king together

to assess risk
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SINCE 2018, A LOT HAS HAPPENED

Population (B)

10

7.6B ===

2000 2005

+ 375 million people

Equivalent to the population of
United States + Canada

2010

2015 2020
Year

+ 98 million dwellings

Equivalent to all dwellings in
Indonesia + South Korea

GLOBAL QUAKRE MODEL

2025

2030 2035 2040

+ 73 million buildings

Equivalent to all buildings
in Brazil + Argentina

GEM
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DISASTER MANAGEMENT STRATEGIES

NETHERLANDS

government.nl/topics/delta-
programme

JAPAN

bosai-jp.org/en/solution/category

CUBA

Sims and Vogelmann (2002)

BANGLADESH

National Adaptation Plan of
Bangladesh 2023-2050

AUSTRALIA

dcceew.gov.au/climate-
change/policy/environment

Hazards

oA

Safeguard dams, storm surge barriers,
floodgates and locks protecting the population
from floods and sea level rise

Minimizing loss of life from earthquakes,
tsunamis, typhoons, floods and volcanic
eruptions

Relocating at-risk populations, building
resistant housing + infrastructure, developing
resilient agricultural systems

Limit saltwater intrusion, build storm shelters,
relocate vulnerable populations, enhance early
warning systems

Prescribed burning, fire-resistant structures,
agricultural diversification and comprehensive
water conservation strategies

GLOBAL EARTHQUAKRE MODEL

50-year and 100-year
term planning

Decades-long plan scale

50-year and 100-year

horizon

30-year horizon

Decades-long plan scale
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- WHAT WE NEED TO ACCOUNT FOR

CHANGE DRIVERS

How many? Life expectancy, death rates, birth
rates, immigration, emigration,

economic prospects

Land use, availability,
affordability, opportunities,
access to amenities

How Construction practices,
GLOBAL living standards
7 1

sg‘t\)'éf vulnerable: government regulation

and intervention

GLOBAL EARTHQUAKE MODEL
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WHAT WE HAVE TRIED SO FAR

Establish a relationship between population and construction Calderon A, Silva VV (2020)
by observing changes at a country level }

Forecast of Risk within the Context of the SFDRR: Study Cases in Central
America and the Caribbean

2
R*=0.48
—_
2 (]
<
© .
2 0.6
1] ° ] L4
c
=]
)
9]
3
]
n
0 0.4
o
)
c
(]
oo
B
= 02
()
Sources
Stevens FR, Gaughan AE, Linard C, Tatem AJ (2015) Disaggregating Census Data for Population ~
Mapping Using Random Forests with Remotely-Sensed and Ancillary Data. doi.org/10.1371 R 0
Pesaresi M, Guo H, Blaes X, Ehrlich D, Ferri S, Gueguen L, Halkia M, Kauffmann M, Kemper T, Lu L, -02 0 O 2 0 4 0 6

Marin-Herrera M.A, Ouzounis G, Scavazzon M, Soille P, Syrris V/, Zanchetta L (2013). A Global Human x
Settlement Layer From Optical HR/VHR RS Data. doi.org/10.1109/JSTARS.2013.227 1445,

Change in population (%)
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o WHAT WE HAVE TRIED SO FAR

Establish a relationship between economic growth and World Bank, GEM Foundation (2021)
construction by observing changes on a regional scale >

Regional risk assessment of the European Union Member States

R’=0.68 .

Change in built-up (in thousands of km?)

GLOBAL
QUAKE
HODE L Sources
OECD Data (2014). Real GDP long-term forecast 2015 - 2060. Taken from the database Long-term ~ »
baseline projections. No.95 (2014): = 0
Pesaresi M, Guo H, Blaes X, Ehrlich D, Ferri S, Gueguen L, Halkia M, Kauffmann M, Kemper T, Lu L, x O 1 00 200 300 400 500 600

Marin-Herrera M.A, Ouzounis G, Scavazzon M, Soille P, Syrris V/, Zanchetta L (2013). A Global Human . .
Settlement Layer From Optical HR/VHR RS Data. doi.org/10.1109/JSTARS.2013.2271445. C hange in GDP (U SD bill. @2 010 valu E)
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wmgs’  [ROM THE AMERICAN PEOPLE working together to assess risk

Q\USND ©) GEM

FROM THE AMERICAN PEOPLE GLOBAL EARTHQUAKE MODEL
working together to assess risk

Parcent by distri.
Imoamum
11089
’ 0501010
‘ Less than 0 50

et OPENQUAKE

-alculate share explors

Knowledge Training Communication
Strengthening local
capacities and consolidating
a technical community
network

Usable information for
stakeholders and decision-
making authorities

State-of-the-art on seismic
hazard and risk modelling to
forecast future risk

GLOBAL
QUARE
MODEL

D GLOBAL EARTHQUAKE MODEL
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s’ FROM THE AMERICAN PEOPLE working together to assess risk

Forecasting and Communicating Earthquake Hazard and Risk

Main Goal
Time-dependent risk models

. ! Lo } On the exposure side:
P

- e v" Collect additional data for the drivers of urban
growth around the world

v' Explore better ways to account for these drivers in
Knowledge exposure forecasting

State-of-the-art on seismic
hazard and risk modelling to v
forecast future risk
GLOBAL
ﬁg;? Scenarios of future exposure into national and global
' exposure models of the GRM

D GLOBAL EARTHQUAKE MODEL
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- URBAN GROWTH AT SUBNATIONAL LEVEL

Observing changes in Mexico City administrative region across datasets and time

W e e D
i A Mexico City ™ 4 i,
Number of dwellings = il == T MeeoGiy

Number of households o

Average occupants per dwelling

Total population

Population working in AGR (_ - ' :
g

GLOBAL Population working in SRV = 1.77 million 2.13 million = 2.45 million
QUAKE it
MODEL

Population working in IND \’

Sources :
Instituto Nacional de Estadisticas y Censos de México (INEGI). Censos de 4
) Poblaciony Vivienda 1990 -2010. &
GLOBAL EARTHQUAKRE MODEL
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URBAN GROWTH AT SUBNATIONAL LEVEL

Observing changes in Mexico City administrative region across datasets and time

1980 2000 2010

Urban occupation (%)

Rural occupation (%)

Total construction area (km?)

Non-res construction area (km?)

Average construction height

Sources

Instituto Nacional de Estadisticas y Censos de México (INEGI). Censos de Poblacion
y Vivienda 1990-2010.

GHS-BUILT-S R2023A - GHS built-up surface grid, derived from Sentinel2
composite and Landsat, multitemporal (1975-2020 )European Commission, Joint
Research Centre (JRC)

WorldPop. School of Geography and Environmental Science, University of
Southampton; Department of Geography and Geosciences, Global High Resolution
Population Denominators Project &

GLOBAL EARTHQUAKE MODEL



GEM
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Observing changes in Mexico City administrative region across datasets and time

Location (latitude and longitude)
Country
Geographical region

Economic region

Sources

World Bank (2023). World Development Indicators — The world by income and
region.

GLOBAL [ | Lower middle income Upper middle income
QUAKE
MODEL

i
) y.
) ) GLOBAL EARTHQUAKE MODEL
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o URBAN GROWTH AT SUBNATIONAL LEVEL

12

Observing changes in Mexico City administrative region across datasets and time

GINI Index (Gl)

Gross domestic product (GDP)

GDP per capita

Sources

UNDP, Human Development Report (2021-22)
OurWorldInData.org/human-development-index

GLOBAL
QUAKE
MODEL

ORG

D) > GLOBAL EARTHQUAKE MODEL

HDI 0.65 HDI0.71 HDI 0.75
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s’ FROM THE AMERICAN PEOPLE working together to assess risk

Forecasting and Communicating Earthquake Hazard and Risk

Main Goal Progress so far:
Time-dependent risk models
T v’ 36 countries
y e } On the exposure side: v ot
*‘ continents
* %2 :
: } v Collect additional data for the drivers of urban } v’ 135 urban clusters
growth around the world ,
v’ +2,000 regions
v Explore better ways to account for these driversin v 40 years of data
Knowledge exposure forecasting

T v' 26 urban drivers
State-of-the-art on seismic

hazard and risk modelling to v
forecast future risk
GLOBAL
ﬁg;? Scenarios of future exposure into national and global
ORG exposure models of the GRM

D GLOBAL EARTHQUAKE MODEL
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s’ FROM THE AMERICAN PEOPLE working together to assess risk

Forecasting and Communicating Earthquake Hazard and Risk

Main Goal Progress so far:
Time-dependent risk models
T v 36 countries
e On the exposure side:
*‘ , } P v’ 4 continents
v ) .
s : } v Collect additional data for the drivers of urban v’ 135 urban clusters

growth around the world ;
v’ +2,000 regions
v' Explore better ways to account for these drivers in v 40 years of data

Knowledge exposure forecasting

T v' 26 urban drivers
State-of-the-art on seismic

hazard and risk modelling to v
forecast future risk
GLOBAL
ﬁg;? Scenarios of future exposure into national and global
ORG exposure models of the GRM

D GLOBAL EARTHQUAKE MODEL
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o HOW TO USE THIS FOR EXPOSURE FORECASTING?

15

TARGET

e Method: Random Forests

Number of dwellings « Folds:5
A * Forests: 10

() }
' ' ' * Trainobs.: 4,625
Test obs.: 1,082

* MAE.: 3.2%

Predicted change in dwellings (%)

0 0.4 0.8 1.2 1.6 2

GLOBAL
QUAKE
MODEL

ORG

D) > GLOBAL EARTHQUAKE MODEL

Observed change in dwellings (%)
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- HOW TO USE THIS FOR EXPOSURE FORECASTING?

Mexico_Subnat_RF_test

Known observations of ./\_ o 616  Observed-AREA # 15

3 = Qbserved-AREA # 16
the exploratory variable ™ ushuriecapl
G || — Observed-AREA # 10
—— Observed-AREA # 06

H4-
.'E
W 3
2
Known observations /\7' @ 1 I} T
: —— =
iona  Of thedrivers 9 ax »~ TN 8
QUAKE
MODEL

Starting point ~— ///‘

) -
-
A T T ;
1980 2000 2010 2020
Years
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- HOW TO USE THIS FOR EXPOSURE FORECASTING?

Mexico_Test Results

Nahonal |eve| 3547 Obse..-rved-Mex.ico
.. & Predicted-Mexico
prediction

|

30 A

25 A

204

Dwellings (millio

15 A -

Mexico_Subnat_RF_test

Known observations of N ¢+ ObservedareA# 15
i m 5+ = Observed-AREA # 16

the exploratory variable I seibisiomhison
= Qbserved-AREA # 10

= Observed-AREA # 06

& Predicted-AREA # 15

Predicted-AREA # 16
Predicted-AREA # 13
Predicted-AREA # 10

Range of trajectories &————

Dwellings (millions)

Known observations (1 I
Q& Digh—

OLOBAL of the drivers

QUAKE

MODEL
1 J—
——

Starting point

T T T
1980 2000 2010 2020
Years



GEM
- A FORECAST REQUIRES A NARRATIVE FOR THE FUTURE

Forecast of global GDP per SSP Forecast of global population per SSP

There are frameworks already in place that 1200 12

facilitate the integrated analysis of future

devel he f fcl h oS
evelopment (on the front of climate change):
P ( ge) —O—SSP2
1000 11
. —0—SSP3
%))
The Shared Socio-Economic Pathways (SSPs) 5 —O—SSP4 @
. = c
cover global development in different 5 800 —O—SSP5 =10
c 0
dimensions, including: = £
wn c
m 600 = 9
P Q ©
%> DEMOGRAPHIC S ©
/\;l ?j CLO
©
&5 ECONOMIC £ oo ;
»f URBAN ”
GLOBAL 200 7
QU'-{?\H‘E' Sources
MODEL SSP Public Database (Version 2.0) https://tntcat.iiasa.ac.at/SspDb
Keywan et al. The Shared Socioeconomic Pathways and their energy, land use, and greenhouse
gas emissions implications: An OVEf:VfEW, Global Environmental Change, Volume 42, Pages 153~ 0 6
168,2017,I1SSN 0959-3780, DOI:110.1016/j.gloenvcha.2016.05.009 2000 2050 21 OO 2000 2050 21 00
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PROPOSING NARRATIVES FOR FUTURE VULNERABILITY

=
)= POLICIES IMPLEMENTATION m
Scenarios | Scenarios
A. Business as usual 1. Business as usual
Current code and seismic provisions remain the Implementation of construction standards in new
standard available for all new construction construction is the same as observed in 2023
B. Safer standards 2. Better implementation of current standards
A modern building code with safer standards available Construction standards become widely adopted and
for all new construction by 2030 informality is reduced by 50% by 2050
SSP1 SSP2 SSP3 SSP4 SSP5

SHARED SOCIOECONOMIC PATHWAYS 3 % -)_f_ﬁ
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WHERE ARE WE HEADED: SOUTH-EAST ASIA

All countries undergo the following two scenarios:

Demographic growth: Policying:

mean fertility, life expectancy business as usual

estimates Implementation:

Development: same as observed in

historical GDP, HDI trends 2023

Demographic growth: Policying:

mean fertility, life expectancy business as usual

estimates Implementation:

Development: Standards widely
g’i?::; historical GDP, HDI trends adopted by 2050

GLOBAL EARTHQUAKE MODEL
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Scenario SSP2 4
2030 e

Number of exposed dwellings (0.25-degree grid)

| B

0.016M 0.176M 1.6M
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- ey h S 1%
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Rangoon Bangkok .
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Scenario SSP2 o
2040 - N
-2 Mania

Number of exposed dwellings (0.25-degree grid)

0.016M 0.176M 1.6M

£ Ho Chi Minh City
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i e
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Scenario SSP2 :
2050 T
Number of exposed dwellings (0.25-degree grid)
| - .

0.016M 0.176M 1.6M

Manila

" HoChiMinh City .

Bangkok
Rangoon e Dili
W,
s P
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Yogyakarta
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Increase in the number of exposed dwellings in Southeast Asia

Scenario SSP2

" 300
=
el
. ) = 200 0% Manila
Number of exposed dwellings (0.25-degree grid) = ! '
| - .
0.016M 0.16M 16M 100
; ' y 2020 2025 2030 2035 2040 2045

A2 A

S o,
7 18 S i Citvx

~ Rangoon Bangkok

R .'?.‘:,. : S =7 S
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: ’ “"Medan . - :’ ot
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2050

Dili



~ Rangoon

s

Scenario SSP2 Increase in the number of exposed dwellings in Southeast Asia
300

2030 27%

: - 200 %% Manila
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100
2035 2040 2045 2050

0.016M 0.16M 1.6M 2020 2025 2030

Millions

y"r»." :

R :{-:"i;i 7'1%
"o /HoChiMinh City 5.
¥ Dili

.

e = 7‘;}, ; == ! /‘ L- -
A ‘ ‘ — 5 ‘t .-\{..“ > _" 8, -
X 5
S Kuala Lumpur —.;3"- ﬁ
A’ . Sur: a

SE , “"Medan < " :
- N R ogyakarta
Vi g e oon e, Jakarta o -
s i [}
1 -..‘ Singapore - B = "

S, .
-
-t . ‘ ;
® _ :
@ v
.
2

e el vy =
O ® -
<y




Scenario SSP2
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Increase in the number of exposed dwellings in Southeast Asia

" 300 51%
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Increase in the number of exposed dwellings in Southeast Asia 71%

Scenario SSP2 ,
51%

2050 - -

Number of exposed dwellings (0.25-degree grid)

200 0%
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Scenario SSP2 ] Gy
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2050 2 S

Seismic hazard (PGA 10% p.o.e. in 50y) : . Manila
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WHERE ARE WE HEADED: SOUTH-EAST ASIA

P SSpP2 Increase in exposure by 2050
4 t 3 | Demographic growth: 'Y T N
( #. mean fertility estimates y f )] ™
\ — Development: -4 People Dwelli Buildings
historical GDP, HDI trends Werings
Goen +134M +112M +86M

Seismic hazard (PGA 10% p.o.e. in 50y)

. 25 0.15g 0.30g 0.45g
c
2 20
E 5 Y = ;-
10 A A A A
5 A A " 4 A
— — — —
N 2 o Q& X N 2 2 3 2 >
OQQ’%\ _ Qé\& ,g,\\'bo < Q}@?\%\ ,bo@’b & @Qo& N &,\/@é Q;&(\

5 \ \ GLOBAL QUAKRE MODEL @



WHERE ARE WE HEADED: SOUTH-EAST ASIA

P SSP2 Total exposure by 2050
t 5 . Demographic growth: 'Y T N
{ ey | mean fertility estimates '-\ M
\ p / Development: > People Dwelli Buildings ]
“ " historical GDP, HDI trend we ings
s istoriea rends 789M 278M 212M

SSP2 (A.1) SSP2(A.2)

Policying: business as usual  Policying: business as usual
Implementation: same as observedin  Implementation: standards widely
2023  adopted by 2050

7%
29%

N vs —

Insufficient seismic prowisions

93%

Adequate seismic provisions

“ \ \ GLOBAL QUAKRE MODEL EM



FUTURE WORK

POLICYING

Scenarios
L
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Water level (m) for 100y RP flood hazard
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Source -

Aqueduct Floods Hazard Maps from the World Resources Institute (WRI), 2022 at www.wri.org/data/aqueduct-
floods-hazard-maps

Scenario SSP2 — RCP4.5 o
2050

Water level (m) for 100y RP flood hazard

: 2020 2030 2040 2050

0.5 1.0 1.5

a

48%

Millions
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THANKS FOR JOINING! GEM CONFERENCE

“Are we making a difference?

¥

13th - 14th June 2023
Centro'Congressi Bergamo .
' Bergamo, Italy

Please attribute to the GEM Foundation with a
link to: https:/www.globalguakemodel.org
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