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EFMVE SEISMIC HAZARD MAP OF THE MIDDLE EAS

EARTHQUAKE MODEL OF
THE MIDDLE EAST REGION
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Map Content

The Seismic Hazard Map of the Middle East displays the ground shaking (i.e. Peak Horizontal
Ground Acceleration, PGA) to be reached or exceeded with a 10% probability in 50 years. This refer-
ence value represents the shaking to be expected during the human lifetime, corresponding to the
average recurrence of such ground motions every 475 years, as prescribed by the national building.
codes for standard buildings in the Middle Eastern countries. Blue to green colors depict compara-
tively low hazard (PGA = 10% of the gravitational acceleration), yellow to orange colors moderate
hazard (10% < PGA  30% g) and red to brown colors identify high hazard areas (PGA > 307% g).

edited by D. Giardini, L. Danciu, M. Erdik, K. Sesetyan, M. Demircioglu, June 2016

The Earthquake Model of the Middle East project (EMME)

The Middle East region has a long history of destructve earthguakes, and selsmic risk can severely affect our modern socety: a shown by the tragic events of zmit (Turkey, 1999), Bam (Ian, 2003),
ashmir (Pakistan, 2005), Van (Turkey, 2011) and Hindu Kush (Afghanistan, 2015). Minimization of the loss of life, property damage, and 5o

on reliable estimates of seismic hazard.

National, state, and local governments, decision makers, engineers, planners, emergency response organizations, builders, universities, and the general public require seismic hazard estimates for

land use planning, improved building design and construction, adoption of modern building . emergency response plans, ousing and employ-

ment decisions, and other measures for risk mitigation

The collaboratve project “Earthquake Model of the Middie East (EMME, 2010-2015)° brought together scienists and e fum the leading research institutions in the region and delivers
Al ia, Azerbaijan, Cyprus, Georgia, Iran, Irag, Jor Palestine, Pakistan, Syria and Turkey. The enerated new

zmd\qu-ka (-Iul»‘w\ mgmml maps of active faults Ot the Bt eves s o hap iz et b sl S m.P, for the s region, characterizing the seismic activity and its effects.

The the associated with n the Middle Eastand serve as inpu to develop stategies for seieni risk governance and earth-

q.nkc esitont dcﬂgn o dforent applications - ranging o rivate homes to maltl-story public bulldings and criticalinfrastructopes such as bridges and

EMME contributes its results to the Global Earthquake Model (GEM), a program initiated by the Organi

tion for Economic Cooperation and Development (OECD).

Main contribu(ors

editors, th he Selamic Hazard Map o the Middle Eas are: M. Ghafory- Aubiiany, H. Babayan, A. Axundoy, A Katakhanian, A. Khan, L Gilen A. Guencadze,
A Elias, N. Tsereteli, B, Mansourl, K. Hessami, 5. Adamia, 5. Al Quraan, 5. Akkar, A. Askan, M. Al-Qaryout, H. Al-Nimey, M. Avanesyan, M. Awawdeh, R. Basili, . Chrysostomou, R. El-Khoury, U
Hancilar, R. Helou, Y. Ince, K. Jaradat, M. D. Koksal, N. Kyriakides, S H. Lodi, T. Mammadli, A. Rovida, SFA. Rafeeds, N. Sodradze, M. Sayab, M. Stucchi, B. Sungay. M. Utkucu, H. Yalgin, G
Yetirmishli, M. Zare, and C. Zulfikar.

Disclaimer

The EMME map does not replace the existing national design regulations and seismic provisions, which are compulsory for today's design and construction of buildings.

Faisalabad
.
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For more information, data and models visit: www.emme-gem.org and www.efehr.org
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~ Maps of Country-wide Housing Taxonomy Distribution
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SysCat
Systemic Framework for Catastrophe Simulation and Analysis
FiCat-EQ
Risk-EQ
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ﬁ&. An Integrated Catastrophe Model for Economic, Financial Impacts & Resilience
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SysCat-EQ: An Integrated System for Catastrophe Risk Governance:
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(SysCat — Systemic Framework for Catastrophe Simulation and Analysis)

e

ResiCat-EQ

Resilience Modeling
for Catastrophes

e e e e e Sy

Under Development

SysCat-EQ
System for Catastrophe Analysis
& Simulation
RiskCat-EQ FiCat-EQ GovCat-EQ SocioCat-EQ
Risk Assessment of Financial Impact of Governance & Policy Social Impact of
Catastrophes Catastrophes for Catastrophes Catastrophes
| Hazard | Financial Capacity —p! Game Theory ‘| Under Development )
; : Disaster Risk
—p Exposure —] Financial Vul. — e — —
Disaster Risk
Vulnerability Macroeconomic Reduction —
Strategies
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Methodology:
 FiCat-EQ toolbox:

= An integrated, modular tool
designed to comprehensively
assess:

o Step 1: Seismic Risk.

o Step 2: Catastrophe
(Disaster) Financial
Resources.

o Step 3: Financial Gaps and
Vulnerability

o Step 4: Impact of
Financial Gap on Housing

Sector Economy and
Recovery

Seismic Risk

Hazard

PSHA

1. Event Based PSHA

2. Monte-Carlo Simulation

3. Seismic Source Models (Area,
Fault, Smoothed Seismicity)

4. Generate Seismic Hazard Maps

S v
\

i

Exposure

1. Define Building Types

at risk (Residential Buildings)

2. Calculate Replacement Costs
3. Using:

3.1. Iranian Housing Census Data
(2016, updated for 2023)

3.2. Expert Judgments

3.3. LandScan Population
Database (2023)

mnerability \
1. Identify Building Fragility

Functions

2. Assign Vulnerability Curves to
Building Types

3. Determine Damage Level

FiCat Model

/ Step 1 \ / Step 2

Financial Resources

Stock

> 2. Review Literature and

Regulations

Case)

Recovery Funds

1. Apply Loss Ratios to Building

3. Consult Experts for Financial
Scenarios (Worst, Realistic, Best-

4, Estimate Available Relief and

N

Seismic Risk Impacts

/ge of Housing in GDP \

1. Housing Production
1.1. Construction of Housing

1.2. Rental Income from
. Housi
| ousing

1.3. Imputed Rent
2. System Dynamic Model
2.1. Housing Supply
2.2. Housing Demand
2.3. Price and New Construction

/

v

=
T

Financial Vulnerability\

1. Compare Direct Losses with
Available Financial Resources.
2. |dentify Financial Gaps for
Different Financial Resources.
3. Estimate Fiscal Gaps for
Different Return Periods (475-

threshold for reconstruction and

4 )

year and 1000-year Earthquakes)

\\ A

3. Calculate Impact of Seismic
Events on Housing sector's Share
of GDP

4. Estimate Reduction in Housing
GDP for Different Scenarios
(Using Monte-Carlo Simulation)

5. Calculate the Housing GDP

R&duction in the Year of Event/
/@very and Reconstructich

Time

Using Monte-Carlo Simulation to:
1. Calculate Reconstruction Time
based on Different Scenarios.

2. Generate Exceedance
Probability Curve for
Reconstruction Time

3. Estimate Recovery Time for

ifferent Return Period Even

—
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Consultation with

Event Based PSHA
I I Experts

Seismic Risk Financial Consultation with
Exposure Model q . i

(Direct Loss) Resources Policymakers

Vulnerabili ity | | Review of Strategic
Function
Financial
Gap

Methodology:
[ FiCat_EQ Toolbox Architecture:

= Modular Architecture and Design:
o Developed using Python
o Designed with a modular
architecture
I o Flexibility, scalability, and
i integration capabilities
= Flexibility & Customization:

Documents and Past
Disasters

Reglonal

. . Macroeconomlc
| o Expandable analytical engine. c;’;‘;ﬂ,‘;;‘;’a’;a oata

~\ o Easily customizable to fit various

”\ regional and macroeconomic

contexts.

" |ntegration with External Platforms. Gl et
o Seamless integration with Wiodef

external systems or platforms
(GIS)

.
= Robust Framework (Before Event) Impact
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Step 1: Seismic Risk Module

: 11 Hazard-Related
Data Layers

3 Site-Related
Data Layers

L T
Pt W

-------------------------------------

Logic Tree

=

ground Motion
sampling

: 21+ million

i Ground Motion Fields
:\"v'! i "

Vulnerability Curves

with Betterment cost

19 Inventory-Related
Data Layers

* o

.
N
-

Loss Maps
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Building Extraction by AI Algorithm (Object-based image analysis by eCognition)

pre-processing L
DATASET (Geo ref, Co-register, enhancing Classification and Building extraction
(VHR ,UAV) ,fusion, adjusting, Histogram

segmentation
matching, sharpening ,..) »

Segmentation by Region merging
Multi-resolution Algorithm

Building extraction

Classification
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Domestic dataset created - Building Extraction
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Domestic dataset created - Damage Mapping
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