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PAGER Goals

— To fundamentally change the nature of post-earthquake
information from USGS/NEIC: move beyond magnitude &
hypocenter to rapidly estimate losses for situational
awareness.

— Primarily, be a tool for post-earthquake, rapid impact
assessment; priority is in the developing world where

fatalities are greatest.

— Also, provide the basis for earthquake loss mitigation, thru
earthquake scenarios & vulnerability assessment.

— Collaborative, international effort, including EERI/WHE,
GEM, NEHRP, Cambridge, MunichRe, UN, and many others.

- Open model & data environment; develop intermediate
products, tools, & data sets for other uses/users.
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scan 2006 Selected City Exposure

Overall, the population in this region resides in structures that are a mix of vulnerable and earthquake resistant construction. A
magnitude 6.0 earthquake occurred near the Umbria-Marche, Italy, region 88 km northwest of this earthquake on September 26,
1997 (UTC), with estimated population exposures of 10,000 at intensity VIII and 112,000 at intensity VII, resulting in an estimated

11 fatalities. A magnitude 6.9 earthquake occurred near the Irpinia, Italy, region 242 km southeast of the location of this

earthquake on November 23, 1980 (UTC), with estimated population exposures of 37,000 at intensity IX or greater and 252,000
at intensity VIII, resulting in an estimated 2,483 fatalities. Recent earthquakes in this area have caused landslides that may have
contributed to losses.

This information has been reviewed by a seismologist.

http://earthquake.usgs.gov/pager
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Database/Product

Description

Use

Reference

Earthquake Source

Rapid (few hours) slip

Constrain shaking;

Jietal (2004); Hayes &

Fast Finite Faults models for major tsunami generation, Wald (2008)
earthquakes stress changes
Quality composite Source input for

PAGER-Cat earthquake catalog ShakeMap Atlas; Allen et al (2008)

1900-2006 ExposureCat
Shaking Distribution

Global Slope Data | Topographic slope Landslides, Vs30 Verdin et al (2007)
V30 values for the Estimating site Allen & Wald (2008);

Global Vs30 Server globe amplification Wald & Allen (2008)

Global “Did You Rapid intensities from | Constrains Shake-

Feel It” Intensities | Internet users Map & event bias Wald et al (2006)
ShakeMaps important | Scenarios,

ShakeMap Atlas global earthquakes planning, hazard Allen et al (2008)
(1970-present) calculations

Rapid Global Estimated ShakeMaps Shakmg 1np}1t for Wald et al (2006)

ShakeMaps (GSM) for all global loss estimation,

P earthiuakes iM>5.5i decision makini

Deadly Earthquake | Online resource list General Reference | On Wikipedia: see “List

List (1900-2006) of Deadly Earthquakes”
Population exposure :

Exposure-Cat to intensity for each Fatality .rates Allen et al. (2008)

calculations

Atlas ShakeMap
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science for a changing world Search USGS

Earthquake Hazards Program

Home Earthquake Center Regional Information About Earthquakes Research & Monitoring Other Resources
You are here: Home » Earthquake Center » PAGER » Products and References
Latest Earthquakes

USA

World

EQ Notification Service

USGS Pager products

USGS Home

Products and References

Database/Product

PAGER Overview Earle et al. (2008); Wald et al. (2008a), Earle and Wald

[ Feeds & Data 2007
Animations Earthquake Source

Recent Earthquakes:Last 8-30
Days

Rapid (few hours) slip models for major
earthquakes

Constrain shaking, tsunami generation, !
stress changes H

Quality composite earthquake catalog Source input for ShakeMap Atlas, :
PAGER-CAT ! (1900-2006) ExposureCat : Allen et al. (2009)

Shaking Distribution

Fast Finite Faults Ji et al. (2004); Hayes & Wald (2009)

Earthquake Archives
Lists & Maps
Search EQ Database

EQ Summary Posters
Scientific Data
About EQ Maps
Did You Feel It?
Fast Moment Tensors
Media Info

Global Slope Data

: Topographic slope

Landslides, Vs30

: Verdin et al. (2007)

Global Vs30 Server

1 Vs30 values for the globe

Estimating site amplification

. Wald & Allen (2007); Allen & Wald (2007; in press)

Global “Did You Feel It”
Intensities

Rapid intensities from Internet users

Constrains ShakeMap & event bias

Wald and Dewey (2005); Wald et al. (2006b); Atkinson and
' Wald (2007); Wald et al. (2008b)

ShakeMap Uncertainty

Quantitative & qualitative shaking

values

Computing loss uncertainty

Wald et al. (2008b)

ShakeMap Atlas

Allen et al. (2008; in press)

Estimated ShakeMaps for all global Shaking input for loss estimation,
earthquakes (M>5.5)

Spatial probability of landslides
Comparison of ground motion prediction

PAGER Rapid Global ShakeMaps
T (GSM)

Landslide Hazard

Wald et al. (2006a)
Godt et al. (2008); Marano et al. (in press)

decision making
Secondary loss assessments

Background
FAQ Ground Motion Modeling ! equations Improvement of ShakeMap Allen and Wald (2009)

PIENEE Loss & Impact Estimation

Products & References Deadly Earthquake List ! Online resource list (1900-2006) ! General reference : On Wikipedia: see "List of Deadly Earthquakes"

Team Members ! Population exposure to intensity for Allen et al (in press
0 —(._p__l
! each Atlas ShakeMap

Country-based data on buildings &
\ collapse rates

Empirical Loss Model . Country-specific fatality rates . Fatality estimates given exposure
Semi-Empirical Loss Model : Country-specific, building vulnerability | Fatality estimates based on structures

Structure-dependent loss
i computations 2

ShakeMaps important global : Scenarios, planning, hazard
1 earthquakes (1970-present) : calculations

EXPO-CAT Fatallty rates calculations

Seismogram Displays
ShakeMaps

Global Building Inventory Jaiswal & Wald (2008a, 2008b); Porter et al. (2008b)

'
'
'

i Country-specific loss estimation

\ Porter et al. (2008a); Jaiswal et al. (in prep)
Jaiswal and Wald (in prep)

Porter (in review)

Analytical Loss Model i HAZUS vulnerability functions

Reporting & Notifications

OnePAGER i Population exposure notifications i Post-earthquake decision making

1 Earle & Wald (2007
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An Atlas of ShakeMaps for Selected Global Earthquakes

USGS Shakel
Sat Oct 23, 2004 08:56:00 GMT M 6.6 N

PAGER-CAT: A Composite Earthquake Catalog
for Calibrating Global Fatality Models

Trevor |. Allen’, Kristinl w
National Earthquake Information Center, "{
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INTRODUCTION
il Creating a Global Residential Building Inventory for
mates is a task that i h t -
e T necesary inf Earthquake Loss Assessment and Risk
. Management
ercin we examine pui;l:shc
: compose gl By Kishor Jaiswal and David J. Wald ;.Ié USGS
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caralogs are created for
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Open-File Report
Quantifying and Qualifying USGS ShakeMap Uncertainty
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these effects, the

U.S. Department of the Int§ By David J. Wald, Kuo-Wan Lin, and Vincent Quitoriano

U.S. Geological Survey

rendly includes cvents from 1900 cheod
with emphasis on carthquakes since 1973
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USGS PGA/Sigma Map (in %g) : Northridge, CA
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Use Reference

Database/Product Description
Earthquake Source

Rapid (few hours) slip | Constrain shaking; Ji et al (2004); Hayes &

Fast Finite Faults models for major tsunami generation, Wald (2008)

earthquakes

Allen et al (2008)
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Earthquake Hazards Pro

Home Earthquake Center Regional Information About Earthquakes Research & Monitoring Other Resources

You are here: Home » Earthquake Center » PAGER » Products and References

Latest Earthquakes
USA

World | Database/Product Description Reference

EQ Notification Service
. Earle et al. (2008); Wald et al. (2008a), Earle and Wald
£ Feeds & Data PAGER Overview 2007

Animations Earthquake Source

Recent Earthquakes:Last 8-30 Rapid (few hours) slip models for major : Constrain shaking, tsunami generation,

Days Fast Finite Faults hange

Earthquake Archives ' Quality composite earthquake catalog Source input for ShakeMap Atlas,
PAGER-CAT :
Lists & Maps 1 (1900-2006) ExposureCat

Search EQ Database

Products and References

Ji et al. (2004); Hayes & Wald (2009)

Allen et al. (2009

Shaking Distribution
Global Slope Data : Topographic slope
Global Vs30 Server + Vs30 values for the globe

Global “Did You Feel It" H s -
About EQ Maps Intensities : Rapid intensities from Internet users

Did You Feel It? SR e lin " Quantitative & qualitative shaking
ShakeMap Uncertainty Bt

Landslides, Vs30 : Verdin et al. (2007)

Estimating site amplification + Wald & Allen (2007); Allen & Wald (2007; in press)
: Wald and Dewey (2005); Wald et al. (2006b); Atkinson and
Wald (2007); Wald et al. (2008b)

EQ Summary Posters
Scientific Data

Constrains ShakeMap & event bias

i Computing loss uncertainty Wald et al. (2008b)

! ShakeMaps important global ! Scenarios, planning, hazard
| calculations

PAGER akeMaps for all glob aking input for loss estimation
' X . . ! 4(—)'
Home \ earthquakes (M>5.5) 1 decision making Wald ct /. (2006a

Landslide Hazard : Spatial probability of landslides . Secondary loss assessments Godt et al. (2008); Marano et al. (in press)

: S:E‘:;r:son R e i Improvement of ShakeMap Allen and Wald (2009)

Fast Moment Tensors

Media Info ShakeMap Atlas Allen et al. (2008; in press)

Background
FAQ Ground Motion Modeling
Archives

Products & References

Team Members H : . .
EXPO-CAT : Population exposure to intensity for
Seismogram Displays : each Atlas ShakeMap
ShakeMaps Global Building Inventory | ~ov -

. collapse rates
Empirical Loss Model . Country-specific fatality rates . Fatality estimates given exposure . Porter et al. (2008a); Jaiswal et al. (in prep)

Semi-Empirical Loss Model | Country-specific, building vulnerability | Fatality estimates based on structures . Jaiswal and Wald (in prep)

' Structure-dependent loss v Eeer (i
0 ; : Porter (in review)
i computations :

! Fatality rates calculations Allen et al (in press)

i Country-specific loss estimation Jaiswal & Wald (2008a, 2008b); Porter et al. (2008b)

Analytical Loss Model i HAZUS vulnerability functions

Reporting & Notifications
OnePAGER 1 Population exposure notifications 1 Post-earthquake decision making \ Earle & Wald (2007)
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PAGER-CAT: A Composite Earthquake Catalog
for Calibrating Global Fatality Models

Trevorl AIIen‘ Kristin D. Marano, Paul S. Earle, and David J. Wald

Center, U.S. Geologi: 'Survey

INTRODUCTION

‘The compilation of 2 comprehensive global earthquake caralog
that delivers both accurate source parameters and fatality esti-
mares is a task that is simple in theory bur challenging in prac-
tice. The necessary information is spread throughout numerous
carthquake sam]ogs reports, and online databases. Earthquake
L.\u[ob\ are created for rent purposes, and consequendy
they excel in different ar some catalogs provide high-qual-
ity hypocenters while others contain carefully researched d dam-
age reports. Herein we examine published glob.xl caralogs and
» site global caralog of earthquake
source parameters and effects.
PAGER-CAT incorporates cight global carthquake cata-

and human faeali but when available, focal mec

the country of origin or the distance to the nearest lands
local time and f week, presence of f secondary effects
tsunami, landsl , or i q\.cf.\ on) and deaths caused by
these effects, the number of buildings danmgcd or dcstm;.cd
and the number of people injured or left homeless. The first
version of the catalog is composed of more than 140 fields in
which detailed event information can be recorded and cur-
rendy includes events from 1900 through December 2007,
with emphasis on carthquakes since 1973.

‘The catalog was wn*chd for calibration and devs clopn*cm
of carthquake fa
Survey's (U Prompt Assessment of Global E arthquakes for
Response (PAG. ystem. The PAGER system currenely
vides estimates of the number of people and the names of cit-
ic; xposcd to severe shaking following signi ificant carthquakes
(Earle er al. 2008; Wald er al. 2008). In the future, PAGER will ¢ 4
produce rapid fatality estimates within approximately 20 mi c ° ’
utes of an c.mhql..u.m occurrence anywhere on the glnb: usin; |
loss models calibrated against PAGER-CAT (e.g, Jaiswal er al.
2008; Porter ef al. 2008).

‘The development of PAGER fatality models from his-
torical carthquakes requires estimates of the spatial variation
of shaking intensity for several thousand global carthquakes.
‘These estimares are contained in an Atlas of ShakeMaps (Allen

Tetal deaths

1. Contracted through Synergetics Inc.; now at Geoscience Australia

100,001 - 500,000

Seismological Research

A Figure 2. PAGER-CAT fatal earthquakes for the Asia-Pacific region with respect to the LandScan 2005 population distribution database

(e.g., Dobson et al. 2000). Deadly earthquakes are sized relative to the total number of fatalities and overlay the epicenters for the entire
scrence for a changmg world catalog.




P
[ ]

Epicenters of FATAL earthquakes, September 1968 — June 2008, from PAGER-CAT.

From Marano, and others (2009)
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Legend: e Landslide Flag
* Death(s) due to Landslide

Epicenters of Landslide earthquakes, September 1968 — June 2008, from PAGER-CAT.

From Marano, and others (2009)
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M 7.9, EASTERN SICHUAN, CHINA

Origin Time: Mon 2008-05-12 06:28:01 UTC
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Version 12

Location: 30.99°N 103.36°E Depth: 19 km Created: 210 days, 15 hrs after sarthquake

Estimated Po ulatlon Exposed to Earthquake Sha i earnouake Ene
eI SR QPULATION 1,563k E 137k*|18,662k| 3,815k | 1,124k |5z  DOL10.1007/510518-009-9120-y
ESTIMATED MODIFIED I II-II Vi il ORIGINAL RESEARCH PAPER
PERCEIVED SHAKING | Not felt| Weak | Light |Moderate| Strong | Very strong Severe Vie
POTENTIAL g:‘::":. none nong none V. Light Light Moderate Moderate/Heavy | He .
SAMAGE [unersbo ||| o | Ui | womwms [wommmeremy| ey |vn AR Atlas of ShakeMaps and population exposure catalog

*Estimated exposwe only Iincludes population within the map area.
Population Exposure population per ~1 sq. km from Landscan 2006 Selected City Exg
500 1000 5000 10000 |(TXTE

for earthquake loss modeling

Trevor L. Allen - David J. Wald . Paul S. Earle -
Kristin D. Marano - Alicia J. Hotovec - Kuowan Lin -
Michael G. Hearne

Received: 18 December 2008 / Accepted: 25 April 2009
© United States Geological Survey 2009
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bold cities appear on map
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Abstract We present an Atlas of ShakeMaps and a catalog of human population expo-
sures to moderate-to-strong ground shaking (EXPO-CAT) for recent historical earthquakes
(1973-2007). The common purpose of the Atlas and exposure catalog is to calibrate earth-

i

3 quake loss models to be used in the US Geological Survey’'s Prompt Assessment of Global
P, " . Earthquakes for Response (PAGER). The full ShakeMap Atlas currently comprises over 5,600
S earthquakes from January 1973 through December 2007, with almost 500 of these maps con-
Al strained—to varying degrees—by instrumental ground motions, macroseismic intensity data,
’} B ity internet intensity observations, and published earthquake rupture models. The
)3 (—Jy '
P
o

Overall, structures in ﬂ"llS region are vulnerable to earthquake shaking, though some resistant structures exist. A
magnitude 6.4 earthquake struck the Sichuan, China region on August 23, 1976 (UTC), with estimated population
exposures of 1,500 at intensity IX or greater and 5,700 at intensity VIII, resulting in 41 deaths. Additionally, a
magnitude 7.3 struck this region in 1933 killing 6,800 people. Recent earthquakes in this area have also triggered
landslide hazards that have contributed to losses. Users should consider the preliminary nature of this information
and check for updates as additional data becomes available.

This information was automatically generated and has not been reviewed by a seismologist.

http://earthquake.usgs.gov/pager Event ID: us2008ryan




Example Use of ShakeMap Atlas: CUEDD

E# UNIVERSITY OF : y—
¥ CAMBRIDGE Cambridge University Earthquale Damage Database

Map Overlays

POWERED ©

Cougle

Lefkada N Athan
! a Characdiat

Cr ata

Study F . ]
Karababa 2007 t_ LB oragan
Surve * .- . - ?(\ ‘)"J' Drimonas

oca r
Damage Level

Building
Classes D3
RCF1 ) 0
RCF2
RCF3
RCF4
RCF5

POSEALD Y

C l LBSM1
I v

0 ‘3 ¢ A LBSM2
. LBSM3
LBSM4
SBM RC1

SBM RC2 12

SBM RC3 1

TF 0

LBSM TF1 3

LBSM TF2 7

Total 145

European Macroseismic Scale (Conseil de L'Europe)
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M 6.3, CENTRAL ITALY

Ongln Tlme Mon 2009-04-06 01:32:42 UTC
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MMI City
Viil L'Aquila
VIII Pizzoli
VIl Scoppito
VIl Ocre
Cagnano Amiterno
Rome
Napoli
San Marino
Prato
Bologna
Florence

Population

2,563k
988k
4k
172k
371k
371k

bold cities appear on map
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science for a changing world FROM THE AMERICAN PEOPLE

Prompt M 7.9, EASTERN SICHUAN, CHINA PAGER
Origin Time: Mon 2008-05-12 06:28:01 UTC Version 10

Assessment of Location: 30.99°N 103.33°E Depth: 19 km Creatod: 4 days, 3 s after earthquaks
Global Estimated Population Exposed to Earthquake Shaking

B NOGRE uLtEN | - | - |190360k|89,674k [15,469k| 11,873k | 4,684k | 707k | 605k
Earthquakes SmATEOMODEED | 1| MR [ WO [ i | v v

PERCEIVED SHAKING | Not felt| Weak | Light |Moderate| Strong | Very strong Severe Violent | Extreme

fo r Res po n s e Resistant none none none V. Light Light Moderate Moderate/Heavy | Heavy | V.Heavy

POTENTIAL |__Structures
DAMAGE Vulnerable

Structures
*Estimated exposure only includes population within the map area.

_ Population Exposure population per ~1 sq. km from Landscan 2005 Selected City Exposure
(IC]* usGs PAGER ) 5 | 50 500 1000 5000 100 i Population
~ "mm‘iq}f;i\'} \ ,, D 2 ¥

W,

none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V. Heavy
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EARTHQUAKE SOURCE
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PAG E R Aftershock
SYS T E M Distribution
Finite Fault Model

ELEMENTS

=
Macroseismic Global Recorded Ground
Intensity Data ShakeMap Motion Data

Building Inventory

Empirical Semi-Empirical Analytical
Loss Model Loss Model Loss Model

Loss
Estimates

L Y RA

Cell & Email

Expected Exposure, UN, World Bank, USAID,
Casualties OFDA, State Dept., DHS
& Uncertainties , olate Uept., )

SC, FEMA,GHI, BP, etc.



PAGER ELEMENTS

Empirical
Loss Model
(Intensity)

Web Pages
"OnePAGER"

KML, City Exposures
Archives, Versions
Separate Figures

Semi-Empirical
Loss Model
(Intensity)

Fatality
Estimates

pager.x
pager.k
City Lis
Commen
PDFs

Population Exposure
Event-Specific Comments
Casualties & Uncertainties

PAGER product files

Analytical

Loss Model
(Spectral Accel.)

ALERTS
Cell & Email

External: Exposure, Cities,
Comments
Internal: Above, plus
Fatalities for all 3 Models
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——FEER/WHE-PAGER “Phases”

Phase I:
e For PAGER Semi-empirical loss model.

Solicited experts on country-wide relative building distribution, occupancy,
and intensity-based collapse functions.

Revised questionnaires for PAGER-STR, other clarifications.

Sept 2007- Dec 2008, covered 26 countries; still getting additional data.
USGS/PAGER funded.
Phase II:
e For PAGER Analytical loss model.
e Solicited expert input on CSM parameters for non-US buildings.
e USGS/PAGER funded.
Phase III_:
e For PAGER Analytical loss model.
» Reviewed initial input, also requested capacity boundary parameters.

e Current phase, input coming in presently.
e USGS/NEHRP Funded



PAGER Loss Estimation
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[Human Impact]

Why 3 Loss Approaches?

Empirical

Semi-Empirical

Analytical

Developing World

Poorly known Inventory

Developed World

Economic Impact
Engineered Structures

“Known” Inventory

>

[Economic Impact]



Fatality Estimation Using PAGER System

Fatality Estlmates for Historical Earthquakes in Indonesta

10 T T
’é USGS @z‘l e +  Historical events
science for & changing world 'JI C ) H"SMQO!R w0l Recent event
‘ H|— 1:11ine ]
M 7.0, JAVA, INDONESIA PAGER — +/- one order of magnitude
- 4| — — —_——. 4
Origin Time: Wed 2009-09-02 07-55:01 UTC St 50 i 20 V::s'm 1 .
Location: 7.77°S 107.32°E Depth: 49 km : " rearha g
£ 10°} 4
Estimated Populatlon Exposed to Earthquake Shakmg g .
- 2 5 .
E%&RE?U“M 8,612k* 42,888k | 25,172k | 4,309k 852k 0 0 0 E 102k . .‘ 1% - ]
SERCALLTINTENSITY | -l | v \' \'l Vi i .o R
3 N £ ISR SN SO S )
PERCEIVED SHAKING | Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme 10 i vt , Empirical Fatality Rates for Indonesia
- . * 10 T
POTENTIAL Resistant | none | none | none | V.Light Light Moderate | Moderate/Heavy | Heavy | V.Heavy ol © Lo — Indonesia
DAMAGE m none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V.Heavy — lran
EXPOGUIE The map area. . - California
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PAGER Structure Types (PAGER-STR)

Label Description Detailed Classification (Based on ATC-13, HAZUS 1999, WHE 2003, EMS 1998 and newly added for
PAGER Inventory database 2008)

w Wood W1 (Wood with stucco, veneer), W2 (Heavy wood frame, >=5000 sf), W3 (Wood with metal strong wall), W4 (log building)

W5 (Wattle & Daub), W6 (Unbraced post and beam frame with infill), and W7 (Braced wood frame with load bearing wall system)

S Steel S1 (Steel moment frame of low, mid and high rise), S2 (Steel braced frame of low, mid and high rise), S3 (Steel light frame), S4
(Steel frame with concrete shear wall of low, mid and high rise), S5 (Steel frame with URM wall of low mid and high rise)

C Reinforced Concrete C1 (Ductile RC moment frame of low, mid and high rise), C2 (RC shear-wall of low, mid and high rise), C3 (Nonductile RC frame
with infill of low, mid and high rise), C4 (Nonductile RC frame without infill of low, mid and high rise), C5 (Steel reinforced concrete
frame of low mid and high rise)

RM Reinforced Masonry R1 (Reinforced masonry bearing wall with flexible diaphragm of low and mid rise), R2 (Reinforced masonry bearing wall with rigid
diaphragm of low, mid and high rise)

MH Mobile Homes Mobile homes

M Mud M1 (Mud wall without wood), M2 (Mud wall with wood)

A Adobe A1 (Adobe mud mortar with wood roof), A2 (Adobe mud mortar with thatch roof), A3 (Adobe wall with cement mortar), A4 (Adobe
wall with concrete bond beam ), A5 (Adobe with reinforcement)

RE Rammed Earth Rammed earth construction

RS Rubble (Field) Stone RS1 (Rubble stone without mortar), RS2 (Rubble stone with mud mortar), RS3 (Rubble stone with lime mortar), RS4 (Rubble stone
with cement mortar), RS5 (Rubble stone with concrete bond beam)

DS Dressed Stone, blocks | DST1 (Stone block with mud mortar), DS2 (Stone block with lime mortar), DS3 (Stone block with cement mortar), DS4 (Stone block
with concrete bond beam)

UFB Unreinforced Fire UFBI1 (Unreinforced brick with mud mortar without timber ), UFB2 (Unreinforced brick with mud mortar and timber), UFB3

Brick (Unreinforced brick with cement mortar and wood diaphragm), UFB4 (Unreinforced brick with cement mortar and concrete
diaphragm)

UCB Unreinforced Unreinforced concrete block construction

Concrete Block

MS Massive Stone Massive stone masonry construction

PC Precast PC1 (Precast concrete tilt up walls), PC2 (Precast concrete frame of low, mid and high rise), TU (Tiltup)

INF Informal Informal constructions (Plastic, polythene, miscellaneous)

aUSGS

science for a changing world




PAGER Global Inventory Coverage

20N

. Urban Residential Inventory

Data Source
[ By Judgment/Neighbor

20°s

40°S

] UN (1993)
] UN-HABITAT(2007) _ |

= g Housing Census ws
) Literature

s I WWHE-PAGER Survey Lars

160°W 140°W 120W 100°'W 80°W 60°W 40°W 200W o 20E 40E 60°E 80°E 100°E 120E 140°E 160°E 180°

« Based on multiple sources (carry source and vintage information)
» Uses structural system rather than the generic vulnerability classes (through PAGER STR)
» Provides distribution by broad occupancy type and density class at country/regional level




Population Distribution

Time of day Residential Non-residential Outside
Vs. Occupancy Occupancy (Outdoors)

occupancy type

Day P *0.4*F, +0.01*F *F,, | P*0.89%F, *F, +089%F * | P*0.35%F, +0.10%F, *F,,
+0.01*F, *Fm+001*F * Fm+034*F *F,, 025 ;| 0005 F ¥ F, +0.65%F, %

(10 am-5 pm) F,, )P, 075KF +0.20%F YC,,)P*(025* “F, 1025 Fag,,)P,*(025*F +()55*F/
Foy+0.25%F, ¥ F, +045*1«Lf wa*Fw+001*F/ «F P Fmd+050*F " F0.54%
“F, )P, *0.999% F, +0.84*F, | (0.15%F, *F,, +0.10%F, *F, | F, * ,)P*(oooz* "
*F, +0.89%F, *F  +0.998* F0.0015F *F. ) H0.01¥F, * F,, +0.01% F,, *

F"k’f * Fag”) Fsu +0. 001 * wa gr)

Transit

(5 am-10 am & 5 pm-

10 pm)

Night

(10 pm- 5 am) F,, )P, *(0. &
Foy+0.25% Pt H0.50%F ¥F+0.54%

ser
F, *F,)P*0.00I*F,

+0.01°F, ¥Foq +0.0I%F,

F +0001*F P

ser

*F P, *0. 999*FW +0. 84*F
“F, +0.89%F, *F,, +0.998*"
F, *F,)

(0.15%F, *F,, +0.10*F, *F,,
0001V F, ¥, )

agr
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Collapse Fragility for Global Bldg Types

COUNTRY |PAGEI1NAME OF AUTHOR |WHE |PAGER | MMI/EMS/MSK
|Struture type [Mapping |  MMIS]  MMIZ]  MMIS]  MMI9
Algeria 4 Mohammed N. Farsi, FMasonry- Adobe block walls A 7 22 50 75
Algeria Masonry- Field Stone Masonry RS 3 14 40 65
o Shekiekossaiedisnennesiainnioniiasiinediomioninlon : = == st
Collapse Fragility Rates by Structure Type for Iltaly (WHE-PAGER Expert Judgment)
1 T | T | T
—e—C1L ;
0.9H C1M
——C3L
0.84H——C3M
—&— UFB1
0.7H—*—UFB3
> ||——UFB4
5, 0.6H INF
s
L
0 0. i A S /2
"]
Q.
T 04
o
®)
(.3 o NSNS | AR —
0
O e S
6 6.5 7 75 8 8.5 9
Shaking Intensity (MMI)
China Moment Resisting Frame (15)(16)(17) c1 0 0 1 5
China Shear Wall Structure (19)(20)(21)(22) c2 0 0 1 3
China Moment Resisting Frame S5 1] 1] 2 <]
China YWooden Structures Wy 3 9 15 45

EERI-PAGER project 2007-08 (Phase 1)

a USGS
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science for a changing world GSN n\on THE AMERICAN PECPLE
M 7.9, EASTERN SICHUAN, CHINA PAGER
Origin Time: Mon 2008-05-12 06:28:01 UTC Version 12
Location: 30.99°N 103.36°E Depth: 19 km Created: 210 days, 15 hrs after earthquake
Estimated Population Exposed to Earthquake Shaking
LR b | -+ | -~ | 1,563k 63,137k |18,662k| 3,815k 1,124k | 530k | 2k
SERATERAGRES? | 1 vi [ i
PERCEIVED SHAKING | Not felt| Weak | Light |Moderate| Strong | Very strong Severe Violent | Extreme
POTENTIAL é‘""mm; none none none V. Light Light Moderate Moderate/Heavy | Heavy | V.Heavy
DAMAGE g::m.:: none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V. Heavy
*Estimated exposure only includes population within the map area.
Population Exposure population per ~1 sq. km from Landscan 2006 Selected City Exposure

500 1000 5000 LDV (MM City Population
Vil Jiangyou 127k
VIl Mianyang 264k
VI Chengdu 3,950k
VI Guangyuan 213k
VI Lingiong 55k
VI Deyang 152k
V' Nanchong 7,150k
V Zigong 689k
V' Neijiang 546k
V Chongging 3,967k
bold cities appear on map (k= x1000)

Overall, structures in thls region are vulnerable to earthquake shaking, though some resistant structures exist. A
magnitude 6.4 earthquake struck the Sichuan, China region on August 23, 1976 (UTC), with estimated population
exposures of 1,500 at intensity IX or greater and 5,700 at intensity VIII, resulting in 41 deaths. Additionally, a
magnitude 7.3 struck this region in 1933 killing 6,800 people. Recent earthquakes in this area have also triggered
landslide hazards that have contributed to losses. Users should consider the preliminary nature of this information
and check for updates as additional data becomes available.

This information was automatically generated and has not been reviewed by a seismolegist.

http://earthquake.usgs.gov/pager Event ID: us2008ryan




Red Alert

b A
=2USGS
scivnce for 8 changing workd
M 7.9, EASTERN SICHUAN, CHINA
Origin Time: Mon 2008-05-12 06:28:01 UTC
Location: 30.99°N 103.36°E Depth: 19 km

Estlmated Populatlon Exposed to Earthquake Shaking

B

Created: 1 year, 4 months after earthqual]

="USAIL

'II'/ FROM THE AVERICAN FEOF]

PAGEHR
Version 1

—_—

107°€

Overal, the populaticn in this regien resides in structures that are highly vulnerable to earthquake
shaking, though scme resistant structures exist. A magnitude 7.7 earthquake 271 km West of this one
struck Luhuo, China on February 06, 1973 (UTC), with estmated population exposures of 31,000 at
Intensity IX or greater and 19,000 at intensity VIII, resulting in an estimated 2,199 fatalties. Recant
earthquakes in this area have caused landslides that may have contributed to losses.

This Information was automatically generated and has not been reviewed by a selsmoiogist.

http:ilearthquake. usgs.gov/pager

Fatalities

Based on currently available data, this event is
estimated to be a red alen level for 1atalities. A red
alert ingicates high casualties are likely and the
cisaster is potentiglly widespread. Past events with
this alert level have required a national o

international level response.

Alert Likelihood

Eipy&g&g{?‘?m-w?" 1,514k* | 63,388k" | 18,723k 3,970k 1,236k 541k 2k
TIM Fi
et | L (nm] v ] v [ w
PERCEIVED SHAKING Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Viclent | Extreme
POTENTIAL Jesistant | none none none | V.Lght Light ieavy | Heawy | V.Heavy
Yuinerable | none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V. Heavy
Estimated exposure only induces populaton wihin the map area.
Population Exposure population per ~1 sq. km from Landscan Estimated Fatalities
o [ 5 [ 50 oo woo sooo 10000 Alart '-'“""‘“‘{

Estimated Fatalities
Alert Likelihood

42% 37%

19%

-

1 100
10

10,000
100,000

1,000
Fatalities

Based on currently available data, this event is
estimated to be a red alert level for fatalities. A red
alert indicates high casualties are likely and the
disaster is potentially widespread. Past events with
this alert level have required a national or
international level response.

Estimated Economic Losseq Estlmated Economlc Losses

1 L0 yxes
US Dcllars (Millions)

Based on currently available data, this event is
estimated 1o be a red alert level for losses. A red
alert ingicates widespread damage is likely and the
ol cisaster is potentially widespread. Past events with
this alert lavel have reguired a national o

international level response.

IV Chengging

3,967

rold cities appear on map

Event ID:

( = x1000)

us2008ryan

Alert Likelihood

54%
35%

10%

100 10,000

100,000

10 1,000

US Dollars (Millions)

Based on currently available data, this event is
estimated to be a red alert level for losses. A red
alert indicates widespread damage is likely and the
disaster is potentially widespread. Past events with
this alert level have required a national or
international level response.




Estimated Economic Losses Estimated Fatalities
Alert Likelihood 66% Alert Likelihood
50%
16%
Q 1 100 ’ 10,000 . 1 100 10,000
10 1,000 100,000 10 . 1.-000 100,000
US Dollars (Millions) Fatalities

Pla<d=<b)=

log(b) - 1og<e)] _ q)[logm) - log(e)
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M 5.2, ILLINOIS

Origin Time: Fri 2008-04-18 09:37:00 UTC
Location: 38.45°N 87.89°W Depth: 11 km

Yellow Alert

=
&i ‘ USAID
. e FROM THE AVERICAN FEORLE

PAGER
Version 1

Created: 1 year, 5 months after earthquake

Estlmated Population Exposed to Earthquake Shakin

Egzy&guREP( Wh%'lo -* -=*  [3,085k 817k 52k 15k 0 0
TIMATED MODIFIE
PERCAL L INTENSITY -V \J \'A Vil
PERCEIVED SHAKING | Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme
Resistant
PSIE’XE éL Structures none none none V. Light Light Moderate ModerateiHeavy | Heavy | V. Heavy
!“"“'“’" none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V. Heavy

Estimated exposure only induces populaton within the map aroa.

Population Exposure

population per ~1 5q. km from Landscan
1000 5000 10000

Barmant

Becatur  * - Viledide - LoaETw

Estimated Fatalities

“wn Alert Likelihood

-
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’ ) § . - » . .
rat . . o Estimated Economic Losses
I siighiand v L”":’“"’f forey « Emadenit £ icknet licher Alert Likelihood
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AR &Y 7 mum.n;'n  Gredinon Cogydo US Dollars (Miflions)
Loy 4 in g et ‘
“"";“" it $,. - 3 gptaml N %’n?ﬁm’m it /| Basea on currently available data. this event is
- Steeleville & .o L Banten Norris Gity \X _Evansvllle estimated 1o be a yellow alen level for losses. A
. tiountivernypi ) yellow alert indicales some camage is ikely anc the
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M b
. o Cam.t-dan cﬂm";’"’j“:“”’ Shamnactswn &7 '“L response.
Cobden B d !
o Cobeq) 3 PR » Selected City Exposure
- Vienna ~ Rosiclare . ' b
5, 3 } 3 R At [MMI City Populatiol
P § .
W gkm ’ -G VI Mount Carmel
. Brook v 7 T T
w0 25 50t s 3 : A
. \aira 13 : ¥ 5 VI Grayville 2
K; 2 - 3 e VI Owensville 1
Overal, the populanon in this region resides in structures that are a mix of vulnerable and earthquake V Bridgeport 2
resistant construction. A magnitude 5.1 earthguake 41 km North of this cne struck United States on June vV S 1
10, 1987 (UTC), with estimated population exposures of 6,000 at intensity VI and 147,000 at intensity V, umner
with no reported fatalities. IV Evansville 1"
IV Springfield n
IV Indianapolis 773
IV Decatur
IV Bloomington I
This information was automatically generated and has not been reviewed by a selsmologist. bold cities appear on map % = x1000)

http./fearthquake.usgs.gov/pager

Event ID: us2008qza6

Estimated Fatalities

66% Alert Likelihood
30%
1 !
1 100 10,000
10 1,000 100,000
Fatalities

Based on currently available data, this event is
estimated to be a green alert level for fatalities. A
green alert indicates a low likelihood of
casualties.

Estimated Economic Losses

Alert Likelihood

30%

16%

1 :
I

1 100
10 1,000
US Dollars (Millions)

10,000

100,000

Based on currently available data, this event is
estimated to be a yellow alert level for losses. A
yellow alert indicates some damage is likely and the
disaster is relatively localized. Past events with this
alert level have required a local or regional level
response.




> Red Alert AC
=USGS . E SV
M 6.7, Northridge, California V

Origin Time: Mon 1994-01-17 12:30:55 UTC
Location: 34.16°N 118.56°W Depth: 19 km

Estlmated Populatlon Exposed to Earthquake Shakin

Created: 15 years, 7 months

Eg%guﬁgﬂ PULATION 1,340k*| 5,888k | 8,263k
TAERCALLI INTENSITY |-l v \J Vi
PERCEIVED SHAKING | Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Viclent
POTENTIAL Jesistant | none none none | V.Lght Light ieavy | Heawy
gmg none none none Light Moderate | Moderate/Heavy Heavy V. Heavy
Estimated exposure only induces populaton wihin the map area.
population per ~1 5q. km from Landscan Esti mated"!:atal
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Selected City Expo.

A magnitude 6.7 earthquake 0 km North of this cne struck Northridge, Calornia on January 17, 1994
(UTC), with estimated population exposures of 211,000 at intensity IX or greater and 1,968,000 at
intensity VIII, resulting in an estimated 60 fatalties. Recent earthquakes in this area have caused,
landslides and liquefaction that may have contributed to losses.

Estimated Fatalities

85%

Likelihood
9% 6%
—
1 100 10,000
10 1,000 100,000
Fatalities

Based on currently available data, this event is
estimated to be a yellow alert level for fatalities. A
yellow alert indicates some casualties are possible
and the impact should be relatively localized. Past
events with this alert level have required a local or
regional level response.

Estimated Economic Losses

83%
Alert Likelih

10,000
100,000

100
10 1,000

US Dollars (Millions)

Based on currently available data, this event is
estimated to be a red alert level for losses. A red
alert indicates widespread damage is likely and the

disaster is potentially widespread. Past events with
this alert level have required a national or
international level response.
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hitp:ilearthquake. usgs.govipager Event ID: us199401




Basis for FEMA| Estimated Economic Losses

(From comparison of pa Alert Likelihood

30%

10,000

PAGER FEMA ‘ A R

10

Alert Level Activation Level US Dollars (Millions)

>1,000 ($1B)

100 - 1,000
Green No Activation <1 (S1m)

*Post-Katrina Emergency Reform Act of 2006 (PKEMRA) entails activating pre-scripted mission
assignments & specific earthquake-response actions depending on the initial activation level



International
Response

National
Response

Local/Regional
Response

Little to No
Response

Basis for Global Activation Levels

(From comparison of past losses, aid & response)

PAGER Estimated Estimated
Alert Level Fatalities Losses ($M)
> 1,000 > 1,000
100 - 1,000 100 — 1,000

Green <1 <1




How Often Will These Alerts Occur?

Alert Level Estimated Number of Estimated Number of
& Color Fatalities Global alerts Losses Global alerts
per year [US] M) per year [US]

> 1,000 1.5 [0.01] > 1,000 0.9 [0.1]

100 — 1,000 1.5 [0.01] 10 - 1,000 6.1 [0.5]

Yellow 1-100 14 [0.1] 1-10 6.3 [0.3]

Green <1 ~1,250 [?] <1 56 [4.7]
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Map of fatality-based alert levels that would be triggered given the observed fatalities for events over the past forty years. The legend
provides the fatality threshold for color-coded alert level. There would have been about 5,000 green, 490 yellow, 51 orange, and 48
red alerts (approximately 14 yellow, 1-2 orange, and 1-2 red alerts per year).
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PAGER System: Status Report

Publishing ShakeMaps for M>5.5 earthquakes globally
(lower, variable threshold domestically, ~M>3.5)

Delivering Alerts/Web Pages of population exposure

* "onePAGER"” with context (related earthquakes), ShakeMap, cities/
populations

» Getting ready to release lossPAGER (Impact-based alerts)
Loss Modeling Development

« Empirical, Semi-Empirical & Analytical models now providing
internal loss estimates & alerts; development ongoing.

Associated databases & tools are published & online

Long-term: improve source char., ShakeMap Atlas, building inventory,
loss models, alerts, add secondary losses (landslides, liquefaction, ...)

ZUSGS




The World Bank

IBRD & IDA: Working for a World F
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A Nonprofit Warking Toward Global Earthquake Safety
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Global'Disaster Alért &
Coordination System

g' China's earthquake emergency rescue center
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g Security

Federal Government



PAGER CALIBRATION & OPERATIONS FLOWCHART
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