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FROM SEISMIC HAZARD TO IMPACT

From hazard... ...to seismic risk!

L L L L L L 90°

of 0.30x0.36 decimal deprees (very low <0.001: ow 0.1: moderate 1.

very low low moderate
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SOME APPLICATIONS OF THE RISK MODELS

Global Earthquake Model Global Seismic Risk Map
2.6EM ©)22

Earthquake Risk Hotspots - Buseinss Disruption

Business Faciites ~ # Bulldings Damaged Beyond Repalr

GVR

Global Assessment Reppn
on Disaster Risk Reduction

2019
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Nasdaq

Porting of models into OASIS and Touchstone

World Health
Organization

COVID-19 L)

Global literature on coronavirus disease

@ temblor

Preparing for an earthquake during @
pandemic

W SEPTEMBER 16, 2020 BY TEMBLOR

sulting
pandenic. g resctg

whether authorites prepare no.

Identification of COVID19 + seismic risk zones

Development of training and teaching material
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SOME FEEDBACK FROM STAKEHOLDERS

Dr Claudia Pinto,

| < City hall of Lisbon, Portugal
ReSmt v °

“..vulnerability of the housing and
cultural heritage (...) infrastructure
s"}n?.':;'“.‘..‘:"'sfﬁ":'“p‘.;;" ‘I:Ell';'.?l‘.i'.‘. networks (..) as a way to evacuate
F- =3 and access critical facilities. ”

RESILIENCIA SISMICA

) resiliéncia aos sismos
e téenico cientifica,

presas povadas,
b

zastite
sctorate

Mr Drazen Stajduhar, 7}
Civil Protection Dictorate, Croatia {

“..vulnerability of the building
stock (...) evaluate the number of
collapses, fatalities and injured
citizens.”

GLOBAL EARTHQUAKE MODEL



"UPATING AND UPGRADING EXPOSURE
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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

2025

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

Inflation (%)
No data

By i L__lobd

B o 12
J2-s3
[ Js-s
Els-s
s - 10
-0
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BETTER UNDERSTANDING OF NONRESIDENTIAL ASSETS

In several countries (in particular in South East), several
business are established in the owenrs house, thus reducing
the number of (exclusive) commercial buildings.

% of businesses at home in Indonesia
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THE 2023 GEM’S GLOBAL EXPOSURE MODEL

< JHonoluu

»

<10 1000 10000 > 100000

—60° -60°

‘Number of residential, commercial and industrial buildings on an evenly spaced hexagon grid with
a constant spatial resolution of 0.30x0.36 decimal degrees.
GLOBAL EARTHQUAKE MODEL



THE 2023 GEM’S GLOBAL EXPOSURE MODEL

JEE cay
ngion DC.

el -~

<IMUSD 25MUSD 250M USD 2.5B USD >50B USD

180°

“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

Residential Commercial Industrial Total
o
'H‘ 7.87B - - 7.87B
‘ 1.39B 0.10B 0.03B 1.52B
-
--l 193B 29B 20B 242B

(m2)

nl 202T 57T 28T 287T

(USD)
components components
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THE 2023 GEM’S GLOBAL EXPOSURE MODEL

India

China
United States
Brazil
Indonesia
Nigena
Japan
Pakistan
Mexico
Bangladesh
Philippines
Ethiopia
Egypt
Vietnam

Germany

rJ

Number of
buildings

63.2% of the

global number of

buildings

T T T
100 150 200
Million

United States
China

Japan
Australia
Germany
Canada
France
United Kingdom
Italy

South Korea
Brazil

Russia
Mexico

Spain

Switzerland

=, Replacement
cost

* el
.

80.6% of the

global replacement

cost value

0 20

T T
40 60
Trilion USD

I
80

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

Construction
area

68.1% of the
global contruction

area
I T T T
0 20 40 60
Billion m?2
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ﬁ EXPANDING THE VULNERABILITY DATABASE
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Loss ratio

EXPANDING THE GLOBAL VULNERABILITY MODEL

1.0 ~

0.5 A

We have expanded the vulnerability database from 544 functions to 1201 functions (times 3
occupancy types — for a total of 3603 functions)

Bamboo houses

0.0

SA(0.6s)

Loss ratio

1.0

0.5 A

0.0

SA(0.6s)

Loss ratio

1.0 A

0.5 A

Ruble stone masonry

0.0

SA(0.3s)

Concrete bricks masonry

Loss ratio

1.0 A

0.5 A

0.0

1 2 3
SA(0.3s)
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EXPANDING THE GLOBAL VULNERABILITY MODEL

Structural

Non-structural

Contents

Loss Ratio

Loss Ratio

Loss Ratio

——— Structural

1 2 3

SA(0.3s) [g]
———Nonstructural

1 2 3

SA(0.3s) [g]
—— Contents

1 2 3

SA(0.3s) [g]
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EXPANDING THE GLOBAL VULNERABILITY MODEL

The vulnerability model currently covers five main risk metrics

Buildings lost

Exposure Consequences

—> Area lost (m?)

> Economic loss (usb)

Fatalities

—> Displaced

gl

GLOBAL EARTHQUAKE MODEL



"IMPACT OF THE SEISMIC HAZARD
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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) GLOBAL EARTHQUAKE MODEL



DIFFERENCES ON THE SEISMIC HAZARD

One small step for hazard, one giant leap for risk

PGA for the 475-year RP Loss ratio for the 475-
for Beznau, Swizerland year RP a masonry house
PEGASUS (2004) o . °
PRP (2013) - [ 1 [

ESHM13 (2014) - ® . °
SUIHAZ15 (2015) | ® . °
ESHM (2021) 1 © . )

1072 1071 1074 1073 1072 101
PGA (g) Loss ratio
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DIFFERENCES ON THE SEISMIC HAZARD

PEGASUS (2004)

One small step for hazard, one giant leap for risk

PGA for the 475-year RP
for Beznau, Swizerland

— . ~—

0,
PRP (2013) - o \23%
ESHM13 (2014) - o  T113%
0,
SUIHAZ15 (2015) A ° V7%
0,
ESHM (2021) - ° V2%
102 10-1
PGA (g)

Loss ratio for the 475-
year RP a masonry house

/.\

o 4 60%
o TN691%
° 4 13%
° J 3%
T
Loss ratio
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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
GLOBAL EARTHQUAKE MODEL



GLOBAL SEISMIC RISK ASSESSMENT

Generation of ground motion fields for each stochastically generated seismic event

GLOBAL EARTHQUAKE MODEL



GLOBAL SEISMIC RISK ASSESSMENT

Seismic Risk

* Buildings lost
(& ay
& o

@
. * Economic losses
+ Fatalities
SA(0.35) ! SA(0.35) ? SA(0.35) SA(0.35) SA(0.35) 0 1 2 3

° ° H
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Loss ratio
o
w

° ) * Arealost
1.0 1.0 1.0 1.0 -
Vulnerability ‘ ‘ ‘ ‘ :
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‘:EE:> SA(0.3s)

* Number of buildings
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‘ * Builtup area
* Replacement cost

Number of occupants
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GLOBAL SEISMIC RISK ASSESSMENT

Global Average Annual Economic Losses

a spatial resolution of 0.30x0.36 decimal degrees
(very low <10k USD: low 100K USD; moderate 1M USD; high > 10M USD}

T T T
very low low moderate high

-150° -120° -90¢ 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



GLOBAL SEISMIC RISK ASSESSMENT

Southeast Asia represent

44.1% of the Global AAL JJ 84.1B USD / 0.029%

AAL B usp) AALR @
Japan = | Solomon Islands =
United States — | Afghanistan =
China = | Vanuatu =
taly = I Nicaragua =
Turkey = I El Salvador =
Mexico = I Guatemala
Taiwan = I Armenia -
Iran = I Philippines =
Indonesia = I Ecuador -
Pakistan —D Azerbaijan =
Peru —D Nepal
Ecuador -D Turkey =
India —D Pakistan =
reece _D Represents 77.8% S
of the global AAL
Chile -D Peru - |
T T T T T
0 5 10 15 0.0 0.1 0.2




GLOBAL SEISMIC RISK ASSESSMENT

Let's put 84.1 billion USD in perspective...

2023 M7.8 Turkiye-Syria

“The cost of the disaster of the century to our
country is approximately 2 trillion Turkish lira (%
103.6 billion)” - Tiirkiye's Ministry of Finance

2008 M7.9 Sichuan, China 1994 M6.7 Northridge, USA

“The overall direct economic loss was estimated “In addition, Dr. Grossi says that based on RMS
to be RMB 845 billion (8 130 billion) “- Vivian aata, a repeat of the Northridge earthquake would
Bernal, World Bank result in up to 3155 billion in total economic loss.”

GLOBAL EARTHQUAKE MODEL



POST LOSS AMPLIFICATION

The impact of destructive earthquakes might exceed the local capacity to cope with disasters,
and lead to an increase in the reconstruction costs

1994 M 6.7 Northridge (USA) earthquake

"After the Northridge earthquake, a 20% PLA was observed,
mostly related to the lack of labor in the area. This added
cost combined with issues in handling insurance claims
almost led to the bankruptcy of the 20th Century Insurance
Company” - Olsen and Porter (2010)

Supported by:

Swiss Re GLOBAL EARTHQUAKE MODEL



POST LOSS AMPLIFICATION

Development of a database with 68 past events with information regarding post loss
amplification and other impact parameters

@I " <1999 M7:6 Duzce —
| 2oreMe.2Gentlial Qg 1988'16:8 Spifak
=2002 M5.8‘Puglla-MoI>|Ise 7 >

Ay
j t s 2003.M6.8.Boumerdés”
nam % ;

U

o
™
>~ 2010 M7.2 Haiti

y
A 1976 M7.5 Guatemala %a— . ”
o 13
)8 4
v
1 986‘M5,-‘7_4\ian Salvador

M7.2Ecliador

-
ey

-Post-loss amplification (%)
\" X /‘

e 0-1
e 1-5
1989 M5.4 Newcastle
® 5-10
® 10-15 2016.M7.8 Kaikoura
@ 15-20 &
2011 M6.1 Christchurch

® >2
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POST LOSS AMPLIFICATION
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Evaluation of correlations between PLA and all explanatory variables
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POST LOSS AMPLIFICATION

A relatively good correlation between the RP of the loss and the loss divided by the local GDP

Y = 0.1198X - 0.041

40

Y = 0.03log(X)? + 0.22log(X) + 0.43

40

PLA (%)
PLA (%)

IIII T IIlIIIll T IIIIIII] i LI T T
10! 102 103 1073 102 1071 10°

Return period (years) Loss / Regional GDP

Supported by:
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POST LOSS AMPLIFICATION

@ Swiss Re

Aggregated loss (B USD)

Supported by

Swiss Re

300 =

250 =

200 -

150 -

100 -

50 -

Application of the PLA model to probabilistic risk results

Probable maximum losses for Italy
3 Without PLA
=3 With PLA

AALcona = 3.71B USD
AAL,;o.= 4.37B USD 1M 18%

T“?ﬂ?ﬂqﬂg

Return period (years)

1000

5000
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GLOBAL SEISMIC RISK ASSESSMENT

Global Average Annual Number of Buildings Destroyed

ag of buildings with
f 0.30x0.36 decimal degrees (very low <0.001; low 0.1; moderate 1.0; high >10.0)
q

very low (< 0.01) low (0.2) moderate (10) high (> 25)

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

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



GLOBAL SEISMIC RISK ASSESSMENT

Average Annual Number of
Buildings Destroyed

India
Pakistan
Philippines
China
Indonesia
Iran

Japan

Peru
Mexico
Turkey
Bangladesh
Afghanistan
Guatemala
Myanmar

Algeria

379K

AA buildings lost (K)

-DUUUJUHJ

Represents 73.2%
of the global loss

o

! T I
20 30 40

=
o

China
Pakistan
India
Turkey
Japan

Iran
Indonesia
Philippines
United States
Mexico
Taiwan
Colombia
ltaly

Peru
Bangladesh

109M M2

AA area lost (M m?2)

Represents 74.4%
of the global loss

o

T T ! T
10 20 30 40



GLOBAL SEISMIC RISK ASSESSMENT

Let's put 379k buildings in perspective...

1990 M7.4 Manjil, Iran 2015 M7.8 Gorkha, Nepal 2010 M8.8 Maule, Chile

~

“1..) left more than 500,000 homeless and “Over 500,000 houses were destroyed and "According to Government reports, some. 441,000
destroyed 314,000 residential houses (...)" - another 269,000 damaged (...)" - houses have been severely damaged or
Tavakoli and Tavakoli (1992). Preventionl//eb. completely destroyed.” - ECLAC (United Nations)

GLOBAL EARTHQUAKE MODEL



WHAT ABOUT HUMAN IMPACT?

High fatality rates
(Concrete)

Moderate fatality
rates (Masonry)

Low fatality rates
(Wood)

GLOBAL EARTHQUAKE MODEL



WHAT ABOUT HUMAN IMPACT?

Converting fragility to
vulnerability for fatalities

1.00

== Complete damage

0.75

0.50 -

0.25 -

Probability of a consequence

0.00 T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

SA(0.3s)
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WHAT ABOUT HUMAN IMPACT?

1.00

o

~

ul
1

0.25

Probability of a consequence
o
3
1

Converting fragility to Going from complete damage to collapse
vulnerability for fatalities 020 - (HAZUS - FEMA 2012)

0

T 0.15 -

== Complete damage 3 0.10 =
=== Collapse rate o
©

= 0.05 -
]
O

0.00 -

collapse rate Hl H2:3 H>3 Hl H2:3 H>3 Hl H2:3 H>3 Hl H2:3 H>3

Wood Masonry Concrete Steel

0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
SA(0.3s)
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WHAT ABOUT HUMAN IMPACT?

Probability of a consequence

1.00

o

~

w
1

o
e
o

1

o
N
(%]

0.00

1

== Complete damage
= Collapse rate

Converting fragility to
vulnerability for fatalities

Fatality

l
I
I
| collapse rate
l
I

 fatality rate
v

0.0

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
SA(0.3s)

Going from complete damage to collapse
(HAZUS - FEMA 2012)

0.20

0.15

0.10

0.05

Collapse rates

0.00

0.4

0.3

0.2

0.1

Fatality rates

0.0

H1 H2:3 H>3 H1 H2:3 H>3 H1 H2:3 H=>3 H1 H2:3 H>3
Wood Masonry Concrete Steel

Going from collapse to fatalities

(Spence 2007)
_-l-;? T 1 | I T 1
H1 H2:3 H>3 H1 H2:3 H>3 H1 H2:3 H=>3 H1 H2:3 H=>3
Wood Masonry Concrete Steel
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WHAT ABOUT HUMAN IMPACT?

How can we calibrate these

collapse and fatality rates?

Going from complete damage to collapse
(HAZUS - FEMA 2012)

0.20

0.15

0.10

0.05

Collapse rates

0.00

0.4

0.3

0.2

0.1

Fatality rates

0.0

H1 H2:3 H>3 H1 H2:3 H>3 H1 H2:3 H=>3 H1 H2:3 H>3
Wood Masonry Concrete Steel

Going from collapse to fatalities

(Spence 2007)
_-l-;? T 1 | I T 1
H1 H2:3 H>3 H1 H2:3 H>3 H1 H2:3 H=>3 H1 H2:3 H=>3
Wood Masonry Concrete Steel
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DATA REGARDING FATALITIES SINCE 1950

Total fatalities

Thousands

900
600 4 © ¢
) o
300 R Y ® o o)
0 o) o) o) O
1950 1960 1970 1980 1990 2000 2010 2020
S - - - —
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EMPIRICAL AVERAGE ANNUAL FATALITIES
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WHAT IF PAST EARTHQUAKES WERE TO OCCUR TODAY?

THE NEW YORK TIMES, WEDNESDAY, MARCH 2, 1960.

1,000 Feared Dead as Quakes Hlt Moroccan Port

AGADIR IS TURNED
INTO RUBBLE HEAP

Tidal Wave and Fire Wreak
Havoc in Beach Resort—
Americans Are Missing

Continued From Page 1, Col. 8

will operate an airlft for the
injured throughout the night
from Agadir to the Benguérir
and Nouaseur air bases. The
United States Ambassador,
Charles W. Yost, flew to the
scene of the disaster and made
available $10,000 to the Moroc-
can Government for food and
medica! supplies.

On a stretcher in the hangar
of the French air base a United
States Air Force first lieuten-
ant, Gerald Martin, waited des-
perately for news of his wife,
buried among the ruins of a
hotel. The lieutenant and his
tamuy were on a vacation at

e nd tis 1 year-old daugh-
ter Diane were
afternoon from the debﬂs of the

fered leg u'l)urlts The " child
was unhurt.

Moroccan authorities have

made urgent .ppe-n for help
The immediate need
medical personnel s work
crews to dig the clty out of lll
grave. Six Unit tates Air
Force and Navy pnydehm and
several nurses flew with the
first American relief plane to
Agadir today.

The puuc-nncuen population
began its exodus at daybreak,
neadmg for lnlu:d villages at

n and Ait
Melloul wllleh ‘were untouched
by the quake.
Some Remain to Search

The few families who re-
mained in the city to continue
the search for friends and rela.
tives huddled together in smnll
groups on the beach or in gar-
denls’ out of danger of falling

The old Morocean qua\rler
known as Tal Borj
stroyed. ume nmamed o( (he

casbah, it fortre:
favorite " tourist, < snle overxook
mg the sea. In the modern

European city. the four-story
luxury hotel Es Saada is a heap
of stone and glass.

el rants, fashion-
able shops and the central mar-
ket were badly damaged. Most
of the villas and apartment

-

Assoclated Press Radiophoto

HIT BY EARTHQUAKES AND TIDAL WAVE: An aerial view of damaged buildings in Moroccan port of Agadir

for care of the injured.

The United States has sent
teams from all its bases in
Morocco, One American couple
fell from their third-floor room
in the Es Saada Hotel to the

ment, from which they
were extricated six hours later
with only bruises.

To ward off epldemics, United
Stat d French medical tea:
.reinocuunngsuwwonqsmu
typhoid and typhus.

Tidal Wave Follows Qu-b
CASABLANCA
Mareh 1 (AF)The tids) wave
that followed the first tremor
swept some 300 yards into the
stricken city. Fires broke out
while rescue work was in prog-

ress.
Lieut, (j. g.) Norman Lefton

of the United States Navy, on

Somerset Ma ﬂllm the novel-
m, was_ identified 'tonight as

having been injured in the
quake. His injuries are said to
be not serious.

Lord Maugham, 43 years old,
writes under the name of Robin
Maugham. He is in a hospital
in Casablanca.

Agadir a Scene
of Destruction;
Residents Flee
Shattered City
AGADIR, Morocco, March 1

(UPI)—Americans, British and
German tourists as well as the

" ALGERIA

The New Yok Times March 2,
Two earthquakes and a tidal wave struck Agadir (cross)

The 1960 M5.8 Agadir (Morocco) earthquake
caused more than ~13,000 fatalities
(approximately one third of the population of the
city at the time). Since then, Agadir has
increased tenfold, with a metropolitan area of
almost 1 million people. If one assumes that the
seismic vulnerability of the building stock
remained exactly the same, a death toll of
130,000 people could be expected if the same
event were to happen today.
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EMPIRICAL AVERAGE ANNUAL FATALITIES
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INCORPORATING BUILDING VULNERABILITY

Low code Moderate code High code
Country
Year Enforcement Year Enforcement Year Enforcement
Afghanistan
Albania
Algeria
Argentina
Azerbaijan
Bolivia
Canada
Chile
China
Colombia
CostaRica
Croatia
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INCORPORATING BUILDING VULNERABILITY

Country

Afghanistan
Albania
Algeria

Argentina
Azerbaijan
Bolivia
Canada
Chile
China
Colombia
Costa Rica
Croatia

Year

1978
1980
1972

1960
1935
1960
1984
1986
1964

Low code
Enforcement

Moderate code

Year

2012
1989
2003
1983
2009
2006
1980
1972
1980
1998

1981

Enforcement

Year

1998

2020
2010
1993
2010
2010
2002
2006

High code
Enforcement
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INCORPORATING BUILDING VULNERABILITY

Country

Afghanistan
Albania
Algeria

Argentina
Azerbaijan
Bolivia
Canada
Chile
China
Colombia
Costa Rica
Croatia

Year

1978
1980
1972

1960
1935
1960
1984
1986
1964

Low code Moderate code

Enforcement Year Enforcement

2012
1989
2003
1983
2009
2006
1980
1972
1980
1998

M MN" W0 MN"®OMN ®O

N N ONMammMm O M*nm

1981 C

A - Fully B - Mostly C - Partially
enforced enforced enforced

D- Poorly
enforced

Year

1998

2020
2010
1993
2010
2010
2002
2006

High code

Enforcement

W W WmW > >N MmO mMmmMmMmM

E - Not
enforced
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EMPIRICAL AVERAGE ANNUAL FATALITIES
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CALIBRATING FATALITY AND COLLAPSE RATES

Step 1
We compute the number of people
in buildings that might collapse

Step 3

We compute annual human losses

CRLFINF+DNO/H:S
CRLFINF+DNO/H:4
CRILDUAL+DUMM:7
CRALWAL+DULMH:7
CRILFINF+DULMHBET:6-10
CRALFINF+DNO/HBET6-10
CRLFINF+DNO/H:9
CRLFINF+DNO/H:8
MUR+ADCLWAL*DNC/M:1
ER+ETRILWAL+DNO/H:1
CRILFINF+DUMMH:7
CRLFINF+DULMBET7-
CRLFINF+DNO/H:7
MUR+ADOLWAL+DNOM:2

0 002 004 0.06 0.08
Fatality rate

(13.8)

Step 2

We assume collapse and fatality rates

Step 4

We compare the estimations with observations

Step 5
We update the collapse and fatality rates

GLOBAL EARTHQUAKE MODEL



GLOBAL EARTHQUAKE FATALITY MODEL

Global Average Annual Human Losses

e ‘Average annual human losses on an hexagonal grid with a spatial 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

T T T T T T T T T T
-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

N

55 e

o,xr‘fy\ it

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 Averageinumber of people d[splaced 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

Pakistan

Philippines

Indonesia

Mexico

Pakistan

Indonesia

Philippines

United States

Mexico

United States

Indonesia

Pakistan

Pakistan

Afghanistan

Indonesia

Algeria

Buildings Area Economic Fatalities Displaced
lost lost loss
India China Japan China Pakistan

Indonesia

Philippines

Afghanistan

Bangladesh




TOP 10 COUNTRIES PER RISK METRIC

[ Buildings i Area i Economic ! Fatalities i Displaced
lost ' lost loss ' ' '
India China Japan China Pakistan
Pakistan Pakistan United States Pakistan India
Philippines India China Turkey China
China Turkey Italy India
Indonesia Japan Turkey Iran Philippines
Iran Iran Mexico Afghanistan Turkey
Japan Taiwan ' Iran
Peru Philippines Iran Algeria Afghanistan
Mexico United States ' Nepal Bangladesh
Turkey Mexico Peru Japan




DEVELOPMENT OF COUNTRY PROFILES
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ﬁ FUTURE DEVELOPMENTS
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NEW VULNERABILITY MODELLING APPROACH

Eq. SDOF Stick and mass Structural
oscillator MDOF model response

f
) \NN‘\W’" 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)}=1.02g;
max{u(t)}=3.30cm

O

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

Supported by:

@ GuyCarpenter
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NEW VULNERABILITY MODELLING APPROACH

Example of business interruption estimation based on one content (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?

o 01 |_

251 D

X

0 [g°]

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

max{u(t)}=2.03cm

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

Supported by:

@ GuyCarpenter
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TESTING, CALIBRATION, AND VALIDATION

Develop

ment of a global testing framework (initial set of 100 past events)

) 90°

= GLOBAL EARTHQUAKE MODEL



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 etal. 2017
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Bozzoni et al. 2020

E=

Todorovic and Silva 2022

435t

' = 8
436 oa It Rt N s T Y R

o SaET
1727

|
1725 1727

* Epicentre

1
Liquefaction I Nonliquefaction

® Predicted occurrence

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. GLOBAL EARTHQUAKE MODEL



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, commercial and industrial building
stock, but governmental, healthcare and educational facilities can also contribute significantly to the

impact.

Losses (B EUR)

Direct economic losses due to the 2020

M5.5 Zagreb earthquake

1

1
Residential

|
Industrial/
Commercial

1
Healthcare

1
Education
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STILL MUCH TO BE DONE

o Itis 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.
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STILL MUCH TO BE DONE

o Itis 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.
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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, commercial and industrial building
stock, but governmental, healthcare and educational facilities can also contribute significantly to the
impact.

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.

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

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.

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 current model to a more equitable risk assessment, but we are still
far from having equity in the risk assessment process.

We need your support to reach a global seismic risk model that covers all current and future facets of
earthquake impact!
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THANK YOU

VITOR.SILVA@GLOBALQUAKEMODEL.ORG
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