factors

By acting on the interrelations between networks and territories to address the crisis, it is possible to increase the resilience of urban
systems as territories. Failing to consider these interrelationships, urban systems could become generators of crisis and vulnerability,
with the possibility of chain malfunctioning. Under these conditions, the answers can not just be technical. Approaches that harden
networks,  reduce vulnerabilities, improve systemic resilience, must take into account the "texture" of systems and territories. The
territorial approach allows shared and pertinent discussions with local stakeholders about the specific problems posed by the crisis. It
also overcomes  the conventional  divisions  between risk prevention and crisis  management,  the differences of interest  between
stakeholders. 

2.3 The anticipation of post-disaster: vigilance points

The post-crisis phase is a crucial period for the future of a city or territory. Indeed, there is no single solution valid everywhere in
terms of reconstruction models. Several points of vigilance should be taken into account today: the inclusion of the population, the
limits  of  urban  marketing,  sustainability  of  facilities,  development  or  restoration  of  trust  between  the  political  and  economic
stakeholders, the need of a global vision of the territory.  At least two questions remain: is it possible to build otherwise, in an
equitable and sustainable way within a business model that is not ? Can the needs and desires of the people counterbalance the weight
of the financial lobbies for whom the reconstruction of the city is sometimes a source of profit and not a place to live ? As pointed out
by Jébrak Yona, a specialist in urban resilience, "a city must first be reconstructed by and for its people" 1. For her, the development of
a collaborative resilience is a promising area, more durable and flexible than traditionally sought sectoral resilience.

1 « when street art contributes to the reconstruction of a city », Yona Jébrak
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2.4 The linking of local stakeholders

Governance around the theme of risk has long been seen as the business of the state and public bodies. The feedback has shown
interest, failing to open governance decision, to broaden the scope of informed stakeholders. The question asked today is: How to
ensure the sharing of information with all stakeholders of the territory (including citizens), or extend the sharing of decisions, in a
context where institutional roles in risk are statutorily determined ? The tools and experiments to better share on the theme of risk
between the different stakeholders could be more valued,  adapting them to different levels  of their involvement,  knowledge or
practice. The resilience of the territory is based on the participation of many partners. Indeed, the sharing of knowledge helps identify
vulnerabilities involving different scales of operation. The implementation of solutions found collectively is facilitated by the fact
that they were not imposed but wanted by everyone. The transformation of the territory to limit the effects of shocks and disturbances
and sometimes just to facilitate the return phase to an acceptable situation, requires the gathering of stakeholders united in a long
term approach. It can involve new stakeholders, who were not identified and integrated in the initial arrangement.

2.5 Capabilities

We have now established a lack of coherence and articulation of various public policies, often driven in a sectoral way. Moreover,
regulatory documents do not have the same weight (incentive, regulative...). Resilience could contribute to the missing feedback
between the implementation of public policies on the territories, from the top down, and the evolution and adaptation of these
policies through local stakeholders in an ascending way. The consideration of resilience to build regional projects is still often
limited  to  environmental  issues.  Resilience  remains  apart  in  projects,  when  it  should  be  everywhere  and  be  mobilized  as  a
development concept or be considered as project ethics.

The administrative organization of France is very complex. Public policies constitute a general framework designed to be equally
applied in all territories without taking into account the local context. Now it seems that resilience is not on good terms with a strong
regulatory arsenal. It  relies on customized solutions to integrate and adapt territorial specificities and textures (identity, history,
culture). It is more time consuming but cheaper in the long term than the general framework. Indeed, it implies that each stakeholder
can have some freedom and flexibility to act. This does not mean promoting the extreme opposite consisting in a liberal ideology of
laisser-faire (in which the "central role" of the citizen can serve as a screen for a policy of resignation). The challenge is to make a
balance between specific local regulations and national policies. 

3. EMERGENCE OF NEW DISRUPTIONS AT A PLANETARY SCALE : BEST PRACTISES AND 
INVENTIVE SOLUTIONS

3.1 The consideration of climate change

Climate change is globally underway. It occurs on our territories, although it is difficult to attribute with certainty to a particular
damaging event. The consequences of climate change concern hazards: more frequent, more intense or just different, they are likely
to make the number and the impact of disasters increase. Climate change will impact the populations more severely, affecting the
most vulnerable and causing climate migration. It will also affect the economic sectors.

Beyond the environmental issues it brings up, it questions the functioning of our communities at different scales. Whether that
change can become an opportunity,  and under what conditions, requires us to reflect beforehand on considerations such as the
prioritization  of  climate  issues,  the  collective  commitment  to  a  strategy of  anticipation  or  defense,  individual  empowerment,
response patterns and questions that this change generates, the management of territories taking into account a complex dynamic
system, preservation of co-building...Climate change mobilizes a long term evolution, insidious and sometimes impalpable on a
daily basis,  which  may be accompanied  by sudden  climate  disasters.  In  this  context,  a  resilience  approach  which  admits  the
occurrence of disruptions including more and more intense natural hazards,  can act despite uncertainty characterizing much of
scientific  knowledge.  It  enables this by developing recovering capacities by linking robustness and flexibility,  anticipation and
responsiveness, conservation and change, mitigation and adaptation.

The territorial resilience requires us to invent solutions based on both traditional constructive equipment (e.g dams, infrastructure...)
and soft  natural  ones (e.g  use of  wetlands  for  storm water...).  This  directly reflects  the different  safeguards and vulnerability
reduction measures mobilized for major risks. The need is also felt to complement the technical answers by responses within the
social  field,  such as  collaboration,  solidarity,  taking into account  well-being,  creativity,  enrollment  in  history and research of
autonomy.

3.2 The administrative innovation to support changes

Structuring administrations in sectoral themes can be a barrier to taking into account climate change in a global and systemic way.
Indeed, at the same time affecting both the fields of environment, agriculture, water management, urban planning, health, population,
spatial planning and the most widely sustainable development, adaptation policies are too cross-disciplinary to be attributed to one
specific  service.  This  difficulty is  also found in the risk management  field,  that  has  struggled  to  find  its  rightful  place in  the
community because of its transversality. This observation should encourage us to think now about an adapted organization to climate
challenges, including the uncertainty and complexity in actions, without having to settle for being caught off guard when disasters
occur.

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Sendai Framework for Risk Reduction (SFA 2015-2030) defines resilience to disasters 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". As shown in our studies,
SFA emphasizes the place to be given to the civil society in terms of governance, inclusion and consideration of the most vulnerable,
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as well as in terms of consideration of the cultural heritage. Our works also allowed to illustrate the importance of the multi-sectorial
approaches, by including question of well-being, health, planning etc. Our analysis on the opportunity of the territorial project post-
disasters to increase the capacities of territorial resilience also echo the guidelines proposed in SFA.

Our studies highlighted certain of number of levers, necessary but insufficient so taken one by one, allowing to improve the impact
strength of a territory. They are synthesized in the following table.

Table 2: Levers of resilience

Territorial project to articulate

Articulate actions, scales, 
objectives, stakeholders, measures

Cross-sectoral planning, considering cascading 
effects of sudden crises and slow transformations 
to anticipate urban evolution 

Assessment of resultats, establishing new
indicators taking into account well-being 

Development of links between stakeholders, based on shared values, trust and reciprocity

Appropriate forms of gouvernance, based on a local 
political support and including non institutional leaders

Ownership of projects by the population and authorities, based on
the identification of needs and on a real dialogue

Anticipation and monitoring  

Joint and continuity of prevention and post-disaster
strategies

Anticipate the post-crisis period with prospective approaches, to
build a meaningful territorial project

Ability to act

Guideline for actions :  focuses on final 
beneficiaries  (based on need, not on the 
offers), integrated into the existing 
networks by mobilizing the local 
dynamics, flexible and adaptive

Identify and value ressources : 
endogenous and exogenous ressources, 
local expertise, vernacular skills and 
knoweledge, different levels of funding... 

Develop  the  technological  innovation,
produce  tools  adapted  to  needs,  improve
the  pedagogy  and  the  communication,
encourage  the  creativity,  favor  the
organizational innovation

5. CONCLUSION

Changing scale to change the century: to face new challenges and not suffer the consequences, communities must anticipate. This
new opportunity may foresee the emergence of territories where, sharing responsibilities, citizens, elected officials and technicians
arbitrate all the choices that preserve the future and promote the emergence of positive amenities in the interest of the people. Facing
the limits reached regarding disaster reduction, whether the reasons be technical or economic, civic empowerment is a lead which,
even if it is a hot topic, has not yet found its place. The initiatives are often constrained by the regulatory frameworks. The use of
social networks is not enough in terms of wider participation. Although the concepts of participation and consultation are frequently
mentioned, the facts show a lack of interest from the population and an inability to do better or differently. The diversity of individual
representations of risk entails necessary listening and understanding necessary for the construction of a collective representation,
beyond the juxtaposition of viewpoints or individual interests. Indeed, a shared vision promotes the emergence of local projects that
make sense, and are accepted by society. Citizens should be stakeholders of any territorial transition process: adaptation to climate
change and sustainable development should be accompanied by a citizen empowerment approach. Indeed, the solutions accepted and
implemented locally must be able to reflect the ability of a given population to cope with risk, and therefore to take into account its
"capabilities". The recent context of reduced financial resources requires reasoning in terms of efficiency rather than effectiveness.
This entails combining anticipatory action in face of disasters with approaches designed to address slow disturbances: loss of jobs... It
is therefore necessary to articulate scales of reflection, collaboration, build a systemic knowledge of the territory taking into account
its history to better understand the dynamics at  work and the resources,  to mobilize and even to produce new levers using the
organizational and social creativity.

The urgency of the disaster may lead us to rely on those who seem to "know better." While it is hoped that they will act in the
common interest and with altruism, we must be extremely careful about the decisions taken in emergency,  that will  impact the
country and its people over the long term, as much in living conditions, individual and collective well-being, but also the trust in
political  institutions.  If  a  sustainable  city is  built  on the idea of  a  future  that  we  can control,  based on sustainability and the
reversibility of urban functions, resilience will occurs in the presence of processes which would disrupt the functioning of our urban
areas. It admits the occurrence of adverse events, foreseeable or not, that we have to anticipate in order to cope and adapt. It does not
replace the implementation of the principles attached to the sustainable city. It engages them in disturbed circumstances, ensuring the
compatibility of actions according to their different temporality. The search for resilience can be a way to move towards a role model
of  sustainability,  to  support  the  transition  of  territories,  and  can  usefully  lead  to  re-examining  the  principles  of  sustainable
development in a complex context.
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ABSTRACT: Typhoon is a serious destructive weather event, and the damage caused by typhoon is serious. Understanding 

characteristics of typhoon disasters, disaster mechanism, and social response have an important significance for disaster prevention 

and mitigation. Through investigation of typhoon disaster in Hainan province caused by super typhoon Rammasun, we found that the 

disaster lead to a big number of affected population and serious casualties; agriculture affected area and inundated area accounted for 

a larger share of the planting area. Disaster loss is serious, and agriculture loss accounted for a larger share. Further research shows 

that the building design standard, the infrastructure management, the ability of professional disaster management, the community 

residents' disaster risk perception, the social disaster prevention and reduction system, the disaster prevention plan and regulations 

system should be responsible for the disaster loss. At last, this paper recommends that mitigation super typhoon disaster need do 

many detail works including structural disaster mitigation strategies (Infrastructure construction) and the non-structural disaster 

mitigation strategies (plan or regulations system, social participation). 

Keywords:  Super typhoon Rammasun, disaster assessment, disaster mechanism, Hainan Province, China 

1. INTRODUCTION 

The typhoon is a serious destructive weather event. Tides and heavy rainfalls caused by typhoon often have a devastating impact on 

the social economy of coastal areas. According to statistics, there are 428 typhoons landed in China during the period of 1949-2010, 

about 6.9 typhoon landed per year. Since 2000, the typhoon flood caused casualties showed a decreasing trend year by year, but 

disaster loss show the increase trend. Every year, about 34.06 million people affected by typhoon flood disaster, 222 people died, and 

the direct economic loss reached 42.7 billion yuan [1]. 

A large number of historical records indicate that Hainan province is the most serious area affected by typhoon in China, the regional 

social and economic conditions are very sensitive to the typhoon disaster [2-4]. In particular, with the progress of the Hainan 

international tourism island, developing effective regional disaster prevention and mitigation measures become the current priority of 

disaster prevention and mitigation. This paper, Hainan Province as the study area, focus on super typhoon Rammasun’s disaster 

characteristics, analyse the disaster causing factors, in order to provide experience and technical support for the disaster prevention, 

reduction and recovery.  

2. MATERIALS AND METHODS 

2.1 Disaster Scenarios 

In July 12, 2014, No. 9 super typhoon Rammasun generated in the Northwest Pacific Ocean formation. On morning of July 16th, the 

typhoon move into the eastern of South China Sea, the intensity was strengthening. On 15:30 of July 18th, the typhoon landed 

inWengtian town, Wenchang, Hainan. Under its impact, Hainan province suffered serious loss. According to statistics, the affected 

population is 3.26 million during June 18th-22th, and 25 people killed in the disaster. The crop area affected by typhoon flood is 

162.97 ×103ha. The direct economic loss reaches 11.95 billion yuan. 

2.2 Materials 

In this paper, the typhoon disaster data collected from the Hainan provincial flood control and Drought Relief Headquarters office. 

The social and economic data obtained from the Hainan Provincial Bureau of Statistics. 

2.3 Methods  

In this paper, we use the method of disaster assessment and the index weight of the typhoon disaster by [5]. The parameter values of 

each index of disaster assessment are determined according to the above paper.  

C=D×0.3+P×0.1+A×0.1+L×0.3+F×0.1+H×0.06+R×0.02+S×0.01+T×0.01 
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where, C represent for the disaster assessment scores, D represent for the death population index parameters, P represent for the 

affected population index parameters, A represent for crops affected area index parameters, L represent for direct economic loss index 

parameters, H represent for collapsed house index parameters, R represent for the duration of traffic interruption index parameter, S 

represent for the duration of city inundated index parameter, T represent for the duration  of lifeline project interruption index 

parameters. 

3. RESULTS AND DISCUSSION  

3.1 Disaster characteristics  

Typhoon Rammasun brings a serious disaster loss. As shown in Table 1, the affected population is accounted for 83% of annual 

affected population by natural disaster, and the collapsed houses is accounted for 97% of annual number by  all disaster, and the 

crops affected area accounted for 84% of the annual crops affected area of disaster.    

Table 1 Comparison of the disaster loss of super typhoon Rammasun and the annual flood disaster 

items Annual disaster loss Disaster loss of Rammasun Ratio /% 

Affected people/million people 3.93 3.26 0.83 

Collapsed houses/103 rooms 23.80 23.10 0.97 

Affected crops area/khm2 194.37 162.97 0.84 

Economic loss /billion Yuan 18.02 11.95 0.66 

 

Table 2 Analysis of main disaster statistics index 

No. counties 
Affected population 

/residents (%) 

Affected crops areas/ Cultivated 

land area (%) 

Region direct economic loss 

/ Region GDP /% 

1 Haikou 39.42  55.66  4.97  

2 Sanya 19.81  1.70  0.08  

3 Danzhou 23.41  2.35  0.35  

4 Qionghai 14.34  23.63  2.33  

5 Wenchang 74.11  48.28  19.22  

6 Wanning 53.96  62.73  0.21  

7 Wuzhishan 12.48  4.51  0.44  

8 Dongfang 13.80  1.91  0.09  

9 Dingan 60.38  23.67  5.01  

10 Tunchang 72.10  44.94  1.99  

11 Chengmai 95.66  9.75  2.04  

12 Lingao 13.85  14.36  1.61  

13 Baisha 13.16  13.60  10.54  

14 Changjia 24.24  44.71  2.11  

15 Ledong 0.28  0.23  0.04  

16 Lingshui 46.88  2.58  0.19  

17 Baoting 31.92  28.07  0.90  

18 Qiongzhong 17.10  0.05  1.78  
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1) The number of people affected by Rammasun is large. The casualties caused by typhoon disasters is very serious in history. 

With the development of social economy, the population casualty in recent years showed a significant downward trend. According to 

the historical data, Hainan Province annual natural disaster death tolls is 8 people, caused by typhoon is 6.8 people. But in 2014, the 

death toll caused by typhoon Rammasun is 25 people. The relationship between the number of affected population and the resident 

population (in Table 2) show that the typhoon lead to 36.39% residents was affected. The affected population of Wenchang, 

Wanning, Chengmai, Tunchang and Chengmai is more than half of the resident population. Affected by the impact of the typhoon, 

the affected population is mainly concentrated in the northern part of Hainan, such as Wenchang, Haikou, Chengmai and Dingan.  

2) Typhoon Rammasun bring huge influence to agricultural production in Hainan province. According to statistics, the affected 

area of crops in Hainan province is 162.97 khm2, accounting for 38.97% of the total arable land in Hainan province; the crop disaster 

area is 115.53 khm2, accounting for 70.89% of the total affected area. As shown in Table 2, the disaster affected areas of crop in 

Hainan Province counties, Haikou and Wanning crops affected area accounted for more than 50% of the area of cultivated land.  

3) Disaster economic loss are serious, especially agricultural economic loss. According to statistics, an agricultural loss is 7.42 

billion yuan, up 62.11% of the total economic loss. Cash crop loss reached 4.49 billion yuan, accounting for 60.51% of agricultural 

loss. Table 3 shows that the agricultural economic loss caused by the typhoon in counties accounted for a bigger proportion of total 

economic loss, for example, the cash crop loss of Danzhou's accounts for 91.41% of agricultural loss. Spatial distribution 

characteristics of agricultural loss concentrated in Haikou and Wenchang, which agricultural loss accounted for 70.43% of the 

agricultural loss of Hainan Province. From the direct economic loss /regional GDP (Table 2), the economic loss caused by 

Rammasun accounted for a larger proportion of the region's GDP (3.80%), more than 1990-2013 years of average level (3.68%), 

especially Wenchang and Baisha economic loss account for 10% of local GDP. Statistics show that economic loss and regional 

economic levels were negatively correlation (r=-0.29). The lack of infrastructure investment in developing regions lead to a serious 

economic loss caused by typhoon disaster. Such as Baisha County, economic loss of more than 300 million Yuan, accounting for 

more than 10% of the local GDP.  

Table 3 counties agricultural loss analysis 

No. counties agricultural loss/ billion yuan Economic crop loss / billion yuan ratio/% 

1 Haikou 2.90 1.50 51.81  

2 Danzhou 0.02 0.02 91.41 

3 Qionghai 0.33 0.25 76.00  

4 Wenchang 2.33 1.64 70.34  

5 Dingan 0.25 0.20 82.04  

6 Tunchang 0.07 0.06 83.33  

7 Chengmai 0.30 0.16 54.49  

8 Baisha 0.05 0.07 74.99 

9 Baoting 0.02 0.02 77.18 

3.2 Disaster assessment and reasons analysis 

The disaster assessment shows that the disaster impact is not only related to the path of typhoon, but also related with the regional 

infrastructure projects and social-economic conditions 

 (1) The construction design standard is at low level, and the infrastructure management needs to be improved. The poor condition of 

community building structure makes the old house could not withstanding strong winds and heavy rain. Power plant, transportation 

and municipal infrastructure are more sensitivity to the typhoon, and the wind resistance ability is weak.  

 (2) Social disaster prevention and mitigation system did not work perfectly. Community disaster emergency management experts is 

insufficient. Community residents risk avoiding and self-help ability is weak. Such us the local people lack awareness of the risk of 

typhoon, and the migrant workers and tourists do not understand the typhoon and the lack of awareness of disaster prevention.  

(3) The local government has not formulated the laws and plans for the prevention of typhoon, especially for the super typhoon. In 

coastal areas, the work of typhoon defense involves many aspects, the lack of regulations make the actual work becoming more 

difficult. 

4. RECOMMENDATIONS 

We think that the typhoon defense work should strengthen the infrastructure construction, formulate relevant technical standards, and 

improve the design standard of building. Meantime, we need to develop or amendment the laws and regulations for the prevention of 
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super typhoons. And the last, we should enhance the community's ability to defend the typhoon, and strengthen the community 

education of typhoon, and raise the awareness of the community residents, and improve the emergency management capacity of local 

government.  
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ABSTRACT: Due to the climate change, the impact of ambient temperature on public health is becoming a hotspot. 

However, few research focus on the comparison between urban and rural areas, especially in those developing 

countries with rapid urbanization. Based on daily mortality data from 122 communities, we used the DLNM model 

to describe temperature-mortality relationship and calculated the risk of high and low temperature. Then compare 

the cold- and hot- related risk between rural and urban in different temperature zones. Moreover, we used economic 

factors to explain these difference. Our findings suggest that more adaptive and effective measures especially 

increasing investment on public health are necessary to reduce health risks in China. 

Keywords: China, urban and rural, extreme temperature, mortality risk, public health 

1. INTRODUCTION 

In recent decades, the impact of global climate change on human has been more and more serious, especially under 

the circumstance of rapid globalization. To date, climate change was considered to be the most serve global health 

threat in the 21st century (Analitis et al. 2008; Braga et al. 2002). Because of these adverse effect or potential effect 

on public health, specialists have pay more attention to this problem, which results research of temperature-mortality 

relationship being a hotspot recently. Even though there are many research contributed to this filed, compared with 

study about the Europe and North American (Epstein 2005; Hajat et al. 2006; Kovats and Hajat 2008), fewer research 

focus on the developing countries. However, the population of developing countries accounted for more than 80 

percent of the world population, this means it is necessary to concern on the temperature-mortality relationship on 

developing countries. As the most populous developing country, the risk of public health under climate change in 

China should not be neglected. Even though there are increasing concerns on this field in recent years, most studies 

on China only focused on a single city or a small number of cities(Chen et al. 2013; Guo et al. 2011; Yang et al. 

2013). Faced with the situation of rapid urbanization and poverty in rural areas of China, a more systematic study 

with enough community-specific data is highly necessary to deepen an understanding of the association between 

temperature and mortality both in rural and urban areas.  

In this study, we used meta-analysis method to 

characterize both rural and urban temperature–

mortality relationships based on the valid data of over 

100 communities from 2007-2012 of China in 

different climatic zones. We tried to characterize the 

temperature-mortality association at community level 

then compared the difference between rural and urban 

communities. Based on the result, we would like to 

find influencing factor to explain this difference. 

Considering the contradiction of urban-rural dual 

structure, our findings would be helpful for Chinese 

decision-makers to prepare and develop intervention 

strategies to prevent adverse public health impacts of 

extreme temperatures.   

 

2. MATERIALS AND METHODS 

2.1 Data 
In our study, we utilized the mortality data, 

meteorological data and social statistic data. The non-

accidental mortality data of each community we got 

from DSP (Death Surveillance Points System) is 

continuous and ranges from 1 January 2007 to 31 December 2012. Our community-specific mortality data (Fig.1), 

obtained from 122 communities, covers more than 50 million people, which is accounted for about 5 percent of 

 

Fig.1 The distribution of communities covered in 

present study 
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China’s population. 

We utilized a new meteorological variables dataset which is more suitable for our study (Yuan et al. 2015) and 

selected the daily meteorological variables from the dataset including daily mean temperature (Tm) and relative 

humidity (Rh).To find the potential non-environmental factor of the temperature-mortality relationship, the 

community level social and medical data was collected from the statistical yearbook. Based on previous study, we 

used per capita GDP and the number of health technical worker per thousand people possess to analyze the non-

environmental impact on the temperature-mortality relationship. 

2.2 Method 
The research on the temperature-mortality relationship in rural and urban areas in China can be divided into three 

steps: 1) modeling the temperature-mortality relationship at community level and calculating the risk under extreme 

temperature; 2) analyzing the characteristic of spatial distribution of urban risk and rural risk with geostatistics 

method; 3) comparing the difference between the rural and urban and exploring the influence factor. 

We utilized the Distributed Lag Non-linear Model (DLNM) to estimate the relationship between daily temperature 

and mortality of each community (Gasparrini et al. 2010;Gasparrini 2011).The statistical model used in our study is 

as follows: 

:daily mean temperature ; :relative humidty; :time variables :day of the week;

:a bin

      

   to ilary variable lustrate

( ) ( , ) ( , 3) ( , 9)

mean t t

t

T Rh Time Dow

Hoilday

mean t t t ttLogE Y cb T lag ns Rh df ns Time df Dow Hoilday         

, , : coefficient

 whether a day is a public holiday;

     
In present research, we used 21days as the maximum lag, which is also consistent with previous researches 

(Gasparrini et al. 2012;Gasparrini and Armstrong 2013;Ma et al. 2015). In order to describe the temperature related 

risk, we acquired the indicator by estimating overall effect of extreme temperature in each community. We calculated 

the change in mortality risk with the index P1 (the 1st percentile of mean temperature distribution with threshold 

temperature) as cold effect and P99 (the 99th percentile of mean temperature distribution with threshold temperature) 

as hot effect. 

The communities in the rural areas and urban areas should be divide to quantify both hot and cold effect risk.  

Then we applied the trend analysis method to describe the spatial tend of cold-and hot-related risk of rural and urban 

areas in China. In the last stage, we utilized the social-economic data and medical data to find the potential factor. 

To reduce the effect of environmental temperature, we compare the urban and rural areas in the same climatic zone.    

3. RESULT 

Table1 lists some examples of temperature-mortality curves in different temperature zones. For the brevity of text, 

only a few representative community-specific curves are selected. The curves which reflect the temperature-morality 

relationship, are typically U-, J-, V-, and W-shaped as many previous studies have pointed out. Different shapes of 

the temperature-mortality curves represent different risk characteristics of the temperature. However, it is obvious 

that both low and high temperatures are likely to increase the mortality risk. Please note that the relative risk (RR) 

of cold effect was calculated by comparing the 1st percentile of mean temperature distribution with the minimum-

mortality temperature (MMT), while the relative RR of hot effect was calculated by comparing the 99th percentile 

of mean temperature distribution with the MMT. 

Table.1 Summary of some community-specific temperature-mortality curves in different temperature zones in China. 

Fig.2 shows the spatial trend pattern of the cold- and hot-related risk both in urban and rural area.The trend of hot-

effect risk in rual area is low in west and east while high in central area from the longtitude perspective and shows a 

decreasing trend from the north to south.Compared with the rural areas, trend of hot risk in urban is very 

different.There is no significant variation from west to east while the risk from north to south represent a invrse U-

shaped.Cold-effect risk in rural shows a steady trend from west to east while the tendency from north to south first 

Area Temperature-mortality relationship 
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rises then falls.The spatial trend of the same risk in urban areas is disparate.A small curvature U-shaped area appears 

from west to east and the north-south trend shows a decreasing characteristic. 

 

 
Fig.2 Spatial trend of cold- and hot- related risk in urban and rural areas 

Table 2 shows urban and rural extreme temperature-effect risk in different temperature zones.Fig.3 describes the 

relationship between health risk and economic indicator. For the hot-related risk, we find with the temperature 

increases the risk of tendency appears a decreasing trend. Risks in warm region of rural is not different with those in 

urban areas, while for the colder and hotter temperature zones, risks in rural is higher than urban. Moreover, per 

capital GDP, an important index of local economy, shows no evident relation with the hot-related risk.  

Tab.2 Urban and rural extreme temperature-effect risk 

However, the cold-related risk is different. The cold effect across five temperature zones looks like an M-shaped 

curve both in rural and urban areas. Furthermore, there seems a negative correlation between per capital GDP and 

cold-related risk from the figure. 

 
Fig.3 The per capita GDP and temperature effect risk of in urban and rural areas across different 

temperature zones 

 

Risk urban rural 

cold-effect hot-effect cold-effect hot-effect 

sub-warm zone 1.78 1.13 1.69 1.36 

warm temperature zone 1.76 1.39 1.91 1.37 

north subtropical zone 1.18 1.28 1.23 1.12 

middle subtropical zone 1.59 0.96 2.26 0.92 

south subtropical zone 1.25 0.59 1.31 1.08 
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4. DISCUSSION AND CONCLUSION 

In our study, we found the temperature-mortality relationships are various in different temperature zones based on 

127 communities across the entire China. With the increasing temperature along the five temperature zones, the hot-

related mortality risk showed a slightly decreasing trend while the cold-related mortality risk appeared an M-shaped 

curve. The temperature-mortality relationship, especially the cold temperature-mortality, was partially modified by 

social economic factors at regional level. These findings suggest the Chinese government should take more positive 

and adaptive measures, such as improving medical and health care in developing areas, to reduce the adverse effects 

of climate change on public health. 

In the present research, we found the temperature-mortality relationships are various in different temperature zones 

based on more than 100 communities across the entire China. With the increasing temperature along the five 

temperature zones, the hot-related mortality risk showed a slightly decreasing trend while the cold-related mortality 

risk appears an M-shaped curve.  

Both cold and hot temperature increase the mortality risk and the difference existed between urban and rural areas. 

For cold-related risk, the difference between urban and rural was significant in warmer region instead of cold or 

tropical zones. For hot-related risk, the result was different. In the colder and hotter regions, difference of the risk 

between rural and urban was slightly obvious.  

To explain this phenomenon, the social-economic factor has been taken into consideration. As previous research 

reported (Healy 2003), the temperature-mortality relationship, especially the low-temperature impact, is partially 

modified by social economic factors at regional level. In our study, the correlation coefficient between cold-related 

risk and per capital GDP in urban areas is -0.80, which means more developed the area is, the lower cold-related risk 

this region has. 

There were also some limitations in our research. At first, we did not take the air pollution into consideration because 

of the data unavailability. The second limitation was the uncertainty in meteorological dataset. The weather data 

utilized was the interpolated result based from the stations around the studied area. In later research, we will collect 

data at community level for a precise result. 
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ABSTRACT: The extent and duration of severe natural events can challenge the capacity of emergency authorities 
to deploy sufficient resources to control the event and assist communities. Many governments have created an 
expectation that communities themselves will have to be involved in disaster preparedness. Earlier studies show that an 
important predictor of community preparedness for a number of challenges is the collectively held belief they have the necessary 
skills and resources to carry out such activities. Although studies have used the construct of perceived community efficacy in 
domains such as education, business, health care, crime reduction, and sports, to date none has focused on emergency 
preparedness. The present study created a new theoretical model that was used to investigate how social and community aspects 
influence beliefs and behaviours of residents. The major result of the study was the creation of a measurement scale of Perceived 
Community Efficacy as a predictor of a community undertaking preparedness measures. The research has established the 
application of social cognitive theory in disaster and emergency research and extends the current body of knowledge on 
community preparedness research. The implications for the profession and future research are discussed. 
Keywords: community preparedness, urban resilience, community efficacy, social cognitive theory. 

1. INTRODUCTION  

“Court disaster long enough, and it will accept your proposal”. 
Mason Cooley (1927, cited in Pelling, 2003) made this statement referring to social change but equally Cooley’s observation can 
be applied to natural disasters and how social and environmental change has resulted in higher risks to local populations (Paton, 
2000, p.272). Social vulnerability is partially the product of social inequalities that result from populations moving to highly 
hazardous areas due to economic, industrial and urban development. This leads to lower growth rates, poor economic viability, 
urbanisation and higher population densities in areas prone to natural disasters (Cutter, 1996; Cutter, 2001; Dow, 1992; Wisner et 
al., 2004). Between 1994 and 2013, an average of 218 million people were affected by natural disasters every year, according to 
the EM-DAT database (CRED, 2015).  
  
1.1 Formal Response Structures 
  
In order to deal with both the socioeconomic issues and the hazards associated with severe natural events, there are a wide variety 
of formal organisations at local, national and international levels that have the responsibility of planning for and responding to 
emergencies (Coppola, 2007). The concept of emergency management is well established in most countries throughout the world 
and communities have come to expect that their governments will intervene in times of these natural disasters and come to their 
aid (Coppola, 2007). Although there are  professional organisations that have the responsibility for planning and responding to 
the situations caused by natural extreme events there are identified capacity issues, especially where the event is widescale (Pitt, 
2008).  
 
The extent and duration of severe natural events challenge the capacity of emergency authorities to deploy resources to initially 
control the event and assist communities in the post disaster recovery stage (Alexander, 2005; Harald, 2007). Many countries 
have taken the opportunity in gaining community participation in preparing, protecting and responding to natural disasters by 
developing formal community structures such as community emergency response teams (CERT’s) and volunteer rescue teams 
(Brennan et al., 2007, p.73; Drabek, 2004). An added resource are community volunteeers that can be seen as an extension of 
both formal and informal organisations.  
 
1.2 Community Involvement 
   
Recognition of the consequences of natural disasters on a population has prompted research into the factors and processes that 
influence the capacity of people and communities to co-exist with natural extreme events that can frequently constitute highly 
damaging and potentially life-threatening hazards (Adeola, 2009; Burnside et al., 2007; Elder et al., 2007; Elliot and Pais, 2006; 
Paton, 2006). Building this capacity becomes an important aspect of risk management because the level of protection afforded is 
dependent on whether community protective measures are either adopted or not (Paton, 2005). That is, the degree to which a 
community is prepared, by its own volition, for natural hazard events. Preparedness involves equipping people who may be 
affected by a disaster or who may be able to help those impacted with tools, skills and knowledge to increase their chance of 
survival and to minimise their financial and other losses (Coppola, 2007, p.209). Taken at a neighbourhood or community level, 
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the cumulation of individual and family preparedness activities can be seen as a collective set of behaviours and activities that is 
the foundation from which community level preparedness to natural hazards evolves.  
 
Much of the current literature on community involvement focusses on community members being selected and trained to form 
types of community emergency response teams. However this type of formal arrangement may not suit many communities who 
do not want this level of committment but who may be willing to undertake some type of informal hazard mitigation behaviour 
(Bach and Kaufman, 2009). There are also sections of the community who see the role of mitigating the effects of natural 
disasters as that of local authorities (De Marchi et al., 2007; Wang et al., 2007). According to West and Orr (2007) there may be 
difficulties in engaging people in socially vulnerable areas where local population feel fatalistic about disasters and believe there 
is nothing that can be done to protect themselves.  
 
1.3 Expections and Engagement 

  
In the event of a major natural disaster, national and local emergency resources are prioritised to according to need and therefore 
communites that are affected, but not within the resources  available, may well have to fend for themselves for considerable 
periods of time. The UK Government has published guidance confirming that there may be no initial response from recognised 
agencies, and has an expectation that communities will be involved in local preparation and response to emergencies and 
disasters (Cabinet Office, 2011). If governments and emergency management agencies have an expectation of local communities 
being involved in disaster preparedness, then this is an area that requires research in order to establish whether local communities 
believe they have the necessary skills and resources to carry out such activities. It is also essential that emergency authorities and 
communities identify the likihood of community members to engage in preparitory activites to reduce the level of community 
risk.  
 
2. RATIONAL AND STRUCTURE OF RESEARCH  
 
2.1 Rationale 
 
Emergency management literature in the psycho-social field presents a great deal of useful findings on important facets of crises 
such as recovery from trauma and coping. However,  to date there is has been a lack of research into preparedness beliefs and 
expectations of people living in communities at risk of natural hazards. The present research will demonstrate that engaging with 
people living in at risk communities can reveal important data regarding specific aspects of their social environment that 
influence preparedness. Underlying this statement is the notion that information alone does not determine action, but the 
interpretations of people in the context of their experience, beliefs and expectations (Gibson, 1999; Goddard, 2001; Ohmer, 2007; 
Omher, 2010; Sampson 2004).  
 
The rationale for this research emanates from the social context within which people form, articulate and take action based on 
their beliefs regarding natural hazards and the preparedness measures needed to reduce risks to their communities. Our argument 
is that decisions to prepare for natural hazards are not made in isolation but reflect individuals’ beliefs that are shaped by their 
social environment and four key sources of information: performance accomplishments, vicarious experience, verbal persuasion 
and physiological cues (Zulkosky, 2009, pp.96-97). Social Cognitive Theory (Bandura, 2000, p.75) underpins these assertions 
and the associated construct of perceived community efficacy is used to investigate community beliefs in preparedness for natural 
hazard events. An approach used within the domains of health, education and crime reduction is the concept of community 
efficacy. Based on Bandura’s social cognitive theory, efficacy is a construct that can be identified in individuals groups and 
larger populations (Bandura 2000). Whilst there is substantial research within the domains above there is very little carried out in 
the emergency management domain.  
 
2.2 Research Structure 
 
The present study adopts a mixed methods approach, integrating data from qualitative and quantitative studies to examine the 
utility of perceived community efficacy in measuring a community’s collective beliefs towards undertaking preparedness 
measures. Previous research indicated that social cognitive theory and the construct of collective efficacy were important in 
understanding behaviours that contributed to the achievement of goals.  
 
The qualitative study used 20 semi-structured interviews to elicit detailed information on beliefs about collective community 
activities. An inductive-deductive approach was used to develop an a priori model. Three individual constructs taken from 
community based research domains; community network structure, social capital and community capacity were integrated to 
form a composite model that was used to investigate how social and community aspects influence beliefs and behaviours of 
residents.  The model was used as a guide for the thematic analyse of the transcripts and the construction of an item pool 
consisting of 40 items to be used in a quantitative study.  
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The quantitative study involved over 500 respondents who resided within flood risk zones. The data was used in the 
instrumentation of the model. Exploratory factor analysis was used to explore factorability. Confirmatory factor analysis was 
used to determine goodness of fit and hierarchical regression were used to explore contribution to variance 
 
The quantitative element explored relationships between socio-demographic variables such as age, gender, ethnicity, and efficacy 
beliefs in undertaking activities that would make a difference in preparedness levels. This element also saw the development of a 
valid and reliabe measurement instrument that was used used to address the mixed methods research questions. The overarching, 
mixed methods research question will provided guidance on the integrated output of  the qualitative and quantitative elements of 
the research. This took the form of an instrument where the level of community efficacy can be measured and indicates the level 
of collective beliefs. A higher level indiciates  that a community would be effective in its approach to reducing the level of risk 
and increasing the level of resilience.  
 
3. MAIN FINDINGS 

3.1 The Application Of Social Cognitive Theory in Disaster and Emergency Research 

The main findings were that social cognitive theory and more specifically perceived community efficacy, has a utility in the 
measurement of community beliefs in the domain of emergency preparedness. Theoretical contribution is also established where 
this research has added new knowledge to and extended the scope of social cognitive theory. Three individual constructs taken 
from community based research domains; community network structure, social capital and community capacity were integrated 
to form a new composite model that was used to investigate how social and community aspects influence beliefs and behaviours 
of residents. The contribution of this model to community based theory and in particular perceived community efficacy has been 
generate new knowledge on how all three constructs influence a community’s collective beliefs and actions. A new scale has 
been developed that was able to illicit new knowledge regarding perceived community efficacy as a predictor of the likelihood of 
a community in undertaking preparedness measures in an emergency. Being able to predict likely future performance or 
behaviours is key to understanding whether or not a community might protect themselves against an imminent disaster. The 
research has established the application of social cognitive theory in disaster and emergency research and extends the current 
body of knowledge on community preparedness research. 

3.2 Findings 

The qualitative findings show that the majority of respondents were able to describe collective actions that were undertaken to 
assist the community as a whole. Although most could be described as non emergency, some collective activities involved 
preparedness measures for natural hazard events. There was also evidence suggesting some respondents would not participate in 
collective actions whether it was a non emergency or emergency situation. 
 
The major finding of the quantitative element was the creation of a measurement scale of Perceived Community Efficacy as a 
predictor of a community undertaking preparedness measures. The findings show that this community profiling measure can 
assist emergency professionals in deciding where and when to deploy resources.   
 
4. ALIGNMENT WITH DISASTER RISK FRAMEWORKS 
 
This research aligns itself to specific aspects of the 4 priorities as agreed within the Senai Framework for Disaster Risk Reduction 
2015-2030.  
 
4.1 Priority 1: Understanding disaster risk. 
 
The main thrust of this research is to understand beliefs regarding disaster risk and whether or not communities believe they will 
engage in identifying and reducing risk by undertaking preparedness activities. Communities that do not believe they can 
collectively engage in preparedness activities may place themselves at higher risk than those who collectively prepare and reduce 
risk. 
 
4.2 Priority 2: Strengthening disaster risk governance to manage disaster risk.  
 
Risk governance is a hierarchy of those involved in managing risk. Local communities who believe they can collectively prepare 
for natural hazard events are the sharp end of risk governance structures and should be supported by those who govern resources. 
Communities who demonstrate high levels of perceived community efficacy will engage can be used as community champions to 
try and influence other communities to follow.   
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4.3 Priority 3: Investing in disaster risk reduction for resilience. 
 
Investing in local risk reduction initiatives will increase the probability of success that leads to stronger beliefs regarding future 
projects in community risk reduction and an overall increase in community resilience. Where a community indicates low efficacy 
then investment may be targeted to increase levels of community identity, engagement and perceived efficacy.  
  
4.4 Priority 4: Enhancing disaster preparedness for effective response and to “Build Back Better” in recovery, 
rehabilitation and reconstruction.  
 
High levels of community efficacy would indicate that there would be a significant community effort to reduce natural hazard 
risk. This community effort could be extended to the recovery phase assuming there was a joint belief of success.  
 
5.CONCLUSIONS 
 
Measuring perceived community efficacy in a community would provide an indication of the level of belief that the community 
will engage in preparedness activities.  Although there were a number of findings, both qualitative and quantitative, the overall 
assessment of the research is that the sample population believed that they and other residents in the community would engage in 
preparedness actions. This study found that informal methods are preferred over more formal engagement and that, apart from a 
few community members, most respondents were likely to engage in preparedness measures. Informal engagement strategies that 
are able to involve all residents within a community and have a focus of household preparedness would significantly add to the 
level of resilience at a community level.  
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ABSTRACT: A drive to diversify water supply sources and promote sustainable and resilient urban development has led to 
the implementation of recycled water schemes in residential developments of Australia. While a portion of these schemes 
have been successfully implemented, a significant number have been delayed in commissioning or decommissioned well 
before the end of their design life. Research suggests that risk assessments have primarily focussed on the environmental and 
public health risks associated with recycled water, with few stakeholders conducting an integrative and comprehensive 
assessment of risk factors that could adversely impact the viability and sustainability of these schemes. Through in-depth 
interviews with water industry practitioners, six limiting factors of current risk assessment and management practices were 
identified comprising poorly defined project objectives; a focus on hard, quantifiable risks with less consideration to soft, 
qualitative risks; independent assessment of risk factors; a siloed approach to risk assessment and management; 
minimal consideration to the time frame and context of recycled water schemes and the need to diversify management 
measures from that traditionally adopted. A framework to address the limitations in risk assessment and management 
practices for recycled water schemes, and potentially for a broad array of sustainable and resilient urban initiatives, is 
presented in this paper.  

Keywords: Recycled water scheme, integrative risk assessment, sustainable development 

1. INTRODUCTION 

From 1995 to 2012, Australia suffered its worst drought in history, the ‘Millennium Drought’. Billions of dollars were 
provided by the Australian Federal Government for drought assistance from which significant investment was made in 
alternative water services. During this period, the approach to water management in urban areas of Australia changed 
significantly, predominately as a result of water supply security concerns and additionally due to constrained centralised 
infrastructure, increased environmental degradation and enhanced support of sustainable and resilient urban development 
(Institute for Sustainable Futures, 2013). Integrated urban water management was heavily promoted, with a focus on 
demand-side and supply-side management, utilisation of alternative and localised water and wastewater services and the 
provision of fit-for-purpose water supplies (Mitchell, 2006). As a result, numerous residential recycled water schemes were 
developed comprising stormwater harvesting and reuse, greywater treatment and recycling and wastewater treatment and 
recycling infrastructure.  

While the significant investment in water infrastructure during the drought ensured that no city was devoid of water, many 
proponents argue that over-investment was made during this period (National Water Commission, 2014). A large portion of 
water infrastructure constructed during the Millennium Drought has since become redundant with some schemes 
decommissioned well before the end of their design life (City of Gold Coast, 2014, Smith, 2013, Queensland Urban Utilities, 
2014). 

Traditionally water utilities were immune to commercial risks owing to their public sector monopoly and hence risk 
assessment and management in this field is not well developed (Pollard et al., 2004). Risk assessment and management 
practices for conventional water projects have traditionally focussed on quantitative, hard dimensions of a project, though 
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improved assessment and management practices are required for alternative water schemes which consider a broader range 
of stakeholders, objectives and risk factors.  

Consequently, this study aimed to identify and characterise risk factors at each stage of development and implementation of 
a residential recycled water scheme, to identify limitations of current risk assessment and management practices adopted by 
the water industry and to develop an integrative framework which would address these limitations for residential recycled 
water schemes.  

2. MATERIALS AND METHODS 

The risk factors with the potential to impact the long-term viability of residential recycled water schemes were identified and 
evaluated through interviews with residential recycled water scheme proponents and a national survey of water industry 
practitioners. Case study investigation of five major water corporations and local government agencies enabled the 
limitations of current risk assessment and management practices to be identified.  

3. RESULTS AND DISCUSSION 

Risk factors encountered at each stage of a recycled water scheme were found to arise from six risk sources: physical, social, 
political and regulatory, implementation and operation, financial and economic and legal and contractual (West et al., 2016). 
Traditional risk assessment and management practices adopted in the water industry address environmental and public health 
risks associated with recycled water schemes though do not sufficiently address soft risk factors, integration of risk sources 
or the interaction between risk factors over the duration of a project.  

Specifically, six key limiting factors were identified, as detailed in Table 1. These comprise poorly defined project 
objectives; a focus on quantifiable risk factors; independent assessment of risk factors; a siloed approach to risk assessment 
and management; minimal consideration to the time frame and context of recycled water schemes and the need to diversify 
management measures from that traditionally adopted.   

Table 1: Limiting factors of current risk assessment and management approaches adopted in the water industry 

Key limiting factor  Required modification 

Poorly defined objectives 
Long-term objectives of recycled water schemes are poorly 
defined and considered by all stakeholders 

Definition and review of the objectives of each stakeholder 
at each stage of development and operation of a recycled 
water scheme  

Focus on quantifiable risk factors 
Risk assessment and management approaches focus on 
hard, quantifiable risks with limited consideration to soft, 
qualitative risks 

Continual consideration of soft risks and adoption of non-
traditional approaches to risk management 

Independent assessment of risk factors 
Risk factors are assessed independently without 
consideration to the cumulative impact and potential of 
multiple risk factors arising from varying sources 

An integrative risk assessment approach is adopted which 
considers risk scenarios comprising multiple risk factors 
from varying sources  

Siloed approach to risk assessment and management 
Risk assessment is undertaken in a siloed manner with 
limited consideration to the objectives and perspectives of 
multiple stakeholders  

Risk assessment is undertaken in a collaborative manner 
involving all stakeholders 

Lack of consideration to time and context 
Risk assessment is undertaken at the planning stage and not 
carried through or reviewed at subsequent project stages 
when contextual conditions may have changed 

Risk assessment is a continual process that is undertaken at 
each stage of the project to address changes in the 
contextual environment of a scheme and to review and 
refine risk factors and management approaches 

Traditional management practices 
Risk management practices are adopted with consideration 
to one risk source only, resulting in risk factors arising 
from other sources and other stages with subsequent impact 
to project objectives 

Improved sense-making, value management and 
diversification of management measures with consideration 
to all risk sources, project objectives, project stages and 
project stakeholders  
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In order to address these limitations, an integrative approach to risk assessment and management, as illustrated in Figure 1, 
has been proposed. This approach requires the consideration of multiple stakeholder objectives and perspectives at each 
stage of a project. Seven interrelated components of the risk assessment and management process should be applied with 
focus on the adaptive capacity, resilience and opportunity of the project. In addition, adoption of non-traditional approaches 
to risk management are recommended, including resilience-building strategies for managing uncertainty and high 
stakeholder engagement, sense-making and value management for managing ambiguity (Crawford and Pollack, 2004).  

 

Fig. 1: Framework for recycled water scheme risk assessment and management  

4. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The objectives of recycled water schemes to enhance sustainable urban development, provide resilient water services and 
facilitate integrated urban water management strongly align with the environmental and natural resource management 
activities proposed in the Hyogo Framework for Action (United Nations, 2007). The proposed risk assessment and 
management approach for residential recycled water schemes will aid in ensuring that the objectives of these schemes are 
met and that the opportunities and benefits with respect to sustainable, resilient and integrated water management are 
achieved. The framework is not solely applicable to water infrastructure and could be applied to a broader range of 
sustainable urban initiatives and infrastructure investments. 

5. CONCLUSIONS 

An integrative risk assessment and management framework with seven interrelated components has been proposed to 
facilitate improved performance of recycled water schemes and to enable the environmental, social and financial benefits of 
these schemes to materialise. The framework comprises the analysis and evaluation of risk scenarios and the enhancement of 
the adaptive capacity, resiliency and opportunity of the project with consideration to multiple project stakeholders, project 
objectives and each stage of development and implementation of the project. While developed for recycled water schemes, 
the framework may be applied more broadly to sustainable urban initiatives and infrastructure investments proposed to 
enhance the resiliency of natural resources.  
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Abstract  

Landslides are isolated incidents that would be based on the place factors of a particular landslide threat.   For structural 

mitigation of landslides it is obliged to spend public funds in millions but would not be able to attend to vast number of potential 

landslide sites. Another option is relocating communities but this too involves complex socio-cultural and policy issues. Such 

solutions for hundreds of landslide would take many years. With many emerging landslide threats such solutions would not be 

quick solutions. Therefor landslide early warning together with emergency preparedness becomes vital for securing many lives 

in vulnerable slopes. Proper early warning and emergency preparedness would generate remedies for socioeconomic problems 

amalgamated with relocation and structural mitigation. 

The paper discuss about a community based early warning system that uses a portable rain gauge amalgamated to emergency 

response plan. The system was established in 2009 by the Disaster Management Center, Sri Lanka with financial assistance of 

ADRC Japan. Study describes the impact of the early warning system in a background where threatened communities were 

reluctant to leave their lands due to many social, cultural and economic reasons. The study elaborates the community 

preparedness for the early warning system and how they have used it during emergencies. Simultaneously it looked at why 

people were living with risk.  There were complex reasons influencing the living with risk in landslide prone areas. Those 

reasons justify their decisions to remain in vulnerable slopes though they were requested to evacuate from lands with landslide 

threat. With this background a community based landslide early warning system together with communal planning for risk 

reduction was identified as an immediate remedial intervention for landslide hazards in mountain districts of Sri Lanka. This 

was mainly due to community participation, ownership, and simplicity of implementation.   

Keywords: landslide early warning, community based, simple rain gauge, non-structural mitigation  

1. INTRODUCTION 

Demographical changes and diverse land-use practices together with meteorological changes have escalated numbers as well as 

impacts of landslide disasters. In Sri Lanka recently there were major landslides with hundreds of deaths that shocked the nation. 

In the last incident (Aranayake, Kegalle District) the devastation was reported in a low risk area as per the Hazard Zonation Maps 

(of National Building Research Organization (NBRO) the focal organization for landslides in Sri Lanka).  Another incident (in 

October 2015) many were buried because they could not leave their home lands and relocate due to complex socioeconomic 

issues nevertheless they were warned about their vulnerable living. Such circumstances have underwritten dialogues for prompt 

early warning methods in contrast to structural mitigation and relocation options for landslides. Meanwhile it is important to 

understand the aspects of the ‘risk culture’ of communities living in landslide prone slopes.   

Landslides are isolated events specifically dependent on unique geo-physical factors of a given point (Arambepola et al, 1997). In 

Sri Lanka where earthquakes are not reported rain is the triggering factor for landslides supported by some other geographical 

features. Situated in the southern tip of South Indian sub-continent, Sri Lanka receives rains from south-western and north-

eastern monsoons precipitating mainly on western and eastern mountain slopes.  Inter-monsoonal torrential rains also contribute 

to precipitation so that any time of the year there is a probability for heavy rain –then landslides. However every year during the 

months of May – July and November – January at the onset of two monsoons most number of landslides was reported. With land 

occupation patterns and population growth in mountainous regions number of harmful landslide events are becoming more 

frequent in the island.  

To implement landslide disaster risk reduction projects it requires to overcome complex administrative red tapes, long 

preparatory procedures, as well as social and economic hurdles (Bandara, 2009). NBRO has taken structural landslide mitigation 

measures. But with budgetary limitations and many hundreds of identified landslide sites applying structural mitigation would be 

a long or somewhat impossible process.  

Furthermore local authorities were instructed to take steps to relocate families under threat. In some instances families were to be 

given substitute locations. However the relocation of houses in the landslide prone areas of the country has reportedly not been 

completed despite a circular sent by the Disaster Management Ministry February, 2011 (Kumar, 2011). Complex administrative 

arrangements, lack of funding or political interests could be underlining the slow process of relocation. At present, vast majority 

of threatened communities who are living in vulnerable slopes do not have relocation plans. Furthermore relocating of 

populations could be impractical and may leads to unfavorable economic and social consequences (Sugathapala and Prasanna, 

2009). Relocation involves opportunity costs such as compromising  relationships of extended families, matters related to 
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children and peer groups, education institutes, facing problems of temporary relocation shelters, challenges in establishing new 

businesses, transportation to workplaces and schools, recognition and social belongingness in new society, cost of living in new 

areas, availability of essential resources, and climate. Such aspects have persuaded communities to live with risk or to have a 

‘risk culture’ other than moving away from risk (of landslide).  

In Contrast non-structural mitigation includes community awareness, preparedness planning, and policy development for risk 

reduction in vulnerable communities. Under non –structural mitigation, early warning for landslide comes as vital especially 

when considering the implementation problems of structural mitigation and relocation. 

2. COMMUNITY BASED EARLY WARNING SYSTEM FOR LANDSLIDES    

With the help of community members of 04 Grama Niladhari (village administration) divisions the Disaster Management Unit of 

Matale District has established a community based system for early warning and evacuation in some landslide prone villages. In 

those villages simple and easy to use rain gauges were placed and the villages were made aware about the use of the warning 

system using rain gauges. After the community mobilization about the method, possible evacuations were tested assuming 

landslide threats. Participatory planning methods were used with the vulnerable communities and community hazard mapping 

exercises were conducted. Therefore they have identified vulnerable areas and hazardous geo-features such as unstable soil and 

rock formations.   People living in those vulnerable areas have been noticed about the threat. Their details were documented.. 

Furthermore risky pockets of the terrain, evacuation routes, safe locations to use as temporary shelters, available water recourses, 

and any other crucial points such as narrow bridges, pits etcetera were identified. With such mapping individuals were able to 

identify the safe locations, escape routes and sources for survival in a major catastrophe. With this they clearly have understood 

the level of risk they face.  

Next step was to introduce a method to measure the rain so that community members could voluntarily evacuate by seeing the 

intensity of the rain fall. The principle for this setup was the norm that heavy rain (measured by intensity, frequency and 

duration) would induce landslides in identified vulnerable slopes. To measure the rain portable plastic simple rain gauges were 

developed (as per the guidelines of Department of Meteorology and NBRO). Millimeter scale was marked on the rain-gauge and 

different colours were used to identify threshold levels so that the community members could observe the rainfall and could 

decide to evacuate to a temporary shelter.   

 Level 01: Alert: height 75mm to 100mm (colour: green). If the water level reach 50mm within 24 hours and if the rain 

continues  

 Level 02: Warning: be ready to evacuate if water level reaches risky level 

 Height 100 mm to 150mm (colour: yellow) if the water level passes 100mm within 24 hours and if the rain continues  

 Level 03: Evacuate for safety   

 Height 150 mm and above (colour: red) if the water level passes 150mm within 24 hours and continues to rise or within 

one hour water collection is 75mm and if rain continues  

Several units of rain gauges were placed in suitable locations across the terrain. For locating suitable places the map developed 

by the community was used. Next as shown in figure 1, clusters of houses in the location were identified. A rain gauge was 

allocated for each cluster. A house within the group (key house) was given the responsibility of daily monitoring of rain gauge 

and rain gauge was placed near that particular house.  

During rainy seasons communities were in a state of vigilance. The house with the rain-gauge (key house) will inform the status 

of the water level of the rain gauge to surrounding houses. They would be on alert for a warning from the key house. Key houses 

would be contacted by peripheral houses for information when necessary.  Two way communications was established. If 

necessary groups were ask to use their own local method such as tapping a steel plate.  If the water levels reach the level 01 the 

key house would be vigilant and would observe the rain gauge. If the water level reaches level 02 (100mm) and keeps rising the 

key house has taken the responsibility of informing the houses in the cluster to be ready to evacuate in case of an evacuation 

warning.  (Source DMC, 2011). To take the evacuation decisions individuals in those communities were referring the other 

information such as warning issued through electronic media and signs of landslides (i.e. colour of groundwater, angle of trees 

etc.)  

The above system could be further technically developed. Given threshold levels were generalized to all mountainous districts 

which is not totally appropriate. Such threshold levels could be developed to be more area specific by considering area’s rainfall, 

land use pattern, soil type, and some other geographical features. Hence more specific early warning could be generated.  

Community preparedness to use the early warning system  

In sample communities all households were identified as parts of an early warning system. They knew where to evacuate to a 

warning during a bad weather. Most of the households have participated in emergency evacuation drills. Authorities have given 

them guidelines for pre-evacuation practices and evacuation for previously identified safe locations where the community 

members can walk in to. These sights were in practical walking distances where there were basic facilities for the families to be 

evacuated. Based on the data collected 117 out of 131 families (of total sample) have taken part in drills. 
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In each community vulnerable families 

were a part of a ‘warning cluster’. Those 

clusters were set with mutual 

understanding for early warning 

dissemination. This is to disseminate the 

warning based on the water level of rain 

gauge. The key family would disseminate 

a warning if the water level reach a 

specific level decided and marked (on the 

rain gauge) by technical specialists . 

Selected 131 families were facilitated to 

place 22 units of rain gauges in there 

vicinities. This means there are 22 clusters 

or 22 ‘early warning units’. This number 

of units was decided based on structure of 

the terrain and number of houses that 

could be in communication for early 

warning dissemination 

Sample families have used the community 

based early warning method as a respond 

for the landslide threat induced by heavy 

rains. In October and November 2010, 

and January 2011, 121 families have used 

the early warning method to evacuate for 

safe places, justifying the fact of 

practicality of using such a system. 

Option of living with risk 

Some critical socioeconomic factors were influencing the living in vulnerable slopes. Availability of amenities such as water and 

electricity, schools and closeness to urban centres are some reasons.  At the same time the ‘bond’ between communities and the 

native lands that gives a ‘sense of place’ is highly influential when deciding to live with risk. Lifestyles of those communities, 

who were living there for decades, have changed the environment as they wish and continuing agricultural practices with 

multiple benefits. Some were with economic value. Those practices were continued for generations in their hereditary lands.  

Though the communities have the risk of having loses during a landslide, they have seen the opportunities of living their usual 

benefits over losing such benefits by relocating. This is mainly because  

 There is no assurance that they will have at least similar living conditions after relocation. New lands could be far away 

from urban centres and with least conveniences.  

 They have no resources to gain better lands with similar conditions such as adequate space, water, fauna and fertile soil 

therefore compelled to accept the government land with whatever the condition in it.  

 Difficult to bear major changes to adhere to new environments; after all they have well established social cohesion in 

their native lands. 

 Not encountering such catastrophic landslides during frequent intervals would make individuals forget the fact that 

there is a potential (but rare) threat. In other words, individuals make the decision of living with risk with his/her 

assessment on the ‘probability of rare incident - against - consuming ample benefits by living in identified landslide 

prone slopes’.   

ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The studied community based early warning method is more specific to provide appropriate risk information for vulnerable 

communities. Though their communities were ‘marked’ as vulnerable in Hazard Zonation Maps appropriate real-time 

information that enables decision making to evacuate is not available unless they generate that information at their local level. 

Landslides are isolated events hence early warning issued to a district level would not be appropriate for all the communities in 

Figure 01: Setup of Community Based Early Warning Method in a Community 
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different places of the terrain. Furthermore evacuating everyone under landslide threat is impractical. In such case a community 

based simple system fill the gap invulnerable communities of urban or rural setups.  

Disaster Risk Reduction planning should consider wider aspects of resilience building. Relocating projects targeting vulnerable 

communities should consider ‘risk culture’ of communities living in vulnerable areas. Such relocating should identify bounds 

between vulnerable families and their environment. Inadequate considerations about such matters would lead to failures in 

relocations.  

CONCLUSIONS 

For landslides best options would be structural mitigation or relocation of people living in identified exposed areas. However 

large populations living in vulnerable slopes cannot entirely depend or wait until such projects deliver solutions.  On the other 

hand to face landslide threats improving community resilience through community based systems in which ownership is given to 

the community would come in handy. Such ground level support is necessary to implement disaster risk reduction plans of the 

developed at the administrative levels. Landslides disaster risk reduction is highly depending on early warning. Appropriate early 

warning information depends on local precipitation data. Furthermore information dissemination among the community and safe 

evacuation needs to be planned.    

The community based early warning system that practiced in 4 Grama Niladhari Divisions in Matale District of Sri Lanka is a 

practical life-saving solution for landslide hazards. It is simple and could maintain with least cost. Such method could enhance 

community cohesion towards resilience. However this method could technically develop and introduced for other vulnerable 

communities.  

There were many underlying socioeconomic factors that influence communities to live with risk. Answers for the problem should 

address such issues. If there is an established community based early warning system which is integrated with existing risk 

reduction methods (i.e. risk mapping, awareness on risk identification, hazard zonation mapping), it would support the socio-

economic wellbeing of communities through reducing vulnerability while allowing them to have benefits of their dwelling areas.  

Last the argument supports the concept of adaptation over evading risk: hence total avoidance of risk is seen as a non-practical 

notion.  
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ABSTRACT: The importance of security systems has significantly increased in the last decade, especially in the last few 

years as new, substantial threats have been encountered across the globe. Based on new and advanced technological 

approaches, they aim to improve security in the public and the private sector, as well as the protection of critical 

infrastructure. Concurrently, the importance of data protection and the avoidance of inappropriate surveillance is rising. A 

solution to increase trust in security systems is the availability of appropriate standards and certificates. Therefore, the 

development of a recognised pan-European certificate for security solutions is an important objective of the European Union 

and a key goal of the EU project CRISP (Evaluation and Certification Schemes for Security Products). CRISP’s approach 

builds on the new S-T-E-Fi concept with four criteria sets: Security, Trust, Efficiency and Freedom infringement. Based on 

this concept, CRISP has developed a two-step evaluation and certification methodology. The evaluation part includes an 

assessment of security technologies based on the S-T-E-Fi criteria, while the certification step comprises specific audit, 

inspection and attestation measures. To consider the different stakeholder needs of such a solution and to begin initial testing 

of this methodology, the CRISP consortium organised a series of workshops. On this basis, the specified characteristics of 

the CRISP concept and future activities to implement this new certification scheme are described. After presenting current 

results of the CRISP project, the paper finishes by explaining the attractiveness of the future CRISP scheme in detail. 

Keywords: Public security, conformity assessment, standards, certification scheme, privacy 

1. INTRODUCTION 

The importance of security systems that guarantee high security performance and efficiency levels is constantly increasing, 

as security threats become more sophisticated. This is the case for both physical and digital security systems, as today one 

cannot imagine a physical security system disconnected from a digital component, such as a database or a network of 

devices connected to the Internet. New security technologies are constantly being developed to respond to the evolving 

security threats in various application areas, for example critical infrastructures, border security and security of the citizens 

(see European Commission, 2011) both in public and private environments. However, the wide deployment of security 

systems has also potentially negative societal externalities (see Kamara et al., 2015). The improper and disproportionate use 

of security technologies might lead to societal risks, such as discrimination and mistrust. In the pursuit of the aim to 

safeguard the fundamental right to security, protected under article 6 of the Charter of Fundamental Rights in the European 

Union (see European Union, 2000), security systems and their operators may interfere with other significant fundamental 

rights. The doubts and criticism can be summarised as follows: The right for respect to private life, the right to personal data 

protection, the right to equal treatment and non-discrimination, presumption of innocence and due process are under threat. 

Security systems collect more personal data than necessary to achieve their security goals, they operate constantly in public 

and semi-public places causing a sense of constant surveillance to individuals, and they store images of persons that are 

accessed by several public or other entities. All such issues need to be sufficiently addressed with appropriate measures.  

Apart from the applicable legal framework, which needs to be constantly up-to-date and strongly enforced, there is a 

growing endorsement not only by regulators, but the industry as well, for additional instruments to enhance the confidence in 

security systems that are secure, trustworthy, respect fundamental rights and work efficiently. A recent example is the 

General Data Protection Regulation 679/2016, in which articles 42 and 43 provide a certification mechanism for the 

protection of personal data with the aim to ‘enhance transparency and compliance’ with the regulation. 

Certification is a method for gaining public trust. Results from a survey conducted by Walker and Johnson (2009) indicate 

that 80 percent of respondents believe that when an organisation or business applies for certification, it demands that their 

operations are examined from a critical perspective. The required documentation results in increased transparency and 

accountability. Furthermore, the certification process is believed to facilitate the development of comprehensive policies, 

systems and procedures, which results in improved reliability and trustworthiness. Therefore, the development of a 

recognised pan-European certificate for security solutions is an important objective of the European Union and a key goal of 

the EU project CRISP.1  

                                                 
1
 This research has been funded by the European Union’s 7th Framework Program for research, technological development 

and demonstration under grant agreement no 607941. 
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2. THE RISK MANAGEMENT CONTEXT 

According to OECD, a risk is the, “combination of the probability of an event and its negative consequences” (OECD, 2014) 

while risk management is defined as, “systematic application of management policies, procedures and practices to the tasks 

of analysing, evaluating, controlling, and monitoring risk” (ISO, 2007, definition 2.22). For risk management to be 

considered successful, value must be created, uncertainty should be addressed; the best and most up-to-date information 

must be used; and transparency and inclusivity have to be integrated (see ISO, 2009). An important concept in the risk 

management context is resilience. Resilience “helps to avoid the occurrence of a crisis” and “reduce(s) the magnitude of the 

impact after the triggering event has occurred” (Labaka, 2013, p. 32). In accordance with Labaka’s definition of “disasters” 

and “catastrophes” to be “crises” (Labaka, 2013, p. 13, figure 2.1), we apply considerations on the emergence of a crisis also 

to the occurrence of disasters. By referring to the communication on the EU Approach to Resilience, Wright and Rodrigues 

found that the European Commission has used the term “resilience” in various contexts, “including in relation to critical 

infrastructures, systems (networks, information systems) and in relation to the individual, community, country or region” 

(Wright and Rodrigues, 2012, p. 13). Resilience is also linked to the security concept, “which is regarded as a prominent 

linkage featured in a large number of EC documents” (Wright and Rodrigues, 2012, p. 13). From an examination of various 

documents on resilience, Wright and Rodrigues (2012) also derived several core features and elements of resilience: 1. 

Anticipation of vulnerabilities, threats, attacks, crises, 2. Preparedness, 3. Prevention, detection and response, 4. Mitigation, 

5. Recovery and 6. Sharing of responsibility and co-operation between stakeholders. With a specific focus on the third 

element, Labaka discusses the resilience lifecycle of prevention, absorption and recovery, whose first stage can be further 

specified by the task’s signal detection and preparation/prevention (see Labaka, 2013, pp. 18 and 33). In all of these stages, 

the importance of monitoring systems, such as video surveillance, is regarded as high (see Labaka, 2013, p. 99).  

As mentioned, the use of security solutions is also linked with several challenges. Regarding monitoring technologies for 

example, the final communiqué of the 28th International Conference of Data Protection and Privacy Commissioners 

stressed: “Surveillance activities can be well-intentioned and bring benefits. [...] But unseen, uncontrolled or excessive 

surveillance activities also pose risks that go much further than just affecting privacy. They can foster a climate of suspicion 

and undermine trust. The collection and use of vast amounts of personal information by public and private organisations 

leads to decisions, which directly influence peoples’ lives” (Article 29 DPG, 2007). Besides challenges regarding privacy 

and trust, very often, tradeoffs between efficiency and security goals are discussed. “Security is not usually an investment 

that provides profit” (ENISA, 2012). Garrinson and Levinson (2014) even regard security as “the enemy of efficiency”. 

Therefore, aspects, such as the optimal amount to spend on information security as well as ratios such the Return on security 

investment, are discussed (see ENISA, 2012). A resilience example in an urban context is the resilience of public 

transportation, while “a resilient public transport system (…) would be one where information is processed in a way that 

allows for the identification of critical events” (Wright and Rodrigues, 2012, p. 47). While video surveillance systems can 

contribute to this goal, Hempel and Toepfer specify efficiency questions for these systems: How effective is CCTV? What 

are the costs of CCTV?” (Hempel and Toepfer, 2004, p. 50). To highlight efficiency issues, they also add an additional 

example: “The mere presence of a system in a shopping mall does not mean that it is permanently used in a well organised 

and efficient manner” (p. 38). In summary, investment in security solutions is linked with aspects of trust, the protection of 

people’s rights and efficiency. The CRISP project addresses these issues. 

3. CRISP’S GOALS AND METHODOLOGY 

According to figure 1, the mission of the EU-funded project CRISP is to develop an innovative evaluation and certification 

methodology for security systems, which: 

 Contribute to measures that increase citizen trust and confidence in security technologies through the evaluation and 

certification of social and legal impacts of security systems; 

 Facilitate a more harmonised playing field for the European security industry by providing pan-European certification 

for security systems; 

 Support the goal to provide protection in an efficient manner (Wurster et al., 2016). 

The methodology integrates technical and non-technical dimensions in its evaluation stage. This is a highly innovative 

approach, as certification has, to date, primarily focused on the evaluation of technical requirements for security systems 

only. This novel approach to the inclusion of social and legal aspects in the evaluation and certification of security systems 

will first be piloted for video surveillance systems, to test and refine the approach. According to ISO 22311:2012, video-

surveillance systems are comprised of cameras, recorders, interconnections and displays that are used to monitor activities in 

a store, a company or more generally a specific infrastructure and/or a public place (definition for CCTV system). After the 

pilot phase, it is foreseen that the CRISP scheme can be extended to include other types of security systems and products. 

The CRISP scheme will not redefine the technical requirements that are already in place. Instead, the S-T-E-Fi dimensions 

will offer the inclusion of social assessment criteria in the certification of security systems; the scheme will contribute to the 

protection of fundamental rights and promote compliance with relevant EU laws, with a particular focus on the General Data 

Protection Regulation (GDPR) 679/2016.  

Certification by the CRISP scheme will show that a security system has been evaluated on the basis of the S-T-E-Fi 

dimensions and has been found to comply with the appropriate assessment criteria. It can be sought initially by both those 

who procure and those who run video surveillance security systems on their premises. For systems in development, 

evaluation according to the CRISP scheme can be applied. Certification of these systems will be possible after installation. 

642



 

 

 

 
 

Source: own modification based on Hempel, et al., 2016, p. 56. R1,2,3 = reports 

Fig. 1: CRISP methodology 

4. IMPORTANCE OF SECURITY CERTIFICATION FOR CRISP’S STAKEHOLDERS 

CRISP’s target group consists of end users of the security systems, i.e. the local authorities, emergency organisations, 

transport operators, law enforcement authorities, retail organisations, health organisations and educational organisations. The 

research phase of the CRISP project included a stakeholder needs analysis, consisting of web surveys and semi-structured 

interviews2. Both supply and demand sides of security were surveyed. The key findings of note reveal that stakeholders 

perceive certification marks as a ‘seal of quality’ or assurance to end users (ranked as the most important benefit of 

certification by 85% of supply-side respondents and 82% of demand-side respondents). This view was echoed in the 

interviews, which revealed that strong certification seals are often considered as an addition to branding, and some well-

established schemes are perceived to increase end-user trust in products and services. The web surveys also found that 

overall, supply- and demand side stakeholders are positive about the proposed CRISP scheme and feel that one of its benefits 

would be that it would present one recognisable European seal (71.4% and 54.3% respectively).  

5. FEEDBACK ON THE CRISP METHODOLOGY AND FURTHER PLANS 

The above described methodology was updated based on feedback provided by participants of CRISP workshops. CRISP’s 

workshop-based feedback loop started with a validation workshop with a range of external participants and with a series of 

scenario-based workshops in the second half of 2015. In total, four scenario workshops were scheduled and conducted with 

external stakeholders in order to test the CRISP methodology based on four different scenarios/themes. Based on the 

workshops, CRISP’s scope was specified. 

Building on these workshops, the next steps were the creation of a certification manual for the future CRISP organisation 

and a roadmap for the implementation of the CRISP scheme. These activities interacted with a roadmap validation workshop 

with participants from the areas of certification and accreditation, regulatory and data protection authorities, consumer 

associations and standardisation bodies, as well as a round table with certification bodies. The input led, for example, to 

further specification of CRISP’s scope, which builds the foundation for this paper, and to a stronger alignment with Europe’s 

General Data Protection Regulation, GDPR. Based on these workshops, the roadmap for the implementation of the CRISP 

scheme in Europe was completed and will be available soon at http://crispproject.eu/research-reports/. An important next 

step will be the development of a CEN workshop agreement on the CRISP methodology for the evaluation of security 

systems (working title). All other future activities are described in detail in CRISP’s roadmap (see Wurster et al., 2016).  

6. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

The use of security solutions is linked with various issues of urban management. Besides addressing the need for protection, 

trust and privacy, they also have to respond to the “redefinition of urban policies in economic terms” (Webster et al., 2012, 

p. 28). Regarding CRISP’s first application area in this context, a difficult relationship between “video surveillance and 

economic and commercial pressures” exists (Webster et al., 2012, p. 18). This stresses the importance of selecting suitable 

                                                 
2
 Full results of this work can be found in the report Sveinsdottir, T., Finn, R., Wadhwa K., Rodrigues, R., van Zetten, J. 

Wurster, S., Murphy, P., Hirschmann, N., Rallo, A., Garcia, R., Pauner, C., Viguri, J., Kalan, E. and Kolar, I. (2015) D3.1 

Stakeholder Analysis, http://crispproject.eu/wp-content/uploads/2015/03/CRISP-D3.1-Stakeholder-Analysis-FINAL.pdf 
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security systems on the part of the end users, as well as the need for appropriate assessment solutions. As shown earlier, 

CRISP aims to provide added value in three areas according to its mission statement. The following two aspects are directly 

relevant for the risk management in urban contexts: a) contributing to measures that increase citizen trust and confidence in 

security technologies through the evaluation of social and legal impacts of security systems and certification of systems and 

b) supporting the goal to provide protection in an efficient manner. The third goal, which aims to create a more harmonised 

playing field for Europe’s security industry, provides additional, indirect benefits for risk managers to support their purchase 

of security solutions. As the demand side of the market, these persons can benefit from the future framework conditions, 

which CRISP aims to create as CRISP focuses on a European market for security technologies, in which more suppliers are 

interested in providing solutions that meet the common European requirements and therefore also the requirements of the 

relevant urban areas of individual risk managers. This may lead to positive effects on the availability of appropriate solutions 

for their specific needs. In summary, CRISP certification is aimed to serve a dual purpose in providing risk managers with 

the tools they need to protect the public and provide citizens with the privacy protection they demand. CRISP’s intense 

interactions with stakeholders can be regarded as an important factor for its further success. 

7. CONCLUSIONS 

As discussed earlier in this contribution, there is a perceived longstanding tension and trade-off between the need to provide 

effective security services and the protection of fundamental rights, which are under risk with the collection of data and 

personal information by ICT systems, including CCTV systems. As Hildebrandt argues, when there are security measures 

which might infringe fundamental rights, such as the right for respect to private life and the right to protection of personal 

data, effective safeguards should be in place to balance the infringements (see Hildebrandt, 2013). The use of strong and 

effective agreements, guidelines and frameworks can help to mitigate the negative impact and ease citizen’s concerns (see 

Duttona, 2005). In addition, it was shown that security solutions have to respond to economic pressures. CRISP certification 

will honour these concerns and attempt to prevent such risks by developing a rigorous certification process during which 

civilians’ rights to non-discrimination, presumption of innocence, bodily integrity privacy and personal data will be 

respected and efficiency goals are considered. 
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Abstract: 

As we may know, because of the metropolitan crisis management complexity and since different systems are being 

engaged in this kind of management in metropolitan areas, it needs an optimized structure for human efficiency 

for acting in the minimum period of time to ensure the resiliency of management performance under stress. For 

this and as a clue, the authors will concentrate on coherence and dependency of human efficiency optimized 

model and relate it to a constant intelligent monitoring system, under systems like IOT (internet of things) , which 

can help the model to stay in an updating  and optimized status during emergency situations ,that will cause 

sustainable development. In other words because of the complexity of metropolitan crisis management, a 

constant Intelligent monitoring system, supervising the human behavior and efficiency mainly the managers, can 

end in and ensure a constant high quality and up to date environment in different conditions especially emergency 

situations. Next the factors which can help to prepare an optimized system to intelligently monitor the complex 

environments constantly to ensure the quality of management under stress and in time of emergencies through 

human efficiency will be proposed. This will be proposed in a manner that can be used as lessons learnt in similar 

parts of the world to cause sustainable development. 

Introduction:  

As we all may know a metropolitan area is an area in which the human being faces many complexities and to 

simply mention the people on their own cannot face the difficulties in the exact time needed because it’s 

complicated and many layers of information are involved. But the main concern is the fact called “Routines”. The 

individuals cannot enhance human efficiency as a sustainable development context in metropolitan crisis 

management to face all the hazards and related to that the risks. For this a system is being needed to monitor the 

human activities and actions and also the systems to alert for disorders in the exact time for this an intelligent 

Monitoring system is needed to enhance human and also increase efficiency as a sustainable development context 

in metropolitan crisis management to really avoid the routines.  

Methodology:  

Is mainly based on the experience of the authors and blended by the observations undertaken through different 

disasters and crisis and a short review of the literature through Library studies and interview with the 

Professionals.   
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Integrated Building Management System (IBMS): 

Integrated Building management system is a system used in Buildings as an automation context to overcome the 

routines and to work based on intelligent system consisting of different sections. A sample of the system 

components are as the following: 

 

A IBMS in a Larger scale will Be the system in a Urban level which will be responsive to the system based on the 

category of urban areas, such as: license Plate, Block, Neighborhood Unit, etc. a context designed is as the 

following:
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Based on Law in Islamic Republic of Iran, all buildings and housing complexes More than 25 Inhabitants and 

permanent population should establish an Incident command System (ICS).  

 

To integrate the mentioned above or to better mention by combining the IBMS and ICS a good step could be taken 

to generate a sustainable development context and this can get more efficient when ISO 31000 is in focus and 

joins the context. 

  

 

 

 

 

 

 

 

 

 

Conclusion: 

To generate a Constant intelligent Monitoring system for enhancing human efficiency as a sustainable 

development context in metropolitan crisis management a structure can be designed as a mobile application 

which can combine IBMS, ICS, ISO 31000 and Computer since in different level of Urban Area as a Building, Block, 

Neighborhood Unit, etc to connect the city and urban area as a whole. This can help overcoming and avoid 
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routines and being updated, reacting as fast as possible and also being real time and to better say real world. This 

system meaning Constant intelligent Monitoring systems will help a better human efficiency and will also help risk 

reduction by its notifications which will bypass the Routines. This system and software is in a Pilot study stage and 

entitled: “Real-world Integrated Intelligent Monitoring and Action Emergency System – RWIMAS”. The system 

designed by the authors can be in different parts of the world especially places with routines.  

Sources: 

1- Chun-Yen Lin, Edward T.-H Chu,  Lun-Wei Ku , Jane W. S. Liu (2014) Active Disaster Response System for a 

Smart Building, Sensors, www.mdpi.com/journal/sensors, ISSN 1424-8220, doi:10.3390/s140917451. 

2- Common Alerting Protocol. Available online: http://en.wikipedia.org/wiki/Common_Alerting_Protocol 

(accessed on 15 September 2014). 

3- Soheil Mahmoodi, Neda Saadat (2014) A survey on the possibility of enhancing the incident command 

system through intelligent building management systems, Bulletin of Environment, Pharmacology and Life 

Sciences, Bull. Env.Pharmacol. Life Sci., Vol 4 [Spl issue 1] 2015: 291-299.  

648



IN THE NAME OF THE CREATOR OF BEAUTY 

Human Efficiency (Performance) a way Towards Increasing the Quality of Metropolitan Crisis 
Management 

YAVAR, Bijan (1); SEHAT, Saied (2); DEHGHANAN, Hamed (3); S. Mojtaba Mahmoudzadeh (4); 
SHIRCHI, Mahmoud (5)  

Organization(s): 1: Research Assistant and PhD Student in Organizational Behavior and Human Resource 
Management at Allameh Tabataba'i University, Iran, Islamic Republic of; 2: Associate Professor in 
Organizational Behavior and Human Resource Management at Allameh Tabataba'i University, Iran, 
Islamic Republic of; 3: Assistant Professor in Organizational Behavior and Human Resource 
Management at Allameh Tabataba'i University, Iran, Islamic Republic of; 4: Assistant Professor in 
Organizational Behavior and Human Resource Management at Allameh Tabataba'i University, Iran, 
Islamic Republic of; 5: Natural Incident Branch, University of Applied Science and Technology (UAST), 
Iran, Islamic Republic of 

 
Introduction 
Besides the severity of an incident, vulnerability of human settlements, the human efficiency 
(performance) comes into scope which is of a higher importance.  
Based on Myer (2007) there is little attention paid on the human impacts in organizations in times of 
crisis especially when speaking about specific post-crisis situation.  
Finally and as a matter of fact, human efficiency especially in the management level can cause a great 
deal in metropolitan crisis management. By this means a difference from chaotic status to a sustainable 
development can be seen. Based on this mode which can make a great difference in quality of 
metropolitan crisis management and also Overally preserving environment quality 
In general and based on the origin of the crisis we can mention that Crisis is divided into 3 main 
categories which are: Natural, Technological and Social. Crisis management bears directly upon the lives 
of citizens and the wellbeing of societies. When policy makers respond well to a crisis, the damage is 
limited; when they fail, the crisis impact increases. In extreme cases, crisis management makes the 
difference between life and death. The management of a crisis is often a big, complex, and drawn-out 
operation, which involves many organizations, both public and private. These factors are sometimes 
referred to as pathogens, as they are typically present long before the crisis becomes manifest. 
Based on the mentioned above because of the importance of human efficiency we have concentrated on 
this kind of performance as a way towards Increasing the quality of Metropolitan Crisis Management 
which can be used as an experience in other parts of the world. 
It should be noted that for a detailed view, the authors hereby refer the addressee to the main Article.  
 
Crisis 
Fifteen years ago, Heller defined a crisis as the result of an accident and of a destabilization. Since then, 
this equation has considerably influenced corporations, ministries and consultants in their approach of 
crisis management. Crisis management has thus taken a significant place in organizations and to say the 
least, the distance between the mainstream managerial and crisis management practices tends to diminish 
progressively.  
There have been many definitions for crisis especially by the new kind and set of crisis generated in 
today’s changing world from different aspects, viewpoints and different factors internally and externally 
causing it. Based on the literature reviewed the definition for crisis shows to be problematic and there are 
some debates on the crisis exact definition (Smith, 2000). Darling (2012) by referring to (Shelton et al., 
2003) have mentioned that crisis definition is related to different variables. The crisis is a condition where 
it has approached to the crucial stage. 
Human efficiency consists of :  
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Level of acceptance, Level of Ignorance and Ignoring Ignorance, Level of physiological and physical 
health, Level of psychological health, Level of communication with others in (internal) and out (external) 
of an organization, Level of constant alertness, Level of management, Level of leadership, Level of 
education and long life learning acceptance, Level of experience, Level of literacy, Mindset and Mind 
bandwidth, Level of Technology Acceptance, Level of being social, Level of fanaticism, Level of 
egocentrism, Level of Narcissism, Fear Level of critical management, Level of belief and faith in God, 
Level of partnership and participation and belief in Public private partnership, Level of communication 
Beliefs such as beliefs in knowledge management, risk management, disaster management, crisis 
management, Level of belief in ethical notions  
Level of belief in lawful activities, Level of loyalty. These are those factors and components that can be 
of high importance in human efficiency. But for the first component meaning the rumors based on the 
authors idea since level of human efficiency in management is in scope, this will be changed to Rumors 
management.  
 
Narcissism 
Narcissism will affect the stages of crisis management.  
A majority of the pre-crisis stage focuses upon planning, implementing, and advocating programmes in 
the event of a crisis. A crisis leader must be able to effectively construct and design programmes that will 
ensure that the organization will be able to respond proactively during a crisis. Narcissists, however, may 
have problems working within the pre-crisis stage. Therefore, Narcissists will affect an organization’s 
proper preparation for a crisis.  
During the crisis stage, effective leadership by the crisis leader becomes central, if the organization is to 
return to a state of normal operation (Coombs, 1999).  
The crisis leader must be decisive and prompt in establishing priorities for any corrective action that may 
be required by the organization. Such actions will call for the crisis leader to be open and accessible to 
followers, key stake-holders, and other constituencies internal and external to the organization.  
The crisis leader must also frame the meaning of crisis and facilitate renewal through public 
commitments, while at the same time maintain strategic flexibility. In short, the crisis leader is expected 
to successfully lead the organization through the crisis (Seeger et al., 2003).  
Narcissists will encounter problems in leading an organization successfully through a crisis. During a 
crisis, a narcissist may be more likely to continue in pursuit of controlling and eliminating a crisis, when 
his or her ability is perceived as superior and outstanding by others inside and outside the organization. 
On the other hand, a narcissist is less likely to engage in a task if there is the potential of hurting his or her 
self-esteem and ego, due to the diversity of issues surrounding the crisis.  
Narcissists will be committed to effective crisis management if feedback regarding task ability is made 
public than if not made public.  
During the post-crisis stage of crisis management, the crisis leader, along with senior officials within the 
organization, evaluate how the organization responded to the crisis. Within performance, the crisis 
manager specifically evaluates how well the organization dealt with the crisis.  
Crisis impact includes the evaluation and review of the actual damages caused by the crisis. If crisis 
management efforts were effective, the actual crisis damage should be less than what was anticipated.  
During this period, the crisis leader will engage in a number of symbolic and instrumental activities 
associated with the organization’s recovery and renewal. For example, restoring the organization’s image 
and reputation due to the crisis is important during this period. In order to restore the organization’s 
image, the crisis leader may have to offer an apology, corporate compensation, or use other image 
restoration strategies (Coombs, 1999). Depending on the circumstances surrounding the crisis, a crisis 
leader may have to apologize for events or circumstances that occurred during a crisis.  
Thus Narcissists will be more committed to effective crisis management if feedback regarding task ability 
is positive, rather than negative. 
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Managerial Ignorance 
One of the reasons which cause the mangers and leaders not to be able to predict and estimate a potential 
crisis for their Organizations is Managerial Ignorance. Our ability to sense the characteristics of 
vulnerability, dissolution and failure is one of the important reasons to deal with crisis as soon as possible. 
If an organization manager and leader doesn’t have the ability to sense and understand the precautions 
and signals of a crisis, it means that in a way the crisis has been ignored (intended or unintended) and 
gradually and when all of these precautions and signals are being gathered which will be ignored by the 
manager and the leaders, we would most probably enter a situation where vulnerability will change into 
crisis and eventually Catastrophe.  
As an example we can point out the problem caused by Toyota car manufacturing company which was 
about not paying attention and ignoring the technical defect in one of the products of this brand and also 
there is another example on NASA about a technical defect in the space shuttle which both of these cases 
turned an incident into a crisis for the managers. The story began in 2009 where multiple malfunctions on 
some different vehicles of Toyota brands cause a crisis in the company.  
Actually Toyota's management ignored the defect and all the 1,200 complaints of owners in pre-crisis 
stage although they could prevent worsening crisis by research and investigate comprehensively about the 
malfunction.  
This managerial ignorance leads Toyota to chronic crisis and forces it managers to:  
1- Appear in public to bow in apology  
2- Recall over 9 million vehicles to repair  
3- Agree to pay the US Government $16.4 million in fines due to the firm’s slow response and trying to 
hide defects.  
As another example we can mention the Challenger crisis. The Challenger Space Shuttle crisis is probably 
one of the most significant events in the history of spaceflight that Lead to the death of seven crew and 
left a very bad mark in the public imagination. Deterrent behavior and defective cultural suppositions 
develop a form of rooted Managerial Ignorance which by an increasing misjudgments and inter 
organizational errors are convergent  
By this means we get to know that Human efficiency is much more important than the event and crisis 
itself because this is the human as a responsible person who will shape the condition by its acts and 
commands.  
 

Conclusion  

As we know the crisis has a complexity and on the other hand the Humans also have a complex context 
and related to that Human efficiency and the management level is of high importance and a priority to be 
better known, since it’s in an unknown status because of the latent status of the policies and management 
context. As the evidence shows and proves, the human efficiency context highly affects the crisis and 
crisis management in an environment so as called the metropolis or to better say the metropolitan crisis 
management. In other words human and related to that human efficiency decides about the metropolitan 
crisis management and by this means its quality is affected by human efficiency. So paying attention to 
affective reactions can increase human efficiency that will for sure affect the metropolitan crisis 
management quality. So the better and optimized the human efficiency is, the higher the metropolitan 
crisis management quality increases. In a long time this can help and end in a sustainable development 
framework which can cause metropolitan crisis management high quality.  
As a matter of fact and to conclude we can state that an optimized human efficiency can be a good way 
towards increasing the quality of metropolitan crisis management especially at the level of management. 
To overcome and solve many crises a concentration on human efficiency is needed for a more efficient 
metropolitan crisis management with a higher level of quality where in some cases there is a lack of 
literature. Systematic approach can be helpful for increasing the quality of Metropolitan crisis 
management and sustainable development. 
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Leader, Manager and 

Person in Charge  

Being Loyal to Your Organization 

Hiding things and Ignoring  

Truthful to the Minority  

Liar to the Majority 

Good Salary and Reward 

Being Loyal to Your People 

Reveling things and Not Ignoring  

Truthful to all (the Minority and the 

Majority) 

Risk of getting fired 

Human Efficiency 

(Human Behavior Details, 

Consciousness, Mental 

Health, Physiological 

Health, Smartness, 

Education, Related 

Experience,  Skills, etc) 

State of Decision 

making 

State of Policy 

making 

Criteria for Selection and 

Election of Leaders, Managers 

and Responsible Officials 

Intentionally High efficiency 

To Avoid any Kind of Crisis 

State: Responsive and Responsible 

Act: Risk Management 

Intentionally Low efficiency 

To Acheave Their own Profits 

State: Ignorance  

Act and Priority: Emergency mangement 

Status of Policy Making and Decision Making  
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ABSTRACT: Natural disasters especially meteorological disasters have caused considerable fatalities and 

economic losses in China. According to statistics of China Meteorological Administration, losses due to 

meteorological disasters account for about 70% or more. In this paper, the spatial distribution and temporal trends of 

the losses are analyzed. Then the effect of meteorological disasters on macro-economic growth is explored, using 

social economic data and meteorological disaster data of 31 provinces in China from 2004 to 2013. The results show 

that in China, the meteorological disaster losses have significant positive effect on economic growth rate at the 

province scale. This positive effect is affected by some social and economic factors, including urbanization rate, 

government size, regional openness, education, transportation and medical level.  

Keywords: Meteorological disasters, GDP, Panel data 

1. INTRODUCTION 

China is one of the countries suffering from natural disasters in the world. These natural disasters in China 

have the characteristics of diversity, wide distribution, high frequency and causing severe losses. Floods, droughts, 

typhoons, hails, lightning, heatwaves, dust storms, earthquakes, storm surge, red tide, and forest fires have 

occurred in China. The regions with serious natural disasters cover more than 70% of the cities and 50% of the 

population in China. In the last 15 years in China, the average annual affected people reach about 3 billion, 

emergency relocated people about 800 million, houses collapsed about 300 million, direct economic losses about 

2000 billion Yuan[1]. 

According to statistics of China Meteorological Administration, losses due to meteorological disasters 

account for about 70% or more. China is not only the largest developing country in the world, but also a natural 

disaster prone country. Therefore, in this paper, the panel data, covering the period from 2004 to 2013 and all 

provinces in China, are used to analyze the effects of the meteorological disasters on the economic development, 

which has a certain value and practical significance. 

2. DATA 

In this paper, we use the data from the ‘Yearbook of meteorological disasters in China’[5], the variables of 

losses caused by meteorological disasters include: the dead population, the affected population  and the direct 

economic losses. The economic data are from the National Bureau of Statistics of China[7], including: GDP, 

population growth rate, the number of college students in school, the number of medical personnel, urbanization 

rate, the premium income, the total population. The GDP growth rate is calculated based on the deflated GDP data. 

3. METHODS 

Here we use the growth rate of GDP (GDPG) as the dependent variable, measuring the level of economic 

growth. The main independent variables are adopted to measure the losses caused by meteorological disasters, 

including the direct economic losses accounting for the proportion of GDP (LOSS), the affected population 

accounting for the proportion of the total population (VICTIM), fatality numbers accounting for the proportion of 

the total population (DEATH).  

In addition, this paper also uses some other explanatory variables to fit the economic growth better. 

According to Barro's model[8] and the settings of NOY[3]model, we sets the following 5 explanatory variables: 

(1) GDP growth rate of last year (GDPGL); 

(2) Level of Education (EDU), the number of provincial university and college students accounting for the 

proportion of the total population; 

(3) The degree of openness (OPEN), the amount of foreign trade accounting for the proportion of GDP; 

(4) The size of the government (GOVT), the proportion of government budget in GDP; 

(5)The size of investment (INVEST), the proportion of total investment in GDP; 
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(6) The proportion of the second industry (SECOND), using the proportion of second industry in GDP to 

measure the level of economic development. 

First of all, we study the impact of natural disasters on economic growth, the model is as followed: 

GDPGit= α + βdisasterit + γZit+ μit + GDPGit-1 

Here, subscript i denotes the province, t the year, Greek symbols coefficients to be estimated empirically; the 

depended variable GDPGit is the GDP growth rate of province i in year t; disasterit is the losses caused by 

meteorological disasters in year t, which is the combination of  the direct economic losses, the affected people 

and the fatality; Zit is other explanatory variables, including the GDP growth rate in year t-1 (GDPGL), education 

level (EDU), health service levels (HEALTH), traffic conditions (ROAD), urbanization rate (URB), the premium 

(INS) in year t. The health service level is measured by the proportion of medical service people in total population, 

and the traffic conditions is measured by the provincial railway mileage. The second step, to investigate the impact 

of meteorological disasters on the economic growth, we set the model as followed, 

GDPGit =α + β(disasterit*Zit)+ γZit + μit+GDPGit-1 

In this model, there are cross termsbetween explanatory variables and disaster variables .Further, the partial 

derivative of GDPG to the disaster variable can be obtained using the formula, 

d(GDPGit)/d(disasterit) = βZit 

Therefore, the coefficient of the cross term can answer the question that we study here, which is whether the 

variable Z affects the function of meteorological disasters to the macro economy. 

4. CONCLUSIONS and DISSCUSSIONS 

4.1Test of meteorological disasters impact on China's economic growth 

Table 1  Effect of meteorological disasters on GDP growth rate 

 （1） （3） （5） (2) (4) （6) 

LOSS 0.059
*
   0.0227*   

VICTIM  0.0044
*
   0.0041

*
  

DEATH   0.0258*   0.0064 

GDPGL 0.5215** 0.5196** 0.5269** 0.3219*** 0.3265*** 0.3212*** 

EDU    0.3374
*
 0.130

***
 0.344

***
 

OPEN    0.0107
***

 0.036
***

 0.010
**

 

GOVT    -0.0056
*
 -0.090

**
 -0.055

*
 

INVEST    0.0308
**

 0.062
***

 0.0308
***

 

SECOND    1.5873
***

 0.001
***

 0.001
***

 

constant    2.702** 2.5431*** 2.794*** 

Hausman [0.8624] [0.6222] [0.8229] [0.0001] [0.0000] [0.0001] 

R
2 

0.55 0.53 0.55 0.44 0.45 0.45 

Sample size 310 310 310 310 310 310 

model Random Random Random Fix Fix Fix 

Note: *,** and ***  indicate the significant level at 10, 5, and 1% respectively. 

Model (1) (3) (5) choose the GDPG as the dependent variable, the LOSS, DEATH, AFFECT, GDPGL as the 

independent variables, respectively. Model (2) (4) (6) choose the GDPG as the dependent variable, the LOSS, 

DEATH, AFFECT, as the independent variables respectively. GDPGL, OPEN,GOVT, INVEST, SECON as 

explanatory variables. 

The results show that meteorological disasters by the measurement of direct economic losses have 

significantly positive effects on economic growth, That is to say, the increase of 1% in the direct economic losses 

increases the GDP growth rate by 0.0227%.Meteorological disasters by the measurement of affected population 

have significantly positive effects on the economic growth. Meteorological disasters can indirectly promote the 

economic growth by having an impact on people's production and living activities, the affected people increase by 

1%, will lead to an increase of 0.0044% in GDP growth rate. Meteorological disasters by the measurement of 

fatality have significant effect on economic growth, but not significant after adding explanatory variables, which 

indicates that the death population caused by meteorological disasters does not directly improve the economic 
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growth. In short, the losses caused by disasters promote the economic growth, which is different from the results of 

NOY[3], but same as JiongGu[4], Hong Li [9], Yiming Wang [2], this may beattributed to the policies of China on 

disaster relief, recovery and reconstruction. China advocates sparing no effort with a national disaster relief mode . 

The state grants during the reconstruction period, could stimulate the economic growth. 

4.2 Test of the coefficient of cross term 

Table 2: Analysis of the factors affecting the meteorological disasters  

(1)  (2) 

 EDU EDU EDU  OPEN OPEN OPEN 

EDU 0.15* 0.0314* 0.245* OPEN 0.17 0.26 0.04 

Loss 0.0586***   Loss 0.142*   

Victim  0.02*  Victim  0.021**  

Death   0.043* Death   0.01 

Crossterms 0.453*** 0.0112* 0.0053* Crossterms 0.644* -0.030 -0.026 

 (3)  (4) 

 
URS 

 

URS 

 

URS 

 
 HEALTH HEALTH HEALTH 

URS 

Loss 

0.358*** 

0.0818** 
0.336*** 0.339*** 

HEALTH 

Loss 

0.5041 

0.212 

0.3468* 

 

0.3466 

 

Victim  0.0035*  Victim  0.00495  

Death   0.0324* Death   0.004 

Crossterms 0.017** 0.00021*** 0.00034 Crossterms 0.4994 0.00618 0.0024* 

(5)  (6) 

 INS INS INS  ROAD ROAD ROAD 

INS 0.0344* 0.1639 0.129 ROAD 0.08** 0.09** 0.05*** 

Loss 0.108   Loss 0.012*   

Victim  0.0045*  Victim  0.006  

Death   0.0079* Death   0.041 

Crossterms 0.0729 0.000346 0.00074 Crossterms 0.0069** 0.00017 0.00019* 

Note: *,** and **** means significant at 5%, 1% and 1‰respectively  

The first section in Table 2 presents the result of educational level as cross terms,showing that education has a 

positive effect on the GDP growth rate, and the coefficients of the cross terms are significantly positive, which 

indicates that the education level can play a role in strengthening the ability to resist meteorological disasters. 

Section (2) presents the results of the open degree as cross terms. Except for the cross tem with economic losses, 

the coefficients of the others are not significant. It’s easy to interpret, in China, the opening degree cannot explain 

China's economic growth very well. Section (3) presents the results of the urbanization rate as cross terms. First, in 

the test of meteorological disasters measured by direct economic losses and affected people, urbanization rate has a 

positive effect on GDP growth and the cross term coefficient is significantly positive, indicating that the 

urbanization rate can lead to an promotion in improving GDP growth. But in the test of death population, the cross 

term coefficient is not significant. Section(4) presents the results of health services as cross terms. Regression 

results show that health services are unable to help the region resist meteorological disasters better no matter how 

the disasters are measured. Section (5) presents the results of the premium as cross terms. Regression results show 

that the premium does not have a significant impact on promoting economic growth. Section (6) presents the 

results of traffic conditions as cross terms. The cross terms is positive and significant ,showing that the traffic 

situation can obviously improve the economic after the disaster, 

In a word, the higher education level, the better enhancement on economic growth. In addition, the bigger the 

government, the better the traffic conditions, the higher the rate of urbanization, the negative effects of natural 

disasters on economic growth can be increased by a region which is mainly caused by direct economic losses. And 

the degree of openness and premium has no significant promotion to a regional meteorological disaster. 
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ABSTRACT: Experience of severe communicational infectious diseases outbreak has shown urban resilience Threat by this 

Phenomenon. The epidemic of infectious diseases like deadly natural disaster makes cities inefficient and unstable. While cities 

have no predetermined functional and physical preparation against this acute shock. And there is no integrative management 

between this different sectors; health management and urban strategic plans. This paper tries to describe process of this diseases 

diffusion (Considering the variables disease) in urban district by spatial analysis method. (GIS & fuzzy logic).Result shows 

functional and physical details of urban strategic plan effects on diffusion pattern in target district. This strategic plan applies in 

two ways, Passive plan before the crisis and active plan during the crisis by three Principle “Isolating strategy “, “Adaptive 

strategy “ and “Detachable strategy” In order to contain diseases outbreak. 

 

Keywords: Contact frequency, Social distance, diseases outbreak, Urban Resilience, diffusion pattern 

1. INTRODUCTION 

From 1 May 2002 to 31 March 2005, WHO detected and verified 760outbreaks of potential international concern in collaboration 

with 138affected countries. International assistance was requested for more than 70 of these events.. (GOARN, 2016). Strategies 

for health improvement and social mobilization during outbreaks  have been refined in recent years. In early 2004, WHO began 

an effort to identify evidence-based, field-tested communication guidance  that would promote the public health goal of rapid 

outbreak control with  the least possible disruption to economies and society. The first step in this process was an extensive 

review of the risk communication literature. 
Participants at the consultation related experiences showing how the Nature of the communications challenge is further shaped by 

the pathogen  and the disease it causes, and by the political, economic, and cultural context in which the outbreak occurs. 

Community being surrounded by severe new disease of unknown cause and epidemiological potential will be more difficult than 

those for an established epidemic-prone disease that recurs according to well-characterized patterns. A disease spread from 

person-to-person by the  will be more frightening for the general public than a disease that requires close contact with an infected 

person, as these behaviours can theoretically be avoided. (WHO, 2004)  City is the context of Communicational diseases 

Outbreak. Due to its characteristics cause disease transmission, emission and finally, outbreak. Outbreak as a chronic shock 

threatens urban resilience (social, economic, and technical systems and infrastructures). (www.resilientcity.org, 2015). The 

purpose of this paper is to examine the impact of physical and functional characteristics of the emission of Communicational 

diseases of respiratory origin in urban resilience. The research hypothesis is that, by right strategy & policies in functional, 

physical, public spaces & movement network pattern, Outbreaks can be controlled. 

1.1 Materials and methods 
The method presented in this study – at the first step - is text analysis by searching literature review in two different knowledge 

contexts, epidemiology & urbanism. In the next step  Variables  and the relationship between them were detected. A disease 

diffusion pattern was prepared based on adapted criteria (from case study’s data) and was analyzed by fuzzy logic in GIS and 

Vulnerability map was drawn.  

The resulting solutions from the theoretical framework and by applying the proposed policies in case study planning, the 

proposed situation analyses again. Finally two Vulnerability map compared. Target case study located at west of kerman. The 

reason for choosing this district is Homogeneous social fabric, the ability to Severability of other urban districts, clear 

accessibility and minimizes the impact of Confounding variables.  

 

 

659



  

2. DISCUSSION 

2.1 Social contacts network  
Transmission usually occurs by infected person without symptoms. The carrier is a member of several social circles; family, 

colleagues, and classmates. He can pass the disease to each of these circles. Social contact network arises out of these circles. 

Some contacts occur in the form of specific and limited social networks. These social networks are essential and the major social 

activities occur within these networks and they are detectable within the functional domain of urban areas. Usually certain times 

and locations involve this type of contact. Some other contacts occur in unpredicted social and public  environments. Their 

particular time and place is unknown and since they are unpredictable, so it is almost impossible to disconnect them and they 

usually occur in public and communicational spaces. 

2.1.1 Contact frequency 
Contact frequency refers to the number of contacts between individuals in a social circle. All the family members were in contact 

with each other  with an average contact frequency of 7 days. Each person also belongs to an extended family and a few age 

groups and he/she is contact with them with different contact frequencies (and often high frequencies, like school)(  Glass RJ, 

2006) 

2.1.2 Social distance 
The element of social gap refers to separating social contact networks and disconnecting the circles. High rates of infection and 

contact increases the possibility of infection in children and adolescents within social networks. Targeting these uses can protect 

the larger community that is the urban area (Eames KT, 2010) (Jackson). 90% of closing schools led to a 22% reduction in the 

number of attacks (GLASS RJ, 2006), (JACKSON C1, 2014), (EAMES KT, 2010). 

2.2 theoretical frameworks 
Pathogen factors in respiratory origin communicational diseases and Mode of transmission leading to outbreaks in urban 

communities. Environmental factors have a direct influence on the rate of diffusion & define the connection between citizens. 

Figure 1 show how urban resilience is threatened by outbreak and what is the urbanism way to deal with. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 1: theoretical framework of this research shows how pathogen characteristics and environmental factors cause disease 

outbreaks and what our solution is. 

 

 

 

 

 

Figure2: What is our strategy during crisis?  
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3 CASE STUDY ANALYSES 
In figure we show how diffusion of diseases changes by using urbanism factors and theoretical frameworks solutions. 

 

 

 

Figure 4: current Vulnerability map 

Red color indicates high-risk zones Almost matched the 

areas where the population is present. 

 

 

Figure 3: case study’s land use 

Residential include about 90%of buildings in this 

district. The others almost located at the roadside. 

Neighborhood’s border  is not so clear and there is no 

Recognizable public space and structure 

   

 
 

Figure 6: proposed Vulnerability map 

Compare to the current situation, 

 red zone becomes smaller. 

 

Figure 5: proposed structural pattern 

Access street  

Neighborhood center with public place 

Saved zone  
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4. VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

 

Figure 7: urbanism policy for controlling outbreaks and maintain resiliency (Permanent and temporary solutions=active and 

passive policy)  

5. CONCLUSIONS 

The origin of respiratory communicational diseases through close contact with people and airborne. City prone to outbreaks of 

disease by putting people together in high density unless this gets back to some sort of control. Two dependent variables “Contact 

frequency” &”social distance” Have a direct impact on diffusion of pathogen. The greater “social distance”& lower the 

“frequency of contact” makes growth rate of disease diffusion Decreases. The purpose of this article is controlling the variables 

by three Principle “Isolating strategy “, “Adaptive strategy “ and “Detachable strategy” In order to contain diseases outbreak. 

Spatial analysis of the sample data and compare the current situation with the proposed plan proves by urbanism act in 4 sector” 

Functional & and land”, “Movement and access”,” public spaces” and “physical & formal” The zones of disease diffusion can be 

limited and controlled. 

6. REFERENCES 

1. Carmona, m ( .2003 .) Public Places-Urban Spaces: The Dimensions of Urban Design .Architectural Press. 

2. Diseases, E. a.-P( 2016-07-10)http://www.cdc.gov/vaccines/pubs/pinkbook/flu.html ./ www.cdc.gov. 

3. Eames KT, T. N (2010) the impact of illness and the impact of school closure on social contact patterns .Health Techno 

Assess  267-312.  

4. Glass RJ, G. L ( .2006 .) Local mitigation strategies for pandemic influenza .The Department of Homeland Security 

under the National Infrastructure Simulation and Analysis Center, Washington. 

5. GOARN. (2016). http://www.who.int/csr/outbreaknetwork/guidingprinciples/en/. Retrieved from www.who.int. 

6. Hanson, b. h ( .2005 ) the Social Logic of Space .Cambridge University Press. 

7. Jackson C1, M. P ( .2014 , may .)The effects of school closures on influenza outbreaks and pandemics: systematic 

review of simulation studies .Jackson C1, Mangtani P2, Hawker J3, Olowokure B4, Vynnycky E   ,95.  

8. Prevention. C. f ( .2013 .) Prevention and Control of Seasonal Influenza with Vaccines Recommendations of the 

Advisory Committee on Immunization Practices .United States: MMWR 2013. 

9. WHO (2004). Outbreak communication Singapore. 

10. www.resilientcity.org (2015). www.resilientcity.org/index.cfm?id=11449. Retrieved from www.resilientcity.org 

662



  

Dynamic Risk Map (DRM) for Enhancing Risk Assessment of Construction 

Projects in Random Districts in Egypt.  

 
Nael Y. Zabel

1, 2
, Ghadeer R. Al Fandi

3
, Mohamed E. Saleh

4
 

1
WorleyParsons Engineering Consultancies Co, Al Khobar, Saudi Arabia. E-mail: nael.zabel@worlyparsons.com 

2
Institutie of Higher Engineering & Technology – Fifth Assembly, New Cairo, Egypt. E-mail: 

naelatnet76@yahoo.com 

3Civil Engineering Department, College of Engineering, Design, and Physical Science, Brunel University London, 

Uxbridge, UK. E-mail: ghadeer.alfandi@hotmail.com. 

4
Department of Civil Engineering, Military Technical College, Cairo, Egypt.  E-mail: 

mohammedsaleh7700@yahoo.com' 

ABSTRACT: The Government of Egypt is facing a tremendous challenge to overcome the threats of the dilemma. Managing the 

risk factors in upgrading infrastructure projects in the slum is a critical dimension of the dilemma in Egypt, One approach to 

overcome this hardship is to provide a facility to understand and visualize such dependencies which is risk mapping. This paper 

presents the implementation of powerful tool called Dynamic Risk Map (DRM). Thus enhancing risk prediction of a dynamic 

risk assessment. DRM consists of all potential dependency relationships between pairs of risk factors in same risk group or in two 

different risk groups. From DRM it is possible to evaluate the risk significance in unlimited project scenarios that enabling the 

decision maker for more wide vision for his decision. This paper proposes a method of presenting in a visual fashion the risk 

factors that have a bearing on construction projects in random districts failure and their interrelationships. This allows the 

different parties in a project to use the diagram to collaborate in the creation of risk models. Further analytical capabilities of such 

a diagram will even improve our understanding of the magnitude of project risks on its outcomes. 

Keywords: Dynamic risk map, random districts in Egypt, risk assessment  

1. INTRODUCTION 

Managing risks in construction projects has been recognized as a very important management process in order to achieve the 

project objectives in terms of time, cost, quality, safety and environmental sustainability (Zou 2006). The level of uncertainty of 

the work in random districts is extremely high due to two principal reasons: first is absence of the technical & engineering 

information of the existing facilities. Second one is the difficulty to obtain the required information for any existing system, in 

simple word the work there is under pure randomness (Zabel 2014).  However risk associated with all projects in dynamic 

environment (Ren 1994). Risk management is an important part of construction management, yet the risk-based decision support 

tools available to construction managers fail to adequately address risks relating to cost, schedule, and quality together in a 

coherent framework. Risk interrelation management consists of identifying the causes behind the risks, finding the interrelation 

between the causes and effects and the way they accumulate (Kuismanen 2002). In response to the growing uncertainty in 

modern projects, over the last decade the project management community has developed project-specific risk management 

frameworks. In addition, there are certain types of risks that are not handled properly by the traditional tools and techniques 

proposed (Halpin 1998). The aim is not blindly to manage risks towards a minimum, but to use an approach enabling to predict 

the overall severity based all relevant risks which affecting on the project. the DRM can be used in both of Assessment and 

treatment stages. 

2. METHODOLOGY 

The current research study is designed to developing a new approach for qualitative and or quantitative risk assessment called 

DRM, by developing a map of all potential risk reflecting all interdependency relationships. Then performs the computations and 

reasoning operations to produce long-forecasting of the severity of the risks. After forming the map it will be enabling the 

decision makers to calculate the total risk severity at any changes in the probably of the impact of any potential risk(s) in timely 

manner, so that it is became dynamic tool capable to evaluate the total severity for the project unlimited times that will be much 

useful in the construction projects in random districts due to the complexity of iinterdependency relationships of risks; to achieve 

that objective the following main steps were conducted: 
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• Identify the potential risk factors, 

• A preliminary qualitative assessment for those factors,  

• The identified risks were then organized into groups according to relevance, 

• Developed layer one of the dynamic risk map, DRM, contains all potential dependency relationships between 

pairs of risk factors in a given risk group, 

• Developed layer two of the DRM contains all dependency relationships between pairs of risk factors in two 

different risk groups, 

• The cross impact analysis or CIA method was specifically selected to perform the computations and 

reasoning operations. 

2.1 N2 Diagram 

Use of n-squared diagrams is not as common in project management. However there have been few scarce attempts in the past. 

N-squared diagrams were used in the planning of product development projects (Weiss 2013). In that research, the project’s value 

items are first identified from the project contract and specifications. The value items sequence was then developed using a 

design structure matrix (DSM), which is in essence an n-squared chart. The n-squared matrix was used to depict information 

flows from one project task to another, the relationship among design parameters, or the communication across project team. 

2.2 CIA Technique  

Cross-impact analysis is the general name given to a family of techniques designed to evaluate changes in the probability of the 

occurrence of a given set of events consequent on the actual occurrence of one of them. The cross impact model was introduced 

as a means of accounting for the interactions between a set of forecasts, 

CIA approach is one of the more promising new tools for long-range forecasting. Now, it has been expanded and applied to a 

number of forecasting areas (Zabel 2012). This method applies concepts of cross analysis and probabilistic inference to capture 

the uncertainties and interactions among project variables (Isaac 2006). CIA has been implemented in a computer environment; 

extending its use to new decision areas such as 1) evaluation of environment policy impacts, 2) selection of project execution 

strategies for construction projects and 3) modeling the phase-zero decisions (very early decisions) in projects (Alarcon 2002). 

When used with the CIA capabilities, the DRM becomes a capable tool for evaluating the overall project risk dimension. In this 

context, the CIA method performs the computations and reasoning operations (Zabel 2015). The purpose of cross-impact analysis 

in DRM is to study the mutual influence of events explicitly and systematically, and to include those influences when forecasting 

technical capabilities. The set of risks being studied for cross-impact potential is subjected to a Delphi analysis where a 

probability of occurrence is assigned to each risk. The risks are then entered in a cross-impact matrix, where each event's impact 

is measured against each related risk. A revised forecast can be prepared manually or by computer programs that have been 

developed explicitly for this purpose. 

2.3 Identifying the Interdependency Relationships between Risk Group 

To approach the task of developing the n-squared diagram, a two-step process was devised. First, potential dependencies between 

the different risk groups were identified. In a sense, this step attempted to develop a mxm matrix, where m is total number of the 

risk groups. When a cell identifies a relationship between two risk groups, the specific relationships between the risks of the two 

risk groups were further investigated in the second step of the process.  

Risks pertaining to a given project could have a concurrent effect on it. Projects are complex systems where interdependencies 

exist among the various project variables and such intricacies eventually drive the resulting project performance in some way or 

another. Without understanding those dependencies, our ability to analyze project risks will be greatly hindered. Risk maps 

become handy when interdependencies are rather difficult to model. First, they help visualize the cause-effect relationships. 

Second, with proper computational capabilities, the risk map can be utilized to analyze and assess project risks in a more 

sophisticated and realistic manner. Given the set of risks common to random districts construction projects, as outlined in the 

previous section, the research proceeded to develop a DRM that models the sought interdependencies. This includes all potential 

dependency relationships between pairs of risk factors in a given risk group and also those between pairs of risk factors in two 

different risk groups. This was accomplished in two subsequent stages; first via identifying the potential relationships between 

risk groups and second by determining the dependency relationships between risk factors within and between groups. For the risk 

factor dependency relationships, a strength rating is devised to imply the extent to which the driving risks have an influence on 

both the driven risks and the entire project performance measured in terms of time delays. Details of the DRM development 

process is outlined hereinafter. 
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2.4 Identifying the Interdependency Relationships between Risk Factors 

The second step concerned identifying the dependency relationships between the different risks. When moving to the nxn matrix, 

where n is number of total risk factors. removing certain groups of cells, corresponding to those cells where inter-group 

relationships were not identified in the mxm matrix, accelerated the development of the targeted n-squared diagram. Figure (1). 

Development of a given risk could give rise to other risks. The opposite is true as well. 

 

Fig. 1: Example Risk inter-dependency  

 

2.5 Dynamic Assessment Based the Interdependency Relationships  

The risk severity perceived in the previous step does not account for the inter-dependencies amongst the different risks. Each risk 

was evaluated independently from the others. This necessitates a better understanding and modeling of these inter-dependencies 

to more accurately evaluate the project risks. DRMs are simply used to achieve the sought results. As known, quantitative risk 

analysis attempts to numerically estimate the probability that a project will meet its cost and time objectives. Quantitative 

analysis is based on a simultaneous evaluation of the impact of all identified risks. The result is a probability distribution of the 

project's cost and completion date based on the risks in the project (PMI 2004).  

5. CONCLUSIONS 

This paper has introduced a new fashion of risk maps which a dynamic risk map, DRM, that considered as effective tool for 

calculation and forecasting total risk severity in a project. That gives industry practitioners a means to better understand project 

risks/uncertainties and how the relations between them could effect on the random districts construction projects. This 

mechanism further provides a handy tool to assess project risks in a more thoroughly manner and right where they can best be 

managed. DRM can simply help us stop the snow ball from accumulating and used in unlimited numbers of scenarios to 

optimizing the risk treatment process. 
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ABSTRACT: Measured by the Pearson R with the confidence level of  90%, the available counties for weather index insurance 

of three crops are selected. For rice, the spatial distribution of selected counties are uniform, except in the Northeast China. For 

maize, the distribution of insurable counties is complementary. Heat damage and waterlogging insurable counties gather in the 

north, while drought and heat damage in the south. For wheat, the insurable zones belong to the heat damage, drought, chilling 

injury and waterlogging sequently from the northwest to southeast. And for specific weather disaster, the concentration of 

insurable counties varies with the change of index. So the portfolio of indices are suggested for weather index insurance. 

Keywords: weather insurance index, agriculture, insurability 

1. INTRODUCTION 

Since the World Bank started a Development Marketplace Contract and applied the weather index-based insurance (WII) in 

Nicaragua, Morocco, Tunisia, and Ethiopia, WII has revealed its potential to take the place of the traditional crop insurance, 

without problems of adverse selection and moral hazard (Skees 2008). And In china, there are various research profiles of WII 

(Antón et al 2013, Boyd et al 2011, Okhrin et al 2013, Turvey et al 2009, Liu et al 2011, Yang et al 2013, GB/T 20481-2006 

(2006), GB/T 21985-2008 (2008), QX/T 88-2008 (2008) , QX/T 101-2009(2009)). But to our knowledge, there is a lack of the 

systemic and comprehensive weather index research across the whole China. So in the study, we examined where and what kind 

of WIIs are suitable for agricultural insurance, and further summarized the spatial characteristics of these indexes. 

2. DATA and METHOD 

2.1 Data 

The metrological data records (1980-2008) and crop phenology data are obtained from China Meteorological Administration 

(CMA) weather stations across China (http://data.cma.cn/). County-level rice yield dataset (1980–2008) is offered by the 

Agricultural Yearbook of each county (published annually by the China Agriculture Press in Beijing), and some unpublished 

records coming from local county census bureau. 

2.2 Weather Index 

Weather is the key factor to the crop yield. And to capture crop yield viability, we select indices showed in the Table 1 to reflect 

the yield loss caused by AM disasters. All indices have documented in many studies and some are recommended by China 

Standard Press (Ju et al 1997, Tan et al 2013 (2013), Wang et al 2014 (2014)). 

Table 1: The Weather Indices for Rice, Maize and Wheat 

 AM disaster Crop Absolute index Relative index 

Threshold index 

Chilling injury 

Maize Frost 

CTD Rice CGDD 
Winter wheat Frost 

Heat 

damage 

Maize 
HT 

HTD Rice 
Winter wheat HGDD 

Percentile-based index 
Drought 

Maize 

DM DP Rice 
Winter wheat 

Waterlogging& Maize WM WP 
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flood Rice 

Winter wheat 

*the first character of each index represents the disaster type, C for chilling injury, H for heat damage, D for drought, W for waterlogging.     

2.3 Study Area 

On the basis of land use map of China, we pick out the crop main areas, which contribute more than 90% of the total cropping 

area in China for each crop. 

 
Fig. 1: agricultural zoning maps of China 

 

Table 3 agricultural zoning maps of China 

ID Name Wheat rice maize 

I Northeast China  Single cropping rice Spring maize 
II North of China 

Wheat 

 Spring maize 

III Huang-huai-hai  Summer maize 

IV Yangtze Plain Single&double cropping rice  
V Sichuang Basin Single cropping rice Spring maize 

VI Yunnan-Guizhou Plateau Single cropping rice Summer maize 

VII South China  Double cropping rice  

*only the winter wheat is considered in this paper 

 

2.4 Yield Loss 

The crop yield (Y) results from social impacts (Yt) (field planting technologies, government policies), weather factors (Yw), and 

random errors (Ƹ). Finally, the relative weather yield loss (Yloss) is calculated (Xue et al 2003).The Pearson correlation is usually 

used to justify the correlation relationship between yield loss and weather index, the confidence level of 90%. 

3. RESULT 

In figures as followings, only counties where correlation are significant at the 10% level are displayed in the figure. The colour 

bar for each disaster represents different ranks of the Pearson R. And the grey colour indicates the county where Pearson 

coefficient is unable to calculate, for the length of time series less than 10. The negative values of R indicate disasters lead to the 

yield loss. 

3.1 Spatial Distribution of Rice’ insurability 

 

Fig. 2: The spatial distribution of WII’s feasibility for rice’s four AM disasters 
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Some WII feasible counties gathers on the eastern border area in Northeast China, especially for CTD and WM. But in other 

regions, the selected counties have a more uniform distribution. For chilling injury index, CTD is more sensitive to yield loss 

than CGDD in the South China. And for heat damage, the feasible counties number of HGDD is more than that of HTD in 

Yangtze Plain. As for the rainfall index, spatial distribution of drought and waterlogging are very alike, except in the Sichuan 

Basin, where few counties are available for waterlogging index insurance. 

3.2 Spatial Distribution of Maize’ insurability 

 

Fig. 3: The spatial distribution of WII’s feasibility for maize’s four AM disasters  

Spatially, the distributions of insurable counties are complementary. The concentrations of chilling injury insurable counties is in 

Northeast China, while heat damage ones in low-latitude regions, which are corresponding to the climate zones. More apparently, 

the absolute heat damage HGDD behaves better than HTD in North China. To the south of the North China, there is gathering 

zone of drought insurable counties, while to the north is the sensitive zones for waterlogging. 

3.3 Spatial Distribution of Wheat’ insurability 

 

Fig. 4: The spatial distribution of WII’s feasibility for wheat’s four AM disasters. 

From the north to south, the insurable gathering zones are different. The main concentration of insurable counties of HTD is in 

North China, and that of HGDD in Sichuan Basin, of CTD between the Huang-huai-hai and the Yangtze Plain, of frost in 

Yunnan-Guizhou Plateau and the south of the Yangtze Plain. Correspondingly, there are drought insurable zones of drought to 

zones of waterlogging from the west to south. Unlike the rice and maize, the available areas of absolute index insurance are very 

different with that of relative index. 

4. DISCUSSION 

With the background of climate change and urbanization of China, it’s a big challenge to increase the rural income and decrease 

the gap of urban-rural. By calculating the insurable areas for different crops, we could set down the accurate agricultural 

insurance, which is integrated with development of local cities. 
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But to accomplish the goal, the basis risk of WII is the main problem in the further research. The basis risk of WII has two 

sources. First, a geographical basis risk is coming from the reference weather station for one specific farm location. Second, the 

basis risk of production always remains for the yield loss imperfectly correlated with the disaster index. If examined by recorded 

AM disasters, the reliability of insurable counties will be improved. 

5. CONCLUSIONS 

It’s obvious that not all counties are insurable. And each crop has its own spatial distribution pattern. Rice insurable counties 

distribute uniformly except for in the Northeast China. Then for maize, the insurability of chilling injury and waterlogging 

gathers in Northeast China, while the rest two disasters in other regions. Finally for wheat, the insurable zones belong to the heat 

damage, drought, chilling injury and waterlogging sequently from the northwest to southeast. More importantly, for the same 

disaster of specific crop, the insurability varies with the change of the weather index, especially for heat damage of maize and 

chilling injury of wheat. 
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ABSTRACT: The case of the multi-utility company AIMAG handled its interruptions generated by the Northern Italy earthquakes 

in 2012 provides a starting point for our exploration of how an organization can learn through interruptions to respond to, recovery 

from, and prepare for disasters. On May 20 and May 29, 2012, two major earthquakes of 5.9 and 5.8 magnitude each hit Emilia 

Romagna region. AIMAG provides water, gas, waste management and public illumination to the local area. It had no business 

continuity plan and earthquake was considered a rare event therefore was never taken into consideration by the management. With 

the effort of AIMAG and its external parties, it manged the interruptions in an impressive speed and resumed its service rapidly. 

Our analysis of learning through disasters grounded in data collected through interviews and archived materials reveals that 

AIMAG was able to learn through rare events due to its environmental and organizational context. We also find out that learning 

through disasters is a social learning process in which positive and attentive emotion and intrinsic motivation play critical roles.  

Keywords: organizational learning, disasters, public and private partnership, multi-utility, resilient organization  

1. INTRODUCTION 

Apart from generating damages, disastrous events act as auditors, who discover the weakness of organizations and therefore create 

opportunities for organizations to improve their capability against future interruptions (Christianson et al. 2009). There existed two 

views of learning from disastrous events. The quantitative view suggests that disastrous events are defined by probability estimates, 

and for this reason learning from such events is driven by the desire to decrease their occurrence (Madsen 2009; Rerup 2009; Zollo 

2009). The qualitative view sees learning from disastrous events as opportunities for unique sensemaking based on the enacted 

salience of specific features of the disastrous events (Lampel et al. 2009). In this paper, we propose an integrated view of learning 

from disasters. We qualitatively exam the particularities of the environmental and organizational context of AIMAG and how the 

contexts interacted with earthquake experience to generate, retain and transfer knowledge. In addition, we do not view the 

earthquakes as a separate event. We perceive the earthquakes as a series of interruptions, which occurred before and will occur 

later during AIMAG’s daily operation. Categorizing disastrous events into various kinds of interruptions will enable us to construct 

knowledge of handling same kinds of interruptions generated by different kinds of disastrous events and therefore facilitate 

organizational learning.  

The basic elements of organizations are members, tools and tasks (Arrow, McGrath & Berdahl, 2000; McGrath & Argote, 2001). 

The basic elements combine to form networks. The member-member network is the organization’s social network. The task-task 

and the tool-tool networks specify the interrelationships within tasks and tools, respectively. The member-task network, the division 

of labour, assigns members to tasks. The member-tool network maps members to tools. The task-tool  network identifies which 

tools are used to perform which tasks. Finally, the member-task-tool network specifies which members perform which tasks with 

which tools. These elements of members, tools and tasks and their networks are the primary mechanisms in organizations through 

which organizational learning occurs and knowledge is created, retained and transferred. 

Argote & Miron-spektor in 2011 proposed an ongoing cycle through which task 

performance experience is converted into knowledge which in turn changes the 

organization’s context and affects future experience. In this model, the organizational 

context contains an active context through which learning occurs and a latent context that 

influences the active context. The active context includes the basic elements of 

organizations, members and tools, that interact with the organization’s task. The latent 

context affects which individuals are members of the organizations, what tools they have 

and which tasks they perform. The difference between the active and the latent contexts is 

their capability for action. Members and tools perform tasks: they do things. By contrast, 

the latent context is not capable of action. The latent context affects the active context 

through which learning occurs. Knowledge acquired by learning is embedded in the 

organization’s context and thereby changes the context. Knowledge can be embedded in 

the active context of members, tools and tasks and their networks. Knowledge can also be 

embedded in aspects of the organization’s latent context such as its culture (Weber & 

Camerer, 2003). Thus, knowledge acquired through learning is embedded in the context 

and affects future learning.  

Figure 1: Argote & Miron-Spektor (2011): 

A Theoretical Framework for Analysing 

Organizational Learning 
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Organizational learning from disasters didn’t receive enough attention that is equivalent to its importance in literature. On the one 

hand, disasters are temporal and far away from routine operations. They could cause major consequences but when the disasters 

are over people tend to forget the lessons quickly. On the other hand, each disastrous event has its particularity which makes it 

difficult to be benchmarked and therefore difficult to generate systematic observations. This paper adopted case study method to 

analyse and illustrate how can an organizational learn through disasters. This case study not only fills the gap in science but also 

has impact on business practices. Disasters have direct and indirect impacts on business. Learning from disasters can reduce risks 

which in turn provides stable environment, protects employees and their communities and safeguards long-term investments 

(UNIADR 2015). 

2. AIMAG FACING THE EARTHQUAKES 

The first earthquake on 20th May did not cause severe consequences to AIMAG and did not interrupt AIMAG services. However, 

the second earthquake on 29th May brought the company into crisis. AIMAG is providing services to all these affected areas. The 

earthquakes brought relevant damages and challenges to AIMAG.  

i. AIMAG’s main office buildings in Mirandola and Carpi were damaged.  

ii. AIMAG was in charge of removing earthquake debris and maintaining the regular waste collection taking into 

consideration that most people were moved away from their houses and lived in tents.  

iii. The plant for the fermentation of organic waste was damaged.  

iv. There were financial difficulties generated by the suspension of payment from customers. 

v. Four water towers in the affected municipalities San Felice, Cavezzo, Concordia, San Possidonio were damaged.  

Few minutes after the earthquake on 29th, the gas service restarted. Six hours later, the waste collection restarted as well. Due to 

the telecommunication interruption, mobile network was not functioning immediately after the earthquake, luckily most of the top 

management had the Walkie Talkie and they were able to arrange an emergency meeting on the first day to coordinate the 

emergency response. As for the administrative interruption, due to the damage of the working premises, tents were purchased and 

set up in the open space on the second day. An information point was opened for both internal and external references. On the third 

day, the ICT system of the fermentation plant was recovered. For the operational interruptions, AIMAG received a technical team 

from Hera, one of its shareholder, to support its response and recover in the aftermath of the earthquakes. In addition, Hera offered 

to receive AIMAG’s administrative staff to work at their premises in Modena. In a week’s time, the staff were transferred to Hera 

and started to work. The rest of the employees continued to work under the tents and in the containers for more than three weeks. 

The earthquakes generated interruptions in AIMAG’s financials as well. It stopped to bill its customers right after the earthquakes 

while AIMAG still paid its suppliers on time. It started to bill again its customers except the ones in the Red Zone in August.  In 

September, earthquake debris were removed. In November, everything gradually returned to normality. AIMAG billed also the 

residents in the Red Zone. Office buildings were retrofitted and people went back to their offices. In the end of year, 90% of 

customers paid the bills. The crisis generated by earthquake ended in seven months meanwhile the AIMAG started to implement 

disaster risk management system. 

 

 

Figure 2: AIMAG earthquake response, recovery, plan & prepare timeline 
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3. METHODOLOGY 

To conduct the case study, we collected primary data from interviews and the secondary data from archival materials about AIMAG 

and the 2012 earthquake in Emilia Romagna. We conducted two rounds of interviews by site visiting and by video interviews with 

both internal and external stakeholders of AIMAG. We selected seven AIMAG employees as the first round interviewee. They all 

experienced the earthquakes in 2012 and played important roles in the earthquake response and recovery as managers. The 

interviewees of the second round are selected due to their close relationship and high relevance to AIMAG during the earthquake 

response and recovery phases. The interviews with the external stakeholders were used to ensure the validity of the statement 

coming from the internal stakeholders. 

The interviews have been recorded and transcribed. Software NVIVO has been used to undertake data analysis. Secondary data are 

collected both from internet source and from the interviewers during our site visiting. We coded the contents into 10 nodes to 

construct AIMAG’s organizational context, to understand how knowledge about disaster management was creation, retention and 

transfer through member, tools, tasks and their networks. The ten nodes are listed below in the table. 

Table 1: Ten nodes coded in NVIVO 

AIMAG Pre-Earthquake Employees Pre-earthquake External stakeholders Pre-earthquake Time Line 

AIMAG RESPONSE Employees' Response External Stakeholders' Response 

AIMAG Post -earthquake Employees Post - earthquake External Stakeholders Post-Earthquake 

 

4. DISCUSSION  

From the data analysis, we are able to explore the particularities of AIMAG’s learning through the 2012 Northern Italy earthquakes. 

We find out that organizational learning through disasters is a social learning process in which employees create, retain and  transfer 

the knowledge with positive and attentive emotion and with more intrinsic motivation. 

4.1 Positive and attentive emotion fosters an organization learn through disasters 

There are evidences in the previous literature about the relationship between emotion and organizational learning (Davis 2009). 

Our case demonstrated that positive emotion fosters organizational learning and an organization learns more attentively through 

disasters. All the interviewees mentioned that the working morale under the crisis situation was very high. The employees were 

proactive, responsible for their own tasks, and available for any other tasks needed. Knowledge retention is based on organizational 

memory, which affects organizational performance. Learning from interruptions is a mindful and attentive process therefore an 

organization “remembers it better”. During emergencies, members and organization tend to understand the underlying causal 

process and attempts to adapt the knowledge to the new context while transferring knowledge. This includes dialogic practices 

(Tsoukas, 2009) and analogical reasoning and involves the comparison of cases and the abstraction of common principles (Gick & 

Holyoak, 1980; Gentner, 1983). AIMAG successfully transferred the knowledge to the Civil Protection about how to handle gas 

network and received knowledge about the dangerous waste treatment is the proof. 

4.2 More intrinsic motivation than extrinsic motivation while learning through disasters 

AIMAG offered economic support and awarded the employees who outperformed during the earthquakes. However, these were all 

ad hoc rewards. In addition, nobody got punished for not showing up to work. During the response and recovery stage, what really 

made employees come to help was more intrinsic rewards. Most of employees are from the affected areas, resuming the services 

means that their families and friends would be able to use the fundamental service earlier. For employees who were absent during 

the earthquakes, especially some middle managers found it difficult to re-integrate with their colleagues. Intrinsic reward urged 

people to participated actively to learn through the earthquakes in order to better respond to, recovery from and prepared for 

disasters.  

4.3 Social learning through the earthquakes 

Although individual learning is necessary for group and organizational learning, individual learning is not sufficient for group or 

organizational learning (Argote 2013). Organizational learning through disasters is a social learning process. Due to the damaged 

the working premises, AIMAG employees worked together under the tents which not only reduced the physical distance among 

them but also brought their relationships closer. Going through the same disastrous event constructed a shared mental model, which 

enabled members to give and make sense of current situation to facilitate better collaboration. Collective sensemaking under the 

crisis situation created collective knowledge about disaster management.  

5. ADDED VALUE FOR INTEGRATIVE RISK MANAGEMENT AND URBAN RESILIENCE 

Use knowledge, innovation and education to build a culture of safety and resilience at all levels is one of the priorities of Hyogo 

Framework for Action(United Nations 2005). Business organizations have direct relationship with consumers, customers, suppliers, 
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governments, competitors and local communities. They play an important role in risk management and urban resilience. Understand 

how an organization generate, retain and  transfer knowledge from disasters can reduce risks of disasters, reduce social economic 

vulnerability, protect employees and their families and safeguard long-term investment(UNIADR 2015).  

6. CONCLUSIONS 

Organizational learning is a change in the organization that occurs as the organization acquires experience (Argote & Spektor, 

2011). Handling earthquakes is profound, successful, discontinuous, temporal, organizational and inter-organizational experience 

for AIMAG. The earthquakes were like an unexpected auditor, who revealed the strengthen and weakness of AIMAG and created 

a great opportunity for AIMAG to learn, to change and to be a more resilient organization. 

In this paper, we proposed an integrated view of learning from disastrous events. We analysed qualitatively the environmental  and 

organizational context and their relations to AIMAG’s learning through disastrous events. We find out that members of AIMAG 

were more motivated by intrinsic than extrinsic motivation to performance in the aftermath of earthquakes and they learnt in a 

positive and mindful way. In addition, AIMAG’s learning through earthquakes illustrated strong feature as social learning process. 

Due to the rarity of the disastrous events and the particularity of individual organization, learning process may exhibit different 

features. Understanding the particularity of each case will help an organization learn better lessons. Furthermore, we suggested to 

view disastrous events as a series of interruptions. We categorized three kinds of interruptions: operational interruption, 

administrative interruption and financial interruption in our case study. Categorizing different interruptions helps us to quantify the 

risks of different kinds of interruptions and help organizations to figure out the right solutions from previous experience. For 

example, an earthquake may cause interruptions in gas pipe as a flood does. We do not see earthquake and flood as two individual 

disasters. We would like to categorize the interruptions that were generated by the earthquakes so that for the interruptions of the 

same kinds generated by flood, we would be able transfer the knowledge learnt previously.  

Our case study shed lights on how an organization can learn through disastrous events. It contributes to the literature of 

organizational learning from disasters. The future studies could research on how emotion, motivation and social learning affect 

organizational learning through disasters. How to categorize disasters into interruptions and learn from them. Besides theoretical 

contribution, this paper gives hints to practitioners on how to enable their organizations to learn from disasters. 
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