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PAGER

Prompt Assessment of Global Earthquakes for Response
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Origin Time: Sat 2010-02-27 06:34:14 UTC (02:34:14 local) \
Location: 35.85°S 72.72°W Depth: 35 km Version 3
FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov Created: 3 hours, 10 minutes after earthquake
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PAGER Status

PAGER provides near-real time shaking-based loss estimates & impact-
based alerts based an Earthquake Impact Scale for all M5.5+ global
earthquakes (& all ShakeMaps domestically in the U.S.).

8PAGER relies on earthquake source information, ShakeMap, DYFI, Fast
Finite Fault, & other data & inputs. We also gather data opportunistic-
ally.

BPAGER data & tools are openly-developed and available. They are also
fundamental for other systems, including the Global Earth Model
(GEM), commercial loss assessment, & many other global hazard & risk
problems. Many international collaborative efforts are involved.

ogAfter three years of impact-based alerts, we are evaluating results &
planning strategically about next steps...




ShakeCast PAGER (Prompt Assessment of
Global Earthquakes for Response)
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M58, VIRGINIA _ ANk pAGER
Magnitude 5.8 - VIRGINIA Version § Comn 3TN S yersion 2

Created: 2 hours, 5 minutes after earthquake
Origin Time: 200 1-08-23 17:51:04 GMT Created: 20130909 18:47:24 GMT Estimated Fataliti Qrange alert lovel for economic losses Estimated Economic Losses
ignificant damage is likely and the disaster is
e . - - ” tentially wid d. Estimated
Latitude: 37.9360 Longitude: -77.9330 Depth: 6.0 km - Iosses ar lss than 1% of GDP of ihe Unted
I ‘ e ‘ States. Past events with this alert level have
. . required a regional or national level response.
2 bk i 4 N Green alert level for shaking-related fatalities.
These resalls ave [rocs an amomabed sysiem and users should consider the prelimizary nai.m' af this information when -:’::F There is a low likelihood of casualties.

makmng decisions relabing o public safety. ShakeCast resulis are often updaied 2x addiforal or more socurste earhguake
infiormation is reporied or derived.

Estimated Population Exposed to Earthquake Shaking
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dHew Jersey PERCEIVED SHAKING | Not felt | Weak | Light [Moderate| Strong | Very Strong Severe | Violent | Extreme
&

l Resistant none none none V. Light Light Moderate Moderate/Heavy | Heavy | V.Heavy

v POTENTIAL
DAMAGE

l Vulnerable none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V. Heavy

“Estmated exposure only includes popuaton witin the map area
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Historical Earthquakes (with MMI levels):

There were no earthquakes with significant
s population exposure to shaking within a 400
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S Community imberme . . 3 17800l il ¥ 3 [ L 1A : 7 3 o

Selected City Exposure

from GeoNames.org

Louisa
Gordonsville
Newington
Orange
Weber City
Lake Monticello
Virginia Beach
Washington
Richmond
IV Baltimore
‘ IV_Annapolis
Gonsiders 105ses due (o structural damage. bold cities appear on map (k = x1000)

models may add uncertainty. Event ID: US082311
vent ID: usl a




% Earthquake Information Timeline
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CISN ShakeMap for Northridge Earthquake
Mon Jan 17, 1994 04:30:55 AM PST M 6.7 N34.21 W118.54 Depth: 18.0km ID:Northridge
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ShakeMap V3.5
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USGS VS30 map (in m/s) : COSTA RICA
Wed Sep 5, 2012 14:42:08 GMT M 7.6 N10.09 W85.31 Depth: 40.0km
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Refining Vs30 Maps for ShakeMap, but also for liquefaction likelihood, ...
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Result of kriging the measured Vs30
profiles (using the correlation structure
from the previous step) onto the hybrid
map.
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Final map of California resulting from kriging with a
trend on the hybrid Wills and Calahan (2006) Vs30

map. [Thompson, Worden & Wald, 2013]



USGS ShakeMap : COSTA RICA
SEP 52012 02:42:08 PM GMT M 7.6 N10.09 W85.31 Depth: 40.0km |D:c000cfsd
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Hypocenter DYFI? + Finite Fault + Stations from UCR
USGS ShakeMap : COSTA RICA
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Hypocenter DYFI? + Finite Fault + Stations from UCR
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Magnitudes ~ 6, 7, 8 100 Miles
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WUSGS ShakeHap
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ShakeMap grid.xml file

<shakemap_grid xsi:schemal.ocathon="hirp://carthquake. usgs gov hirp-Vearthquake usgs govieqeenter/shakemap/xml/schemnas/shakemnp xsd” event_id="Northridge” =—
shakemap_jd="Northridpe™ shakemap_version="11" code_verdon="3.2" proces_timestamp="2007-01-30T |6:07:03Z" shakemap_originator="ci" map_status="RELEASED
shakemap_event_type="ACTLUAL >

<event magnitude="6.7" depth="18" lat="34.23000" lon="-1 |E335700" even!_timestamp="1994-01-17T |2: 3:35GMT" event_description="Northridee™ >

<grid_specification len_min="-119.785700" lat_min="33 379666" lon_max="-| | 7.285700" lat_max="35 (M6333° nominal_lon_spacing="0.016667" nominal_lat_spacing="0.0|6667
nlon="151" nlat="10!" nominal_ppga_std="0 526KK" />

<grid_ficld index="1" name="LON" units="dd"/>

<grid_[cld index="2" name="LAT" units="dd" >

<grid_field index="3" name="POA" units="pcig™/> . "

<grid_field index="4" name="POV" units="cms" /> d I v 3 0
e Grid uncertainty value, Vs
<grid_ficld index="6" name="F5A03" units="pctg"/>

<grid_[icld index="7" name="FSA|0" units="pctg"/>
<grid_[ield ingdex="8" name="F5A3" uniis="pcig />
<grid_ficld index="9" name="5DPCA" units="pctg />
t;:riq !jcld index="[0" name="5VEL" onits="ms />

Lon Lat PGA PGV MMI SA.3 SA1 SA3 Sig. Vs30 044333 63811 4.3655 49500 10,9535 52248 10340 10000 372.0000

5.0v,/6337 6.4854 4.4404 4.9600 |1.1607 5.3151 1.0521 1.0000 372.0000
TT19. 719033 35046333 A.0571 38717 4.5000 104353 4.6342 0.9174 1000 3564 0000 - 119, 702367 35046333 6,0061 3 8962 4.9000 10.5136 46631 0.9231 1.0000 464.0000

119685700 35.046333 6.1375 3.9222 4 9100 10.5959 4 6938 0.9293 | 0000 464.0000 -119.669033 35046333 61914 3.9585 49200 10.7029 4.7376 0.938] 1.0000 464 0000

119.652367 35046333 6.2471 3.9962 4.9200 10,8134 47831 09472 | 0000 464 0000 - 1 19635700 315046333 6.2991 4.0307 4.9300 10.9167 4.8246 0.9556 10000 464, 0000

119619033 35.046333 7.1392 5.3832 5,1200 12.7334 6.4431 1.2763 1.0000 301.0000 -119.602367 35.046333 7.3890 5.4191 5.1300 12.8329 6.4855 1.2848 1,0000 301.0000
-1 19585700 35.046333 74410 54570 5.1400 12.9372 6.5303 1.2938 1.0000 3010000 -1 19560033 35046333 6.4927 4.17 2 «+.oouw 11.3035 49740 0.9857 1.0000 4640000
-119.552367 35046313 65,5532 4.1971 4978 Ll 4an 20333 0 oL | AN A£s OGN 110 EIETON IE 042333 £ L0004 3384 4 0000 1L E36E £ NLS s nnae t (00 464 0000
-119.519033 35046333 7.7020 5.6563 5.15(] = = D000 3010000
-119.485700 35.046333 7.2820 4.9974 5.1 1( G d ' ' I t t ' ' I t 0000 372.0000
=1 19452367 35046333 7.4205 50975 5.13( rou n O Ion eS I a‘ eS 0000 4640000
119419033 35046333 8.0902 5.9490 5,250 . 000 3720000
.119.385700 35.046333 8.2042 6.0323 5.2 ° ( ) 0000 301 0000

119352367 35046333 8.3626 61547 5304 I ntenSIty M M I D000 301 0000
-119.319033 35.046333 8.5002 6.2587 5.32 Peak round acceleratlon PGA 0000 2010000
119285700 35046333 B.6174 63445 5,340 (] ( ) 00K 301 0000
119252367 35.046333 8.7839 64734 5.36( g 0000 3010000
-119.219033 35046333 8.9254 65806 5,39 0000 201 0000

-119.185700 35.046333 9.0423 6.6663 5.40( ° Peak grOu nd VGlOCity (PGV) 0000 3010000

119.152367 35.046333 9.2139 6.7994 5.4 0000 3010000
119119033 35046353 9.3553 6.9068 5.45( Q000 3010000
119085700 35.046333 9.4666 6.9888 5.47( ® SpECtraI response at 03, 1, 3 Sec. 0000 3010000
119052367 35046333 96375 71221 54900 T T T & 0L T O T OO 0T T - TP U T AT T A T T T 1797 T T 17 07+ 6 07 ie o 1. 0000 3010000
119019033 35046333 97721 7.2250 55100 17.6918 B.6458 1.7203 | 0000 3000000 -1 19002367 35046333 0.8200 7.2604 55200 17.7020 B.6E79 1. 7287 1.0000 201 .00
-118.G85700 35.046333 9.8701 7.2979 5.5200 17.8972 8.7327 1.7376 1 0000 301.0000 - 118969033 35.046333 5.9507 7.3618 5.5400 18.0659 B.8099 1.7532 1.0000 3010000
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w Nuclear ShakeCast
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“Did You Feel It?” Intensities Global ShakeMap

OFFSHORE MAULE, CHILE
Feb 27 2010 03:34:14 local 35.84645 72.7189W M8.8 Depth: 35 km |D:us2010tian

|
32's =N T AN |

34's

36°S

38's

3 L ¢
Valdivia

40°S Valdivi .. o
1071 responses in 106 cities (Max CDI = VIII)|

75°W 70°W
mrENsTY [ | (M| WV |V [ vt | v |
sHawivg  |Mot felt) Weak | Light |Moderate| Strong (Very strong
DAMAGE | none | none | none | Very light | Light | Modesate
Processad: Mon Mar 1 17:16:41 2010




“Did You Feel It?”

Aug 23 2011 01:51:04 PM local 37.936N 77.933W M5.8 Depth: 6 km ID:se082311a
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M5.8 Virginia
Aug, 2011

sHAKING |Not felt] Weak | Light |Moderate

DAMAGE | none | none | none | Very light [ Light | Moderate |ModeratefHeavy| Heavy | V. Heavy
Processed: Fri Sep 23 0011712 2011




“Did You Feel It?”

Aug 23 2011 01:51:04 PM local 37.936N 77.933W M5.8 Depth: 6 km |D:se082311a

45'N 45'N
(1-min.
intervals)
40'N 40°N
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INTENSITY | | E| 1
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T: 2011-08-23 1752:04



“Did You Feel It?”

Aug 23 2011 01:51:04 PM local 37.936N 77.933W M5.8 Depth: 6 km ID:se082311a

M5.8 Virginia
Aug, 2011

sHakinG |Not felt| Weak | Light |Moderate

DAMAGE | none | none | none | Very light [ Light | Moderate |ModeratefHeavy| Heavy | V. Heavy
Processed: Fri Sep 23 0011712 2011
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USGS ShakeMap : VIRGINIA
Tue Aug 23, 2011 17:51:04 GMT M58 N37.94 W77.93 Depth: 6.0km 1D:082311a
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“Did You Feel 1t?”

VIRGINIA
Aug 23 2011 01:51:04 PM local 37.936N 77.933W MS.8 Depth: 6 km |D:se082311a
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PEAK ACC{%q) <17 |.17-1.4 1.4-38 | 3.8-9.2 | 8.2.18 | 18-34 34-85 65-124 | »124 | Processed: Wed Aug 24 11:9225 2011
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ShakeMap “Did You Feel 1t?”

USGS ShakeMap : VIRGINIA - XIHOINIA e
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Earthquakes are felt over much larger area in Eastern U.S.

&

USGS “Did you feel it?” comparison

M®6.0 earthquake
o Central California
L. " I " Sept. 28, 2004
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. - M5.8 earthquake
N Central Virginia
i August 23, 2011
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Dots represent areas
where people reported at
least weak shaking




What Are the Primary ShakeMap Uses?

 Rapid, post-earthguake response, coordination, and

situational awareness...

Wl St Maasees Bagran s st Rty ige

4 imrds Pry
b [arthgests Caniee Sopona (shr=gtoe |sresy & f000e lesse b Mimarey (e lewsoe
tm g e M o LT Dty o Dt o L Cada 1 (et et

his press conference following the M5.4 Chino Hills, Los
Angeles, earthquake.




What Are the Primary ShakeMap Uses?

* Mitigation thru earthquake scenarios (response planning,
preparedness, education, communication)...
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What Are the Primary ShakeMap Uses?

* Enhanced post-earthquake loss-estimation...
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ShakeMap/ShakeCast Flowchart

SHAKEMAP WEB SERVERS / \
IDEAL SHAKECAST USER:

* Organization has widely distributed, critical
infrastructure, in areas with a seismic
hazard.

SHAKEMAP * Need to inspect or prioritize response to

DATA & for infrastructure & facilities quickly.
MAPS

* Need to communicate priorities & impact to
widely distributed users.

Internet .

Have at least a crude knowledge of the
RSS Feed seismic vulnerability of their facilities.

USER'S SHAKECAST SYSTEM
o310 T ]

=
CLWLNEN

To the “Cloud”

Internal Web Page
& User Interface

/ \ Notifications
. ] Email, PDA, Cell

Bridge A Damge Likely
Overpass 1 Damge Likely .

Overpass 2 Damge Likely Internet =
Overpass 3 Damge Poss. |——__ |E

Overpass 4 Damge Poss. @




AEA u e ShakeCast Report

/ Nuclear Regulatory Commission Mational Earthauae Information Certes [NEK)
Magnitude 9.0 - NH . :
o Magnitude 5.8 - VIRGINIA Version 8
Magnitude 6.6 - NEA Origin Time: 2011-(

. Latitude: 38.297 Loj Origin Time: 2011-08-23 17:51:04 GMT Created: 2013-09-09 18:47:24 GMT
Origin Time: 2013-1 Latitude: 37.9360 Longitude: -77.9330 Depth: 6.0 km
Latitude: 54.6812 Lo ?J.;“ﬁﬁﬁ‘écﬂﬁﬁ'u %ﬁ'ﬁ' |

FIOMMAHON 18 reporet OF Y | These results are from an auwmm:gafyﬂ:m and users should consider the preliminary nature of this information when
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ShakeCast Summary Report:

USER: International Atomic
Energy Agency (IAEA)

Irtmrralmral Alorme Enargy Agency

Magnitude 9.0 - NEAR THE EAST COAST OF HONSHU, JAPAN

Origin Time: 2011-03-11 05:46:24 GMT
Latitude: 38.297 Longitude: 142.372

Version 12
Created: 2011-05-06 15:52:17 GMT
Depth: 30.0 km

LUESGE Bhakebap - HEAR THE EAST COAST OF HOMSHLL JAPAN
e i TN AR OART WD N D BT Deplt NEee 1D o0

Facility Map (color coded)

ShakeMap

Recent Earthquakes Nearby

T o2 aged e v g o, pilog P o o e

Regressine—kriging - 1zanid

rihguakes in the region

e
Japan a1 &/111978 B:14
EAST COAST OF HONSHU, JAPAN at

25
Oki, Japas a1 87162005 2:46
L EAST COAST OF HONSHLU , JAPAN at

EAST COAST OF HONSHU, JAPAN m

i

Facility Shaking
Summary

science for 8 changing werkd

MT Miyn i, Japan at 52672003 5:24

MT OFF F EAST COAST OF HONSHU, JAPAN at
FACILITY TYPE |FACILITY 10 |FACILITY NAME |ST [LATITUDE |LONGITUDE u.wn.ugl 3= [szn Jpoa  [pov [esacs [psaso [rsaso
NUCLEAR IFNLS Teikai 25641 |36 0654 1401 500 RED v 35514 [naess faaas [maws |7een
NUCLEAR 1PN Chiuggass .59 |38 v 141 5010 Tl | vin scee9 [aands Jeassno [nao [e1rm
NUCLEAR [Tt Fokushima Dainl 161 |37.5063 14101350 RED wol Jszies [34067 |moseds [wosd7 (e
RUCLEAR IPx) Fokushima Daiichi 15267 |17 4018 141 i1 RED WHIL Qhpowky [hehoe |T0868 [roands [E s
MUCLEAR IG5 H |ﬂ.|:~m LE I ERNE 41 3800 Y RELLOW VIl 1955k (ol el 3T 153018 |4 RO
NUCLEAR 1PN E:::m;:ui- METL (3747 138 5980 (GREEN v ko [eorees [1aTiss [Teme  [raes

™

NUCLEAR T Mituma a0 |33 w01d 135 46350 (GREEN W lnowa seeis |essss famizs |1
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NUCLEAR IFNI2 Shika SP6 S | 3T a0 136,710 GREEN v 2AaE  JaRNY  PEA3eE |2owid | 10sE7
NUCLEAR 1PN Ok 7242 |38 5400 135 5530 (GREEN v lrasst [naeee |soesy [reamr [ooom

* = MIMI level may extend beyomd map boundary; some facalities may nol appoar an the map due b space resinction




Intarnatioral Atomic Enargy Agency International Seismic Safety Centre (IS5C)

IAEA (1 \?‘Nuclear ShakeCast

Home Earthquakes Search FAQ Profile Register Log in

Jump to: Select an earthqua-l-ce from the last _?_da\-rs

ShakeCast Summary
e —————)

Number of facilities evaluated: 3

Peak Ground Acceleration (%eg) : 04543 - 18.261
Peak Ground Velocity (cm/fsec) © 03293 -9.75
Instrumental Intensity : 11- %

Peak Spectral Ace. at 0.3 sec (%g) : 0.788 - 27.6374
Peak Spectral Ace, at 1.0 sec (%g) : 0.3478 - 10.2995
Peak Spectral Acc, at 3.0 sec (%og) : 0.0568 - 12716
PGA Uncertainty in Std Deviation @ 1.0002 - 1.0071
Estimated Vs30 in m/s : 210 - 740

M 5.9 - NEAR THE EAST COAST OF
HONSHU, JAPAN

1D e000252¢e Version: 1

Origin Time: 2011-03-17 13:54:52
Location: 141.3074, 36.7657

Imagery ©2011 , Map data ©2011 - Terms of Use

Not feit| Waak | Light | Modemate Veary shong Sevele
none none none | Very kght ldoderate |Moderate/Heavy

PEAK ACCi%g) | =77 | . 17-14 1439 3882 18-34 34-65
PEAK VELjcmim)| =01 [0111] 1134 3481 16-31
IETRLMEMALl ) | HN] WN v

Log in

Usermame: Password: Log me on automatically each visit || '_ Log in




IR0 ShakeCast Report [&USGS

- | = D

Probabilistic Relationships between Ground-Monon
Parameters and Modified Mercalli

Intensity in California

N GINIA
1:04 GMT
J7.9330

Version 7
Created: 2011-08-26 14:50:40 GMT
Depth: 6.0 km

ystem and users should consider the pre nature of this information when
‘ty. ShakeCast results are often updated as an:l::h onal or more accurate earthquake

by C. B. Worden, M. C. Gerstenberger, D. A. Rhoades, and D. J. Wald

USNRC

Nuclear ShakeCast

Abstract We use a database of approximately 200,000 modified Mercalli intensity
(MMI) observations of California earthquakes collected from USGS “Did You Feel It?”
(DYFI) reports, along with a comparable number of peak ground-motion amplitudes
from California seismic networks, to develop probabilistic relationships between MMI
and peak ground velocity (PGV), peak ground acceleration (PGA), and 0.3 5, 1 s, and
3 5 3% damped pseudospectral acceleration (PSA). After associating each ground-
motion observation with an MMI computed from all the DYFI responses within 2 km
of the observation, we derived a joint probability distribution between MMI and
ground motion. We then derived reversible relationships between MMI and each
ground-motion parameter by using a total least squares regression to fit a bilinear
function to the median of the stacked probability distributions. Among the relation-
ships, the fit to peak ground velocity has the smallest errors, though linear combina-
tions of PGA and PGV give nominally better results. We also find that magnitude and
distance terms reduce the overall residuals and are justifiable on an information the-
oretic basis. For intensities MMI = 5, our results are in close agreement with the rela-
tions of Wald, Quitoriano, Heaton, Kanamori (1999); for lower intensities, our results
fall midway between Wald, Quitoriano, Heaton, Kanamori (1999) and those of
Atkinson and Kaka (2007). The earthquakes in the study ranged in magnitude from
3.0 to 7.3, and the distances ranged from less than a kilometer to about 400 km from
the source.

Recent significant earthquakes in the region

- M5 VIRGINIA at 12972003 20:59

FACILITY_TYPE

FACILITY_ID

FACILITY_NAME

LATITUDE

LONGITUDE

DAMAGE_LEVEL

PGA

PSA03

NUCLEAR

USA37

North Anna

38.0573

-77.7956

ORANGE

26.8102

35.8552

NUCLEAR

USAS8

Calvert Cliffs

38.4319

-76.4424

GREEN

5.0906

NUCLEAR

USAS56

Surry

37.1633

-76.6942

GREEN

5.8834




PAGER Alerts (Sept 2010 to Sept 2011)
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EARTHQUAKE SOURCE

PAGER
SYSTEM
ELEMENTS

NEIC Magnitude &

|

Hypocenter

Aftershock
Distribution

Fault Trace

Finite Fault Model

Surface Wave CMT

Finite Fault
Inversion

A

—

SHAKING DISTRIBUTION

Macroseismic
Intensity Data

l XML

Global
ShakeMap

Recorded Ground
Motion Data

LOSS ESTIMATION

Empirical

Loss Model

Global Population
[Ground Motion]

Semi-Empirical
Loss Model

Building Inventory

Analytical
Loss Model

Loss
Estimates

REPORT & NOTIFICATION

Web Pages
& RSS
Feed

v

Expected Exposure,
Casualties
& Uncertainties

A ———

Cell & Email
UN, World Bank, USAID,
OFDA, State Dept., DHS,
SC, FEMA,GHI, BF, etc.




PAGER ELEMENTS

Empirical Semi-Empirical Analytical
Loss Model Loss Model Loss Model
I (Intensity) (Intensity) (Spectral Accel.)
Fatality
Estimates I
pager.x
pager.ki
City List
Commen
PDFs

ALERTS
Cell & Email

External: Exposure, Cities,
Comments

Web Pages Population Exposure
"OnePAGER" Event-Specific Comments

KML, Qity EXDO§UreS Casualties & Uncertainties
Archives, Versions PAGER product files

Separate Figures /

Internal: Above, plus
Fatalities for all 3 Models




Chile, Feb. 2010
Magnitude 8.8

-1.
1

" Bajaj California
i 1 Apr. 2010
-2 Magniitude 7.2

11 Zealand
Sep. 2010

Magnitude 7.0

Port au Prince

Magnitude 7.0




USGS ShakeMap Estimated Shaking Intensities [Same Map Scales!]




Epicenter and Magnitude

[Same Map Scales!]
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Empirical Fatality Model Input Datasets:

1. LandScan Populatlph 2008 2, USGS ShakeMap Atlas & Expo -CAT

N AN \ OAK RIDGE NATIONAL LABORATORY
Sy * 1 y - >

b 7 -
LS W
““-ﬂ___'_-.,__“-.,__\\ \\ s ! J/_d_.-_'____,-"

3. PAGER-CAT

(Event catalogue,
with fatalities and
$ losses for 35
years of events)




ShakeMap Atlas 1.0: ShakeMaps for >5,600 Earthquakes (1973-2008)

|zmit, 1999

* All available data (ground
motion, intensity, fault plane)

» Site conditions from
topographic-slope proxy

» Standard ShakeMap
approach to combine
observed, estimated ground
motions

Uses other than PAGER:
GEM, loss estimation,
secondary hazards,
Insurance, mitigation,
response planning, ...

ZUSGS

someicat har @ oha g g aerid




< USGS

asan b ooy wat? ShakeMap Atlas

An Atlas of ShakeMaps for Selected Global Earthquakes

science for a changing world

Earthquake Hazards Program

Home Earthguake Center Regional Information About Earthouakes Ressarch & Monitoring Other Resources
You are have. Home » Eadbouake Center » ShakeMap » ShakeMap Allas

&
Lae_:;:ﬂhu“am ShakeMap Atlas

Wong Scientific Background on Shakehap Atlas
EQ Maotification Serioe

L. Feeds & Data
Anirations 1985 | 1884 | 1883 | 1882 | 1961 | 1880 | 1878 | 1978 | 1877 | 1976 | 1875 1874 | 1873

Raecen| Eafthquakes: Last 8-30
Days ShakeMaps during 2007

Earthguake Archives
Lists & Maps

10 Matching ShakeMaps Found|

L Mag Name/Epicenter Date Time Lat  Lon EventID

8.0 OF Coast of Central Peru Aug 15 2007 23:40:58 UTC -13.358 -76.522 200708152340
6.2 RUSSIAN FEDERATION Aug 02 2007 02:37:42 UTC 47.110 141.810 200708020237
5.2 : Jul 21 2007 22:44:13 UTC 3B.936 70.485 200707212244
6.6 Jul 16 2007 01:13:22 UTC 37.520 138.460 200707160113
6.1 CHINA Jun 02 2007 21:34:57 UTC 23.020 101.010 200706022134
e 6.2 CHILE Apr 21 2007 17:53:46 UTC -45.240 -72.670 200704211753
A B.1 SOLOMOM ISLANDS Apr 01 2007 20:39:56 UTC -B.430 157.060 200704012039
ShakeMaps 6.7 Noip Peninsula, Japan  Mar 25 2007 00:41:58 UTC 37.340 136.540 200703250041

ShakaMap Archive 6.4 INDONESIA Mar 05 2007 03:49:39 UTC -0.480 100.470 200703060349

ShakeMap Atias 7.5 INDONESIA Jan 21 2007 11:27:45UTC  1.0585 125.282 200701211137

EQ Summary Posiers

Scientific Dala
Aboul EQ Maps
Did You Fesl N7
Fast Moment Tansers
Madia Info

Voo fe @ o g everld
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Empirical Approach

Fatalities estimated as a function of fatality rate of populz

exposed at each intensity level:

# People Fatality rate/intensity level




Empirical Fatality Estimation Approach:

Fatality rate is parameterized with a two-parameter lognormal CDF:

Y(S)= q{%ln@]

Where s, is intensity at level jand © & 3 distribution parameters. The

total number of fatalities for an earthquake can be estimated as:
Fatalities E=)_y(s).P(s)

For a given region/country, we use several historical earthquakes in order
to derive parameters 6 & B.

We solve for the two parameters which minimizes norm e:

&= “{\/;Z(EJ ‘OJ)ZJJ’\/;Z['”(EJ 0]

]

J



Eff. fatality rate

10"

10

10

10

10

10

10

10

12

PAGER'’s Empirical Fatality Estimation Approach:

Eff. fatality rate derived using empirical model

-
-
-
!’. G
.

MMI

Estimated deaths

Hindcasting historical losses in Turkey

E

10 .
10°} 5
+ i
3 c 4 |
td < '
+ f
107} + - 1 3
+ 5
101_' + + 1
i 4 3
a + 1
10° £ 1:
+ |

0 i * : ; > i
0 10° 10 10° 10° 10 10

Recorded deaths

Jaiswal et al. (2009) & Jaiswal and Wald (2010)



PAGER Empirical National Methodology

100% 10" p————r————re

10% 10K Greece
Italy

=== |ndonesia
m— U.S. (California)
1 % 1072 F—China

Indonesia”

Fatality Rate
=)

" Greece

i L i i i

i T
MM Intensity

Fatality rates as a function of intensity for selected countries

Nearly four orders of
magnitude difference in fatality

rates



s -

[1

a - a - 2
uelje A
- ueispied e 18
B|9NZBUD
02200 »
ejewsalens .
uejsiueybyy « =
- eulyD . <€ lmm
elpule € 9
lopend3. e
foxinl e <& m,
Aey. <€ m
A 02IX3 o 14w
|ebnyiod ¢ my
IEE g
RISSUOPU| e w.
BIIY B1S0)) "
- eluewoy 19 .m
uede(s 5
m_QEo_Mu A S
NJad e
saulddijiyd ayy
- 9llYD e 1
161099
uemie] »
929919«
JopeAjes |3«
- —p  ©]UI0}][€)4 O
40 30 20 10 00
— — —~ — —~

10°

ealy ajey Ayeie]

a2 USI
P T —



1994 NORTHRIDGE, CA (M6.7):

ities)

2005 PAKISTAN (M7.6):

VI & IX: 77,000 killedin 1.2 M (~6% fatalities)

VI & IX 33killed in 2 M (~ 0.002% fatal
aUSGS Bertiae @ Ao

science for a changing world
M 6.7, Northridge, California

Origin Time: Mon 1994-01-17 12:30:55 UTC (05:30:55 local)
Location: 34.16°N 118.56°W Depth: 19 km

USAID

FROM THE AMERICAN PEOPLE

PAGER
Version 1

Created: 870 weeks, 1 day after earthquake

Red alert level for economic losses. Extensive
damage is probable and the disaster is likely
widespread. Estimated economic losses are
0-4% GDP of the United States. Past events
with this alert level have required a national or
international level response.

Estimated Fatalities

40%
22%
4%

1 100 10,000
10 1,000 100,000
Fatalities

Yellow alert level for shaking-related fatalities.
Some casualties are possible.

Estimated Economic Losses

35% 339,

\:_

100 10,000
10 1,000 100,000
USD (Millions)

ZUSGS —
science for a changing world Shaking Alert
M 7.6, Kashmir, Pakistan

Origin Time: Sat 2005-10-08 03:50:40 UTC (08:44:32 local)

Location: 34.38°N 73.47 ° E Depth: 12 km

FOR TSUNAMI INFORMATION, SEE: tsunami.gov

FROM THE AMERICAN PEOPLE

PAGER
Version 1
Created: 361 weeks, 1 day after earthquake

Red alert for shaking-related fatalities
and economic losses. High casualties
and extensive damage are probable
and the disaster is likely widespread.
Past red alerts have required a national
or international response.

Estimated Fatalities

43%
18%
2%

1 100 10,000

Estimated economic losses are 1-8% GDP
1,000 100,000 of Pakistan.
Fatalities

Estimated Economic Losses

29%
14%

100

o 1,000
usD (Millions)

*Estimated exposure only includes population within the map area.

Population Exposure

(Fatality rate

Estimated P°PU|at'°" Exposed to Earthquake Shaking Estimated Population Exposed to Earthquake Shaking:

ESTIMATED POPULATION - * N N « N

EXPOSURE (k = x1000) 1,168k*| 5178k | 7,233k 2,885k 2,093k 74k 0 NS IGRE one -+ | 2,193k*|62,959k*| 68,442k* | 43,181k 4,585k 1,274k 136k

ERCALL INTENSITY I II-III v Vi Vi Vil ERCALLIINTENSITY |- v \'/ Vi Vil V|

PERCEIVED SHAKING Not felt | Weak | Light [Moderate| Strong | Very Strong Severe Violent | Extreme PERCEIVED SHAKING Not felt [ Weak Light |Moderate| Strong | Very Strong Severe Violent | Extreme
POTENTIAL Resistant none none none V. Light Light Moderate Moderate/Heavy | Heavy | V.Heavy poTENTIAL Resistant | none none none V. Light Light Moderate Moderate/Heavy | Heavy | V.Heavy
DAMAGE | vulnerable hone hone v.h

Structures . Heavy | V. Heavy

ratlo of ~3,000 x

tion in this region resides in
highly vulnerable to
, though some resistant

W Ulittlerock

secon

a P ke
Santa Barbara | fjimore iSanta Clarita
; g¥santa Paula -

0 5
5°wW 119.5°W Y 118.§.A’.W
ohatter. i building types are unrelnforced brick masonry
ool fah kersfield and reinforced masonry construction.
Lamont. “| Historical Earthquakes (with MMI levels):
Prate - Mtehachapi  EHlifornia City
Noro Maricopa ’ Tiojave Date Dist. Mag. Max Shaking
Santa Maria 1 o Borony 35°N | km MMI(#) Deaths
e e TRosamon i 1999-10-16 199 7.1 0
55 g ' 1987-10-01 41 5.9 | VIII(20k) 8
;\I/-andenberg Village L d;l!;ct??c"alster 1994-01-17 1 6.7 _ 33
ompoc. i ! -
Wsolvang 'Ea|mda|e Recent earthquakes in this area have caused

dary hazards such as landslides and

liquefaction that might have contributed to
losses.

Selected City Exposure

from GeoNames.org

{San Juan Capistrano,

MSan Clementel 3gp=n

vil

Cit

Simi Valley
Santa Clarita
Val Verde
Burbank
Los Angeles
Long Beach
Santa Ana
San Diego
Tijuana

PAGER content is automatically generated, and does not consider secondary hazards in loss
calculations. Limitations of input data, shaking estimates, and loss models may add uncertainty.

http://earthquake.usgs.gov/pager

bold cif

ties appear on map (k = x1000)

Event ID: us199401171230
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PAGER content is automatically generated, and only considers losses due to structural damage.
Limitations of input data, shaking estimates, and loss models may add uncertainty.

p usgs. pag

structures exist. The predominant vulnerable
building types are adobe and rubble stone
masonry construction.

Historical Earthquakes (with MMI levels):
Date Dist. Mag. Max Shaking]
(UTC) (km) MMI(#) Deaths|

2005-1008 50 64 DNUERN O

1974-12-28 88 6.2 | VIII(ek) 5300

2005-10-08 13 7.6 - 87351

Recent earthquakes in this area have caused
secondary hazards such as landslides and
liquefaction that might have contributed to
losses.

Selected City Exposure

from GeoNames.org

Bagh
Mansehra

VIL - Uri 7
VIl Batgram <1
VI  Srinagar 976K
VI Peshawar 1,219k
V  Lahore 6,311k
V  Chandigarh 914
IV Kabul 3,044k

bold cities appear on map (k =x1000)

Event ID: us200510080350




Economic Model Input Dataset:

1. LandScan Populatlor_l 2008 2, USGS ShakeMap Atlas & Expo -CAT
f';f”//f’// “_“‘:u -
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@ Earthquake, tsunami,
volcanic eruption

@ Storm
@ Flood

O Extreme temperature
(heat wave, forest fires)

4. Gross Domestic Product
by Country (1970-2007)

{Undata

. A world of information

Great natural catastrophes:
3 Earthquake China

(& Hurricane lke
Cyclone Nargis

Winter damage China

3. Munich Re NatCAT Service 2=
1980-2007 available through-- <0 GEM
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PAGER’s Empirical Economic Loss Model

Modeling historical earthquake losses for Italy

#
| #

- -
| I . . L]
-

'

10° 10° 10 10
Recorded Loss (mil. 5)

B=0.1,

: (6= 9.03,
I ‘ = 2.39)

v Vi Vil Vin X
MM Intensity

Example for Italy: 59 earthquakes from 1980-2007 )19 with
damage > $100Kk) (Source: Munich Re NatCAT)

Economic Loss Model Development:

1. For each earthquake, estimate economic exposure in the

affected area:
- using per capita GDP of Italy (at time of earthquake),

- exposed population per intensity level.
- determine correction factor to accommodate
disparity between GDP & per capita wealth.

2. Using estimated economic exposure & trial loss ratio
function, we estimate total economic loss at the time of the
earthquake,

3. Solve for best theta & beta to minimize hindcasting,

4. Estimate the normalized standard deviation (zeta) in
hindcasting historical losses for uncertainty estimates.



Countries with Sufficient Earthquake Fatality Data
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science for a changing world



PAGER Regionalization Scheme (V2.0, Dec.. 20100
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Semi Empirical Approach

Earthquake fatalities caused due to collag
of structures can be given as -

# People/structure collapse rate/ fatalities/collapse
intensity level

ZUSGS

science for a changing world



PAGER: Semi-Empirical Model

. . Urban residential exposure by bulding type
Ah, but this model requires:

0%
SR\ 4% 4% 2%

(1) Building Stock Taxonomy & Inventory
(3) Collapse Fragility

(2) Occupancy of structures at time of
earthquake

(4) Fatality rates fo collapse of different
structures

EDSEBAOUFBBUCBBC3EC4BC2 BC2LOPC20S1 OW1

Collapse fragility and inventory for Turkish building stock

80 ;
. =+=(DS)
i 9 = (A)
_.E‘ 60 (UFB3)
= (UCB)
8 50 | =—-=(C3L)
£ a0 s—c
- ===(C2)
g 30 =—(C2)
S 5 = (PC2)
8 (S1)

10 (W1)

Jaiswal and Wald (2008)



PAGER Structure Types (‘PAGER-STR”)

L abel Description Detailed Classification (Based on ATC-13, HAZUS 1999, WHE 2003, EM S 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) and W4 (log
building)
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), $4
(Steel frame with concrete shear wall of low, mid and high rise), Sb (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 highrise), C5 (Steel
reinforced concrete frame of low mid and high ri ° ‘6 IT]
_ _ —_____|* Structure "Taxonomy
RM Reinforced Masonry | R1 (Reinforced masonry bearing wall with flexil
rigid diaphragm of low, mid and high rise) °> 1 00 Stru ctu re Types
MH Mobile Homes Mobile homes =
o
Composite of
M Mud M1 (Mud wall without wood), M2 (Mud wall wi
A Adobe A1 (Adobe mud mortar with wood roof), A2 (Adj = ATC'1 3’
(Adobe wall with concrete bond beam ), A5 (Adq ’
FEMA’ 99 (HAZUS),
RE Rammed Earth Rammed earth construction - ’
EMS 98,
RS Rubble (Field) Stone | RS1 (Rubble stone without mortar), RS2 (Rubblq
stone with cement mortar), RS5 (Rubble stone w WH E , 03
DS Dressed Stone, blocks| DS1 (Stone block with mud mortar), DS2 (Stone ’ . asm
block with concrete bond beam) —P*G'E*d'eﬂﬂ‘l'ﬂ&ﬂ's,—“"“‘““-‘“"“
UFB Unreinforced Fire UFB1 (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




Global Inventory & Coverage

Urban Residential Invantory
Data Source
] By Judgment/Neighbor
[~ ] UN (1993)
1 UN-HABITAT(2007)
" Housing Census
| Literature
B WHE-PAGER Survey



Example: Expert-opinion-based building Inventory for Italy

Inventory for Italy
UrhagResidential Urbansljpn-Residential

L
uFBl1 urpl
2 CiL 3.3
FB3 mkﬂ”
UFBE4 UFB4

Rugalfesidential RuralMgn-Residential

uFBl UFal

UFB3

Goretti, Bramerini, Di Pasquale, Dolce, Lagomarsino et al.
(2008) The Italian Contribution to the EERI/USGS PAGER
project, 74WCEE, China



ITALY: Based on
ISTAT 2001 Population Census

Vertical Structure
MUNICIPALITY ISTAT Code Reinforced
Masonry Other
Concrete
Abano Terme 05028001 2040 710 485
Abbadia Cerreto 03098001 27 31 0
Abbadia Lariana 03097001 344 450 75
Abbadia San Salvatore 09052001 754 577 133 1464
Abbasanta 20095001 1023 38 1 1062
Abbateggio 13068001 164 36 19 219
Abbiategrasso 03015002 1227 1378 353 2958
1
Before |From 1919| From 1946 to | From 1962 | From 1972|From 1982
MUNICIPALITY ISTATCode [ “1919 | 101945 1961 t01971 | t01981 | to1991 [/Tter199%
Abano Terme 05028001 141 117 704 800 401 266
Abbadia Cerreto 03098001 13 2 8 9 5 4
Abbadia Lariana 03097001 120 97 111 193 + 93 47
Abbadia San Salvatore | 09052001 556 260 251 208 " ) 53 32
Abbasanta 20095001 102 157 106 100 186 250 161
Abbateggio 13068001 65 79 27 14 11 13 10
Abbiategrasso 03015002 474 364 670 643 347 235 225
> Four ]
MUNICIPALITY ISTAT Code | One Story | Two Story |Three Story Stories Total - O
Abano Terme 05028001 499 2175 425 136 3235
Abbadia Cerreto 03098001 6 46 6 0 58
Abbadia Lariana 03097001 122 466 247 34 869 “
Abbadia San Salvatore 09052001 134 596 488 246 1464
Abbasanta 20095001 539 479 44 0 1062
Abbateggio 13068001 77 116 23 3 219
Abbiategrasso 03015002 557 1544 422 435 2958




Population Distribution

Data/Expert Judgment Similar to HAZUS Principle

Outside
(Outdoors)

Non-residential
Occupancy

Residential
Occupancy

Time of day vs.
occupancy type

P; *(0.4* Fs +0.01* F s * Fipg
+0.01* F; * Foo +0.01* F iy *

P*(0.89% Fy * Fipg +0.89% Fype *
Feat 0.34% Fye * ot 0.25% Fpyp *

P*(0.35* Fp +0.10* Fy; * Fig
+0.10* F,; * Fo +0.65* F i *

Day

10 5 Fagr)Pi *(0.75* F s +0.20* F; * Fen)P*(0.25% Fy; * Fipg +0.25% F 4 Fagr)Pi* (0.25* F,; +0.55* F; *

( arn- pm) Fing t0.25* Fs * Fo +0.45* F i * | * Fut 0.01* Fip * Fagr)Pi*(O.].S* Fing 0.50* F; * Foy +0.54* F 4
Fagr)Pi *(0.999* Fys +0.84* Fyp* | Fip* Fing +0.10% Fy * Feut * Fagr)P* (0.001* F e +0.01* F
Fing +0.89* F; * Foo +0.998* F; 0.001* F; * Fagr) * Fing ¥0.01* F; * Fg, +0.001*
* Fagr) wa * l:agr)

Tr S|t P *(0.4* F,,,; +0.01* ¥, ; | Dxpgo* -+ apgorp * D*(O0Qc* o010 O+ L

E“ I +0.01* F,; * Fo, +0.01* F * * * * * *
Fp 075 oy 1020 E, N Pi ¥ (0.4 Frys +0.01% Fye * Fipg +0.01* Fy
5 10 & 5 agr) i nwf wf
( arr]- arn Fing 10.25* F ;s * Fo +0.45* F 4

Fer +0.01* Fyp* Foy)

+ P, *(0.75% Fppye +0.20¢ Fyp * Fing
+0.25% Fyp * Foy +0.45% Foue* Fo)

+ P, *(0.999% Fpyp +0.84*% Fuyp* Fig +
0.89* Fyr* Foy +0.998* Fyp* Foy)

ind TO-O0 Twi Ter TOR T
* Fogr)P* (0.001* Fps +0.01* Fyf
* Fipg +0.01* Fyy * Fo +0.001*
wa * Fagr)
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F., +0.89* F,; * F, +0.998* F
* Fagr)

pm- 10 pm)

Py *(0.4* Fpye +0.01% Fyg * Fing
+0.01* Fyp * Foy +0.01% Fy *
Fag)P; *(0.75% Fppp +0.20% Fy*
Fing +0.25% Fye * Fog +0.45% F,f
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Night
(10 pm- 5 am)

Tt O-OL Twr tag/ti (019
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science for a changing world

Fatality Rates

Ongoing efforts by Dr. Emily So (USGS, now at Cambridge

Univ.)

Fatality

PAGER Structure Type Rates Reference
W, W1 0.007| Spence (2007)
W2, W3, W4 0.013| SPence (2007)
S, S1, S1L, S2, 2L, S3, 4, SAL, S5, S5L 0.14| Spence (2007)
SIM, S2M, S4M, S5M 0.228| Spence (2007)
SIH, S2H, S4H, S5H 0.328| Spence (2007)
C,C1,Ci1L,C2,C2L ,C3,C3L, C4, CAL C5, C5L 0.15| Spence (2007)
C1M, C2M, C3M, C4M, C5M 0.22| Spence (2007)
C1H, C2H, C3H, C4H, C5H 0.28| Spence (2007)
PC1 0.1| NIBSAND FEMA (2003)
PC2, PC2L 0.15| Spence (2007)
PC2M 0.22| Spence (2007)
PC2H 0.28| Spence (2007)
RM, RM1 0.06| Spence (2007)




Global variations of building collapse

Tabde 2.1 Damage types encompassed in 05 (coliapsed buldngs| sketches ane being re-drewn &t i moment
Instantaneous
Damage Referance sarthguakes (not
Categ Variations in collapses 1';&““"55?: Affected buildings types exhaustive)
| | Timier, weak masonry, svuctural | Ghir 1972, Tabas 1578, Athens 1999,
masonry Chi Chi 1998, Bhuj 2001 e
p w <ii% RC frames, Steal frames
Single wall i inge wal failure masorry)
ENQE Wa ure {m ]
failure roof " '
ilure -
10- 30%
Multiowall |
vertical support
ilure (with or *a0%
without roof
failure]
RC frame, mixed sieel LMF Kobe 1995, Koael 1999, Bourmedaes
2003, Chwistchurch 2011
! 10-50%
ey wew {limbear frame]
Saft Storey ona siorey for RC and fimber fama
Collapse | . — | RC frame, Steel LWF
) Eﬂﬁ_ A0-90%
== = e ==l
mulf -sloniys
Mascnry, RC frames Kashrir 2005, Wenchuan 2008
B0-100%
Bn:;ﬂplalu Hllfm [ = pancake with mof intact (frames) ‘“mn‘tﬂr frame) [
ei':::'ltl‘ga ' Waak masonry, imbar frama,
- hi |
[Fﬁfwa“i F catastrophic RG collapses:
collapse
»080%
failura of all structural elemaents (Hmibar) ] ]
" RC frama, timber frama, sieel frames | Kobe 1885, Chi Chi 19989, Mawle 2010
um Ty r, ‘.'f 0%
ety o
awerturn (framed buildings) ol possible variation for Bmbar

Courtesy, Dr Emily So, USGS/Cambridge
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Country: China

Recorded vs. estimated deaths using empirical model Recorded vs. estimated deaths using semi-empirical model
10 v 10 v

Semi-empirical

Empiricé_l

H *
: Wenchuan EQ

""'"}"May 12 2008 .Wens;ﬁlan.lic

May 12, 2008

Estimated deaths
Estimated deaths

o

Eff. fatality rate

o
()

Collapse probability
=]
8
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SPECTRAL ACCELERATION

Demand Spectrum
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Yet more parameters are required! (many structural characteristics)
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[Human Impact]

Why 3 Loss Approaches?

Empirical Semi-Empirical Analvytical

Developing World Developed World
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PAGER Regionalization Scheme (V2.0, Dec.. 2010)
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PAGER estimates of buildings contributing to casualties

Collapses by Building Type Fatalities by Building Type

2010 M8.8 Chile

RM & RM2L — Reinforced masonry
(commonly low-rise) and masonry
with frames (dual)

LECS Home
Contact USES
Samrch USLE

Hame &baut Lig Contack s

s PAGER - Commaon Bullding Types
Aigeria

Bingla-family reiniorced concreds rama houses
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HAZUS-MH Default Inventory Data

Default inventory data includes:

“General building stock” - proxy representation of
all buildings in the U.S.

Essential facilities* — hospitals, schools, etc.
Transportation lifelines* — highway, railway, etc.
Utility Lifelines* — water, power, gas, etc.
Demographics

Economic values

* In some cases, default data may be limited or unavailable

[Modified from Hope Seligson, MMI Engineering]




Building Inventory Data in HAZUS

HHe— L | ' kA= -
=|".|.p: P b1 _."""i'r'l'_ I_IJII-:'I';._—;L ; !"._El

Building data: for each census S A R T e W
tract, we know only total square b B v o g
footage of all buildings & cost by

occupancy category for entire

US.
- We call this “proxy data”

e

> Proxy data requires “mapping schemes”: for each
occupancy, estimated building distribution across “model”
structure types, & estimate distribution of occupants.

> Note: HAZUS only has two fatality rates (5% & 10% of
building occupants).

[Modified from Hope Seligson, MMI Engineering]




EARTHQUAKE SOURCE

PAGER
SYSTEM
ELEMENTS

NEIC Magnitude &

|

Aftershock
Distribution

Hypocenter

Fault Trace

Finite Fault Model

Surface Wave CMT

Finite Fault
Inversion

—

SHAKING DISTRIBUTION

Macroseismic
Intensity Data

l XML

Global
ShakeMap

Recorded Ground
Motion Data

LOSS ESTIMATION

[$, Casualties]

Empirical
Loss Model

4, XML

Global Population
[Ground Motion]

Semi-Empirical
Loss Model

Building Inventory

Analytical
Loss Model

Loss
Estimates

REPORT & NOTIFICATION

Web Pages
& RSS
Feed

v

Expected Exposure,
Casualties
& Uncertainties

A ————

Cell & Email
UN, World Bank, USAID,
OFDA, State Dept., DHS,

SC, FEMA,GHI, BF, etc.




Natural Hazards Review, 2011

Earthquake Impact Scale

D. J. Wald": K. S. Jaiswal, A.M.ASCE?: K. D. Marano® and D. Bausch*

Abstract: With the advent of the USGS prompt assessment of global earthquakes for response (PAGER) system, which rapidly assesses
earthquake impacts, U.5. and intemational earthquake responders are reconsidering their automatic alert and activation levels and response
procedures. To help facilitate rapid and appropriate earthquake response, an Earthquake Impact Scale (EIS) is proposed on the basis of two
complementary criteria. On the basis of the estimated cost of damage, one is most suitable for domestic events; the other, on the basis of
estimated ranges of fatalities, is generally more appropriate for global events, particularly in developing countries. Simple thresholds, derived
from the systematic analysis of past earthguake impact and associated response levels, are quite effective in communicating predicted impact
and response needed after an event through alerts of green (little or no impact), yellow (regional impact and response), orange (national-scale
impact and response), and red (international response). Corresponding fatality thresholds for yellow, orange, and red alert levels are 1, 100,
and 1,000, respectively. For damape impact, yellow, orange, and red thresholds are triggered by estimated losses reaching $1M, $100M, and
$1B, respectively. The rationale for a dual approach to earthquake alerting stems from the recognition that relatively high fatalities, injuries,
and homelessness predominate in countries in which local building practices typically lend themselves to high collapse and casualty rates, and
these impacts lend to prioritization for international response. In contrast, fin e = — et
response in regions or countries in which prevalent earthquake resistant constru Estlmated Fatal ities

fatalities. Any newly devised alert, whether economic- or casualty-based, shou
procedures. Useful alerts should also be both specific (although allowably unce

both simple and intuitive color-coded alerting criteria; yet the necessary uncer .

49%

the alert to be over- or underestimated are preserved. The essence of the proposeq
is now available in the immediate aftermath of significant earthquakes world
EIS, PAGER's rapid loss estimates can adeguately recommend alert levels and

tainties; demanding or awaiting observations or loss estimates with a high level q:

NH.1527-6996.0000040. © 2011 American Society of Civil Engineers. 10 - i_:«ﬂm 100,00
JLaniies

100 10,000

CE Database subject headings: Earthguakes; Hazards; Emergency services.
Author keywords: PAGER: Impact scale: Earthquake.

Introduction vulnerability of the built environment, and the resilience of the

communities affected. Whereas these factors cam now, in part,
Neither earthguake magnitude nor macroseismic intensity provides be rapidly assessed following significant earthguake disasters,
sufficient information to judge the overall impact of an earthquake. communicating the impact is still hampered by the lack of an ap-

Whereas hicher maernimde earthonakes have ereater enerew releass prooriate lexicon.



Alert Level Range w/ Median Probability
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10 1,000 100,000

ESTIMATED FATALITIES
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Estimated Economic Losses

599, _35%
19%
10% 504
Sihnca
1 100 10,000

10 1,000 100,000
LIS iMillions)

$tM $10OM $1B $100B

FEMA Activation Level* > [ tevecin [Tl | NEVERINNN
| Y J\ Y JU Y J

Considerable Significant Catastrophic

Damage

*Based on past losses, FEMA response activities & inferred response levels
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science for a changing world

M 8.8, OFFSHORE MAULE,

Earthquake
Shaking

CHILE

Origin Time: Sat 2010-02-27 06:34:14 UTC (02:34:14 local)

Location: 35.85°S 72.72°W Depth: 35 km

FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov

FROM THE AMERICAN PEOPLE

PAGER
Version 3

Created: 3 hours, 10 minutes after earthquake

Estimated Fatalities

40% _ 39%

. 9%
I:
1 10,000

10 100,000
Fatallt/es

Red alert level for economic losses. Extensive
damage is probable and the disaster is likely
widespread. Estimated economic losses are
3-20% GDP of Chile. Past events with this alert
level have required a national or international
level response.

Orange alert level for shaking-related fatalities.
Significant casualties are likely.

Estimated Economic Losses

45%

38%
6% 11%

1

0
uspD (Ml/llons)

10,000

100,000

Estimated Populatlon Exposed to Earthquake Shaking

ESTIMATED POPULATION - - —
EXPOSURE (k = x1000)
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MERCALLI INTENSITY
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Vil
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Very Strong
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POTENTIAL
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M 5.9, VIRGINIA

Origin Time: Tue 2011-08-23 17:51:03 UTC (13:51:03 local)

Location: 37.97°N 77.97°W Depth: 1 km
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Created: 20 minutes, 20 seconds after earthquake
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Yellow alert level for economic losses. Some
damage is possible and the impact should be
relatively localized. Estimated economic losses
are less than 1% of GDP of the United States.
Past events with this alert level have required a
local or regional level response.

Estimated Economic Losses
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Green alert level for shaking-related fatalities.
There is a low likelihood of casualties.

0 1,000 100,000
USD (Millions)

Estimated Populatlon Exposed to Earthquake Shaking

= Forot
A verdna

Gogdonsille
aydesh \4&\
[ﬁ (Gharlottesy slouisa

ALake MontiBllo

SelClipeper

o [ 5 |50
b.75°W nioin ke o ks,
A omney
! L Steone
{1 strash
Fiking lont Roa
JWOQLMO(A’ i
Mount Jackson.
e turay
Broadway,
Stanley,
.*E;Hmr\sojrurq
#Bridgewater

ESTIMATED POPULATION - *
EXPOSURE (h = %1000 3,150k* | 8,850k 313k 23k 10k
ESTIMATED MODIFIED .
MERCALLI INTENSITY I " I" Iu v vl u“
PERCEIVED SHAKING Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme
POTENTIAL none none none V. Light Light Moderate Moderate/Heavy Heavy V. Heavy
DAMAGE \s’;"l‘:’g{::’elg 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 ~ Structures:

Overall, the population in this region resides
in structures that are resistant to earthquake
shaking, though some vulnerable structures
exist.
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Historical Earthquakes (with MMI levels):
There were no earthquakes with significant

population exposure to shaking within a 400
km radius of this event.
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PAGER content is automatically generated, and only considers losses due to structural damage.

Limitations of input data, shaking estimates, and loss models may add uncertainty.
http://earthquake.usgs.gov/pager
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losses are less than 1% of GDP of the United
States. Past events with this alert level have
required a regional or national level response.

Green alert level for shaking-related fatalities.
There is a low likelihood of casualties.
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*Estimated exposure only includes population within the map area.
Population Exposure population per ~1 sq. km from Landscan ~ Structures:

Overall, the population in this region resides
in structures that are resistant to earthquake
shaking, though some vulnerable structures
exist.

Historical Earthquakes (with MMI levels):
There were no earthquakes with significant

population exposure to shaking within a 400
km radius of this event.

Limitations of input data, shaking estimates, and loss models may add uncertainty.
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M 6.2, NORTH ISLAND OF NEW ZEALAND

Origin Time: Mon 2014-01-20 02:52:45 UTC (14:35:51 local)
Location: 40.63°S 175.78 ° E Depth: 28 km

USGS ShakeMap : NORTH ISLAND OF NEW ZEALAND
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is a low likelihood of casualties and
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PAGER content is automatically generated, and only considers losses due to structural damage.
Limitations of input data, shaking estimates, and loss models may add uncertainty.

10000

population per 1sg. km from Landscan Structures:
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Overall, the population in this region resides in
structures that are resistant to earthquake
shaking, though some vulnerable structures
exist.

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max Shaking
(UTC) (km) MMI(#) Deaths)|
1977-01-18 169 6.1 VI(57K) o
1987-03-02 302 6.5 [JIEEEN [v
2004-07-18 296 5.4 VII(667) 1

Recent earthquakes in this area have caused
secondary hazards such as landslides that
might have contributed to losses.
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Get short, timely messages from Craig Fugate.

Twitter is a rich source of instantly updated information. It's easy to stay updated on an
incredibly wide variety of topics. Join today and follow @CraigatFEMA.

SIEI'I l.lp ¥ Get updates via SMS by texting follow CraigatFEMA (o 40404 in the United States
| E ! Codes for other countries
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Example PAGER users: Inter-American Development Bank

Example of PAGER - USGS Report
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Eligible Event

Earthquake Coverage:

Earthquake Coverage:
A hypothetical example

® The Coverage Index (Cl) caiculation:

€1 = (Total Affected Population ~ MIAP) *100
(MAP - MiAP)

= Total Aflected Population. 322.000
= MAP (5% of Country Population) = 5%*{10.000.000] = 500.000
s MIAP (2% of Country Population) = 2%*[10,000.000] = 200.000

= | GREOJeemeIN |
(500,000 — 200, 000)

The Contingent Loan provides coverage for up lo USS100M. Therefore, an event
with a Cl of 68% would be eligible for a pay out of up to 41USSM wmn

—

= Event Intensity and Exposure definitions
The Event has to register a VIl (or higher) shacking inlensity according to the
Modified Mercalli Intensity Scale - MMI), and expose al least the 2% of the lotal
couniry population inside the General Coverage Area .
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Example PAGER users: Inter-American Development Bank

Example of PAGER - USGS Report

Basic dala of the
Shacking: date and
time, localion and d
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intensity in every
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Modified Mercalli Intensity Scale - MMI),
country population inside the General Co
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Earthquake Coverage:
A hypothetical example

uThe Coverage Index [CI) calculalion:

CI = (Total A ffected lation — MidAP) *100

(MAP— MiAF)

nTotal Affected Population: 322.000

s MiAP (2% of Couniry Population) = 2%*[10.000.000] = 200.000

Ci= | (322,000 200.000) * 100
(500,000 — 200.000)

=41%
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Global Fatality-based alerts over the past 40 years
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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 fg
red alerts (approximatel
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US $-Loss-based Activation Levels (past 40 years)
(From comparison of past losses, aid & response)
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Estimated Economic Losses
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Estimated Pnpulatiun Expnsed to Earthquake Shaking

Eﬁ?‘rﬂﬁn"fﬁ"”&%ﬁ" 1,168k | 5,178k | 7,233k 2,885k 2,083k T4k 0
EHCAL LN TENSITY I -] w v Vi Vil H
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*Estimated coposute only includes population within the map area.

Population Exposure

population per —1 55 km from Landscan  Structures:
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(33 deaths; >$40B losses)

Estimated Fatalities

A0
27T% 279,
i | o
1 1 EIIIZI 10,000
10 1,000 100,000
Fatalities

Hed alert level for economic losses. Extensive

damage is probable and the disaster is likely
widespread. Estimated economic losses are
0-4% GDP of the United States. Past events

with this alert level have required a national or

international level response.

Yellow alert level for shaking-related fatalities.
Some casualties are possible.
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Estimated Population Exposed to Earthquake Shaking

ESTIMATED POPULATION . F . *
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"Estimated exposure cnly includes population within the map area.




How did we do using EIS? (>2010)
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* Median value of shaking-related direct economic losses from most recent version of ShakeMap system
[Jaiswal & Wald (2012) Earthquake Spectra]
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PAGER Modules: Products & Tools

scignce for & changing world

(*' USGS Pager products

USGS Home

Contact USGS
Search USGS

Home Earthquake Center Regional Information About Earthgquakes Research & Monitoring  Other Resources
¥ou are heve: Home » Earthguake Canter = PAGER » Products and References

Latast Earthquakes
USA
‘Warkd
EQ Mosification Sarvioe

J Feaos & Data
Animaticns
Recan Earthquakes:Last B-30
Days
Earthquake Archives
Lists & Maps
Search EQ Database
EQ Summary Posiers
Scianific Data
About EQ Maps
Did Yiii Fesal 117
Fast Momenl Tensons
Madia Info
PAGER
Home
Background
FAQ
Mrchives
Froducts & Referances
Team Members
Saismogram Displays
Shakehaps

Fast Finite Faults

Products and References

Rapid (few hours) slip models for major
earthguakes

Constrain shaking, tsunami generation, :

. stress Changes

| Earle ef ai. (2008); Wald et al. (2008a), Earle and Wald
{2007

il et al, (2004); Haves & Wald (2009)

PAGER-CAT

Shaking Distribution
Global Slope Data

Quality eomposite earthquake catalog
(1900-2006)

Topographic slope

Source inpul for ShakeMap Atlas,
: ExposureCat

. Landslides, Vs30

! allen et al, (2009)

{ verdin st al, (2007)

Global Vs30 Server

V530 values for the globe

E Nald & Allen [2007); Allen & Wald (2007, in press)

lobal *Did You Feel TE*

Rapid intensities from Internet users

; Estimating site amplification

: Constrains ShakeMap & event bias

» Wald and Dewey (2005Y; Wald of al. (2006b%; Atkinson and

Quantitative & gualitative shaking
vaalues

Computing loss uncertainty

} Wald (2007); Wald &f gi. (2008b)

: Wal i [

ShakeMaps important glabal
earthquakes [1970-present)

Scenarios, planning, hazard
: calculations

: Allen et al. (2008 in press)

[(GE5M]

Estimated ShakeMaps for all global
earthgquakes (M>5.5)

. Shaking input for loss estimation,
| diecision making

P Wald ef al, {20062}

Landslide Hazard

Spatial probability of landslides

Ground Motion Modeling

Loss & Impact Estimation

Deadly Earthguake List

Comparison of ground motion prediction &

equations

Cnline resounce list (1900-2008)

: Secondary loss assessments

| Improvement of ShakeMap

L Godt et af. (2008); Marane et al. (in press)

! Allen and Wald (2009)

+ On Wikipedia: see "List of Deadly Earthgquakes”

EXPO-CAT

Glabal Building Inventory

Population exposure bo intensity for
: gach Atlas ShakeMap

Country-based data on buildings &
collapse rates

. General reference

| Fatality rates calculations

| Country-specific lass estimation

! Allen et al [in

« Jaiswal B Wald (2008a, 2008b); Porter &f & (2008b)

Empirical Loss Model

Semi-Empirical Loss Model

Country-specific fatality rates
Country-specific, building vulnerability

. Fatality estimates given exposurg
| Fatality estimates based on structures

+ Porter ef & (2008a); Jaiswal ef &l (in prep)

t Jaiswal and Wald (in prep)

Analytical Loss Model

OnePAGER

HAZUS wvulnerability functions

Population exposure notifications

| Structure-dependent loss
. computations

. Post-earthquake decision rmaking

i Porter {in review)

+ Earle & Wald (2007)
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SLAB1.0 - Depth to subduction interfaces around the globe
Gavin Hayes & David Wald (USGS, Golden)
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Geometry Matters (for fast-finite-faults)!
Kuril Islands EQ, M8.3, 11/2006

Geometry from Slab1.0

' Iu‘n Geometry from gCMT .
Using Slab1.0 ‘ | Using NEIC E//
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Automatic Global GMPE Selector
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Bulletin of the Seismological Society of America, Vol. 102, No. 1, pp. -, February 2012, doi: 10.17830120110124

A Global Earthquake Discrimination Scheme to Optimize
Ground-Motion Prediction Equation Selection
by D. Garcia, D. J. Wald, and M. G. Hearne

Abstract We present a new automatic earthquake discrimination procedure to
determine in near-real time the tectonic regime and seismotectonic domain of an earth-
quake, its most likely source type, and the corresponding ground-motion prediction

equation (GMPE) class to be used in the U.S.
ShakeMap system. This method makes use of
scheme, seismotectonic information (plate bounc
alogs, and regional and local studies), and the s
USGS National Earthquake Information Center in
to give the best estimation of the setting and me
the tectonic setting, additional criteria based on
and regional seismicity may be applied. For sut
the use of focal mechanism information and detz
among outer-rise, upper-plate, interface, and |
validated against a large database of recent histo
to assess GMPE selection in Global ShakeMap «
uses for this strategy, from real-time processin
tectonic classification of sources from seismic

Online Material: Tables and figures summ:
scheme and its performance.

trench
A v

Hayes' Slab1.0

volcanic arc A’

upper-crustal
events




Logistic Regression:

Allows categorical or continuous independent variables (X)),

The logistic regression has the advantage of being less affected when the basic
assumption of normality of the variables is not met,

Logistic regression is included in a category of statistical models called
generalized linear models, which employs the use of independent variables to
create a mathematical model that predicts the probability of an event
occurrence in a certain area,

The key to logistic regression is that the dependent variable is generally
dichotomous, i.e., it can take only the value 1 or O, representing the
presence/absence of landslides or liquefaction,

The independent variables in this model are predictors of the dependent
variable, and can be measured in a nominal, ordinal, interval, or ratio manner.

Logit(p(Y = 1)) = 8, + 8,X1+ B,X2 + 8,X3, (1)

where p is the probability that the dependent variable (Y) is 1, and 8,, 8,, 8, are
coefficients which measure the contribution of independent variables (X, X,,...,X.)
to the variations in Y.



Landslide
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Liquefaction

Soil Strength

Vs30 (from slope)

Candidate Explanatory Variables
(Global Application)

Susceptibility

[Lithology, Geology]

Cohesion

Susceptibility

[“Wetness Index” Compound
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Cohesion

Logit(p) = 6, + 6,X1+ B,X2 + 6,X3

3025201510 5
Cohesion

where p is the probability that the
dependent variable (Y)is 1, and 8,, 8,, 8,
are coefficients which measure the
contribution of independent variables
(X,X,,...,X,) to the variations in Y.
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Ground Motion Modeling

Empirical Semi-Empirical Numerical
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