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The 2023 GEM’s Global Exposure Model
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The 2023 GEM’s Global Exposure Model

Construction
area

68.1% of the
global contruction

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



AR
) &'@ﬁﬁgg
= 53 2T v
i et
oy e
& S

6004

Replacement cost (B USD)
0 500 1000




Exposure modelling within the GEM Foundation

Residential building stock
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ome Recent Use Cases

Global Seismic Risk Assessment

Gen— SRSMICEE

S

of 0.3040.36 decimal degrees {very low <0.001; low 0.1; moderate 1.0: high >10.0)
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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.
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National Seismic Risk Model i

y ON“[

for Canada y
b ’/ Risk
o A new generation risk model ﬂ K (\3‘;% Profile o, /,
o Comprises updated hazard and ‘EE A
new exposure information country- hes

wide

o Developed with NRCanada

@)

Canadi
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Some Recent Use Cases

Investment in Earthquake and Flood Risk Reduction in TUrkiye

@ THE WORLD BANK =

Who We Are / News This page in: English  Tirkce

PRESS RELEASE | SEPTEMBER 27, 2022
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Rapid multi-hazard impact
assessment for DGECHO, the

Some Recent Use Cases

Emergency Response Coordination Centre (ERCC) - DG ECHO Daily Map | 11/09/2023

Morocco | 6.8 M Earthquake of 8 September
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European
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e P 3 ¥ ® 2476 the IFRC's Disaster Response Emergency
Pro ramme % T €) injured people Fund (DREF), in addition to EUR 800 000
e from the Acute Large Emergency Response
ﬁouar’-'l'ig_ Population exposure to Tool (ALERT) to support humanitarian aid
75 K ‘( 2 earthquake intensity operations.
Yo ,s(v % '7 Source:
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Some Recent Use Cases

Expansion of the Earthquake Risk CAT Bond in Latin America to Floods

THE WORLD BANK

CASE STUDY
Super-sized Catastrophe Bond for
Earthquake Risk in Latin America

COLOM&
‘ OVERVIEW

The World Bank helped the countries of
PACI F I C . the Pacific Alliance—Colombia, Chile,

A L L | A N C E , Mexico, and Peru—insure themselves

against earthquake risk.

CHILE Understanding the significant financial

implications that earthquakes can have for

a country's economy, the finance

ministers of the four countries set the

ambitious goal of working together to

address this risk, increase countries’

resilience to natural disasters, and expand

4 their disaster financing options—all
without increasing sovereign debt.

rA“ GLOBAL QUAKE MODEL .ORG




Some Recent Use Cases

Assessment of the impact of fsunamis in coastal areas

— %\ .$v‘ .S

2. Financial Impact of Chronic SLR .

Per location inundated,
GEM exposure provides:
‘lon’

‘lat’
‘value-residents’
‘value-structural’
‘value-nonstructural’

15 Climate Change Tipping Points | AXA XL Science Team

rA“ GLOBAL QUAKE MODEL .C Courtesy of Dr. Alec Vessey (AXAXL) alexander.vessey@axaxl.com
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Main Ingredients of an Exposure Model

o Number of buildings
o Average areaqs

‘* o Construction costs
o Vulnerabillity classes

Y o Location of buildings
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Estimating Number of Buildings

Leveraging housing census information and socio-economic data

Azores islands
CORVO o
FLORES ()

GRACIOSA QY
S. JORGE

PICO

-27.5

S. MIGUEL H
C SPoma'Delgad,:

.......................................
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'
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Number of
buildings
<700
700 - 1400
1400 - 2400
2400 - 3600

B 6900 - 9600
" I 9600 - 13200
N 13200

I 3600-5100 |,
B 5100-6900 |~

-17.5

-7.5

Za\ \ | oo

Number of buildings or dwellings
Construction material

Type of roof

Height (number of floors)
Age of construction
Type of floor

Material of the walls

Type of building



Estimating Number of Buildings

Leveraging housing census information and socio-economic data

Azores islands
corvo ] Advantages
FLORES ()
300 o Covers entire countries
GRACIOSA QY

| o May provide information about vulnerability attributes
F%C¥\ m%* o May be correlated with socio-economic variables

-27.5

S MIGUEL .
i T Disadvantages
. o Does not provide building-by-building information
wc?so o Sometimes only provides information about material
FEEA . of the walls or type of dwelling
1
Q”\@\ ............... .

Za\ \ \ oo



Estimating Number of Buildings
Volunteered Geographic Information (VGI) such as OpenStreetMap (OSM)

o  Number of building footprints
o In some cases:
o Type of use

o Number of floors

: SW IR
R T X *’
{

®

X WA A Y 3
& ’\\ g{ ';;S\ ,

N ¥ ,\'. . K, S % ‘\ |
QCAFOY 8




Estimating Number of Buildings
Volunteered Geographic Information (VGI) such as OpenStreetMap (OSM)

g\ \ | oo o

Advantages

O

O

Information at the building level

Covers building area

Disadvantages

O

Heavily incomplete in many
parts of the world
Covers assets that are not

buildings



Estimating Number of Buildings

Automatic Building Footprint Detection (e.g., Microsoft)

Inacurate building footprints Missing footprints
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WESTERN
SAHARA

Africa (2020)
Population
<1k

1k - 5k

5k - 10k
10k - 50k
50k - 100k
100k - 500k
> 500k

N\ ) )

Estimating Number of Buildings

Population datasets and household sizes

From population

GLOBAL QUAKE MODEL .ORG

SEYCHELLES

Africa (2020) \ ; .
Dwellings :

To dwellings and buildings

Hoxands

® ALGERIA
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L (]
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. °
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Estimating Average Areas

Surveys from National Statistical Offices and NGOs

Apartment Kabul nfa 920 a 250 65,000
Apartment Large Size n/fa 150 89 250-350 100,000
Apartment Medium Size n/a 80 5-7 150-250 80,000
. 40,000
Apartment Small Size nfa 50 4-6 100
65,000 g [Owner with title deeds/
Piped water or| Septie O ith othe
Formal Mm “/a 90 6 200 ”'m pea wi [+ pone composing wner wi i
own well " documents (sales
Dwelling Kabul 300 170 9 600 | 250,000 tonet transaction) / renter
Dwelling Large Size 300-450 200 10-12 300 150,000
Dwelling Medium Size 200-300 150 10-12 250 100,000
Dwelling Small Size 200 100 89 200 50,000
Average 300 150 9 250 100,000
Planned Kabul 400 200 7 180 50,000
Planned Large Size 500 200 815 200 60,000
Sales transaction/
Planned Medium Size 400 150 150 45,000 |piped water or| Septic tank or | Inheritance / municipal
ownwell | dry pit latrine notebook
Planned Small Size 300 100 100 30,000
Informal Average 400 150 11 150 45,000
Spontaneous Kabul 180 120 9 160 -
Spontaneous Large Size 250- 600 100-200 10-15 60 20,000
Shared well/ g
Sponta Medium Siz: 150 80 79 50 15,000 blic taps/ | Dry pit latri No documentation /
pontaneous Medium Size - X public ry pit latrine municipal notebook
water tanker
Spontaneous Small Size 80-100 50-70 5-6 40 7,000
- 'State of Afghan Cities 2017' p. 88
[Source: ‘State of Afghan Cities p. 88]. p—— m | w | o | w |z

SOURCE: SOAC FIELD SURVEY

GLOBAL QUAKE MODEL .ORG
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Estimating Average Areas

Combine cadastral datasets (building footprints) with land use layers

Residential
Commercial




Estimating Construction costs

Combine cadastral datasets (building footprints) with land use layers

International
construction
marketsuv
2

making the difference

NAVIGANT

RESEARCH

5. I

RESEARCH REPORT

Executive Summary:

Global Building Stock Database

Commercial and Residential Building Floor Space

by Country and Building Type: 2014-2024

NOTE: This document s a fraa excorpt o afargar rapor,fyou are ntarested n

purchasing the ull report, please contact Navigant Research a

research-ssles@navigantcom.

Published 40 2015
Benjamin Freas
Senior Research Analyst

Noah Goldsteln
Resaarch Diractor
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Defining Vulnerability Classes

Defining mapping schemes to convert building attributes to vulnerability classes

Material of Bricks or
the walls SEE]
blocks

Za\ \ \ oo




Defining Vulnerability Classes

Defining mapping schemes to convert building attributes to vulnerability classes

Material of

the floors

—> Earth

Material of Bricks or
- cement Wood
blocks

— Cement
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Defining Vulnerability Classes

Defining mapping schemes to convert building attributes to vulnerability classes

Material of Type of U

\ 4

Apartments

the floors dwellings

—> Earth
: Bricks or
N,r\ﬁ;e\;lg”?f cement > Wood
blocks
— Cement
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Defining Vulnerability Classes

Defining mapping schemes to convert building attributes to vulnerability classes

Material of

the floors

Type of

dwellings

House

T

15% MCF/H1

| 85% MUR/H1

\ 4

Apartments

T

30% MCF/H1

Y

15% MCF/H1
15% MCF/H1:3

—> Earth ®
: Bricks or
N’r\k? ;e\:gl”?f cement > Wood ¢
blocks
—» Cement ¢

50% MUR/HI
20% MUR/H1:3

70% MUR/HI1

A 4

10% CR/H1:3
50% MCF/H1:3

4

40% MCF/H1:3
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Defining Vulnerability Classes

Working with local experts to develop and improve mapping schemes
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Defining Vulnerability Classes

Incorporation of building height from satellite imagery

Paris, France Sao Paulo, Brasil Johannesburg, South Africa
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Defining Vulnerability Classes

Incorporation of building height from satellite imagery

Liberia Built-up Surface 2020

5
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Liberia Morphological Settlement Zone — Cell Distribution (Res10x10)
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Defining Vulnerability Classes

Incorporation of satellite imagery to assign building age (or epoch of construction)

6.8

47.4 %% 6.6 "% i - .......

64 NIGERIA

3.2 3.4 36

11990 2000 [l 2015
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Incorporating Design Regulations

Considering the year of design regulation and the associate seismic zonations

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Albania | | Vi
Austria  [——— I 0151 o |
Bulgaria - Il |
Cyprus
France [ |
Germany I [ |
1978 Thessaloniki
e M-
Hungary |
Iceland  E—— [I—— |
1908 Messina 2009 L'Aquila
oty e | L e
Portugal N |
1977 Vrancea

Romania |
Spain l [
Switzerland [ ]

1939 Erzincan 1999 Kocaeli

Turkey I | | -
Bosnia and Herzegovina I | ==——"—
Croatia I [ =]

Lateral force coefficient 0.000 - 0.050 [77710.075 - 0.100 I 0.150 - 0.200 I 0.250 - 0.300
0.000 - 0.000 0.050 - 0.075 I 0.100 - 0.150 I 0.200 - 0.250
u CDM m CDH

m CDN

CDL
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Incorporating Design Regulations

Considering the year of design regulation and the associate seismic zonations

1980 - 1990 1990 - 2000
J’/ ,(‘ ) ‘f 1520 1930 1980 1950 19E0 e 1sed 1SAad 20000 2000 2020 2024
®
1983 Fopay@n
. 9 Colbmbia
o - . — |
' ‘ ® ®
' : 1228 Talca =85 valpamkn
{ Chile
d
¥ i
2000 - 2010 2010 - 2020 Argantha
w £ © o Bolivia
* ®
1574 Lima 1926 Nazca
Peri I l
o] M e
1945 & mba to 1976 Esmeraldas 1965 Momna -Santiags
Ecuador l
@
1267 Caracas
Venezuela '
PGA (g}
- 008 arw-005 [l ozo-02s [l ox-o3s [ osw-oss
0.0%-0.00 Jors-o20 [ o2s-030 [ ods-oso R oss-os0 = CDN CcDL m CDM ®m CDH
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Incorporating Design Regulations

Distribution of buildings, area and replacement cost across different code levels for Colombia

Estimated fractions by code level per region

Bogota

Antioquia-

Valle del Cauca
Atlantico
Cundinamarca

I <254
—x

I 562 3
I 5.0
I 7501 Valle

Antioguia I 511.9
Bogota I 244.2
del Cauca B 1571

Cundinamarca| [N 158.7

santander | [N 119.6
Atlantico’ [N 113.3

Bogota I 222.9
Antioquia I 131.2
Valle del Cauca B 95.0

Atlantico. [l 54.9
Cundinamarca [l 45.6
Bolivar| il 36.6

Bolivar | [N 319.9
santander | [N 293.5
Norte de Santander [N 286.4
Tolima [ 235.9
Meta | [ 217.3
Magdalena [ 211.6
Cérdoba [N 211.0
Cesar [ 193.8
Huila I 185.2
Boyaca [l 178.3
Narifio Il 166.6
Risaralda | [l 159.2
Cauca [l 150.2
Caldas ] 150.0
Sucre Jlll 137.4
Quindio il 111.4
La Guajira il 90.9
Caquets i 81.8
Casanare i 81.4

Bolivar | [ 88.6

Tolima | [ 68.2
Boyaca I 67.3
Norte de Santander [l 62.6
Narifo [l 59.8
Caldas | [l 56.3
Risaralda ' [l 54.8
Cérdoba [l 51.8
Meta Il 51.1
Cauca [ 51.1
Huila- [l 48.7
Magdalena [l 47.1
Cesar /[l 42.4
Sucre il 30.3
Quindio il 28.8
La Guajira ] 23.6
Casanare Jj 19.2
Chocé ] 15.5
Caqueta JJ 15.3
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Location of Buildings

The current exposure model for
Spain is at the first administrative

level. Either the data is
aggregated at a given site, or
spatially disaggregated using
auxiliary datasets. For the latter
approach, different techniques
and datasets can be pursued o
minimized the uncertainty and

bias.
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Location of Buildings

Incorporation of national data and vulnerability improvements due to projects
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Location of Buildings

Application of different spatial disaggregation approaches (example for Chile)
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Location of Buildings

Application of different spatial disaggregation approaches (example for Chile)

: : Using built up area
Actual Using population Using built up area and building height
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GEM'’s Global Exposure Model
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Some Future Developments
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Exposure Modelling with ML/AI
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Exposure Modelling with ML/AI
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Exposure Modelling with ML/AI

(‘--NQ L ." : ‘l

rA“ GLOBAL QUAKE MODEL .ORG

|
s |




Exposure Modelling with ML/AI

The algorithm predicted the building class in more than 86% of the cases
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ncorporating Sustainability in Exposure Modellin

Estimation of the embodied carbon in the building stock in Europe
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Incorporating Sustainability in Exposure Modelling

Estimation of the embodied carbon in the building stock in Europe
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FINAL REMARKS

« Exposure models are fundamental for several multi-hazard risk analysis and to
support the development of risk reduction measures.

« Several challenges still remain in the estimation of the number of buildings,
their location, costs and vulnerability classes.

» |t is fundamental to ensure that the same exposure model is used for the
assessment of impact due to different hazards, to avoid unnecessary bias.

 New technologies such as machine learning and existing datasets can support
the development of exposure models, or the enhacement of current datasets.
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