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FROM SEISMIC HAZARD TO IMPACT

From hazard...
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SINCE 2018, A LOT HAS HAPPENED

Population (B)

10

7.6B — = T R

2000 2005

+ 375 million people

Equivalent to the population of
United States + Canada

2010

2015 0 2025
r

O
+ 9glion dwellings

Equivalent to all dwellings in
Indonesia + South Korea

2030 2035 2040

+ 73 million buildings

Equivalent to all buildings
in Brazil + Argentina
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INFLATION AND CONSTRUCTION COSTS

More than 54 countries currently have inflation above 10%, which tends to be 50% higher for the
construction sector
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THE 2023 GEM’S GLOBAL EXPOSURE MODEL
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Number of residential, commercial and industrial buildings on an evenly spaced hexagon grid with
a constant spatial resolution of 0.30x0.36 decimal degrees.
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THE 2023 GEM’S GLOBAL EXPOSURE MODEL
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“Economic value of tRe residential, commercial and indUstrial buildings stock on an evenly spaced
hexagon grid with a constant spatial resolution of 0.30x0.36 decimal degrees.
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THE 2023 GEM’S GLOBAL EXPOSURE MODEL

Residential :Commercial Industrial Total

\ _7.8_7I; - - 7.87B
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THE 2023 GEM’S GLOBAL EXPOSURE MODEL
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Bangladesh
Philippines
Ethiopia
Egypt
Vietnam

Germany

Number of
_FJ buildings

China

Japan

Australia
Germany
Canada

France

United Kingdo

63.2% of the 80.6% of the
global number of . global replacement
buildings Switzerland cost value
T T T T I T T T T
50 100 150 200 0 20 40 60 80
Million Trilion USD

Q “ = Construction

~+, Replacement
o cost N O 1 area

L
United States &

I |

China

United States
India
Japan
Russia
Brazil
Indonesia
Germany
Mexico
Australia
France
Italy
Nigeria
Pakistan
Turkey

68.1% of the
global contruction
area

I T T T
0 20 40 60
Billion m?2

GLOBAL EARTHQUAKE MODEL



BUT WHERE IS IT?

[ NN J ) gem/global_exposure_mode!

« > cC

<> Code

X

+

@ github.com/gem/global_exposure_model

(@ lIssues 2 1 Pull requests

0 gem |/ global_exposure_model

Q Type (7] to search

® Actions [ Projects () Security |~ Insights

== global_exposure_model Public

¥ main ~ ¥ 2 branches

O 4tags

Go to fill

. raoanirudh Merge pull request #24 from gem/spectra-doi - 002c

Africa
Caribbean_Central_America
Central_Asia
East_Asia
Europe
Middle_East
North_America
North_Asia
Oceania
South_America
South_Asia

Southeast_Asia

Add exposure at Adm1 for Africa (see

d exposure at Adm1 for South_America (see #20)
Add exposure at Adm1 for South_Asia (see #20)

Add exposure at Adm1 for SEA

atch 4

ile » <> Code ~

last month ) 160 commits

2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago

2 months ago

-

v
» = 0O o Relaunch to update

= 1 7 el Q’“ H

Y Fork 2 - ¥y Star 5 -

About

This is the web repository of the GEM's
Global Exposure Model

0J Readme

55 View license

Activity

5 stars

4 watching

€ O 2 <

2 forks

Report repository

Releases 3

© v2023.11

on Aug 8

+ 2 releases

Packages
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BUT WHERE IS IT?

[ NN ©) Global Exposure Model - GEM' X =+

& C & globalquakemodel.org/products2023/global-exposure-model

GEM ©)

GLOBAL EARTHQUAKE MODEL

Related produéts
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OpenQuake Engine Global Seismic Risk Map Global Seismic Hazard Map
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ﬁ EXPANDING THE VULNERABILITY DATABASE
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Loss ratio

EXPANDING THE GLOBAL VULNERABILITY MODEL

0.5 A

We have expanded the vulnerability database from 544 functions t8,1201 functions (times 3
occupancy types — for a total of 3603 funttions)
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EXPANDING THE GLOBAL VULNERABILITY MODEL

Structural

Non-structural

Contents

Loss Ratio

Loss Ratio

Loss Ratio

——— Structural
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SA(0.3s) [g]
———Nonstructural
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—— Contents
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EXPANDING THE GLOBAL VULNERABILITY MODEL

trics

\ \./o};

The vulnerability model currently covers five main r

Buildings lost

Exposure Consequences

—> Area lost (m?)

> Economic loss (usb)

Fatalities

—> Displaced

gl
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BUT WHERE IS IT?

[ JON ) gem/global_vulnerability_moc x4

v
& - C @& github.com/gem/global_vulnerability_model PY & = 0O o
.
O gem |/ global_vulnerability_model Q Type (7] to search \ Yo + <~ (O & “

<> Code (©) Issues [ Pullrequests () Actions [ Projects () Security [~ Insights

== global_vulnerability_model pubiic Watch 6 ~ %Y Fork 0 - ¥r Star 0 v

¥ main ~ ¥ 1branch © 2tags Go to fi Add file ~ About

GEM Global Vulnerability Model

‘ andresabarca-gem Update README.md ... fa2b 2 weeks ago ) 10 commits
0 Readme
In  Africa 3 weeks ago &5 View license
Activi
B Caribbean_Central_America 3 weeks ago e o
¢ O stars
Central_Asia 3 weeks ago
= - g ® 6 watching
Im East_Asia 3 weeks ago % 0 forks
B8 Europe 3 weeks ago Report repository
I Images 3 weeks ago
I Middle_East 3 weeks ago Releases 1
B8 North_America 3 weeks ago © v2023.1.0
2 weeks ago
BB North_Asia 3 weeks ago
. ial fi TP -
BB Oceania tial files copied from the gitlab repo 3 weeks ago Packages
B8 South_America initial files copied from the gitlab repo 3 weeks ago

No packages published
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"IMPACT OF THE SEISMIC HAZARD
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DIFFERENCES ON THE SEISMIC HAZARD

Differences in the seismic hazard between 2018 and 2023 (PGA fofithe*75year RP on rock).

(courtesy of the hazard team) GLOBAL EARTHQUAKE MODEL
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GLOBAL SEISMIC RISK ASSESSMENT
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GLOBAL SEISMIC RISK ASSESSMENT
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GLOBAL SEISMIC RISK ASSESSMENT

Global Average Annual Economic Losses

hangha

© JHonoluu
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a spatial resolution of 0.3040.96 decimal degrees
(very low <10k USD: low 100k USD; moderate 1M USD; high > 10M USD}

T T
very low low moderate high

-60° T T T T T T T T T T T T
-150° -120° -90° -60° -30° 0° 30° 60° 90° 120° 150° 180°

Average Annual Economic Losses (in USD) on an evenly spaced hexagon grid with a constant spatial
resolution of 0.30x0.36 decimal degrees. GLOBAL EARTHQUAKE MODEL
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GLOBAL SEISMIC RISK ASSESSMENT

Southeast Asia represent o
44.1% of the Global AAL ) 8 SD / 0.0299%
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GLOBAL SEISMIC RISK ASSESSMENT

Global Average Annual Number of Buildings Destroyed
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Average Annual Number of Buildings Destroyed on an evenly spaced hexagon grid with a constant spatial
resolution of 0.30x0.36 decimal degrees. GLOBAL EARTHQUAKE MODEL
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GLOBAL SEISMIC RISK ASSESSMENT

Average Annual Number of
Buildings Destroyed
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WHAT ABOUT HUMAN IMPACT?

High fatality rates
(Concrete)

Moderate fatality
rates (Masonry)

Low fatality rates
(Wood)
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EMPIRICAL AVERAGE ANNUAL FATALITIES
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GLOBAL EARTHQUAKE FATALITY MODEL

Global Average Annual Human Losses

e R

an a spaial resolution of 0.30x0.36 decimal degrees
(very low <0.01; low 0.01; moderate 0.5; high 5.0}

very low low moderate high

-150° -120° -90° -60° -30° 0° 30° 60° 90° 120° 150° 180°

Average number of human losses on an evenly spaced hexagon grid with a constant spatial resolution of
0.30x0.36 decimal degrees. GLOBAL EARTHQUAKE MODEL



GLOBAL EARTHQUAKE DISPLACED MODEL

Global Average Number of Displaced

number of
a spatial resolution of 0.30x0.36 decimal degrees_(very low <1; low 10; moderate 100; high >1000)

very low low moderate high

7 Average number of people displaced due to damage in the residential building stock on an evenly spaced
hexagon grid with a constant spatial resolution of 0.30x0.36 decimal degrees. GLOBAL EARTHQUAKE MODEL



TOP 10 COUNTRIES PER RISK METRIC
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TOP 10 COUNTRIES PER RISK METRIC
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DEVELOPMENT OF COUNTRY PROFILES

=+ GEORGIA

SOCIAL INDICATORS
Population 4.0M
I GDP18.6B USD
#  GiniIndex 34.5
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BUT WHERE IS IT?

[ NON O gemjrisk-profiles: This is the = X 4

& - C @& github.com/gem/risk-profiles

O gem | risk-profiles

== risk-profiles Public

¥ master ~ ¥ 1branch O 1tag

' andresabarca-gem Update README.md

Africa
Caribbean_Central_America
Central_Asia

East_Asia

Europe

Middle_East

North_America

North_Asia

Oceania addlicense files to each country/territory

South_America dd license files to each countryjterritory

South_Asia add license files to each country/territory

Q Type (7] to search \

<> Code () Issues % Pullrequests () Actions [ Projects [0 Wiki () Security |~ Insi 53 Se

é

& Unwatch 9

16266 yesterday ‘)16 commits

2 days ago
2 days ago
2 days ago
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Readme

View license
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9 watching

< O % ¢ B

0 forks
Report repository

Releases 1

© v2023.0.0

yesterday

Packages
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ANATOMY OF A GLOBAL SEISMIC RISK MAP
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ANATOMY OF A GLOBAL SEISMIC RISK MAP

Top 15 countries
and territories
according to
specific risk metrics

Global seismic
hazard map (PGA
for the 475-year

RP on soil)
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BUT WHERE IS IT?

® ©® o Global SeismicRiskMap|Glo. X = + v

- > C & globalquakemodel.org/product/global-seismic-risk-map .Q

A milestone in global earthquake risk assess

CCBY-SA4.0

Available resources |

nd publicly a
antained in collaboration

ve been colecied,
\ Foundation scient

erlying dataset use the main map

a shapefile for use

ch and public-geed applications without cost, fee
cial applications. In addition to the AAL o b
the underlying datase!

Martins, N. Paul
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NEW VULNERABILITY MODELLING APPROACH

Eq. SDOF Stick and mass Structural
oscillator MDOF model response

max{l(t)}=1.02g;
max{u(t)}=3.30cm

f‘> j> ."“"'WMM‘MM f‘> max{ii(t)}=0.74g
max{u(t)}=2.05cm

PGA=0.51g
SA(0.3s)=1.29¢g
SA(0.65)=0.85g
SA(1.0s)=0.31g —>

max{l(t)}=0.74g
max{u(t)}=2.03cm

Supported by:

@2 GuyCarpenter
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NEW VULNERABILITY MODELLING APPROACH

Example of business interruption estimation based on one conteat{computer equipment)

max{l(t)}=1.02g; DT=96 days
max{u(t)}=3.30cm

max{ii(t)}=0.74g ] DT=51 days =

max{u(t)}=2.05cm 2 100 >

g P cl?

g % =

25 1 D

X

o ©

) AN T =
max{u(t)}=0.74g pra [ DT=51 days

max{u(t)}=2.03cm x|

Considering the regionalization and and different building
occupancies, we will have over 6000 functions

Supported by:

@2 GuyCarpenter
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STILL MUCH TO BE DONE

It is fundamental to go beyond the impact of ground shaking, and@ore current or new
methodologies to account for secondary I'@' S

Zhu et al. 2015 Zhu et al. 2017 Q

Some existing models already predict with
a reasonable level of accuracy liquefaction
occurrence, but the estimation of ground
deformation is still challeging.

: > F
4361 SN SR S =
; | A ]

gy

Bozzoni et al. 2020

-

Todorovic L, Silva V (2022). A Liquefaction Occurrence
Model for Regional Analysis. Soil Dynamics and Earthquake
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It is fundamental to go beyond the impact of ground shaking, and explore.current or new methodologies to

account for secondary hazards.

The current Global Seismic Risk Model covers the impact on residential, 'eormmercial and industrial building
stock, but governmental, healthcare and educational facilitiesiCamjalso contribute significantly to the

impact.

Losses (B EUR)

Direct economic lossesg™due™o the 2020

M5.5 Zagreb‘earthquake
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STILL MUCH TO BE DONE

o Itis fundamental to go beyond the impact of ground shaking, and explore.curkent or new methodologies to

account for secondary hazards.
o The current Global Seismic Risk Model covers the impact on residential,'eormmercial and industrial building

stock, but governmental, healthcare and educational facilitiesiCamjalso contribute significantly to the

impact.
o The current Global Seismic Risk Model covers direct loss€s, afnd neglects indirect losses. Moreover, it also
does not cover damage in the infrastructure, nor the impact due to the disruption in these systems.
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o Itis fundamental to go beyond the impact of ground shaking, and explore.curkent or new methodologies to
account for secondary hazards.

o The current Global Seismic Risk Model covers the impact on residential,'eormmercial and industrial building
stock, but governmental, healthcare and educational facilitiesiCamjalso contribute significantly to the
impact.

o The current Global Seismic Risk Model covers direct loss€s, afnd neglects indirect losses. Moreover, it also
does not cover damage in the infrastructure, nor the impact due to the disruption in these systems.

o The Global Seismic Risk Model reflects current risk, Which becomes rapdily absolete. It is fundamental to
incorporate future exposure and vulnerability in the global model.
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STILL MUCH TO BE DONE

It is fundamental to go beyond the impact of ground shaking, and explore.current or new methodologies to
account for secondary hazards.

The current Global Seismic Risk Model covers the impact on residential, 'eormmercial and industrial building
stock, but governmental, healthcare and educational facilitiesiCamjalso contribute significantly to the
impact.

The current Global Seismic Risk Model covers direct loss€5,,afd neglects indirect losses. Moreover, it also
does not cover damage in the infrastructure, nor the impact due to the disruption in these systems.

The Global Seismic Risk Model reflects current risk, Which becomes rapdily absolete. It is fundamental to
incorporate future exposure and vulnerability in the global model.

Some of the new risk metrics bring the currént model to a more equitable risk assessment, but we are still
far from having equity in the risk assessment process.
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