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And the journey begins...
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This time for Africa
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United States

Next stop




California exposure (value) New York exposure (value)
80% in wood-frame structures 50% in wood-frame structures
6% in reinforced-masonry structures 20% in unreinforced-masonry

’ngh Code"and ’Moderate Code' ‘Pre-Code’ and ‘Low-Code’
_Bf O g R ERITR

Sources for the building inventory
* Hazus 4.1 General Building Stock (GBS) database, Census Tract Level

* Hazus 4.2 Dasymetric Building Inventoery, Census Block Level
« USACE National Structure Inventory (NSI), Building Level Exposure

« Federal Emergency Management Agency. (2017). FEMA P-366: Hazus®

Estimated Annualized Earthquake Losses for the United States.
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Next stop: Central America and the Caribbean
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Central America and the Caribbean
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Next stop: Middle East
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Europe and South Asi

Next stop
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High-Density Slum Dwellings
Mumbai
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Eastern and South-East Asi

Next stop
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Japan
.« Administrative Level 3 — Wards

* 1,879 Exposure Locations

' 41.7TUSD Z | i
. Repl. Cost | : * 128 Building Classes

Mainland China South Korea

, * Administrative Level 4 — Townships » Administrative Level 2 — Municipal

* 42,820 Exposure Locations » 250 Exposure Locations
* 46 Building Classes ’ * 60 Building Classes
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Macau Hong Kong Taiwan

» Administrative Level 2 « Building Level Inventory  Administrative Level 3 — Townships

» 28 Exposure Locations 4« 25567 Locations » 368 Exposure Locations

* 13 Building Classes « 39 Building Classes ' 32 Building Classes
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~142,820 TOWNSHIP LEVEL DIVISIONS

- 6,686 Urban Sub-districts
+ 19,322 Semi-urban Towns
+ 15,029 Rural Townships -
- 1,783 Other Township Level Divisions




Last stop: Partners!
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Geoscience Australia — Risk Modelling in Perth
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GFZ 2 EMCA )

—— Earthquake Model Central Asia === g

GEOFORSCHUNGSZENTRUM
Porsoam

M. Pittore®, K. Fleming®, D. Bindi®, G. Weatherill*, F. Cotton®, S. Parolai*®, B. Moldobekov?, V. Silva?, L. Martins?, D. Amo-Oduro?
* GFZ (Germany), ® OGS Trieste (ltaly),  CAIAG (Kyrgyzstan), 9 GEM (ltaly)

Probabilistic Seismic Hazard Model [ Kazakhstan l.
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www.ghz-potsdam.de HELMHOLTZ



Population (1000s)

Adobe (100s)

n 1 285 5 10 2% &I 100

Brick w/ mud mortar (100s)
1 25 10 2 1
M Adobe HBamboo/Timber M Brick and concrete (flexible)
Brick and concrete (rigid) Nonengineeried reinforced concrete M Brick with mud mortar

M Stone with mud mortar

Bamboo/timber (100s)

0 1 25 5 10 25 50 100

Stone w/ mud mortar (100s)

0 1 25 5 10 25 50 100

Robinson et at (2018)



. An Earthquake Risk Profile for British Columbia - Physical Exposure

Natural Resources Canada

ﬁ Physical Exposure

Settled Areas of BC

\ 4

2011 Census & NHS
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' Land Use Typologies—[

Agriculture
Commercial
Industrial
Mixed
Open
Residential-MD
m Residential-HD
Residential-LD
Residential-R




A Uniform Global Exposure Dataset

Number of buildings




How many buildings do we have and where?

Total buildings: 1,383 Million

Rest of
the world

op 15 countries



How much value do we have and where?

Total buildings: 207,616 Trillion USD

156,585 Trillion USD

Rest of
the world

France

op 15 countries



How much are we exposed to seismic hazard?
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Global Seismic Hazard Map



How much are we exposed to seismic hazard?

G

o 0.5 -

>

=

2,

= o

£ O 04 1

© R

| -

o <

@g 0.3 -

< O

O o

o o

£ e

TS 0.2 -

N

© O

I x

o Ll

= 0.1 -

-

°

()]

(Vp)
0 L] L] L] L] L] L] L] n
0% 10% 20% 30% 40% 50% 60% 70% 80%

Percentage of world population exposed to different levels of seismic hazard



How much are we exposed to seismic hazard?
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0.5 1 Quito, Ecuador

0.4 1

Jakarta, Indonesia

Seismic Hazard in PGA (g) for a Probability of
Exceedance of 10% in 50 years.

0.3 1
O Algiers, Algeria
0.2 1
O Vienna, Austria
0.1 1
O-Addis Ababa, Ethiopia
0 " " " " " " " 1
0% 10% 20% 30% 40% 50% 60% 70% 80%

Percentage of world population exposed to different levels of seismic hazard



How much are we exposed to seismic hazard?
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How much are we exposed to seismic hazard?
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42% in regions where design
regulations are critical
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Seismic Hazard in PGA (g) for a Probability of
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How much are we exposed to seismic hazard?
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N =

1.0 05 03 02 0.1 <0.05 0.15 >1
Number of buildings (M) PGA (g) 475 years RP




N =

1.0 05 03 02 0.1 <0.05 0.15 >1
Number of buildings (M) PGA (g) 475 years RP
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Classifying building vulnerability globally

¥ Reinforced Concrete Low Rise
Reinforced Concrete, Mid Rise

Reinforced Masonry, Low Rise
Ll Reinforced Masonry, Mid Rise
Unreinforced Masonry, Low Rise
25% Unreinforced Masonry, Mid Rise
2% ¥ Steel Construction

Building classification for Italy (residential)
(by Dr. Elena Speranza)
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Derivation of vulnerability functions for European-type RC
structures based on observational data
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Development of a uniform approach

©)

Employment of nonlinear time-history analysis
Consideration of single degree of freedom (SDOF) oscillators
Consideration of a large set of ground motion records

Avoid scaling factors below 0.5 or above 2

Employment of four damage states (similar to HAZUS)
Consideration of structural and non-structural components

Consideration of building contents



From MDOF to SDOF — structural modelling

Multi-degree of freedom Single-degree of freedom
(MDOF) system (SDOF) system



Collection ground motion records globally

A Recording station \,» - N

Over 3500 ground motion records collected.



Derivation of fragility functions

Reinforced concrete, infilled frame, low ductility, 1 storey
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Derivation of vulnerability functions

Probability of exceedance
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Reinforced concrete, infilled frame, low ductility, 1 storey
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Current database of vulnerability functions

Vulnerability functions
[(Jo-8
[]8-10
[ 10-12
] 12-15
] 15-20
B 20-22
Bl 22-25
Bl 25-35
Bl 35-55
Bl 55-128
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Generation of Stochastic Event Sets

! Magnitude (M,)
\ * 50-55
\ * 55-6.0
60-65

6.5-7.0

70-75

® 75-80

@® 80-90

Simulation of 1 year of seismic events



Generation of Stochastic Event Sets
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Modelling geometry of earthquake ruptures

M8.1



Propagating ground shaking variability (M8.1)




Exposure dataset for Costa Rica

Buildings (thousands)

1.0




Estimated economic losses for Costa Rica (M8.1)

Losses (thousands USD)




Offshore earthquake rupture (M7.0)

M7.1



Median ground shaking distribution (M7.0)

PGA (g)

<0.05 0.15 >0.50




Estimated economic losses for Costa Rica (M7.0)

Losses (thousands USD)




Earthquake rupture in the Central Valley (M6.5)

~M6.5



Median ground shaking distribution (M®6.5)

PGA (g)

<0.05 0.15 >0.50




Estimated economic losses for Costa Rica (M6.5)

Losses (thousands USD)

200 > 1000




Global average annual losses

Presented on a hexagonal grid, with a spacing of 0.30 x 0.34 decimal degrees
(approximately 1,000 km2 at the equator).



\/ariation of construction costs globally

' 'Average Construction Cdst
- 1l 41-200
\ . >~ . HE 200-400
\ A () 400 - 800
[ 800-1000
] 1000 - 1100
N [ 1100 - 1250
. [l 1250 - 1700
\\- 1700 - 3677

Construction costs can vary more than one order of magnitude between the
developed and underdeveloped countries.



Global average normalized annual losses

N\© GEM Fourdation 2918 jmodel 2018 1) - OC I¥-MC-3A
-1 - -

Presented on a hexagonal grid, with a spacing of 0.30 x 0.34 decimal degrees
(approximately 1,000 km2 at the equator).



Global average annual human losses

\ Average annual number W
\ of fatalities !
\ =50 ‘

NS
25 '

5 LY
<0.05 t\t s

Presented on a hexagonal grid, with a spacing of 0.30 x 0.34 decimal degrees
(approximately 1,000 km2 at the equator).



Average annual economic losses

Total annual loss: 55.7 B USD

Mexico

Rest of
the world

op 15 countries

46.4 B USD




Average normalized annual economic losses

Total normalized annual loss: 93.7 M (m?2)

71,521,389

Rest of
the world

“ op 15 countries



Average annualized human losses

Total annual fatalities: 12.5 thousand

9.8 thousand fatalities

Rest of
the world

Top 15 countries
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Documentation and release of models
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GEM Global Mosaic of Risk Models

The Central America and the Caribbean Earthquake Hazard and Risk Model was developed within the scope of a regional
programme supported by the United States Agency for International Development (USAID), in collaborations with over a dozen local
institutions from the region. This project features the development of a probabilistic seismic hazard model, a uniform exposure dataset
covering the residential, commercial and industnial bulding stock, and a set of wulnerability functions characterizing the likeihood of
loss given a seismic hazard inensity, This initiative also covered a number of local events 10 improve the local capacity 10 assess
earthquake hazard and risk in the region

TopefPage @

Exposure

Across Central America and the Caribbean, the most complete and updated databases containing exposure information were the

national population and household census as well as data from the country Central Bank. With the exception of Haiti, every country in Ex “
the region provides information about household and population associated 10 a geographical variable that is either publicly available

online or upon request. Therefore both, population and household census were taken from the respective statistical offices to

determine the number and location of the residential dwellings. Commercial and industrial data are much less detalled, and usually

only the number and size of the facilities are available (See Table below). This data is subjected 10 the following four-step process in

order to create an exposure model

1. The most common building classes are identified using existing studies and the expert judgement. The World Household
Encyclopedia has reports that include the building materials, architectural traits, construction process, SoCiO-economic “Ma
environment and even seismic performance of common dwelling configurations found in this region

2 Census variables are crossed to segregate the dwelings into subgroups, which are then subjected o a process of conditional
selection. If a dwelling meets the criteria to belong to a certain building class, then it is assigned to that class.

3. Once the dwellings have been distributed among the identified classes with specific structural attributes (e.g height and expected
level of ductility), they are converted into buildings and assigned a replacement cost

4. Modeis are calbrated based on expert judgement from over B0 professionals from the region providing feedback in key variables
like code compliance, average dwelling area and average replacement cost per bulding class

O 0O0OO0ODOOOODO

Country Population Dwellngs Commercial Industrial
Guatemaia (GTM) 16,176,133 2574908 226,352 49,565
Cuba (CUB) 11,167,328 3,644,001 4808 3410
Haiti (HTI1) 10,291,060 NA NA NA
Dom. Repudiic (DOM) 9,445 367 2,662,794 17.421 4334



\/erification of the Global Risk Model

Estimated number of destroyed buildings (in thousands)
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\/erification of the Global Risk Model
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science for a changing world

M 7.0, 13km N of Anchorage, Alaska ANSS|-l"  pAGER
e e e woapi e Version 6
FOR TSUNAMI INFORMATION, SEE: tsunami.gov Created: 6 hours, 2 minutes after earthquake
Estimated Fatalities Orange alert for economic losses. Signifi- Estimated Economic Losses

cant damage is likely and the disaster is po-
tentially widespread. Estimated economic
losses are less than 1% of GDP of the
United States. Past events with this alert O

29% 2 » .
. level have required a regional or national
level response.

14% 15%
3% [ | 3%

-::EF Green alert for shaking-related fataliies. -::I:F
0 190 000 10900, 0000 There is a low likelihood of casualties. 1 10 3% o000 10990 o000
Fatalities USD (Millions)
POpU Iation Exposure population per 1 sq. km from Landscan
o | 5 | 50 100 500 1000 5000 TPl Structures
151.2°W 149.5°W 147.5°\M Overall, the population in this region resides in
structures that are resistant to earthquake shaking,
) IV though vulnerable structures exist. The predominant
62.5°N vulnerable building types are unreinforced brick ma-
sonry and reinforced masonry construction.
IV
Historical Earthquakes
Vv
\Y) Date Dist. Mag.  Max Shaking
\Y% Y (UTC) (km) MMI(#) Deaths

v 2002-11-03 271 7.9 V(36k) 0

Collaboration with USGS on a continuous validation framework
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Where we are o o l :
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Next Steps:
Improvement of datasets in high risk
regions.
Further engagement of the scientific
community and risk managers.
Release of models and datasets (Q1-Q4)
Calibration of existing model against
empirical data.

Investment in capacity building and
training.
Inclusion of model and tools in

universities curricula.

Involvement of committees responsible
for the draft of design regulations.
Extension of the current model to
infrastructure risk assessment and
secondary hazards.
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