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Loss Modeling is a tool to estimate the loss to a portfolio following a catastrophic earthquake 

–  Earthquake Hazard 

–  Exposure (Portfolio Inventory, Structure / Contents values, Policy Conditions)  

–  Fragility and Vulnerability (Hazard Susceptibility: Structural Taxonomy) 

All Loss Models are simple mathematical models of the complex phenomena and encompass uncertainty. 

 – Aleatory = inherent randomness which can be accounted but cannot be reduced 

 – Epistemic = uncertainty due to lack of information which can possibly be reduced 

Main Sources of model uncertainty are due to:   Limited portfolio data,    Engineering/scientific 

assumptions and   Probabilistic approaches. 

Primary uncertainty is the uncertainty asssociated with the occurrence of the earthquake 

Secondary uncertainty uncertainty in the estimates of event losses  

 • Hazard uncertainty 

 • Vulnerability uncertainty 

 • Portfolio uncertainty 
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The reduction of casualties in urban areas immediately following an 
earthquake can be improved if the location and severity of damages 
can be rapidly assessed by the information from Rapid Loss 
Assessment Systems. Emergency management centers with functions 
in the immediate post-earthquake period (i.e. SAR, fire and 
emergency medical deployments) can allocate and prioritize resources 
to minimize the loss of life.  

Available near real time loss estimation tools can be classified under 
two main categories depending on the size of area they cover: (1) 
Global/Regional Systems and (2) Local Systems.  
 
For the global or regional near real time loss estimation efforts, Global 
Disaster Alert and Coordination System (GDACS), World Agency of 
Planetary Monitoring Earthquake Risk Reduction (QLARM), Prompt 
Assessment of Global Earthquakes for Response (PAGER) and 
Earthquake Loss Estimation Routine (ELER) can be listed.  
 
Several local systems capable of computing damage and casualties in 
near real time already exist in several cities of the world such as 
Yokohama, Tokyo, Istanbul, Taiwan, Bucharest and Naples.  
 

POST EARTHQUAKE RAPID LOSS ASSESSMENT 



Identified Components of an Earthquake Loss Assessment (Rapid-
Response, Post- or Pre- Earthquake)                           (Daniell, 2009) 



Various worldwide rapid earthquake loss estimation software 
packages   (Daniell et al, 2011) 



WAPMERR-QLARM World Agency of Planetary Monitoring and 
Earthquake Risk Reduction 
 
QLARM (http://qlarm.ethz.ch) provides loss estimates for earthquakes in 
global scale after the event. The loss estimates are reportedly provided in 
about 30 minutes after the earthquake 
This service is being carried out in partnership between WAPMERR (World 
Agency of Planetary Monitoring and Earthquake Risk Reduction) and the 
Swiss Seismological Service (SED-ETH, Zurich).  
The estimates include: 1) The expected percentage of buildings in each of 
five damage states in each settlement, 2) the mean damage state in each 
settlement, 3) the numbers of fatalities and injured, with error estimates, 
in each settlement. 
 
The European Macroseismic Method of Giovinazzi (2005) is used to 
calculate building damages. The fragility models are pertinent to EMS-98 
fragility classes.  
The probability of occurrence of casualty state for a given seismic 
intensity is calculated as a product of the damage probabilities for seismic 
intensity and the casualty probabilities for damage grades of EMS-98.  
 
It is claimed that the human losses are estimated within a factor of 2 for 
past earthquakes.  
 
 





An earthquake ML5.8 
occurred on Feb.3, 
2014 03:08 in the  
Island of Kefalonia 
with structural 
damage (NOA) 
 
Lon. 20.3913 
Lat.  38.2628 



SELENA - Seismic Loss Computation Engine 
 
SELENA (Seismic Loss Estimation using a Logic Tree Approach) is a 
software tool for seismic risk and loss assessment.  
It relies on the principles of capacity spectrum methods (CSM) and 
follows the same approach as the loss estimation tool for the United 
States HAZUS-MH (2003).  
A logic tree-computation scheme has been implemented in SELENA to 
account for epistemic uncertainties in the input data. The user has to 
supply a number of input files that contain the necessary input data 
(e.g., building inventory data, demographic data, definition of seismic 
scenario etc.) in a simple pre-defined ASCII format. SELENA 
computes ground shaking maps for various spectral periods (PGA, 
Sa(0.3 s) and Sa(1.0 s), damage probabilities, absolute damage 
estimates (including Mean Damage Ratios MDR) as well as economic 
losses and numbers of casualties. 
SELENA can compute the ground motion parameters by built-in 
GMPRs for deterministic scenario earthquakes. For real time analysis, 
data from strong motion stations (at least PGA values) can also be 
used with certain limitations. Based on these ground motion 
parameters SELENA generates site-specific response spectra  
 



PAGER (Prompt Assessment of Global Earthquakes for Response) 
 
PAGER (USGS, USAID) is an automated system that produces content 
concerning the impact of significant earthquakes around the world, 
informing emergency responders, government and aid agencies, and the 
media of the scope of the potential disaster. PAGER has three separate 
methodologies for earthquake loss estimation as part of their package 
(empirical, semi-empirical and analytical).  
 
PAGER rapidly assesses earthquake impacts by comparing the population 
exposed to each level of shaking intensity with models of economic and 
fatality losses based on past earthquakes in each country or region of the 
world.  
 
PAGER information are generated for all earthquakes of magnitude 5.5 and 
greater globally and for lower magnitudes of about 3.5-4.0 within the US. 
 
PAGER’s results are posted on the USGS Earthquake Program Web site 
(http://earthquake.usgs.gov/) and sent in near real-time to emergency 
responders, government agencies, and the media.  
 
In the hours following significant earthquakes, as more information 
becomes available, PAGER’s content is modified.  
 



Prompt Assessment of Global Earthquakes for Response 

 PAGER   USGS/USAID 



Databases, Products, Tools, and Services  PAGER  (Wald et al, 2012) 



Databases, Products, Tools, and Services  PAGER  (Wald et al, 2012) 





ELER: Earthquake Loss Estimation  
 
Under the  EU Project NERIES, a rapid loss estimation tool (ELER) is 
developed  for rapid estimation of earthquake damages, casualties and 
shelters requirements throughout the Euro-Med Region by researchers 
from KOERI, Imperial College, NORSAR and ETH-Zurich.  
 
The shake mapping methodology is similar to the USGS ShakeMap. Based 
on the event parameters the distribution of ground motion intensity 
parameters are estimated using GMPEs. If strong ground motion 
recordings are available, the prediction distributions are bias corrected.  
 
Earthquake losses (damage and casualty) can be estimated at different 
levels of sophistication, namely Level 0, 1 and 2, depending on the  
resolution of building inventory data.  
 
Both Level 0 (quite similar to PAGER system of USGS) and Level 1 analyses 
of ELER software are based on obtaining intensity distributions analytically 
and estimating total number of casualties either using regionally adjusted 
intensity-casualty or magnitude-casualty correlations (Level 0) or using 
regional building inventory databases (Level 1). These levels are used for 
rapid loss estimation. 



NERIES – EU FP6   Network of Research Infrastructures in Earthquake 

Seismology 

 

KOERI,Imperial College, NORSAR, EMSC, ITSAK, DPC-
SSN, ICC, IST 

ELER 
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ISTANBUL TESTBED EXERCISE  COMPARISON OF LOSS RESULTS 

A damage estimation exercise has been carried out using the building stock inventory and population 

database of the Istanbul Metropolitan Municipality and selected European earthquake loss estimation 

methodologies: KOERILOSS, SELENA, ESCENARIS, SIGE and DBELA. 





Evaluation of Seismic Risk Software 

 GEM1 Seismic Risk Software Comparison 

Software 

 

Owner/Developer Development status Availability status Applicabiity 

SELENA NORSAR Version 4: matlab 

Version 5: C 

Open source User-defined 

EQRM Geoscience 

Australia 

Version 1.0svn1393 Open source Australia 

(default) 

User-defined 

ELER KOERI (NERIES 

project) 

Version 2.0 Standalone 

application 

provided 

Euro-med 

User-defined 

QLARM WAPMERR-SED-

ETHZ 

Version 1.1.7 Open source Worldwide 

CEDIM CEDIM Source code 

provided 

User defined 



Overview of Code Comparison 
Test-Bed Application: Los Angeles 

Scenario earthquake: Northridge, M=6.7, USGS ShakeMap: 
 

 
 

PGA ShakeMaps 



ELER 



RT-ELER 



How does RT-ELER work? 

• HAZARD 

Epicenter (KOERI) 

GMPE (Boore & Atkinson 2007) 

IMPE (Wald 1999) 

Slobe Based Vs30 (Wald & Allen 2009) 

 

• LOSS 

Building Inventory (KOERI) 

Intensity Based Damage (Giovinazzi 2005) 

Casualty Estimations (KEORI 2002) 

 



http://www.koeri.boun.edu.tr/sismo/eler/index.html 

http://www.koeri.boun.edu.tr/sismo/eler/index.html






Performance of Rapid Earthquake Loss Estimation Systems 

 
 

 

 

 



For rapid loss assessment after an earthquake the fast and reliable 
information on the source location and magnitude is essential. Most 
rapid loss basements (e.g.PAGER and QLARM) rely on teleseismic 
determinations of epicenters. This reliance can create error in loss 
estimations, especially in populated areas, since the mean errors in  
real-time teleseismic epicenter solutions, provided by  U.S. Geological 
Survey (USGS, the PDE) and/or the European Mediterranean 
Seismological Center (EMSC), can be as large as 25 to 35km  (Wyss et. 
al, 2011). 
 
 



Oct. 23, 2011 Mw7.2 Van earthquake 



Timeline of The Earthquake 

00d:00h:00m : Earthquake, 23 October 2011 13:41 

00d:00h:05m : Automatic SMS alarm sent ML 6.6, P waves reach Vienna 

00d:00h:08m : Published on the web and Twitter, RT ELER triggered 

00d:00h:10m : USGS announces Mw 7.6  

00d:00h:14m : P waves reach Colorado, 

00d:00h:16m : RT-ELER sends out first loss estimations with ML 6.6 (80 fatalities D5-D4-D3: 3/75/614) 

00d:00h:20m : USGS revises to Mw 7.3 

00d:00h:27m : First USGS PAGER loss estimations; red alarm 10k-100k fatalities 

00d:00h:30m : First news reports of collapsed buildings 

00d:00h:43m : RT-ELER updates results with Mw 7.3 (710 fatalities D5-D4-D3: 45/664/3216) 

00d:01h:20m : First news reports of confirmed casualties (8 people in Erciş) 

00d:01h:31m : USGS PAGER Version 2; 10k-100k fatalities 

00d:02h:00m : KOERI announces loss estimation on press conference: 710 fatalities, range 500-1000 

01d:00h:00m : Official death toll: 217 

01d:03h:31m : USGS PAGER Version 3; 1k-10k fatalities 

01d:20h:00m : Official death toll: 432 

04d:08h:00m : USGS PAGER Version 4; 100-1000 fatalities 

05d:00h:00m : Official death toll: 550 

12d:00h:00m : Final official death toll: 604 



Different Epicenter locations 



Different Epicenter locations 

Inter-distance of 15-20km. Small? 

In terms of loss estimations? 
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Different Epicenter locations 

Inter-distance of 15-20km. Small? 

In terms of loss estimations? 



INTENSITY and 
DAMAGE MAPS 
(minutes after the 
earthquake) 

ABOUT 4500 BUILDINGS WITH 

MEDIUM to TOTAL DAMAGE 

604 + 40 = 644 DEATHS 







644 Fatalites 

 

Economic loss 

2 Bilion USD 

(0.2% of GDP) 





This earthquake occurred 130 km 
(80 miles) east of Sendai, 
Honshu, Japan and 373 km (231 
miles) northeast of Tokyo, Japan. 
 

 
Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN 
Friday,  March 11, 2011 at 05:46:23 UTC  





Socio-economic loss estimates for the 2011 Tohoku EQ. 



Casualty range loss estimates from selected casualty models for the 
2011 Tohoku EQ for earthquake shaking deaths (Daniell et al, 2011) 

15815 have been killed and 3966 are missing (19781 in total). Around 230 should be 

earthquake-collapse related. Around 250 could be related to other causes such as 

fire, landslides etc. Around 94% of deaths are tsunami related. 



Fatality = 100-1000 

1-10 Billion USD 

Actual Fatalites = 20,000 (230 due to shaking) 

Actual Economic Loss = 200 Billion USD 



Uncertainties in real-time estimates of human losses are a factor of 
two, at best. And the size of the most serious errors can be an order of 
magnitude.  
They can be generated by hypocenter errors, incorrect data on building 
stock, and magnitude errors, especially for large earthquakes.  
 
The reduction of the uncertainties inherent in the basic ingredients of 
earthquake loss assessment is an important issue that needs to be 
tackled in the future for viability and reliability of rapid loss 
assessments.  
Improvement in the speed and quality of moment tensor information, 
including estimates of rupture direction and fault finiteness, will be 
needed for refining loss estimates especially in regions without dense 
local seismograph networks.  
 
It is believed that the increasing number of scientific studies, outcomes 
of the relevant EU projects (such as NERIES, SAFER, NERA and 
REAKT), ongoing refinements in PAGER methodologies, as well as the 
expected achievements of the Global Earthquake Model project will 
provide the correct directions and developments in this regard. 
 



THANK YOU 


