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Real-time impact estimation of large
earthquakes using USGS Shakemaps

Tom De Groeve, Luca Vernaccini,

Alessandro Annunziato, Simone Gadenz Altug Erberik, Tolga Yilmaz
Joint Research Centre of the European Middle East Technical University
Commission Ankara, Turkey

Institute for the Protection and the Security
of the Citizen — Support to External Security



B JRC Context WSC

EUROPEAN COMMISSION i

International Disaster and Risk Conference, Davos 2009 2

* Global Disaster Alert and Coordination System
— Multi-hazard alert system

 Cmtzntiis

— Quick estimation of humanitarian impact http://www. gdacs org
— Email, SMS, Fax alerts —
— Used by first responders globally T Ca— e

‘mpﬂﬁ.uu " th.. ' Global Disaster Alert and Coardin. s

* European Commission ?,_i_' . 2

— Largest donor of humanitarian aid

* Joint Research Centre
— Expertise in Web 2.0, GIS,
geophysics, meteorology...
— GDACS = Integration of available
information (from partners)
and add value through modelling  |"55 :
to provide impact assessments =zl

sendce,
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e Current GDACS methodology * Products based on intensity, PGA
— Local population density based on (Peak ground acceleration),

fixed circle of 100km -
- | . =USGS El & usaD
S M 7.9, EASTERN SICHUAN, CHINA PAGER
&4 : Origin Time: Mon 2008-05-12 06:28:01 UTC Version 11
Location: 30 99°N 103.36'E Depth: 19 km Creatad: & cays, 22 hrs sflar sarhquake
Estimated Po aulatlon Exposed to Earthquake Shakin
e o |89, 480k [ 15484k 12,396k | 4,301k [ 692k | 603k
ESTMATED MOOIFIED 1 ||.|. w [ ﬁ Vi Vil
PERCEIVED SHAKING | Not felt| Weak | Light |Moderate| Strong | Very strong Severs Violent | Extremse
— | rone rone | none | V.Light Light Moderste | MocerateMeavy | Heavy | V. Heavy
DAmAGE U"": none n.:tne nona Light Moocerste | MooarataHaavy Heavy V. Heavy | V. Heavy
'Estimated sxposure anly ncludes pogulation within the mag ares.
Population Exposure population per ~1 sq. km from Landscan 2006 Selected City Exposure
Population
{¢]) 2008 JRC; Eunopa Tachhoakdgies, =

Appropriate for “alert level”
— Not for estimating damage or affected

people
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* Earthquake 7.9M (19km) * Damage assessment
— 70000 people killed — Satellite image interpretation
@ GDACS Red Alert — Media reports
Nﬁﬁ e Q}ﬂ_g;"’m

* Wangkas]
L‘mo deaths reported In Guangyuan city (Source: Xinhua) |
b N
e e

g Kuccaba

lucheng

<P
"=~ Gucheng

P et | The Zipingpu dam,

- Dagiag
‘m:b_m | abave the city of Dujlangyan + ‘ang-pac
. with its population of 600,000, / g
| was said at one stage to be in an -]
| “extremesly dangerous state” :
with cracks more than four inches i T Sugjiang 5 q
wide appearing in its face, )

thouwgh the water resources

|
| | ministry later said on its

| * wabsite that |t was stable for
|1

the time being. (Source: Telegraph)

’-:-A collapsed bridge in Beichuan county, where 80% of houses are reported to have
been destroyed. Death toll across the county is estimated at 3,000 - 5,000.
_Photograph: Getty

A\ s

= | a building of the factory's adjul
sangiu {Sowrce:Red Cross)

=

- B
In Mianzhu 2,000 dead, 10,000 In]ura'-'o“'.
"W 4,800 people trapped In rubble, Incu’

200 children buried in two differsnt sch
(Source: Xinhua, CNN)

e

2648 deaths reported in Deyang oty {Source:
1
G600 people dead, 2,300 trapped when two chemic
collapsed, leaking B0 tons of ammonia | Sownce CNN)
I = i

~ ® Chiu-chin*tang
ndu

*/ 12 May 2008 06:27 UTC

g e " Tl
“ Dan r i
m:rayw; Chengging fihn ]

;_\N’anbm / S
1n}?¥K{Wch?\\gn-k¥ w:;;lwrh—-—- .

Yigfeng
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* Damage mostly in areas of | g High damage
hlgh peak gl’OUﬂd O Moderate damage
acceleration (PGA) @ Low damage
* (uangyuan? PGA (g)
a 4822 kllled Li Xjgn Yenchuan e C"n XIEIHrv1ian\fang foliﬁlhe?jn EE ;:ISIDE |:|"'1'
) 20258 - 21963 ki\l@ ' =L,
-_— PGA_ 0l 16g @] o 200 Kiled; sgool collapsed ® - I:l |:|.|:|"-1' _ D.DE
YI??E]%SI‘(L:I_\;VC?HGUBH o .17‘121 killed; JRC no damage |:| D.DE _ |:|. 1El
o @ e []0.16-0.24
ek o [0.24-0.32
© 0.3z -0.4
M 04-0.48
Ml0.45-1
PR

Damage reported (various sources, compiled by JRC)
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u Help

P |{"/ ‘ 1:1,777.934 id ”Q‘ &P | x? J 30 Analyst > | Layer: [ greater_pgal =l 2 o e L 1,777,934 hd ”Q‘ & D | a2 J 30 Analyst ¥ | qreater_pgall | B s e 2
[ = - - U A EEEEEN =] \gmu [ | @%Umm@m R \gmu
KOS J Edior ~ | r ‘I > Task: [Create bew Feature =] ‘ Tarset | ] hOM ST J Editor ~ | |8 ‘I = Tosk: [Greate New Feature =] ‘ Terget | ]

» Guangyuan

USGS Shakemaps of 11 major aftershocks (PGA > 0.29)
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Shaking intensity
— Peak Ground Acceleration (PGA)
— Peak Ground Velocity (PGV)
— Instrumental Intensity (MMI)

Fragility curves
— Probability of damage degree D for
building type T under ground motion |

Building stock
— Vulnerable: e.g. adobe, masonry
— Resistant: e.g. reinforced concrete (RC)
built according to codes to withstand
typical earthquake

Occupancy / Mortality
— Percentage of inhabitants killed on
collapse

for the Protection
s.nnlrywln\oaﬂm

Shakemap (PGA)

B n—*-'“v e ;«’-'::
o . ]

i

Vulnerability to C I| p b}\rb uilding type
Building
Stock §
database K / parnl
’ '.1 0.2 04 ) 06 08 1
Occupancy Mortality
statistics ratio

Buildings destroyed
People killed

~
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* Little known building stock * Little known building codes
— Jaiswal and Wald (2008) PAGER — Regulations differ by country
Inventory Database vl O _ = Eurocodes Eurocodes»

Building the future

= National Building Code (Canada)

ICC

= |nternational Building Code (US) |

— Detailed building stock necessary

— Adobe architecture = Fragility curves

http://www.eartharchitecture.org — http://www.terracruda.com
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* Building stock * Building codes: use GSHAP

— Use existing population datasets — Global Seismic Hazard Map
(e.g. Landscan, GPW)

— Number of people are
proportionate to number of !
(residential) buildings s 3 w .

200kim

SeismiciZoning Map,  GSHAP (PGA)

* Building stock type:

— Two classes, one parameter e
= e Engineered buildings: resistant
= (1-e)Un-engineered buildings:

vulnerable
= Estimate factor e of engineered
buildings

S=e.S +(1-¢).S,
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* Non engineered buildings: * Engineered buildings: resistant
vulnerable
— Adobe / Masonry — RC MRF,
— RC not according to code according to code
* Fragility N
— Damage ~ PGA * Fragility
— Damage only for unusually
— Typical fragility curve for high PGA > design PGA

vulnerable buildings

— What is the design PGA? & A
= Depends on country’s regulations
= Depend on local seismicity

* Fragility curve based on PGA
normalized by GSHAP (PGA,)
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— T ' - Coko Nor -
PP | [ g . R ning
e ) T e - Guangyuan
et U 1 A
B Fowh | S - - [ -

7" 15times 4 times

[Jo-n.02
0,02 - 0,04
I 0.04 - 0.08
[]0.08-0.16
[]0.16 - 0.24
E0.24-0.32
P 0.32-0.4
Bl 0.4-0.48
Ml0.4s-1

= i

Chengdu

AT

= pa_narm
YWalue
High : 15.3729

Low @ 0.0382838
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* Methodology — New methodology for resistant
— Traditional approach for bUIIdlngS | Infrastructure
vulnerable buildings (hydrodams bridges...)
= Absolute PGA values = Normalized PGA values
+  Shakemap (5 minutes after * Shakemap / GSHAP
event) = Consider engineering safety
= Probability of collapse factor
* Fragility curves for vulnerable * Determine unsafe zone
buildings (adobe, masonry) for = Probability of collapse (based on
China absolute PGA values)
= Population affected by collapse * Fragility curve for resistant
 Landscan building for China
= Population affected by collapse
 Landscan

— Determine factor e: fraction of

engineered buildings
= For Sichuan area
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Institute for the Protection
and Security of the Citizen

* Non engineered buildings
— No collapse < 0.1g

100

Vulnerability to Collapse by building type
(China, Sun)

— Adobe: 90% collapse at 1g 3 O]
— Masonry: 50% collapse at1g | £ o |
s °0 7 —4—adobe
g U ~&— masonry
* Engineered buildings i -
— RC MRF: 10% collapse at 1g ® 10
0o - 1
e (QOccupancy PGA (g)
Adobe 4% 40% Adobe 0% 4%
Masonry 72% 47% Masonry 62% 86% ex 25%
RC MRF 17% 3% RC MRF 20% 5%

@ http://world-housing.net
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* Non engineered buildings * Engineered buildings
— Minimum PGA: no collapse — Cut-off PGA, (safety factor)
= 0.1g m?
— Maximum PGA: total collapse — Minimum PGA: no collapse

= 20 = 0.1¢

— Maximum PGA: total collapse

= (109)

100 100 -
90 - 90
£ g0 £ 80 4
g @
a 70 2 70+
= 60 - = 60
S 8
s 50 - % 50
Z 40 - Z 40
5 30 - 5 30 -
o o
S 20 - S 20 -
o o
10 10 -
0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
PGA (g) PGA
°® P (e)
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* PGA GSHAP
— 10% probability of
exceedance in 50
years
— 475 return period

* Proportional to design
PGA

GSHAP: expected PGA

% shakemap_Sichuan_China.mxd - ArcMap - ArcYiew

J File Edit Wiew Insert Selection Tools SWindow Help

. S
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Total population
— 15000 000

Population in collapsed
resistant building

— 250000

— 1.5%

Occupancy (factor €)
— 25% of buildings are
of this type
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* People affected * Influence of factor e
— Total population: 15 million (percentage of engineered buildings)

— 0%: 1.5 million affected

* People in collapsed buildings
— 100%: 250 000 affected

— Non engineered: 1.5 million (10%)
— Engineered: 250 000 (1.5%)

People affected (x1000)
* Factore =25%
— 1.1 million people 1200 L\\\
s ~—

> Note EEE R
— No mortality function has been | 20

0

applled 0% 20% 40% 60% 80% 100%

e (% buildings engineered)
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L wme [ e[ peme [ e, e
China, 7.9 Mw, 19km  Up 85% buildings ~70000 PGA, up to 15 25%
Sichuan PGA .. 1.89 collapse in some killed (medium)
May 12 2008 cities
Algeria, 6.8 Mw, 10km 19000 residential 2287 killed PGA, > 2 high
Algiers PGA,,, 0.58¢ collapse 11000 Algiers Zone II:
May 21, 2003 50% injured 0.15¢q;
schools/health measured
collapse 0.34g
Iran, Bam 6.6 M, 10km 85% buildings ~50000 PGA, ~1 low
Dec 26,2003  PGA,,, 0.39 collapse killed

China: both methods
Algeria: normalized PGA
Iran: traditional method
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* Real time impact estimation of ® Damage in certain zones is

large earthquakes underestimated for strong
— Based on shakemaps earthquakes
— Existing products: PAGER... — Engineered structures

— Data published in near real time

* Methodology based on

* Limitation: building stock normalized PGA can identify

database

— Unknown stock SUCE ZOPe_S b for byl
— Unknown building type — St(())gtliatlon atabase for bullding

— Unknown engineering codes
) ) — GSHAP for seismic zoning

— Simple fragility curves
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