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From seismic hazard to impact
From hazard… …to seismic risk!
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Since 2018, a lot has happened

7.6B
8.0B

9.2B

+ 73 million buildings

Equivalent to all buildings 
in Brazil + Argentina

+ 375 million people

Equivalent to the population of 
United States + Canada

+ 98 million dwellings

Equivalent to all dwellings in 
Indonesia + South KoreaGEM Fo
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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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Global, but at the subnational level
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The 2023 GEM’s Global Exposure Model

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

Economic value of the 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

7.84B 1.52B

242B m2 287T USD

83.2T USD

104.9T USD 98.7T USD

Structural
components

Nons tructural
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The 2023 GEM’s Global Exposure Model
Number of 
buildings

Replacement 
cost

Construction 
area

Million Trilion USD Billion m2

63.2% of the 
global number of 

buildings

80.6% of the 
global replacement 

cost value

68.1% of the 
global contruction 

areaGEM Fo
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But where is it?
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Expanding the vulnerability database
GEM Global Seismic Risk Model Update 2023
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Expanding the global vulnerability model
We have expanded the vulnerability database from 544 functions to 1201 functions (times 3 

occupancy types – for a total of 3603 functions) 

Bamboo houses Large panel buildings Ruble stone masonry Concrete bricks masonry
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Expanding the global vulnerability model
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Expanding the global vulnerability model
The vulnerability model currently covers five main risk metrics

Buildings lost

Area lost (m2)

Economic loss (USD)

Fatalities

Displaced

Exposure Consequences
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But where is it?
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Impact of the seismic hazard
GEM Global Seismic Risk Model Update 2023
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Differences on the seismic hazard
Differences in the seismic hazard between 2018 and 2023 (PGA for the 475year RP on rock).

(courtesy of the hazard team)
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Global seismic risk assessment
GEM Global Seismic Risk Model Update 2023
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Global Seismic risk assessment
Stochastic generation of million of seismic events using the seismic hazard mosaic

Each frame represents 1 year of seismicity
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Global Seismic risk assessment

Each frame represents 1 year of seismicity

Generation of ground motion fields for each stochastically generated seismic event
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Global Seismic risk assessment

Exposure

⨂

• Number of buildings
• Number of dwellings
• Built up area
• Replacement cost
• Number of occupants

Seismic Risk

=

• Buildings lost
• Area lost
• Economic losses
• Fatalities
• Homeless

Vulnerability

⨂

Seismic Hazard GEM Fo
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Global Seismic risk assessment

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

Global Average Annual Economic Losses
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Global Seismic risk assessment
Southeast Asia represent 
44.1% of the Global AAL 84.1B USD / 0.029%

AAL (B USD)

Represents 77.8% 
of the global AAL

AALR (%)
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Global Seismic risk assessment

Average Annual Number of Buildings Destroyed on an evenly spaced hexagon grid with a constant spatial 
resolution of 0.30x0.36 decimal degrees.

Global Average Annual Number of Buildings Destroyed
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Global Seismic risk assessment

379k

Represents 73.2% 
of the global loss

109M m2
Average Annual Number of 

Buildings Destroyed

AA buildings lost (K) AA area lost (M m2)

Represents 74.4% 
of the global lossGEM Fo
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What about human impact?

High fatality rates
(Concrete)

Moderate fatality 
rates (Masonry)

Low fatality rates 
(Wood)GEM Fo
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Global earthquake fatality model

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

Global Average Annual Human Losses
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Global earthquake displaced model

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 Average Number of Displaced
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Buildings 
lost

DisplacedFatalitiesEconomic 
loss

Area 
lost 

Top 10 countries per risk metric
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Buildings 
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Development of country profiles
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But where is it?
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Anatomy of a global seismic risk map
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Anatomy of a global seismic risk map

Global map of
average annual
loss of built area

Global map of the 
number of residential, 
commercial and 
industrial buildings

Description of GEM, 
the current global 
seismic risk products 
and terms of useSponsors and 

main partners

Global seismic 
hazard map (PGA 
for the 475-year 

RP on soil)

Top 15 countries 
and territories

according to
specific risk metrics
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But where is it?
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Future developments
GEM Global Seismic Risk products

GEM Fo
un

dati
on



GLOBAL EARTHQUAKE MODEL

New vulnerability modelling approach

Supported by:

Eq. SDOF 
oscillator

Stick and mass 
MDOF model

PGA=0.51g
SA(0.3s)=1.29g
SA(0.6s)=0.85g
SA(1.0s)=0.31g

max{ü(t)}=1.02g;
max{u(t)}=3.30cm

max{ü(t)}=0.74g
max{u(t)}=2.05cm

max{ü(t)}=0.74g
max{u(t)}=2.03cm

Structural 
response
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New vulnerability modelling approach

Supported by:

Example of business interruption estimation based on one content (computer equipment)

max{ü(t)}=1.02g;
max{u(t)}=3.30cm

max{ü(t)}=0.74g
max{u(t)}=2.05cm

max{ü(t)}=0.74g
max{u(t)}=2.03cm

M
ax

 D
T 

= 
96

 d
ay

s

DT=96 days

DT=51 days

DT=51 days
*Using component fragility from PACT:

Median=1.0g, Dispersion=0.5

Considering the regionalization and and different building 
occupancies, we will have over 6000 functions 
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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
Zhu et al. 2015 Zhu et al. 2017

Bozzoni et al. 2020 Todorovic and Silva 2022

Some existing models already predict with 
a reasonable level of accuracy liquefaction 
occurrence, but the estimation of ground 

deformation is still challeging.

Todorovic L, Silva V (2022). A Liquefaction Occurrence 
Model for Regional Analysis. Soil Dynamics and Earthquake 
Engineering, 161:107430.
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Still much to be done

Direct economic losses due to the 2020 
M5.5 Zagreb earthquake

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

o The current Global Seismic Risk Model covers the impact on residential, commercial and industrial building 
stock, but governmental, healthcare and educational facilities can also contribute significantly to the 
impact.
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account for secondary hazards.
o The current Global Seismic Risk Model covers the impact on residential, commercial and industrial building 

stock, but governmental, healthcare and educational facilities can also contribute significantly to the 
impact.

o The current Global Seismic Risk Model covers direct losses, and 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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incorporate future exposure and vulnerability in the global model.

5

6

7

8

9

10

2000 2005 2010 2015 2020 2025 2030 2035 2040

Po
pu

la
tio

n 
(B

)

Year

7.6B
8.0B

9.2B

GEM Fo
un

dati
on



GLOBAL EARTHQUAKE MODEL

Still much to be done
o It is fundamental to go beyond the impact of ground shaking, and explore current or new methodologies to 

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

stock, but governmental, healthcare and educational facilities can also contribute significantly to the 
impact.

o The current Global Seismic Risk Model covers direct losses, and 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.

o Some of the new risk metrics bring the current model to a more equitable risk assessment, but we are still 
far from having equity in the risk assessment process.
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Thank you
Vitor.silva@globalquakemodel.org

Private Governors

Associate Partners

Major Contributors

Public Governors

Advisor  Sponsors
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