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Context
International Disaster and Risk Conference, Davos 2009

• Global Disaster Alert and Coordination System
– Multi-hazard alert system
– Quick estimation of humanitarian impact
– Email, SMS, Fax alerts
– Used by first responders globally

• European Commission
– Largest donor of humanitarian aid

• Joint Research Centre
– Expertise in Web 2.0, GIS,

geophysics, meteorology…
– GDACS = Integration of available 

information (from partners)
and add value through modelling
to provide impact assessments

http://www.gdacs.org
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Using shakemaps
International Disaster and Risk Conference, Davos 2009

• Current GDACS methodology
– Local population density based on 

fixed circle of 100km

– Appropriate for “alert level”
– Not for estimating damage or affected 

people

• Products based on intensity, PGA 
(Peak ground acceleration), …

WAPMERR / ESRC
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Case study
Wenchuan / Sichuan earthquake, 12 May 2008

International Disaster and Risk Conference, Davos 2009

• Earthquake 7.9M (19km)
– 70000 people killed
– GDACS Red Alert

• Damage assessment
– Satellite image interpretation
– Media reports

Premier Wen Jiabao and UNSecretaryPremier Wen Jiabao and UNSecretary--
General Ban KiGeneral Ban Ki--moon moon 
(source: Xinhua)(source: Xinhua)

Wenchuan: total destruction Wenchuan: total destruction 
(source: BBC)(source: BBC)

r
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Reported damage and casualties
International Disaster and Risk Conference, Davos 2009

• Damage mostly in areas of 
high peak ground 
acceleration (PGA)

• Guangyuan?
– 4822 killed
– PGA: 0.16g

Damage reported (various sources, compiled by JRC)

High damage
Moderate damage
Low damage

PGA (g)

Boya Primary School, GuangyuanBoya Primary School, Guangyuan
Source: flickr, June 4 2008Source: flickr, June 4 2008
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Aftershocks: little influence
International Disaster and Risk Conference, Davos 2009

M6 (25 May)

M6 (12 May)

USGS Shakemaps of 11 major aftershocks (PGA > 0.2g)

GuangyuanGuangyuan GuangyuanGuangyuan
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Damage assessment: typical methodology
International Disaster and Risk Conference, Davos 2009

Shakemap (PGA)
• Shaking intensity

– Peak Ground Acceleration (PGA)
– Peak Ground Velocity (PGV)
– Instrumental Intensity (MMI)

• Fragility curves
– Probability of damage degree D for 

building type T under ground motion I

• Building stock
– Vulnerable: e.g. adobe, masonry
– Resistant: e.g. reinforced concrete (RC) 

built according to codes to withstand 
typical earthquake

• Occupancy / Mortality
– Percentage of inhabitants killed on 

collapse Buildings destroyed
People killed

Buildings destroyed
People killed

Building
Stock

database

Building
Stock

database

Occupancy 
statistics

Occupancy 
statistics

Mortality
ratio

Mortality
ratio
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Problems for global application
International Disaster and Risk Conference, Davos 2009

• Little known building stock
– Jaiswal and Wald (2008) PAGER 

Inventory Database v1.0

– Adobe architecture

• Little known building codes
– Regulations differ by country

Eurocodes

National Building Code (Canada)

International Building Code (US)

– Detailed building stock necessary
Fragility curves

http://www.eartharchitecture.org – http://www.terracruda.com
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Approximation of global building stock
International Disaster and Risk Conference, Davos 2009

• Building stock
– Use existing population datasets 

(e.g. Landscan, GPW)

– Number of people are 
proportionate to number of 
(residential) buildings

• Building codes: use GSHAP
– Global Seismic Hazard Map

• Building stock type:
– Two classes, one parameter e

e Engineered buildings: resistant
(1 – e) Un-engineered buildings: 
vulnerable
Estimate factor e of engineered 
buildings

S = e . Sr + (1 – e) . Sv

GSHAP (PGA)GSHAP (PGA)Seismic Zoning MapSeismic Zoning Map
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Two tier approach for fragility
International Disaster and Risk Conference, Davos 2009

• Non engineered buildings: 
vulnerable
– Adobe / Masonry
– RC not according to code

• Fragility
– Damage ~ PGA

– Typical fragility curve for 
vulnerable buildings

• Engineered buildings: resistant

– RC MRF, 
according to code

• Fragility
– Damage only for unusually

high PGA > design PGA

– What is the design PGA?
Depends on country’s regulations
Depend on local seismicity

• Fragility curve based on PGA 
normalized by GSHAP (PGAn)
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Normalized PGAn
International Disaster and Risk Conference, Davos 2009

g

15 times
Guangyuan
4 times

GSHAP (PGA)

Shakemap (PGA)
Sichuan Earthquake 2008

2.3 times
Chengdu
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Application to Sichuan earthquake
International Disaster and Risk Conference, Davos 2009

• Methodology
– Traditional approach for 

vulnerable buildings
Absolute PGA values 

• Shakemap (5 minutes after 
event)

Probability of collapse
• Fragility curves for vulnerable 

buildings (adobe, masonry) for 
China

Population affected by collapse
• Landscan

– Determine factor e: fraction of 
engineered buildings

For Sichuan area

– New methodology for resistant 
buildings / infrastructure 
(hydrodams, bridges…)

Normalized PGA values
• Shakemap / GSHAP

Consider engineering safety 
factor

• Determine unsafe zone
Probability of collapse (based on 
absolute PGA values)

• Fragility curve for resistant 
building for China

Population affected by collapse
• Landscan
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Generalized fragility curves (China)
International Disaster and Risk Conference, Davos 2009

• Non engineered buildings
– No collapse < 0.1g

– Adobe: 90% collapse at 1g
– Masonry: 50% collapse at 1g

• Engineered buildings
– RC MRF: 10% collapse at 1g

• Occupancy
Live Urban Rural

Adobe 4% 40%

Masonry 72% 47%

RC MRF 17% 3%

http://world-housing.net

Work Urban Rural

Adobe 0% 4%

Masonry 62% 86%

RC MRF 20% 5%
e ≈ 25%
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Calculation parameters
International Disaster and Risk Conference, Davos 2009

• Non engineered buildings
– Minimum PGA: no collapse

0.1g
– Maximum PGA: total collapse

2g

• 75% of population

• Engineered buildings
– Cut-off PGAn (safety factor)

2
– Minimum PGA: no collapse

0.1g
– Maximum PGA: total collapse

(10g)

• 25% of population
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Vulnerable buildings
International Disaster and Risk Conference, Davos 2009

>0.1g<0.1g

0.8g

• Total population
– 15 000 000

• Population in collapsed 
vulnerable building

– 1 500 000
– 10%

• Occupancy (factor e)
– 75% of buildings are 

of this type
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GSHAP: expected PGA

International Disaster and Risk Conference, Davos 2009

• PGA GSHAP
– 10% probability of 

exceedance in 50 
years

– 475 return period

• Proportional to design 
PGA
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GSHAP: expected PGA

International Disaster and Risk Conference, Davos 2009

Data source: National Earthquake Response Support Service, ChinaData source: National Earthquake Response Support Service, China
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Normalized PGAn: PGA / PGA(GSHAP)
International Disaster and Risk Conference, Davos 2009

PGAn > 2

Low building codes, 
because low 
expected PGA 
values

• Total population
– 15 000 000

• Population in collapsed 
resistant building

– 250 000
– 1.5%

• Occupancy (factor e)
– 25% of buildings are 

of this type
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Results
International Disaster and Risk Conference, Davos 2009

• People affected
– Total population: 15 million

• People in collapsed buildings
– Non engineered: 1.5 million (10%)
– Engineered: 250 000 (1.5%)

• Factor e = 25%
– 1.1 million people

• Note
– No mortality function has been 

applied

• Influence of factor e
(percentage of engineered buildings)

– 0%: 1.5 million affected
– 100%: 250 000 affected
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Applicability of method
International Disaster and Risk Conference, Davos 2009

M, D Damage People PGAn e

China, 
Sichuan

May 12 2008

7.9 Mw, 19km
PGAmax 1.8g

Up 85% buildings 
collapse in some 

cities

~70000 
killed

PGAn up to 15 25% 
(medium)

Algeria, 
Algiers

May 21, 2003

6.8 Mw, 10km
PGAmax 0.58g

19000 residential 
collapse

50% 
schools/health 

collapse

2287 killed
11000 
injured

PGAn > 2
Algiers Zone II: 

0.15g; 
measured 

0.34g

high

Iran, Bam
Dec 26, 2003

6.6 M, 10km
PGAmax 0.3g

85% buildings 
collapse

~50000 
killed

PGAn ~ 1 low

China: both methods
Algeria: normalized PGA
Iran: traditional method
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Conclusions
International Disaster and Risk Conference, Davos 2009

• Real time impact estimation of 
large earthquakes
– Based on shakemaps
– Existing products: PAGER…
– Data published in near real time

• Limitation: building stock 
database
– Unknown stock
– Unknown building type
– Unknown engineering codes

• Damage in certain zones is 
underestimated for strong 
earthquakes
– Engineered structures

• Methodology based on 
normalized PGA can identify 
such zones
– Population database for building 

stock
– GSHAP for seismic zoning
– Simple fragility curves
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