ShakeMap & Related Products:
Challenges in Real-time Shaking & Loss Estimation

David Wald
(for B. Worden, K. Lin, G. Hayes,...)

U.S. Geological Survey

National Earthquake Information Center
Golden, Colorado

Workshop on
National Geophysical Networks in Latin America

Universidad de Chile, Santiago, Chile UsGS Natlona/ Earthquake
May 25-29, 2015 g &
I nformqt{oqmﬁén ter

-/
<
‘ I RI S \ N CENTRO SISHOLOGICO NACIONAL

science for a changing world




Global variations of “unsafe” buildings

Percentage of unsafe buildings (%)
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Figure 1.1 Graph summarising responses from international earthquake engineers on percentage of seismically unsafe buildings in
their country (Spence, 2007D).
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ShakeMap V3.5

: ShakeMap Peak Acceleration: 2012 Costa Rica M7.6

O Intensity
Observation

A Strong Motion
Station (UCR)
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Point (GMPE)
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1 - 1 - 1
"'2 2 +202

2
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PEAK ACC.(%g) | <0.05 0.3 2.8 6.2 12 22 40 75 >139
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See Worden et al. (2010)

Scale based upon Worden et al. (2011) I




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 1D:c000cfsd
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Map Version 6 Processed Sat Sep 8, 2012 02:12:28 PMTMDT
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(Wald & Allen, 2007)



Refined Vs30 Maps

Result of kriging the measured Vs30
profiles (using the correlation structure
from the previous step) onto the hybrid

map.

33°

-124° -122° -120° -118° -116°
Final map of California resulting from kriging with a
trend on the hybrid Wills and Calahan (2006) Vs30

map. [Thompson, Worden & Wald, 2014]



USGS ShakeMap : COSTA RICA
SEP 52012 02:42:08 PM GMT M 7.6 N10.09 W85.31 Depth: 40.0km
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-88° -86° -84°
Map Version 6 Processed Sat Sep 8, 2012 02:12:28 PM MDT
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Scale based upon Worden et al. (2011)
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O Intensity
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Q Fault Plane

Probabilistic Relationships between Ground-Motion
Parameters and Modified Mercalli
Intensity in California
by C. B. Worden, M. C. Gerstenberger, D. A. Rhoades, and D. J. Wald

Bull. Seism. Soc. Am. (2010)
Abstract We use a database of approximately 200,000 modified Mercalli intensity

{ (VMMD 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 s, 1 s, and
3 s 5% 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.




Hypocenter & + DYFI? Data + Strong Motion
Magnitude only & Fault

Stations from Univ. CR
USGS ShakeMap : COSTA RICA USGS ShakeMap : COSTA RICA

USGS ShakeMap : COSTA RICA
10PMGMT M7.6 N10.12W85.35 Depth: 40.8km 1D:c0000)2:42:08 PM GMT M 7.6 N10.09 W85.31 [Rymiths 40 0xm2:4D:0800M GMT M 7.6 N10.09 W85.31 Depth: 40.0km 1D:c000cfsd

-86° -84°

E—
-86° =8¢’ -86° -84°
. . Version 5 Processed Fri Sep 7, 2012 04:38:50 PM MDT
ShakeMap Intensity: 2012 Costa Rica M7.6 i i
TERAEVED | Not felt| Weak | Light |Moderate| Strong |Very strong| Severe | Violent | Extrel
Pg}'\ﬂxréléL none none none | Verylight | Light Moderate | Mod./Heavy | Heavy | Very He
PEAK ACC.(%g) | <0.05 | 0.3 2.8 6.2 12 22 40 75 >13
PEAK VEL.(cm/s) | <0.02 0.1 1.4 4.7 9.6 20 41 86 >17
Wasedupon Worden et al. (2011)




Hypocenter DYFI? + Finite Fault + Stations from UCR

. . ) ertainty Ratio Map : COSTA RICA Uncertainty Ratio Map : COSTA RICA
JSGS Uncertainty Ratio Map : COSTA RICA € ; ;
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ShakeMap grid.xml file

<shakemap_grid xsi:schemaLocation="http://earthquake.usgs.gov http://earthquake.usgs.gov/eqcenter/shakemap
shakemap_id="Northridge" shakemap_version="12 codc_mrsnon— w_‘- process_timestamp="2007
shakemap_event_type="ACTUAL">

<event magnitude="6.7" depth="18" lat="34.213000" lon="-118.5357!

<grid_specification lon_min="-119.785700" lat_min="33.379666

nlon="151" nlat="101" nominal_pga_std="0.520000"/>

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

<grid_field index="2" name="LAT" units="dd"/>

<grid_field index="3" name="PGA" units="pctg"/>

<grid_field index="4" name="PGV" units="cms"/>

<grid_field index="5" name="MMI" units="mmi"/>

<grid_field index="6" name="PSA03" units="pctg"/

<grid_field index="7" name="PSA 10" units="p

<grid_field index="8" name="PSA3(0" units="pctg

<grid_field index="9" name="SDPGA" units="pctg"/>

<grid_field index="10" name="SVEL" units="ms />

Lon Lat PGA PGV MMI SA.3 SA1 SA3 Sig. Vs30

-TT9TTI033°35.046333 6.057T 3. 8717 4.9000 T0.4353 4.63342°0.9T74 T.0000 464.0000 - HU 70"16" 5.0
-119.685700 35.046333 6.1375 3.9222 4.‘)1()()

-119.652367 35 (H(ﬂﬂ 6 2471 3.9962 4.9200 ()‘8131 $.7831 0“)1"” 1.0000 1(11.()(}()() 15).()35"0() 35 ()1(»“1 6. 9‘)1 4.0307 t ‘)10() l() ‘)1(\“’ 4.8246 0.9556 1.0000

25.: 12.7334 6.4431 1.2763 1.0000 301.0000 - Il‘) 602367 35.046333 7.3890 5. H‘)l 1300 12.8329 6.4855 1.2848 1.0000

ll‘),DSD 100 3 ]1()3)3 T.HI() 5.4570 5.1400 12.9372 6.5303 1.2938 1.0000 301.0000 -119.569033 35.046333 6.4927 4.14 1.3035 4.9740 0.9857 1.0000 464.0000

A
-] 19, \-ﬂ”)\() 5046333 6.5532 4.1971 4970214242 £ 0022 N ONSL I OONN ALADONN I1I0 SIZION IS NA£DD £ LOND A DD 1i 400NN 1) ENCE £ NLON L ANAL 0000 464.0000

5.046333 7.7020 5.6563 5.18( Ground motion estimates 0000 301.0000

xml/schemas/shakemap.xsd” event_id="Northridge
-01-30T16:07:03Z" shakemap_originator="ci" map_status="RELEASED

00" event llmcstamp- 1994-(
lon_max="-117.285700

J-17T12:30:55GMT" event_description="Northridge />

lat_max="35.046 333 nominal_lon_spacing="0.016667" nominal_lat_spacing="0.016667

Grid uncertainty value, Vs30
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Napa,

California

Fault s

ize (black line) scaling
with magnitude

ADTANL SFET W ) TS - c-

“Denali, Alaska, 2002
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PERSRINED  |Not felt| Weak | Light |Moderate| Strong |Very strong|  Severe Violent | Extreme

£ HH none | none | none | Verylight| Light | Moderate |Moderate/Heavy| Heavy |Very Heavy
PEAKACC.(%g) | <.17 |.17-1.4| 1.4-3.9 | 3.9-9.2 | 9.2-18 18-34 34-65 65-124 >124
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Napa,
California
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Fault Size (black line) scaling
with magnitude

PERSEING® [Notfelt| Weak | Light |Moderate| Strong |Very strong|  Severe Violent | Extreme

POTENDAL | none | none | none |Verylight| Light | Moderate |Moderate/Heavy| Heavy |Very Heavy
PEAKACC.(%g) | <.17 |.17-1.4| 1.4-3.9| 3.9-9.2 | 9.2-18 18-34 34-65 65-124 >124
PEAK VEL. (cnvs)] <0.1 [0.1-1.1] 1.1-3.4 | 3.4-8.1 | 8.1-16 16-31 31-60 60-116 >116
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“Did You Feel It?” Intensities Global ShakeMap

OFFSHORE MAULE, CHILE
Feb 27 2010 03:34:14 local 35.8464S 72.7189W M8.8 Depth: 35 km ID:us2010tfan
L | L L L
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Processed: Mon Mar 1 17:16:41 2010



Automatic Global GMPE Selector
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Bulletin of the Seismological Society of America, Vol. 102, No. 1, pp. -, February 2012, doi: 10.1785/0120110124

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

A trench ' volcanic arc A’
A 4 A

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
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to assess GMPE selection in Global ShakeMap «
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tectonic classification of sources from seismic

Online Material: Tables and figures summ:
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What Are the Primary ShakeMap Uses?

Rapid, post-earthquake response, coordination, & situational
awareness...

California Governor Schwarzenegger pointing to ShakeMap a
his press conference following the M5.4 Chino Hills, Los
Angeles, earthquake.




What Are the Primary ShakeMap Uses?

Mitigation thru earthquake scenarios (planning, response
exercises, education) ...

Earthquake Scel
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science for a changing world

ShakeMap-Based P-4

Intermountain Seismic Belt, Utah
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Earthquake Hazards Progra
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U.S. Geological Survey Open File Report 2008-1150
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version 1.0

The ShakeOut Scenario
By Lucile M. Jones, Richard Bernknopf, Dale Cox, James Goltz, Kenneth Hudnut, Dennis

Mileti, Suzanne Perry, Daniel Ponti, Keith Porter, Michael Reichle, Hope Seligson,
Kimberley Shoaf, Jerry Treiman, and Anne Wein
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Estimated Building Inspection Needs - Earthquake Scenario: Wasatch Front

> Magnitude 9.2 - NEP 2014 Alaska Mainshock M9.2 Scenario Version 4
% Origin Time: 2014-03-27 18:10:00 GMT
Latitude: 61.017 Longitude: -147.648

Created: 2014-03-18 20:59:01 GMT

Mw 7.0 Salt Lake
City Segment

of Inspectors|

Structures

119,219 795

Yellow

(Extensive) 41219 550
Green

(Slight/ 159,701 1,065

Moderate)
Total 320,139 2,409

*Estimated number of inspectors needed
to complete inspections in 30 days.

~ "1Dot=50
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1 Dot = 50
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[ county Boundaries

ShakeCast Report

National Earthquake Information Center (NEIC)

Depth: 6.6 km

information is reported or derived.

These results are from an automated system and users should consider the preliminary nature of this information when
making decisions relating to public safety. ShakeCast results are often updated as addifional or more accurate earthquake




What Are the Primary ShakeMap Uses?

Enhanced post-earthquake loss-assessment...

% ,
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N required a regional or national level response.
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ShakeCast
What is ShakeCast?

Open-source USGS software.

Automatically retrieves ShakeMap &
compares shaking levels with unique
facility fragilities.

Generates web pages & hierarchical

lists & maps of likely impacted
facilities (right).

Sends notifications to specified
personnel/responders.

Raises post-earthquake situational
awareness; represents key
information in first min to hrs
following an event.

B

science for a changing world

California Department of

TRANSPORTATION

Magnitude 6.7 - Northridge
Origin Time: 1994-01-17 12:30:55 GMT
Latitude: 34.213 Longitude: -118.5357

ShakeCast Report

National Earthquake Information Center (NEIC)

Version 15
Created: 2014-02-21 22:17:50 GMT
Depth: 18 km

These results are from an automated system and users should consider the preliminary nature of this information when
making decisions relating to public safety. ShakeCast results are often updated as addifional or more accurate earthquake
information is reported or derived.
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uc

BRIDGE_ST 53 2217H 53 2217H - E118-8405 823 77.1994 1164843 205.812 140.0625 26.7054 301
CONNECTOR UC

BRIDGE_ST 53 2208 53 2208 - GAYNOR AVENUE 7.81 75.9863 1484741 189.1374 171.7947 28.8124 301
uc

BRIDGE_ST 53 2207 53 2207 - WOODLEY 7.68 75.9863 1484741 189.1374 171.7947 28.8124 301
AVENUE UC
53 2204 - HAYVENHURST 79 79.3788 183.6967 169.894 198.7484 29.5617 464
AVENUE UC

53 2016R - FOOTHILL BLVD 12.67 773149 1113801 1320711 129.9639 36.4198 30
uc

BRIDGE_ST 53 2204

BRIDGE_ST 53 2016R

* MMI level may extend beyond map boundary; some facilities may not appear on the map due to space restriction




@2\ United States
Department of Veterans Affairs

Origin Time: 2014-03-29 04:09:41 GMT
Latitude: 33.9287 Longitude: -117.9222

California Department of

TRANSPORTATION

Magnitude 51-24km (1.5mi) W Magnitude 6.7 - Northridge

ShakeCast Report

National Earthquake Information Center (NEIC)

Version 15
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10006

< USGS

science for a changing world

Origin Time: 2012-10-10 12:00
Latitude: 38.0320 Longitude: -1

These results are from an automated systg
making decisions relating to public safety.
information is reported or derived.
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Lundy Lake Dam 137

Vermillion Valley Dam 7379 Low
Tioga Lake Dam 20.08 Low
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IAEA

International Atomic Energy Agency

| M 6.3 - KYUSHU, JAPAN

Origin Time: 2014-03-13 17:06:51 GMT

1;| Latitude: 33.6827 Longitude: 131.7366

v,

Nuclear ShakeCast

International Seismic Safety Centre (ISSC)

Version 1
Created: 2014-03-13 17:28:23 GMT
Depth: 82.92 km

These results are from an automated system and users should consider the preliminary nature of this information when
making decisions relating to public safety. ShakeCast results are often updated as addtional or more accurate earthquake
information is reported or derived.
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ShakeCast Software: “primarily a database”
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Create an Amazon Cloud (AWS)
Account, get approval, & load the
ShakeCast Instance

Configure access/security settings

Input inventory, fragility, & notification
databases (drag & drop)

Customize your monitoring regions,
user notifications, products, & GUI




Bridge Fragility

* Bridge fragility method is based upon work originally

published by Bas6z and Mander.

* Method was implemented in FEMA’s HAZUS-MH software.

Year built

Year improved or retrofit
Angle of skew

Bridge type

Number of spans
Maximum span length
Total bridge length

Deck width

L. Turner, Caltrans

Uses data from National Bridge Inventory (NBI) as inputs:

probability of exceeding a limit state

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2 +

0.1

0.0

50% probability
of exceedance

Minimum
“trigger floor”

w1 Slight
3 Moderate
4 Extensive

=5 COmplete

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1.0sec Peak Spectral Acceleration(g)




Federal Highway (FHWA)/DOT National Bridge Inventory (NBI
- ShakeCast Fragility look-up tables

® 00 UT12_ sc.csv
PEOH®= SO0 @ -8 % GF & sx-] @
A Home Layout Tables Charts SmartArt Formulas Review
Al E Sfx

j \ B \ - | D F G H [ \
Lexternal_facility_id facility_type facility_name description lon METRIC:PSA10:GREEN  METRIC:PSA10:YELLOW METRIC:PSA10:O0RANGE METRIC:PSA10:RED
001001C BRIDGE 001001C - BEAVER RIVER 1-span; 3; 02; 10 deg skew; 7.3 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1945; 38.26633 -112.63272 10 39.94 51.36 79.89
001002F BRIDGE 001002F - BEAVER RIVER 1-span; 5; 04; 0 deggskew; 7.6 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1985; 38.27233 -112.61356 10 115 138 195.5
001003C BRIDGE 001003C - BEAVER RIVER ; 3;10; 38.25233 -112.78919 10 40.25 51.75 80.5
001004E BRIDGE 001004E - BEAVER RIVER 38.22219 -112.93053 10 114.78 137.74 195.13
001005F BRIDGE 001005F - BEAVER RIVER ; 5; 04; 38.25097 -112.71367 10 115 138 195.5
001006V BRIDGE 001006V - DRY WASH 38.38472 -113.00977 10 99.67 137.04 211.79
001007F BRIDGE 001007F - BEAVER RIVER deg skew; 20.1 m Max Span Length; NBI Class 502; HAZUS Class HWB4; Built 2004; 38.21806 -112.90167 10 97.58 138.24
001008V BRIDGE 001008V - DRY WASH ;3 deg skew; 1.8 m Max Span Length; NBI Class 319; HAZUS Class HWB14; Built 2005; 38.33833 -113.00972 10 A 137.04 211.79
001009E BRIDGE 001009E - NORTH CREEK 2-span; 9; 40 deg skew; 4 m Max Span Length; NBI Class 219; HAZUS Class HWB10; Built 1982; 38.29767 -112.64844 10 3 128.99 175.89
001010C BRIDGE 001010C - BEAVER RIVER pan; 3; 02; 0 deg skew; 8.4 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1935; 38.27583 -112.60139 10 L 51.75 80.5
001011E BRIDGE 001011E - NORTH CREEK 1-span; 1; 19; 60 deg skew; 6.7 m Max Span Length; NBI Class 119; HAZUS Class HWB3; Built 1985; 38.30628 -112.639 10 . 97.58 138.24
001012V BRIDGE 001012V - NORTH CREE] 2-span; 3; 19; 30 deg skew; 3.7 m Max Span Length; NBI Class 319; HAZUS Class HWB24; Built 1985; 38.25458 -112.70144 10 . 48.16 74.91
001013V BRIDGE 001013V - DRY WASH 4-span; 4; 19; 34 deg skew; 1.8 m Max Span Length; NBI Class 419; HAZUS Class HWB16; Built 2005; 38.30611 -113.01 10 X 127.85 174.34
001014V BRIDGE 001014V - DRY WASI 4-span; 3; 19; 15 deg skew; 2 m Max Span Length; NBI Class 319; HAZUS Class HWB14; Built 2005; 38.31694 -113.00972 10 g 134.69 208.15
003001F BRIDGE 003001F - MALAD RIFER 1-span; 5; 04; 0 deg skew; 14.9 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1930; 4197614 -112.21631 10 138 195.5
003002F BRIDGE 003002F - MALAD RWER 1-span; 5; 04; 0 deg skew; 14.9 m Max Span Length; NBI Class 504; HAZUS Class HWB4; Built 1991; 41.94397 -112.19711 10 138 195.5
003003V BRIDGE -

003004D BRIDGE description

003006C BRIDGE

003005 soee | 1-span; 3; 02; 10 deg skew; 7.3 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1945;

003011 soce | 1-span; 5; 04; 0 deg skew; 7.6 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1985;

003012A BRIDGE

ug0L3C et | 1-span; 3; 10; 0 deg skew; 18.3 m Max Span Length; NBI Class 310; HAZUS Class HWB24; Built 1923;
oos016 soee | 1-span; 1; 19; 5 deg skew; 6.1 m Max Span Length; NBI Class 119; HAZUS Class HWB4; Built 1998;

003017C BRIDGE
003018D BRIDGE 003018D - WEST CANAL 1-span; 1; 07; 0 deg skew; 10.4 m Max Span Length; NBI Class 107; HAZUS Class HWB4; Built 1991; 41.81389 -112.15883 10 115 138
003019D BRIDGE 003019D - MALAD RIVER 1-span; 1; 07; 0 deg skew; 12.2 m Max Span Length; NBI Class 107; HAZUS Class HWB3; Built 1958; 41.81428 -112.13797 10 115 138
003020F BRIDGE 003020F - WEST CANAL 1-span; 5; 04; 0 deg skew; 14.3 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1960; 41.83172 -112.12633 10 115

003021C BRIDGE 003021C - WEST CORINNE CA 1-span; 1; 01; 45 deg skew; 6.4 m Max Span Length; NBI Class 101; HAZUS Class HWB3; Built 1920; 41.50808 -112.1775 10 96.7

003022F BRIDGE 003022F - MALAD RIVER 1-span; 5; 04; 0 deg skew; 11.6 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1962; 41.85758 -112.15856 10 115

003023C BRIDGE 003023C - MALAD RIVER 1-span; 3; 02; 0 deg skew; 11 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1950; 41.86428 -112.16689 10 40.25

003024C BRIDGE 003024C - WEST CANAL 1-span; 3; 02; 0 deg skew; 9.4 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1948; 41.82847 -112.15544 10 40.25

003025D BRIDGE 003025D - WEST CORINNE CA 1-span; 1; 01; 45 deg skew; 8.5 m Max Span Length; NBI Class 101; HAZUS Class HWB3; Built 1945; 41.55658 -112.17814 10 96.7

003026F BRIDGE 003026F - WEST CANAL 1-span; 5; 04; 0 deg skew; 10.4 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1945; 41.82472 -112.07828 10 115

003028C BRIDGE 003028C - CORINNE CANAL  2-span; 3; 02; 15 deg skew; 3.7 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1940; 41.80731 -112.10825 10 39.56

003030D BRIDGE 003030D - WEST CANAL 1-span; 1; 07; 29 deg skew; 6.4 m Max Span Length; NBI Class 107; HAZUS Class HWB4; Built 1993; 4170919 -112.28639 10 107.55

003031F BRIDGE 003031F - BEAR RIVER 4-span; 5; 02; 40 deg skew; 22.3 m Max Span Length; NBI Class 502; HAZUS Class HWB17; Built 1972;  41.63858 -112.11867 10 35.23

003033C BRIDGE 003033C - CORINNE CANAL  1-span; 2; 0 deg skew; 8.5 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1945; 41.65478 -112.14066 10 40.25

003034F BRIDGE 003034F - MALAD RIVER 1-span; )4; 0 deg skew; 9.1 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1978; 41.65539 -112.15997 10 115

003035V BRIDGE 003035V - MALAD RIVER 1-span; 3; 19; 0 deg skew; 9.1 m Max Span Length; NBI Class 319; HAZUS Class HWB4; Built 2001; 41.65339 -112.16275 10 115

003037F BRIDGE 003037F - MALAD RIVER 1-span; 5; 04; 0 deg skew; 14.6 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1969; 41.66872 -112.15556 10 115

003038E BRIDGE 003038E - CORINNE CANAL  1-span; 1; 19; O deg skew; 6.1 m Max Span Length; NBI Class 119; HAZUS Class HWB3; Built 1967; 41.67778 -112.14158 10 115

003039C BRIDGE 003039C - CORINNE CANAL  1-span; 3; 02; 0 deg skew; 7.9 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1945; 41.68322 -112.14175 10 40.25

003040C BRIDGE 003040C - MALAD RIVER 1-span; 2; 0 deg skew; 11.6 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1945; 41.68328 -112.15561 10

003041C BRIDGE 003041C - BEAR RIVER 3-span; 4; 09; 0 deg skew; 22.9 m Max Span Length; NBI Class 409; HAZUS Class HWB15; Built 1945; 41.83264 -112.05875 10

003042F BRIDGE 003042F - MALAD RIVER 1-span; 5; 04; 0 deg skew; 14.9 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1965; 41.69736 -112.16183 10

003043F BRIDGE 003043F - CORINNE CANAL  1-span; 5; 04; 0 deg skew; 6.7 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1977; 4170503 -112.14242 10

003044F BRIDGE 003044F - MALAD RIVER 1-span; 5; 04; 0 deg skew; 15.2 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1965; 41.72658 -112.15078

nnanAEE RRINGE 002045E_\AEST CANAL 1 cnan. 1. 10. AS dog cbow: 10 1 m May Snan Lanath: MBI Clace 110. LAZ1IS Clace HIAR2. Duils 1000, 417285117 108C8
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The Innovation Team
(I-Team) at the Caltrans
Division of Research
and Innovation,
in cooperation with its
partners, develops
proven, ready-to-deploy
innovations in methods,
materials, and
technologies that enable
Caltrans to provide the
most effective
management of public
services, resources,
and infrastructure.

Updated: October 2010

DIVISION OF RESEARCH AND INNOVATION

A post-earthquake decision-making
and rapid-response tool

After a major earthquake, one of Caltrans’ most critical tasks is to assess the impact on the
condition of all bridges and roadway corridors in the state highway system. Timely response
ensures public safety, guides emergency vehicle traffic, and reestablishes critical lifeline routes.
Without sufficient data, initial reconnaissance takes up precious time. The Caltrans I-Team
adopted ShakeCast, a tool that uses data from an earthquake event to support rapid
post-earthquake response.

READY TO DEPLOY

ShakeCast is a Web-based application that automatically retrieves measured earthquake

shaking data and analyzes the data in relation to individual bridge performance characteristics.
By focusing inspection efforts on the most damage-susceptible infrastructure in the most severely
shaken areas, ShakeCast has drastically reduced Caltrans’ response time to assess potentially
damaged structures after an earthquake.

NEW AND IMPROVED

Retrieves measured shaking data within minutes after an earthquake.

Compares shaking distribution with unique bridge vulnerabilities.

Provides hierarchical lists and maps of bridges most likely impacted.

Emails bridge and facility location and inspection priority information to

responders within 15 minutes following events with a magnitude greater than 4.0.
Automatically generates products for direct use in Google Earth®, ArcGIS®, and Excel®
Provides a suite of tools on ShakeCast website.

ShakeMap/ShakeCast Flowchart

SHAKEMAP WEB SERVERS USER'S DATABASES

Qverpass 2
Overpass 3

Overpass 4

Internal Web Page Notifications
& User Interface Email, POA, Coll

>

Performance of the
Caltrans ShakeCast
System in the 2014
Napa M6.0 Earthquake

September 19, 2014

Prepared by:
Loren L. Turner, P.E.
Division of Research, Innovation & System Information

5900 Folsom Blvd, MS-5, Sacramento, CA 95819
loren.turner@dot.ca.gov

DRISI

Caltrans Division of Research,
Inngvation and System Information




ShakeCast Import Spreadsheet
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§ Facility Worksheet ) Exp S2LH Facility Fragility Parameters
S T A ) Export XML paste, Select from library of default HAZUS models to auto-po| ters, or enter fragility parameters manuall
= Facility ID Facility Type Facility Type Description  Facility Full Name Facility Description Facility Short Name SZMH FTML Snippet HAZUS Model Building Type HAZUS Model Building Type g ; g § I} g
Must be unique fora Select the facility type This field is automatically Long version of facility  Narrative description of the  Short version of facili Sz HH fontents will be formatted IS.:Ih:cltlabel from the drop-down pesren E E § §' g é
facility type i‘mm the drop-down pop\{\aled based on the name. Max 128 facility. Max 255 characters nfsed with displace spf S 3 H ito html for display on list. Select USER_DE‘F}NED to This field is automatically populated 2 E i E
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9 120 CAMPUS "Multi-building campus. New Facilitys asdf asdf ClMH HTML /> S2LH |- Steel Brace Frame Low PGA "41.00 " 064 " PGA " 7600 " 06
10 121 BRIDGE "Bridge New Facility7 asdf asdf HTML /> S1LH | Steel Moment Frame Low ” PGA 73100 " 064 " PGA " 64.00 " 0.64
11 122 BRIDGE ‘Bridge asdf asdf asdf C1HH HTML /> SIMH | Steel Moment Frame Mid I 71400 " 064 " PGA "2600 " 064 " PGA 6200 " 064 " PGA 14300 " 0.64 '
12 123 BRIDGE "Bridge asdf asdf asdf JHTML /> SIMH I Steel Moment Frame Mid " PGA 71400 " 064 " PGA "2600 " 0.64 " PGA " 6200 " 064 " PGA "143.00 " 064 '
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14
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=| Facility Fragility Parameters PC1H
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| Select from library of default HAZUS modelsto autf  pcomn ters, or enter fragility parameters manuall
PC2HH
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w
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Critical Facilities

U.S. Nuclear Regulatory
Commission (USNRC)

U.S. Nuclear Power Plants

(NPP)

Example ShakeCast User Sectors, Users, Facility Types & Uses

Awareness of regulatory shaking thresholds at domestic NPPs

International Atomic Energy
Agency (IAEA)

Global Nuclear Power Plants
(NPP)

Awareness of shaking at NPPs for [AEA’s External
Event Notification System at International Seismic Safety Center,
Vienna

Veteran's Administration
(VA)

VA Hospitals

Alerts sent to specific responsible personnel

California's Office of
Statewide Health Planning
and Development (OSHPD)

California’s Healthcare
infrastructure

Notification to engineering experts

Transportation

California Department of
Transportation (Caltrans)

20,000 overpasses & bridges
statewide

Prioritize bridge inspection; Alert >300 engineers, inspectors,
maintenance crews

Port of Long Beach (POLB)

Port infrastructure & utilities

Activate incident management for rapid inspections; work-around
strategies for impacted infrastructure; ensure POLB remains open for
business

Lifelines/Utilities

Los Angeles Dept. of Power
& Water (LADPW)

Over 5000 county facilities,
including dams, water tanks,
buildings, & survey
monuments.

Used by the Earthquake Bridge Inspection Teams to prioritize
inspections; >150 administrators, inspectors, engineers, & coordinators
receive structure reports.

East Bay Metro. Utility

100's of dams, pipelines,
control buildings, & facility

District (EBMUD)
structures
4,200 retail outlets, 148 distri- oS S G
. Situational awareness for emergency operations; “Taking care of our
Walmart bution centers, 50 corporate eople, operations, communities"
Private/Business facilities; 1.6M associates Peopre, Op ’
Target 1700+ Locations Rapid reporting .of earthquake damage potential, prioritization of
assessment and inspection
LA Unified School District 1096. SIS e Generate priority list for inspection; schools that can receive displaced
serving 740,000 students; . . "
. (LAUSD) students; clarify locations for Red Cross Shelters.
Education 80,000 employees
University of Southern oo
California (USC) Campus buildings
. . Degenkolb Engineering Hospitals, varied engineered Post earthquake inspection, priorities, as a customer service
Engineering structures

ImaieCat, Inc. varied eniineered iortfolios triiier in-house loss-estimation software as customer service



PAGER

Prompt Assessment of Global Earthquakes for Response

E Earthquake
3 Shaking
science for a changing world

M 8.8, OFFSHORE MAULE, CHILE ANSS |
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
Estimated Fatalities Red alert level for economic losses. Extensive - Estimated Economic Losses

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.

PERCEIVED SHAKING Not felt Light |Moderate Very Strol Severe Violent

“Estimatod oxposars only ncludos poputation wiin (o map area.
Population Exposure population per ~1 sq. km from Landscan ~ Structures:

[ 5 | 50 | 1000 5000 10000 Overall, the population in this region resides
in structures that are resistant to earthquake
shaking, though some vulnerable structures
exist. The predominant vulnerable building
types are low-rise reinforced/confined
masonry and adobe block construction.

orical Earthquakes (with MMI levels):
Dist. Mag. Max Shal

kA USGS National Earthquake

Recent earthquakes in this area have caused s
secondary hazards such as tsunamis,

landslides, and liquefaction that might have B
Information Center,

Selected Clty Exposure
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Coronel- -
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Global Earthquake Shaking-Related Fatalities (Sept 2010-2014)
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l

Fault Trace
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Distribution
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Inversion

T

Finite Fault Model

SHAKING DISTRIBUTION

l XML

-
Macroseismic Global Recorded Ground
Intensity Data ShakeMap Motion Data

LOSS ESTIMATION

Global Population

[Ground Motion] Building Inventory

Empirical Semi-Empirical

Analytical
Loss Model

Loss Model

Loss Model

Loss
Estimates

REPORT & NOTIFICATION

Cell & Email
UN, World Bank, USAID,
OFDA, State Dept., DHS,
SC, FEMA,GHI, BP, etc.
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USGS ShakeMap Estimated Shaking Intensities [Same Map Scales!]
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ShakeMap Atlas: ShakeMaps for >6,000 Earthquakes (1973-2012)
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M9.0 Sumatra,
Indonesia (2004)
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PAGER Empirical Fatality Model Ingredients

——

:ShakeMap Atlas: >6,000
Earthquakes (1973 2012)

#. OAKRIDGE NATIONAL LABORATORY  managed by UT-Battelle for Department of Energy
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PAGER’s Empirical Fatality Estimation Approach:

Effective Fatality Rate (Turkey)
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Empirical Fatality Estimation Approach:

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

1. (1
F(l)= ¢(Eln(5))

Where I is intensity at level i and ® & (3 distribution parameters. The

total number of fatalities for an earthquake can be estimated as:
Fatalities E =EF(Si)P(Si)

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

We solve for the two parameters which minimizes norm e:

\/%E(Ej_Oj)z J,\/%E[ln(zzj/aj)]2

J J

e, =1In




PAGER Empirical National Methodology
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Economic Model Input Dataset:

. LandScan Population 2008 2. USGS ShakeMap Atlas & Expo -CAT
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PAGER: Semi-Empirical Model

Urban residential exposure by bulding type

. . . 0,
This model requires: 5% 2%_‘§/° 4% 4% 2%
5%

(1) Building Stock Taxonomy & Inventory ——> &%

~ (2) Collapse Fragility
(3) Occupancy of structures at time of earthquake

) %
(4) Fatality rates for collapse of each structure type °

BDS BADOUFBOUCBEC3 BC4 BC2BC2LOPC20S1 OW1

Collapse fragility and inventory for Turkish building stock
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Jaiswal and Wald (2008)



PAGER Structure Taxonomy ("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) 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), 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), CS (Steel
reinforced concrete frame of low mid and highl ° ‘6 - [T,
Structure “Taxonomy
RM Reinforced Masonry | R1 (Reinforced masonry bearing wall with ﬁe)I
rigid diaphragm of low, mid and high rise) o> 1 O O Stru Ctu re TypeS
MH Mobile Homes Mobile homes .
. u
Composite of:
M Mud M1 (Mud wall without wood), M2 (Mud wall
o ATC-13,
A Adobe A1 (Adobe mud mortar with wood roof), A2 ( ,
(Adobe wall with concrete bond beam ), A5 ( O F E MA 99 (HAZ U S ),
’
RE Rammed Earth Rammed earth construction O E M S 98,
7
RS Rubble (Field) Stone | RS1 (Rubble stone without mortar), RS2 (Rub O E E R I/ VVH E 03,
stone with cement mortar), RS5 (Rubble stone HRE
), RSS ( O PAGER definitions,
DS Dressed Stone, blocks [ DS1 (Stone block with mud mortar), DS2 (Sto§
block with concrete bond beam)
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




Collapse Fragility Modeling

Collapse fragility estimate for RC-T2 type
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Population Distribution

= Data/Expert Judgment Similar to HAZUS Principles

Time of day vs.
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Fatality Rates

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

Instant
cgtaeng':?i:s Variations in collap§ —lnstontaneous [
Fatality
,,-\\ PAGER Structure Type Rates Re
A
Single wall | “5& < i
faliﬂg'eel‘:loaof single wall failure (masonry) W, W1 0.007 SpE
failure S
FL(X%@E W2, W3, W4 0.013| °P¢
pasis
‘\.i;ffzf?g , Spe
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multi -storeys
) PC1 0.1| NII
c%’?g{?&gtfgpalfre @pancake with roof intact (frames) &(timberframe) PCZ, PC2L 0.15 Spe
elemen&s LA
ks Al | peam 0.22| Spe

PC2H 0.28| Spe

RM, RM1 0.06| SPe

—

-

science for a changing world




Countries with Sufficient Earthquake Fatality Data

Vulnerability
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Global Inventory & Coverage

Urban Residential Inventory

Data Source

[ 1 By Judgment/Neighbor
[ ] UN (1993)

[ ] UN-HABITAT(2007)
[ Housing Census

[ Literature

B WHE-PAGER Survey
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Country: China

ecorded vs. estimated deaths using empirical model Recorded vs. estimated deaths using semi-empirical model
10 10%
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Empirical
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Kathmandu, Nepal, M8.1
General distribution of building types in the Kathmandu Valley (Dixit and Shrestha, 2005).

Kathmandu Valley Building Stock (Dixit and Shrestha, 200 Collapses by Building Type Fatalities by Building Type
A A

UNK

W1,C3
UNK

UFB

A: Adobe block

UFB: Unreinforced fired brick masonry walls with mud, lime, or cement mortar and timber joists used to
support floor or roof (UFB1 mud mortar with no timber joists)

DS: Dressed stone masonry walls (DS3 concrete mortar with timber floors and roof)

RS: Rubble stone masonry walls

W: Wood construction

C: Reinforced concrete frame construction (C1 engineered, C3 non-engineered)

UNK: Unknown construction

a USGS

science for a changing world




Kathmandu, Nepal, M8.1

Figure 7. A typical adobe (A) building in
Jantanagar, Nepal (Photo Courtesy: Auroville
Earth Institute, http://www.earth-auroville.com/

) Figure 8. Example of an unreinforced fired
nepal june 2008 en.php).

brick (UFB) masonry building in Nepal
(Photo Courtesy: NSET, Nepal).

=USGS

science for a changing world




Kathmandu, Nepal, M8.1
~ USGS T 7 o

— i Search USGS
science for a changing world r

Earthquake Hazards Program Home  AboutUs  Contact Us Q, Search

EARTHQUAKES HAZARDS LEARN PREPARE MONITORING RESEARCH

PG PAGER - Common Building Types

Home
Archives Algeria
Background
onePAGER Information

Team Members Single-family reinforced concrete frame houses

Data, Products, and

References This privately owned housing constitutes about 60 to 70% of the housing stock and is
Common Building Types widespread throughout northern Algeria, the region of the country's highest seismic risk.
FAQ Generally, these buildings are one to three stories high. The ground floor is used for
Disclaimer parking or for commercial purposes. The structural system consists of reinforced concrete

frames with masonry infill walls made out of hollow brick tiles. The infill walls are usually
provided in the residential part of the building (upper floors). Due to the limited amount of
infill walls at the ground floor level, these buildings are characterized by soft-story behavior
during earthquakes. These buildings have most often been built after the development of
the 1981 Algerian seismic code. However, the seismic code is not enforced in private
construction and most of the buildings have been built without seismic strengthening
provisions and historically have been severely affected in Algerian earthquakes, including
the May 21, 2003 Boumerdes earthquake.

Contact Us

Reference: EERI and IAEE\'s World Housing Encyclopedia (Report #103) - Mohammed Farsi, Farah Lazzali

Stone masonry apartment building

This is a typical residential construction type found in most Algerian urban centers,
constituting 40-50% of the total urban housing stock. This construction, built mostly before
the 1950s by French contractors, is no longer practiced. Buildings of this type are typically
four to six stories high. The slabs are wooden structures or shallow arches supported by
steel beams (jack arch system). Stone masonry walls, usually 400-600 mm thick, have
adequate gravity load-bearing capacity; however, their lateral load resistance is very low.
As a result, these buildings are considered to be highly vulnerable to seismic effects.

Fi

(D Reference: EERI and IAEE\'s World Housing Encyclopedia (Report #75) - Mohammed Farsi, Farah Lazzali,
‘Yamina Ait-M

Dixit, NSET Nepal).

with
masonry infill (C3)
construction (Photo
Courtesy: NSET Nepal).

a USGS

science for a changing world




Analytical Approach

SPECTRAL ACCELERATION
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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.S. 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 earthquake 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 damage impact, yellow, orange, and red thresholds are triggered by estimated losses reaching S1M, $100M, and
S1B, 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 typic all) lend themﬁel»es to hxgh collapse and casualtw rates, and
these impacts lend to prioritization for international response. In contrast, fin -

response in regions or countries in which prevalent earthquake resistant constru EStI matEd Fatal |t|es
fatalities. Any newly devised alert, whether economic- or casualty-based, shoy
procedures. Useful alerts should also be both specific (although allowably unce

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

1 1 1 £

the alert to be over- or underestimated are preserved. The essence of the propose
is now available in the immediate aftermath of significant earthquakes world
EIS, PAGER’s rapid loss estimates can adequately recommend alert levels ang - » I_q
tainties; demanding or awaiting observations or loss estimates with a high level 1 100 10,000
NH.1527-6996.0000040. © 2011 American Society of Civil Engineers. 10 Fataliiifsoo 100,000

4% o

CE Database subject headings: Earthquakes; 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 can now, in part,
Neither earthquake magnitude nor macroseismic intensity provides be rapidly assessed following significant earthquake disasters,
sufficient information to judge the overall impact of an earthquake. communicating the impact is still hampered by the lack of an ap-

Whereag hicher maonitde earthanakes have oreater enerov releace propriate lexicon.



Alert Level Range w/ Median Probability ESTIMATED $ LOSSES

AN \

47%
24% 25%
3%
1 100 10,000
10 1,000 100,000
USD (Millions)
\ J

!

t 1 1 1

No Regional National International
Response

34.1% 34.1%

Pla<d=b)= (D[bg(b) - log(e>] _ ‘Dllog(a)g_ log<e>}

[Wald et al (2011) Natural Hazards Review]
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M7.8 Nepal Mainshock

M7.3 Nepal Aftershock

SAID

FROM THE AMERICAN PEOPLE
M 7.8, NEPAL ANSS|-i- PAGER
Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local) .

Location: 28.15°N 84.71°E Depth: 15 km Version 7
Created: 1 week, 2 days after earthquake

Red alert for shaking-related fataliies and Estimated Economic Losses
economic losses. High casualties and

extensive damage are probable and the

disaster is likely widespread. Past red alerts
. S 320 have required a national or international .
179 response.
3%
Estimated economic losses are 10-70%

1 160 10,000 GDP of Nepal.

100,000

xposed to Earthquake Shaking

aUSGS " haking (G Alert il

science for a changing world

Estimated Fatalities

100
1,000
Fatalities

Estimated Popula

10 1,000
USD (Millions)

ESTIMATED POPULATION -* * *
T ED FOPULATIC 7,053k* | 82,752k* | 55,067k 2,355k
ESTIMATED MODIFIED H
MERCALLI INTENSITY " I" Iv v VI v“
PERCEIVED SHAKING [ Nofelt | Weak | Light |Moderate| Strong | Very Strong Severe
POTENTIAL Sq?jg:fr'e‘ts n none none V. Light Light Moderate Moderate/Heavy V. Heavy
DAMAGE gt’,‘sg{:}’r e none Light Moderate | Moderate/Heavy Heavy

*Estimated exposure only include

Population Exd 9K [

population per ~1 sq. km from Landscan  Structures:

o [ 5 ] 500 TR  Overall the populat
= X in structures that are highly vulnerable to
o 86"E" earthquake shaking, though some resistant

structures exist. The predominant vulnerable
building types are unreinforced brick masonry
and rubbleffield stone masonry construction.

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max Shaking
(UTC) (km) MMI(#) Deaths
1980-07-29 364 5.5 VII(18k) 0
1980-07-29 388 6.5 [JNEHEM 100
1988-08-20 244 6.8 | VIII(12k) 1k|
Recent earthquakes in this area have caused

secondary hazards such as landslides and
liquefaction that might have contributed to
losses.

hcwdﬂ i
Ivu 25 | Selected City Exposure

from GeoNames.org
MMI City Population|
VIl Kathmandu 1,442k
VIl Patan 183K
VIII Kirtipur 45K
VIII Bhaktapur < 1K
VIl Banepa 174
Vil Panaoti 28K
VI Pokhara 200K
VI Muzaffarpur 333K
V Gorakhpur 674K
V Patna 1,600k
V_ Dhankuta 22K
PAGER content is automatically generaled and only considers Iosses due to slructural damage. bold cities appear on map (k = x1000)

itations of input data, shaking estimates, and loss models may add uncertainty.

http://earthquake.usgs.gov/pager Event ID: us20002926
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Origin Time: Tue 2015-05-12 07:05:19 UTC (12:50:19 local) .
Location: 27.84°N 86.08°E Depth: 15 km Version 3
Created: 2 hours, 5 minutes after earthquake

Orange alert level for shaking-related fataiities. Egtimated Economic Losses

Significant casualties are likely and the disaster
is potentially widespread. Past events with this
alert level have required a regional or national
level response.

279 22 3% 31%
10% I hz‘”’ ™ Yellow alert level for economic losses. Some o A7 139
22 1% _ damage is possible. Estimated economic losses 2%,

are 0-1% GDP of Nepal.

Estimated Fatalities

10,d00 1 100
10 1,000 100,000

ion Exposed to Earthquake Shaking
-+ | 26k |95415k*| 60,510k | 3,886k 304k
| -1 | v \'/ \'Al Vil

000 100,000
(M/Hums]

v.i T

ESTIMATED POPULATI!
EXPOSURE (k = x1000)

ESTIMATED MODIFIED!
MERCALLI INTENSITY

PERCEIVED SHAKING Not felt [ Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme
Resistani . .
PDOI,\E,"AE é" none none none V. Light Light Moderate Moderate/He: Heavy V. Heavy
none none Light Heavy V. Heavy
“Estimated exposure I the map area.
N ~ ~
Populatlo 160 population per ~1 sq. km from Landscan ~ Stru $60 M
0 ] 100 500 1000 5000 10000 SIS on resides
- in stroCTOTES T T e oy vaTTerable to
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earthquake shaking, though some resistant
structures exist. The predominant vulnerable
building types are unreinforced brick with
mud and unknown/miscellaneous types
construction.

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max Shaking
(UTC) (km) MMI(#)  Deaths
1998-09-03 77 5.6  VII(21) 0
1974-03-24 17 5.7 | VIII(598) 0
1988-08-20 131 6.8 | VIII(12k) 1K|

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

MMI City Population

VI Zham <1K

VI Kodari 2K

VI Bhaktapur <1K

VI Kathmandu 1,442k

VI Zuobude <1K

VI Camgyai <1K

V Patna 1,600k

IV Gorakhpur 674K

IV Dhankuta 22k

IV Pokhara 200K

. Bllngl [ IV_Gangtok 31K
PAGER content is automatically generated and only considers losses due to structural damage. bold cities appear on map (k = x1000)

Limitations of input data, shaking estimates, and loss models may add uncertainty. K
http://earthquake.usgs.gov/pager Event ID: us20002¢jl
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Created: 22 minutes, 57 seconds atfter earthquake

[Estimated Fatalities Orange dlert
Significant casual
is potentially widef
alert level have ref - Earthquake Orange
level =z qua
e jovel response. = USGS Shaking Alert USAID
e 22 oo Yellow alert level Knm;’ugmﬁméwpmdA L FROM THE AMERICAN PEOPLE
2 damage is possib
o -9,
I L - are less than 1% Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local) PA_GER
m Lo 00000 Location: 28.13°N 84.65°E Depth: 15 km Version 3
o FOR TSUNAMI INFORMATION, SEE: tsunami.gov Created: 1 hour, 30 minutes after earthquake
Estimated Populatlon Exposed to Eartll [Egtimated Fatalities Orange alert for shaking : = : .
ERAIRIEAR | | tor [ren]of ot e i
|__EXPOSURE (k = x1000)
ESTIMATED MODIFIED 1 -1 "\ potentially widespread. Past g E USGS Earthquake Red
MERCALLI INTENSITY | = .
_ O . | -y, ] &lUouo shaking () Alert USAID
PERCEIVED SHAKING Not felt | Weak | Light |Mo 1 5% 00 science for a changing
Resistant Estimated economiclossesa M 7.8, NEPAL PAGER
POTENTIAL none none. none. v -,:’:“L:W of Nepal. Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local) a
DAMAGE " [ vulnerable | oro | none | none o deo T aose Location: 28.15°N 84.71°E Depth: 15 km Version 5
Structures - FOR TSUNAMI INFORMATION, SEE: tsunami.gov Created: 4 hours, 3 minutes after earthquake
“Estmated exposure only incudes population within the map area. Estimated Popula tlon Exposed to Earthquake § i — ,
Population Exposure I arthquaxe : Estimated Fatalities Red alert for shaking:
populal ESTIMATED POPULATION * - economic losses. High ca:
9,194k* | 98,089k* | 44,4
o | 5 | 50 [N 500 10 |__EXPOSURE (k = x1000) extensive damage are pro|
ESTIMATED MODIFIED H disaster is likely widespred E Earthquake Red
MERCALLI INTENSITY I “ I" Iv v v have required a national of rd Shqaking Alert AI D
PERCEIVED SHAKING | Not felt | Weak | Light |Moderate| Str - Lz response. sclence for a changing world ronmeAEmCArEons
mesisnt | o | oo | e | v | Estimated economic lossef M 7.8, NEPAL PAGER
POTENTIAL | Structure: 9 -1:% GDP of Nepal. Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local) \
DAMAGE " [ yuinerable | oo | none | none Light | Mod R ) Location: 28.15°N 84.71°E Depth: 15 km Version 7
e ; Orealo 1 week 2 dyoaferearhquake
. gosusony inclucespop 3 o Estimated Population Exposed to Earthquak{  [Egiimated Fatalities Red aler or shaking-related fataliies and_ Estimated Economic Losses
S0 e ESTIMATED POPULATION |+ - |14,695k|102,530k*| economic losses. High casualties and
=~ |__EXPOSURE (k = x1000) extensive damage are probable and the
. ESTIMATED MODIFIED 1 n-m v Vv disaster is likely widespread. Past red alerts
Zonged MERCALLI INTENSITY . o have required a national or international . .
26
PERCEIVED SHAKING | Not felt | Weak | Light |Moderate - e, response. Lﬁm
Resistant Estimated economic losses are 10-70%
POTENTIAL | Structures | 7O 1 TO°° | 100 V. tont ) i3 00 GDP of Nepal. T To ] ok
DAMAGE” [" yuinerable | o6 | none | none Light o om0 0l 19050
9 “Estimated exposuire only includes population within the map area. Estimated Population Exposed to Earthquake Shaking
. »ﬁﬁ. Population Exposure fation per ~1
Lt ‘Bmmp " PO n R estmatenpoPuLATION | .+ | .+ 7053k 82,752k | 55,057k | 2,355k 4483 | 86k | 0
R “W q ESTIMATED MODIFIED H
N csusreouoees | 1 [ IEID[ IV [ V[ v [ v
PERCEIVED SHAKING Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme
POTENTIAL Sesistant | none none none V. Light Light Moderate Moderate/Heavy | Heavy | V.Heavy
DAMAGE Yinerable | 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:
0o [ 5 | s [ 500 1000 5000 ETTREl Overall the population in this region resides

in structures that are highly vulnerable to
earthquake shaking, though some resistant
structures exist. The predominant vulnerable
building types are unreinforced brick masonry
and rubbleffield stone masonry construction.

PAGER comsm is aulomauca ly generaled and only considers losses d
Limitations of input data, shaking estimates, and loss models may add u
hitp://earthquake.usgs.gov/pager

Historical Earthquakes (with MMI levels):

#&Bhﬁratsﬁ’ﬁj IS
mﬂha’&_k T

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

: ; i
PAGER content is automatically generated, and only considers losses due (o iructural
Limitations of input data, shaking estimates, and loss models may add uncertainty.
http://earthquake.usgs.gov/pager

rm;\q dui "'
\ﬁ U = | Selected City Exposure

from GeoNames.org

MMI City Populatio

?
PAGER content s automatically Generated, and only consigers 10556 due fo sruct
Limitations of input data, shaking estimates, and loss models may add uncertainty.
http:/earthquake.usgs.gov/pager Vil Banepa

VIII Panaoti

VI Pokhara

VI Muzaffarpur

V  Gorakhpur

V Patna

V_ Dhankuta

bold cities appear on map (k=x1000)

i i
PAGER cantent s automatically generated, and only considers losses due t0 structural damage.
Limitations of input data, shaking estimates, and loss models may add uncertainty.

http:/earthquake.usgs.gov/pager Event ID: us20002926
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Death toll in Nepal from 25th April 2015 Quake (8471 dead & 237 missing)

& from 12th May 2015 Quake (153 dead)
(built from Nepal Police and NEOC death toll counts in CATDAT)
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President Obama speaks at summit on overcoming poverty. Watch live on CNNgo.
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At least 39 dead after another powerful
earthquake hits Nepal
eyt Lty 000

géaAKE S e 8 m Nepal earthquake BREAKING NEWS
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w GOOGLE EARTH President Obama speaks at summit on overcoming poverty. Watch live on CNNgo.
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Mountain villages are cu

e At least 39 dead after another powerful
s | €ArthQuake hits Nepal

By Jethro Mullen, Greg Botelho and Moni Basu, CNN
Camera captures Everes| V] 9:16 AM ET, Tue May 12, 2015 O

avalanche

Nepal earthquake >
b~ |

Aerial images show
Nepal quake damage

I
FTSE ¥ -77.51

TSI EPICENTER OF NEW EARTHQUAKE WAS ABOUT 83 KILOMETERS FROM KATHMANDU, NEPAL

Faces of Nepal: Tales of

Photos of the

devastation Mountain villages are cut

off from almost
everything

X
" 5 %‘ How to help the quake
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US Geological Survey: 5 most powerful Why aren't earthquake Powerful earthquake u victims 101-year-old man
magnitude 7.3 recorded earthquakes warnings better? strikes Nepal § rescued one week later

earthquake hits Nepal

Camera captures Everest

Have you been affected? Tell us your experiences but More Top Stories avalanche

Story highlights
stay safe

NEW: Official: The death toll in Nepal rises to at Mayweather: No rematc
least 36, with more than 1,100 injured (CNN)—Latest developments: for '‘coward
"'-4.

The magnitude-7.3 quake is followed by a * At least 36 people have died in Nepal and another
series of aftershocks, the USGS says 1,129 have suffered injuries due to the latest earthquake,
said Nepalese Home Ministry Spokesman Laxmi Prasad

Photos of the
devastation

The quake causes buildings to collapse, sets

% victims

US Geological Survey: 5 most powerful Why aren't earthquake
magnitude 7.3 recorded earthquakes warnings better? strikes Nepal
earthquake hits Nepal

T
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Story highlights Have you been affected? Tell us your experiences but More Top Stories

stay safe
NEW: Official: The death toll in Nepal rises to at Ma¥weathelr. No rematch
least 36, with more than 1,100 injured (CNN)—Latest developments: for ‘coward
The magnitude-7.3 quake is followed by a * At least 36 people have died in Nepal and another |
N L A~ ] Mom's photo leads to
series of aftershocks, the USGS says 1,129 have suffered injuries due to the latest earthquake,

said Nepalese Home Ministry Spokesman Laxmi Prasad (O

horrifying discovery
The quake causes buildings to collapse, sets -




M8.1 OFDA SCENARIO (DONE IN 2013)
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Earthquake Red
Shaking Alert

M 8.1, Kathmandu M8.1 Scenario
Origin Time: Thu 2013-02-28 00:00:00 UTC (05:45:00 local)

Location: 27.70°N 85.70 “E Depth: 16 km

=JUSAID

FROM THE AMERICAN PEOPLE

Mﬂ'ﬂ* PAGER
Version 1

Created: February 28, 2013

M7.8 Nepal Earthquake

Earthquake
Shaking

aUSGS Alert
science for a changing world
M 7.8, NEPAL

Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local)
Location: 28.15°N 84.71°E Depth: 15 km

USAID

FROM THE AMERICAN PEOPLE

PAGER
Version 7

Created: 1 week, 2 days after earthquake

Estimated Fatalities

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 economic losses may exceed
the GDP of Nepal.

Estimated Economic Losses

1c0

0 1,000
USD (MiWans)

*Estimated exposure only includd

u ?,' ﬁhiirat

fBhairahawa, \_
¢

rthquake Shaking
S OTGhE oo 549k* | 49,322k* | 76,906k | 14,295k
TERGALLIINTENSITY v | V Vi Vil
PERCEIVED SHAKING | Not fel§if Weak | Light |Moderate| Strong | Very Strong Severe Extreme
poTENTIAL iﬁ‘%‘f{ﬁ none | V. Light Light Moderale | ModerateiHeavy V. Heavy
Structures Lignt Moderate | ModerateHeavy Heavy [

Bira't?naar

G
Iiadhubani

% W Arara

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

: ~$98

Overall, the population in this region resides in
structures that are highly vulnerable to
earthquake shaking, though some resistant
structures exist. The predominant vulnerable
building types are adobe and unreinforced
brick masonry with mud construction.

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max Shaking|
(UTC) (km) MMI(#) Deaths|
1998-09-03 122 56 Vi(21) 0]
19740324 35 5.7 | VII{598) 0|
1988-08-20 139 6.8 m 1450)

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

Selected City Exposure

S
from GeoNames.org

Gorakhpur
VI Patna
V  Pokhara
V  Dhankuta
V  Benares

bold cties appear on map

Event ID: usKathmandu_M8.1_se

(k = x1000)

Estimated Fatalities Red alert for shaking-related fataliies and  Estimated Economic Losses
economic losses. High casualties and
extensive damage are probable and the
disaster is likely widespread. Past red alerts
3% have required a national or international 359
17% response. 22% 26%
3% 1 6% 10%
Estimated economic losses are 10-70%
GDP of Nepal. 1 100

1 100 10,000 0
1,000 100,000 10 1,00 100,000
Fatalities USD (Millions)
Estimated Populati xposed to Earthquake Shaking
ESTIMATED POPULATION - . x * *
EXPOSURE (k = x1000) 7,053k* [ 82,752k* | 55,057k 2,355k 4,483k 86| 0
ESTIMATED MODIFIED H
MERCALLI INTENSITY " I" Iv v VI v“
PERCEIVED SHAKING Not@lt | Weak | Light |Moderate| Strong | Very Strong Severe Viol Extreme
Resistant . .
P 8}5’}\2 é" ™ res n none none V. Light Light Moderate Moderate/Heavy | Hea V. Heay
\Shtlrll'}glr:rbel one none Light Moderate | Moderate/Heavy Heavy ~
*Estimated exposure only includes| ~9 K fp area. $4 B
Populatlon Exp population per ~1 sq. km from Landscan ~ Structures:

Overall, the population in this region resides
in structures that are highly vulnerable to
earthquake shaking, though some resistant
structures exist. The predominant vulnerable
building types are unreinforced brick masonry
and rubble/field stone masonry construction.

1000 5000

10000

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max  Shaking
(UTC) (km) MMI(#)  Deaths
1980-07-29 364 5.5  VII(18k) 0
1980-07-29 388 6.5 100

1k

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

MMI Cit:

Populatiol

Mdi [naﬂ\

'.._,«;)rr@ls o) ';Lm
: A (Op fia

Pokhara
VI Muzaffarpur
V  Gorakhpur
V Patna
V_Dhankuta
bold cities appear on map (k = x1000)

Event ID: us20002926

; . a2
PAGER content is automatlcally generated, and only considers Iosses due to structural damage.
Limitations of input data, shaking estimates, and loss models may add uncertainty.

http://earthquake.usgs.gov/pager



Earthquake
Shaking
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M 8.8, OFFSHORE MAULE, 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

Estimated Fatalities

USGS PAGER System =~USGS
(Prompt Assessment of Global

Earthquakes for Response)

ROM THE AMERICAN PEOPLE

PAGER
Version 3

Created: 3 hours, 10 minutes after earthquake
Red alert level for economic losses. Extensive Egtimated Economic Losses
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

M“S&'d‘m{w

G

¥ USGS PAGER

level response.

O

Significant casualties are likely.
100 10,000

10 1,000 100,000
Fatalities

Orange alert level for shaking-related fatalities.

. N
ls—it

100 10,000

10 1,000 100,000
USD (Millions)

Estimated Population Exposed to Earthquake Shaking

ESTIMATED POPULATION I - * *
EXPOSURE (k = x1000) 487k 2,147k 3,657k

6,405k

3,083k

NEneALtmenstey | b [l V|V Vi

Vil Vil

PERCEIVED SHAKING Not felt | Weak | Light [Moderate| Strong

Very Strong

Severe Violent | Extreme

POTENTIAL SF{?S::%E:Q'S none none none V. Light Light
DAMAGE

Moderate

Moderate/Heavy Heavy V. Heavy

Vulnerable
Structures

none none none Light Moderate

Moderate/Heavy Heavy

V. Heavy | V.Heavy

*Estimated exposure only includes population within the map area.
Population Exposure
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e M Ichy
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1
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o 7
Pitrufquen. .
Villarrica

panguipull)
Valdivia =

10000

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. The predominant vulnerable building
types are low-rise reinforced/confined
masonry and adobe block construction.

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max  Shaking

(km) MMI(#) Deaths
1985-03-03 308 7.9 |VII(301k) 0
1985-03-03 352 7.0 |HIKEIRN 0
1985-03-03 313 7.9 VII(5,433k) 177
Recent earthquakes in this area have caused
secondary hazards such as tsunamis,
landslides, and liquefaction that might have
contributed to losses.

Selected City Exposure

from GeoNames.org
MMI City Population
Vill Arauco 25Kk
VIl Lota 50K
VIIl Concepcion 215K
VIIl Constitucion 38K
VIl Bulnes 13K
VIl Cabrero 18K
VI Temuco 238K
VI Valparaiso 282K
VI Santiago 4,837K
IV Mendoza 877K

1Il__Neuguen 242K

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 cities appear on map (k = x1000)

Event ID: us2010tfan




USGS PAGER System

(Prompt Assessment of Global

Earthquakes for Response)

-

g world

¥, OFFSHORE MAULE, CHILE

Time: Sat 2010-02-27 06:34:14 UTC (02:34:14 local)
Pration: 35.85°S 72.72°W Depth: 35 km
OR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov

Red
Alert

Earthquake
Shaking

Created: 3 hours, 10 minutes after earthquake

O 10%

40%

Estimated Fatalities

39%
l

10
[ 1

100,000

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.
1 160 10,000
10 ﬂ bl,OOO
Fal

Estimated Economic Losses

100

[ 1 |
10

~200+ shaking fatalities (~300 tsunami)

Estimated Population Exposed to Earthquake Shaking

Reported Losses

~$15-30 Billion damage

Severe ‘ Violeﬂ

RCALLI INTENSITY | L bl LI TV ' \'A | VT
R SHAKING Not felt | Weak | Light |Moderate| Strong | Very Strong
ot none none none V. Light Light Moderate Moderate/Hg»)/

pone

none Light Moderate | Moderate/Heav,



PAGER (Prompt Assessment of
Global Earthquakes for Response)

PAGER ALERTS (late 2010-2013)

Initial PAGER Version

Total number of
events M>5.5 =
2571
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of Global
Earthquakes for
Response
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M 7.6, COSTA RICA

Earthquake ,/> —\'I Yellow
Shaking | | Alert
N/

Origin Tln'— Wed 2012- Us 05 14:42:10 UTC (08:42:10 local)

Location: 10.12"°N 85.35 V'C)e;:n 40 km

NFORMATION

Version 2
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ESTIMATED POPULATION 431"
EXPOSURE (k = x1000)

5 2,945k 806k

0

ESTIMATED MODIFIED "_'"
MERCALLI INTENSITY
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PERCEIVED SHAKING el Weak

Moderate | Strong

Severe Violent | Extreme

Resistant none
POTENTIAL |Struciures - -
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km from Landscan

Structures:

QOverall, the population in this region res

in structures that are vulnerable to
earthquake shaking, though some resistant
structures exist. The predominant vulneral
build types are adobe block and mud wall
construction

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max Shaking
UTC) [km) MMI(#) _Deaths)
: VI{19k) 0
.8 VIIEses) 1
7.6 VII(213k) 75
earthquakes in this have caused
r hazards such as tsunamis,
landslides, and liquefaction that might have
contributed to losses.

Selected City Exposure

 MMI City Population
Vil Nandayure 2K
Vil Santa Cruz 12K
Vil Nicoya 15K
Belen 3K
Canas 20K
Bagaces 4K
San Jose 335Kk
Managua 973K
Masaya 130K
IV Leon 145K
Ill_David 83K

nttp://earthquake.usgs. go, lpager

lsses cue 10 structural damage
12y aod unrce! nty.

beld cities appear on map

Event ID: usc000cfsd
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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 Costa Rica. Past
events with this alert level have required a local
or regional level response.

Estimated Fatalltles

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

Estimated Economic Losses

100

0 1,000
USD (Millions)

ESTIMATED POPULATION

EXPOSURE (k = x1000) 431k*

0 0 0

ESTIMATED MODIFIED I
MERCALLI INTENSITY

Vi ]|

PERCEIVED SHAKING Not felt [ Weak

Very Strong

Severe Violent | Extreme

Resistant

Structures none

POTENTIAL none

Moderate

Moderate/Heavy Heavy V. Heavy

DAMAGE Vulnerable

Structures

none none

Moderate/Heavy

Heavy V. Heavy | V. Heavy

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

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

constructlon

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist. Mag.
(km)

Violent | Extreme
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V. Heavy | V. Heavy
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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 Costa Rica. Past
events with this alert level have required a local
or regional level response.

Estimated Fatalltles

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

Estimated Economic Losses

100

0 1,000
USD (Millions)

ESTIMATED POPULATION

EXPOSURE (k = x1000) 431k*

0 0 0

ESTIMATED MODIFIED I
MERCALLI INTENSITY

Vi ]|

PERCEIVED SHAKING Not felt [ Weak

Very Strong

Severe Violent | Extreme

Resistant

Structures none

POTENTIAL none

Moderate

Moderate/Heavy Heavy V. Heavy

DAMAGE Vulnerable

Structures

none none

Moderate/Heavy

Heavy V. Heavy | V. Heavy

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

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

constructlon

Historical Earthquakes (with MMI levels):
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Aug 12,2012, M6.2 China

% USGS Earthquake [ ) Yellow

Shakmg\ ) Alert

E| Z)USAID
Anssl4+  PAGER
Version 1
Created: 19 minutes, 0 seconds after earthquake

science for a changing world
M 6.2, Xinj lang-Xizan Border Region

Origin Time: Sun 2012-08-12 10 6 UTC (18:47:06 local)
Location: 35.66 °N 82.52 °E Depth: 13 km

Green alert for shaking-related
fatalities and economic losses. There
is a low likelihood of casualties and
damage.

Estimated Economic Losses

pre
4%
18%
4%

Estimated Fatalities

tion Exp to Earthquake Shaking:

Epapuhwgn . 633k 1k 1k

LDNTERSITY n v \J Vi

Aug 11, 2012, M6.4 Iran

2 USGS

science for a changing world

M 6.4, Northwestern Iran

Origin Time: Sat 2012-08-11 00:23:17 UTC (04:53:17 local)

Location: 38.32°N 46.89 °E Depth: 9 km

.“‘“ USAID

ANSS}+  PAGER
Version 1

Created: 20 minutes, 0 seconds after earthquake

Earthquake Orange
Shaking Alert

Estimated Fatalities

3% 350
16% 139,
39 39%

100 10.000
10

Orange alert level for shaking-related
fatalities. Significant casualties are
likely and the disaster is potentially
widespread. Past events with this alert
level have required a regional or
national level response.

Estimated Economic Losses

O.

Yellow alert level for economic losses.
Some damage is possible. Estimated
economic losses are less than 1% of GDP

Estimated Po

ESTIMATED POPULATION
EXPOSURE (k = x1000)

5,846k*

xposed to Earthquake Shaking:

13,814k | 2,120k 181k 60k 11k

ESTIMATED MODIFIED
MERCALLI INTENSITY

v v Vi Vil viil

No fatalities, some injuries & damage

Reported Losses

300 fatalities, extensive damage

“Estimated exposure only includes population within the map area

Population Exposure

population per 1sq. km from Landscan Structures:

5000 Il Overall, the population in this region resides in
structures that are highly vulnerable to
earthquake shaking, though some resistant
structures exist.

Historical Earthquakes (with MMI levels):
Date Dist. Mag. Max Shaking
(UTC) (km) MMI(#) Deaths}
1994-12-29 167 55 VII(19) 0}
1975-04-28 234 6.3 0}
1996-11-19 395 6.9 0}

Selected City Exposure

from GeoNames.org
MMI City Population)|
Il Rutog <1K
Il Hotan 114K
Il Layka <1k

(k = x1000)

bold cities appear on map

___km
= — ]
0 50 100

Rutog

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 Event ID: us201208121047

*Estimated exposure only includes population within the
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population per 1sq. km from Landscan Structures:

5000 Il Overall, the population in this region resides in
structures that are highly vulnerable to
earthquake shaking, though some resistant
structures exist. The predominant vulnerable
building types are adobe and unreinforced
B b QoE e brick masonry with timber floor construction.
““zZubovkal

L
fimiehiren anketas
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e ) Historical Earthquakes (with MMI levels):

Date Dist. Mag.
fNeftcala (UTC) (km)
2002-06-22 357 6.5 | Vili{4k) 227
1997-02-28 103 6.1 VIlI(7k) 1100}
1990-06-20 251 7.4 [KIBBKI 45000
Recent earthquakes in this area have caused
secondary hazards such as landslides that
might have contributed to losses.

Max Shaking|
MMI(#) Deaths|

Pushkino

FArdabil
Selected City Exposure
from GeoNames.org
MMI City Population
Herowabad Vil Ahar 94K
¥ i 3 V  Tabriz 1,425k
IV Ardabil 411K
IV Mincivan 6k
IV Hashtrud 17k
IV Marand 124k
Orumiyeh 577K
Rasht 595k|
Zanjan 357K
Il Yerevan 1,093k|
Il Erbil 933K|

‘Hashtpar
%

Takab

PAGER content is automatically generated, and only considers losses due to structural damage.

bold cities appear on map (k = x1000)

Limitations of input data, shaking estimates, and loss models may add uncertainty.

http://earthquake.usgs.gov/pager

Event ID: us201208110023
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Estlmated Fatalltles n alert for shaking-related fatalties ~ EStimated Economic Losses
and economic losses. There is 2 low
lielihood of casualties and damage.

OEH : Of-.

Versmn 2

1 hour, 47 minutes after ear

Estlma/\Populatlon Exposed to Earthquake Shaking
27T |19.445 ° ' ESMATON LATION 431" | 5,513k | 2,945k | 806k 55k o
pyesere | 1 [ W | v viI n .

EDIRREIFY ssiuary oorieo =y v | v Vi vill
A

ED SHAKING Notfelt | Weak I_Light I Moderate] Strong | _Very Strong Seovere Violent | Extreme

1 landslide death, few injuries & damage Reported Losses 1 fatality, ~S40M damage

Population Exposure population per ~1 56 Km from Landscan  Structures: S o
po [ s lp 50 | 500 1000 P TTRTTII Overell the popuistion in this region resides Population Exposure population per ~1 50 km from Landscan  Structures:

in structures that are a mix of vulnerable as 0 | 5 | s0 | . 500 1000 5000 10000 Overall, the population in this region resides
129 126°E 128°E earthquake resistant construction. The P v in structures that are vulnerable to

predominant vulnerable building types are 3w el 85 W e BATW earthquake shaking, though some resis
reinforced concrete and heavy wood frame S exls!_ The predomi _‘l vulne: :
construction. ypes are adobe block and mud wall

Historical Earthquakes (with MMI levels):

Historical Earthquakes (with MMI levels):
Date Dist. Mag. Max Shaking

e e MMIE)  Deathe - £ Date Dist. Mag. Max Shaking
JMI km MMI(#) Deaths
35-07-12 245 5.8  VII(236K) : \ 2 188 5.6 VI(19K) 0
338 5.7  VII70k) 1 193 58 |Will{aea) 1
15 274 7.5 | MIIETK) 2 - X - 254 7.6 VII{213k) 75
earthquakes in this area have caused have caused

ary hazards such as tsunamis and ; ry amis, )

lides that might have contributed to < landslides, and | -_..-:tacuc'w that might have

contributed to losses.

%ﬂfggch Exposure Selected City Exposure
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Red
Alert

Earthquake
Shaking

M 9.0, Cascadia M9.0 Scenario
Origin Time: Tue 2011-09-20 12:00:00 UTC (03:39:30 local)
Location: 45.73°N 125.12°W Depth: 0 km

FOR TSUNAMI INFORMATION, SEE: tsunami.gov

Created: 120 minutes, 0 seconds aj

a USGS

science for a changing world

Red

Earthquake
Alert

Shaking

M 8.0, Subduction Scenario Offshore Lima, Peru
Origin Time: Thu 2015-01-01 00:00:00 UTC (19:00:00 local)

Location: 12.28°S 77.71 °W Depth:

FOR TSUNAMI INFORMATION, SEE: tsunami.gov

25 km

USAID

FROM THE AMERICAN PEOPLE

PAGER
Version 1

ANSS) -

Created: 20 minutes, 0 seconds after earthquake

Estimated Fatalities

49%

O o EE
3% 2%

1 100 10,000

1,000
Fatalities

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.

Yellow alert level for shaking-related

fatalities. Some casualties are possible.

100,000

Estimated Econom

1% o

1 100

0 1,01
USD (Millions)

Estimated Fatalities

100 00

1,000
Fatalities

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.

100,000 of Peru.

Estimated economic losses are 1-9% GDP

Estimated Economic Losses

100 000

100,000

10 1,000
USD (Miflions)

Estimated Population Exposed to Earthquake Shaking Estimated Population Exposed to Earthquake Shaking

N TGhE oo | -+ | 15k* | 3,403k | 7,822k* | 4,001k* | 7.913k* 714k 13 MO hRe ufoom™ | - | 214Kk* | 2,405k* | 1,668Kk* | 635k 5,613k 4,403k 0 0
e s L A \ Vil WERCALLITENGY |1 (-] v |V Vi VL
PERCEIVED SHAKING | Not felt | Weak | Light Moderate| Strong | Very Strong Severe Viol PERCEIVED SHAKING Not felt [ Weak | Light [Moderate| Strong | Very Strong Severe Violent | Extreme

POTENTIAL Sesistant | none none none V. Light Light Moderate Moderate/Heavy | He: POTENTIAL Sesistant | none none none V. Light Light Moderate Moderate/Heavy | Heavy | V.Heavy
DAMAGE Yulnerable | none none none Light Moderate | Moderate/Heavy Heavy v.Hd DAMAGE Yuinerable | none none none Light Moderate | Moderate/Heavy Heavy V.Heavy | V. Heavy

*Estimated exposure only includes population within the map area

Population Exposure

1
PAGER content is automatically generated, and only con:
Limitations of input data, shaking estimates, and loss models may add uncertainty.
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population per 1 sq. km from Landscan

Structures:

Overall, the population in this
structures that are resistant to
shaking, though some vulneral
exist.

Historical Earthquakes (W

A 3
Corvallis |
»

" y
_Eugene :Bend

Roseburg

sl O
N
~ Medford

SNE F <

Date Dist. Mag.
(UTC) (km)
1999-07-03 206 5.8
1993-03-25 214 56
2001-02-28 246 6.8 I

Recent earthquakes in this art
secondary hazards such as Iaf
liquefaction that might have cd
losses.

Selected City Expq

from GeoNames.org

Olympia
VIl Victoria
V  Sacramento
IV Carson City

uctural damage.

bold cities appear on map

*Estimated exposure only includes population within the map area

Population Exposure

population per 1 sq. km from Landscan
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500 1000 5000

3 N
wwdi
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Structures:

Overall, the population in this region resides in
structures that are vulnerable to earthquake
shaking, though some resistant structures
exist. The predominant vulnerable building
types are mud wall and reinforced masonry
with concrete floor construction.

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max Shaking
(UTC) (km) MMI(#) Deaths|
1996-11-12 377 7.7 14]
1974-10-03 20 7.6 78]
2007-08-15 170 8.0 514

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

Selected City Exposure

from GeoNames.org

MMI City

San Isidro
Chilca
VIl Caleta de Carquin
VIl Hualmay
V lca
V  Huancayo
V  Huaraz
IV Huanuco
IV Ayacucho

PAGER content is automatically generated, and only considers losses due to structural damage.

Limitations of input data, shaking estimates,

Event ID: 9.4

p usgs. pag

and loss models may add uncertainty.

bold cities appear on map (k = x1000)

Event ID: usPeru_Subduction_se




Magnitude 6.0 2014 South Napa, CA

b A USGS Earthquake Red

=~ i

3 Shaking Alert

science for a changing world

M 6.0, 6.8 km (4.2 mi) NW of American Canyon, CA ARSS| i PAGER

Origin Time: Sun 2014-08-24 10:20:44 UTC (03:20:44 local) .

Location: 38.22°N 122.31°W Depth: 11 km Version 26
Created: 4 days, 4 hours after earthquake

Red alert level for economic losses. Extensive Estimated Economic Losses

damage is probable and the disaster is likely

widespread. Estimated economic losses are

less than 1% of GDP of the United States. Past

events with this alert level have required a

national or international level response.

’ = e
Green alert level for shaking-related fatalities.

There is a low likelihood of casualties.

FROM THE AMERICAN PEOPLE

Estimated Fatalities

76%

1 100 10,600

100,000 10 100,000
USD (mil

4,881k* | 3,281k 370k 145k 52k

-l v v Vi

Magnitude 5.8 2011 Mineral, VA

E US S Earthquake Orange
ac Shaking Alert
science for a changing world

M 5.8, VIRGINIA ARSI pAGER

Origin Time: Tue 2011-08-23 17:51:04 UTC (13:51:04 local) .

Location: 37.94°N 77.93°W Depth: 6 km Version 3
Created: 2 hours, 5 minutes after earthquake

Estimated Economic Losses

USAID

FROM THE AMERICAN PEOPLE

Estimated Fatalities

Orange alert level for economic losses.
Significant damage is likely and the disaster is
potentially widespread. Estimated economic
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.

35%
26% 21%
. . 10 2% 6%
Green alert level for shaking-related fatalities. 4 1%
There is a low likelihood of casualties.
160 10,000 T

150 100000 10 fwm, % 0t
Population Exposed to Earthquake Shaking
EIOPULATION 19k* [ 9,627k* | 2,285k 76k 23k 10k

-l v ) Vi Vil vill

No Fatalities ~$200M Damage

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

5 ‘ 50 ‘ Overall, the population in this region resides
in structures that are highly resistant to
earthquake shaking, though some vulnerable
structures exist.

W -1
123°W g e 122.5°W
I G 1) \

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max Shaking
(UTC) (km) MMI(#) Deaths
1983-05-02 284 5.7 | VIII(1k)
1980-01-24 76 5.8 VII(31k)
1989-10-18 132 6.9

Recent earthquakes in this area have caused
secondary hazards such as landslides and

) liquefaction that might have contributed to

= eld . losses.

o |

. .*“‘é:] ‘*kv%cavme
et \I\('v“‘ '*' rh‘ ) i
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Selected City Exposure

from GeoNames.org

MMI Cit: Populatiol
VIl Napa

VIl Yountville

VIl American Canyon

VI El Verano

VI Sonoma

VI Temelec

IV Oakland

IV San Francisco

Il Sacramento

Il Fremont

Ill__Stockton

bold cities appear on map (k =x1000)

Event ID: nc72282711

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

“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.
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from GeoNames.org
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PAGER content is automatically generated, and only considers losses due to structural damage. bold cities appear on map (k =x1000)
Limitations of input data, shaking estimates, and loss models may add uncertainty.

http://earthquake.usgs.gov/pager Event ID: us082311a




FEMA

Craig Fugate
ADMINISTRATOR

FEMA's mission is to support
our citizens and first
responders to ensure that
as a nation we work together
to build, sustain, and
improve our capability to
prepare for, protect against,
respond to, recover from,
and mitigate all hazards.

www.fema.gov

A .

- { b b

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.

Sign Up > Get updates via SMS by texting follow CraigatFEMA to 40404 in the United States
Codes for other countries

CraigatFEMA

@jarvisdeberrytp subtropical refers
to a system that has characteristics
of both tropical and extratropical
cyclones. www.hurricanes.gov

7 minutes ago via Twitter for BlackBerry® in reply to jarvisdeberrytp

Subtropical Depression strengthens into Subtropical Storm
#0tto www.hurricanes.gov
about 1 hour ago via web

#USGS #PAGER - Prompt Assessment of Global #Earthquakes
for Response: provides fatality & economic loss estimates
http://goo.gl/kg5Q

syt 3 hours ago via web




From: "Bausch, Douglas" <Douglas.Bausch@fema.dhs.gov>

Date: Sep 30, 2014 3:48 PM
Subject: FW: M4.1 Earthquake - Kansas / Green PAGER issued / Rural area

FYI. How NWC uses PAG@

From: FEMA-NWC Sent: Tuesday, September 30, 2014 9:32 AM To: Armed Forces Health Surveillance
Center ; Army Domestic; Casey, Wanda; EOC DOC; Daruvalla, Sampson; Dept of Labor; DOE; Don Boyce;
DSPMO; Dubois, Vincent; EnergyResponseCenter@hq.doe.gov; FEMA-Recovery-Geo; FEMA TOP LEVEL
MANAGERS; FEMA-MOTF; FEMA-NCP-CRC-WATCH; Gunn, Abraham; HHS; HQ-FEMA-OEA-Senior Staff;
Ives, Robert; Jackson, Liz; jfhq.ncrcc@tsa.dhs.gov; Jones, Julius; Judson, Paul; Matia, Matthew; Vineyard,
Micheal; Monchek, Rafaela; Moncrief, Jane; NOC.FEMA; NOC.SWO.Restricted; FEMA-nrccps-ocia;
Osborne, Andrew; Peerbolte, Stacy; Pendergrass, Michael M; Pentagon J3; Pirrone, Joel; Rodriguez, Jose |;
RR-FCO; Sabata, Andrew; Shoemate, Justin; Singleton Sr, Jacques; FAA Significant Incident Response
Group; Soucie, Eric; Stewart, James M (LMD); Sullivan, Robert; Tribble, Ahsha; Zohn, Ashley; Behnke,
Matthew; Burkett, Ronald (OGA); Customs and Border Patrol (CBP); Villoch, Deborah; Jacques, Richard;
DHS - Office of Health Affairs (DHS-OHA); DOJ/ATF (ESF 13) ; Erickson, Somer; Hall, Carol (OGA); Hylton,
Roberto; FEMA-IGA; Kahley, Matthew (OGA); Kimzey, Samuel; Kimzey, Samuel (OGA); Kooper, Ronald
LCDR; Hatley, Thomas (OGA); Maclntyre, Anthony (OGA); Macintyre, Anthony; NOAA-LNO; FEMA-PSR;
Special Advisor for National Tribal Affairs; Tamillow, Michael; Sholas, Mac (OGA); Irwin, William (OGA);
USNORTHCOM (for FEMA Logistics) ; Valcourt, Kenneth (OGA); White, Gregory (OGA); Albright, Thomas;
Amparo, Alex; Anderson, Lars; Apodaca, Michael; Asst Secretary for DOE; Balint, Thomas; Biasco, Lon;
Blanchard-Mbangah, Shauna M; Breslin, Thomas; Bresnahan, Michael; Brewster, Jared; Buras, Ryan;
Burgess, Steven; Camp, Gwen; Campbell, Pauline; Carleton, John; Carlyle, Robert; Coen Jr, Michael; Dorko,
Jeffrey; Dozor, Joshua; Dunn-Alexander, Roslyn; ESF-06-MASS-CARE; Eswood, Louis; FEMA-LRC-Chief;
FEMA-NWC-NCR-Watch; FEMA-R8-RRCC-DIRECTOR; FEMA-Recovery-Reports; Fields, Kathy; Fox, Kathleen;
Fugate, Craig; Gammon, Carla; Geiger, Paul; George, Michael S; Gillis, Carmeyia; Gonzalez, Waddy;
Gorman, Chad; Gray, Patricia; Green, Matthew; Grimm, Michael; Gruber, Corey; Hart, Patrick; HQ-OEA
Directors; Rabin, John; Jones, Berl; Jones, Julius M. Jr; Juskie, John; Kaufman, David; Keldsen, Donald;
Kieserman. Brad: Kish. James: Kittrie. Zacharv: Koziol. Lauralee: Laninski. Michael: Lewis. Leviticus: Liggett.




SAMPLE PAGER ALERT RECIPIENTS

The World Bank B sem g— ChiNe‘:\t’I Urban Search & Recue

IBRD & IDA: Working for a World F mSC na's earthquake emergency rescue center

Nexico Civil Protection
= NUSAID | [ it P ocreccion oo
Geoscience Australia .

j FROM THE AMERICAN PEOPLE Be the cf MEXICO

AP Associated Press
IDB “PI com [P ) DT —

Inter-Amencan 100 YEARS OF JOURNALISTIC EXCELLENCE R I Research ll]\[l[LlLL

% \Develop. Bank .
""" ¢ REUTERS

Coordination System Aid Agencies/NGO International

GeoHazARDS (é)lmeamnomm

A Nooprafit, Warking, Towasd, Global Earthquake, Safaty

: S.SJ\M\‘M/- State & Federal Government

v CALIFORNIA EMERGENCY
MANAGEMENT AGENCY

U.S. Pacific .
Command ) Office of Science and Technology Policy




Example PAGER users: Inter-American Development Bank
Disaster Contingency Loans

Example of PAGER - USGS Report

Basic data of the %!JSE§
Shacking: date and M 8.8, OFFSHORE MAULE, CHILE

ER
Pk bpepmiv i e Yersion - . .
fime, location and [ e S AT ba . . “Sﬂg;g??\/ll\l\//lll Earth qua ke Covera ge:
depth B ] ¢ [ T o Tem | 0 [ © -
A Livivamntla akia=l]l avaeeamwla
A hypothetical example

.

e | T |
A | g

Poputaton Exposure mThe Coverage Index (Cl) calculation:

[ 5 [ ® ]

CI = (Total Affected Population — MiAP ) *100

Estimates the dou R R .
people exposed to : ; _}3 (i =aitnss)
a given shacking
intensity in every 4 e ( mTotal Affected Population: 322.000

point. ’ = ShakingMao) BMAP (5% of Country Population) = 5%*[10.000.000] = 500.000

BMIAP (2% of Country Population) = 2%*[10.000.000] = 200.000

Cl = (322.000 — 200.000) * 100 =41%

(500.000 —200.000)

mEvent Intensity and Exposure definitiong

The Event has to register a VIl (or highe
Modified Mercalli Intensity Scale - MMI),
country population inside the General Co

The Contingent Loan provides coverage for up to US$100M. Therefore, an event
with a Cl of 68% would be eligible for a pay out of up to 41US$M.

Est. Modified

Perceived Shaking
Mercalli Intensity

Extreme
Violent Heavy V. Heavy
Severe Moderate/Heavy Heavy

Very Strong Moderate Moderate/Heavy

Strong Light Moderate
Moderate V. Light Light
Light None None
Weak None None

Not Felt None None

Courtesy of
J. Martinez, IDB




[ veathe | EARTHQUAKE INFORMATION

EARTHQUAKE
MAY 12, 2015 07:05 UTC
Magnitude: 7.3

Depth: 18.5 KM

Region: 22KM
SE OF ZHAM, CHINA

Pedram Javaheri
@JavaheriCNN

=*USAID

N ';;'o FROM THE AMERICAN PEOPLE




USGS PA Syste

(Prompt Assessment of Global
Earthquakes for Response)

Estimated Fatalities

T
100

1,
Fatalities

Wenchuan, China
Mw 7.9. 2008
87,000 Fatalities
(~20,000 killed by
landslides)

([CG]* usGS PAGER

USAID

ZUSGS

science for a changing world Shaking FROM THE AMERICAN PEOPLE
. f |

M 7.9, Wenchuan, China ARSS|-i- PAGER

Origin Time: Mon 2008-05-12 06:28:01 UTC (13:21:28 local) :

Location: 30.99°N 103.36 °E Depth: 19 km Version 1

FOR TSUNAMI INFORMATION, SEE: tsunami.gov Created: 236 weeks, 0 days after earthquake

Red alert for shaking-related fatalities H H
and economic losses. High casualties Estimated Economic Losses

and extensive damage are probable
and the disaster is likely widespread.

43% Past red alerts have required a national ™
26% 269  OF international response. . 349
2 4%

Estimated Fatalities

100 10,000 Estimated economic losses are 0-3% GDP

A 100 10,000
100,000 of China. 10

100,000

1, ) 1,000
Fatalities USD (Millions)

Estimated Population Exposed to Earthquake Shaking:
B hOSiRe wooo | - | 5743k |54,620k'] 15,649K* | 10,532k 3,909k 1,040k 255k

ERGALLIINTENSITY I -y v Vv Vi Vil Vil
PERCEIVED SHAKING Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme

Resistant
POTENTIAL | Structures

DAMAGE Vulnerable
Structures
*Estimated exposure only includes population within the map area

Population Exposure

none none none V. Light Light Moderate Moderate/Heavy Heavy V. Heavy

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

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

N 3 2 k g vz T structures exist. The predominant vulnerable
Dazhasi e T 2 . s N building types are unreinforced brick masonry
] - Zhangjiahe -~ | and reinforced concrete frame construction.
udongzi T

-T\élcu-Sha_r}_gde\\E‘

€ - Historical Earthquakes (with MMI levels):
j?fi”.gi i Date Dist. Mag. Max Shaking
.zoas&i\ﬂii”g" whe (UTC) (km) MMI(#) Deaths|
W 3 1981-01-23 215 6.5
1974-05-10 317 6.8

Luhua : 5 X
agii - Selergu i = = PR Recent earthquakes in this area have caused
i v AT Jia_‘nréy,o ) secondary hazards such as landslides that

ey 3 A

3 _gFengyi Yongchang might have contributed to losses.
 Jinchuan : ,Zaguna.OWe\zhouf /3
N 7 F%

Meixing

o T 4 2h . N MMI City Population|

Selected City Exposure

from GeoNames.org

VIII' Magong <1K|
VIl Bangiao <1K|
VIl Weizhou <1K
VIl Jiannan <1K|
VIl Qiaozhuang <1K
VI Chengdu 3,950k
IV Zigong 690Kk|
IV Nanchong 7,150K|
S ! ; IV Neijiang 547k
ol S : 3 NI : Sy IV Chongging 3,967K

_ £ 2 1X] e R S O\ = LRl
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 usgs.gov/pag Event ID: us200805120628

bold cities appear on map (k = x1000)




USGS Peak Accel. Map (in %g) : Wenchuan, China
MAY 12 2008 06:28:01 AM GMT M 7.9 N30.99 E103.36 Depth: 19.0km 1D:200805120628

34° \\ 4\.‘ :‘\ B o - k 'b:\/()“\\‘..n Vsl
O R TR ~ Nt AR
Wenchuan, SRR+ ~ e
China, 2008 W Landslides
Mw 7.9 (>180,000)
courtesy of Dai
et al. (2011)
Intensity
Observation .. |
LOERGER
Strong
A Motion Wenchuan
Station Mw 7.9. 2008
20,000.killed by slides
Fault | -
location

102°
Map Version 1 Processed S

PEAK ACC.(%g) | <0.05 | O.
INSTRUMENTAL | -
NSITY

INTE!
Scale based upon Worden et al.




Landslide M7.9 May 12 2008 Liquefaction

Probability EASTERN SICHUAN, CHINA Probability
20% 3N e O SN T VAN et 20%
NRLE S RGN ¥ N
V. High RTINS P V. High
IS VA 7 -
15% ; B et %

High

10%

=
Medium - |Medium
5% 15%
Low Low
2% — 2%

v 'ra "') « - \ X »
X7 Al 2, il % Ji
%andsllde Area 15,617 km* Liquefaction Area 39 km*
# of cells 181,730 # of cells 1,563
Maximum probability 100.0% Maximum probability 6.9%
Mean probability 11.7% Mean probability 1.7%
Minimum slope 5.0° Maximum slope 5.0°




Landslides & Liquefaction: ShakeCast Implementation

1.

/Requires:

USGS provide & distributed
landslide & liquefaction likelihoods
in ShakeMap-like grid (geogrd.xml).

ShakeCast retrieves geogrd.xml to
provide users with site-specific

likelihoods in categories for facility
evaluation.

Probability
20%

M6.6 Jan 17 1994 Liquefaction
Northridge, California Probability

20%
V. High V. High

15% 15%

High High

10% | 110%

Medium

5% 5%

Low Low

25N
2% —

111111111111111

/Requires:

1. User has higher resolution/quality
geotechnical information, e.g.,
susceptibility maps (separate
landslide & liquefaction maps).

2. Look up tables for peak motion -

likelihood Ievels (Iow medlum high,




USGS Peak Accel. Map (in %g) : Northridge, California
JAN 17 1994 12:30:55 AM GMT M 6.6 N34.21 W118.55 Depth: 19.0km 1D:199401171230

Northridge, 3

California,
1994 Mw 6.7

345

Intensity
Observation

Fault
location

Landslides (Harp
& Jibson, 1996)

33.5°

-119° -118°
Map Version 1 Processed Thu Nov 29, 2012 05:20:46 PM MST

PEAK ACC.(%g) | <0.05 0.3 2.8 6.2 12
INSTRUMENTAL | | [ lI=lll | IV v VI

le based upon Worden et al. (2011)



Candidate Explanatory Variables (Logistic Regression)

Landsliding

Susceptibility
Slope (from Topog.)

Slope

Liquefaction

Susceptibility
Soil Strength (Vs30)

Mapped area
[ Uiquefaction | ©
Vs30, m/s

[ 240- 300
[ 300- 360
[ 360 - 490
[ 490 - 620
I 620 - 760
N >= 760

Susceptibility
[Lithology, Geology]

Geology

102° 103° lo4° 105

Susceptibility
“CTI or Wetness Index”

Mapped area
Liquefaction
| CTiI(30c)

Triggering Input
ShakeMap (PGA)

33

103" . 105

[A. Nowicki et al. (2014)]

Triggering Input
(PGA)

[J. Zhu et al. (2014)]



28°0'0"N

Nepal Mainshock & Aftershock Modeled Landslide Density

85°0'0"E 86°0'0"E

c’

I 1
#ﬂ 0.04 Y 812

modeled landslide density
SN A

¥ 5 xkm? movingwindow average

i depth (m) 4

& g 7 Volume (m3)/ . 39%70
ﬁ Mw 7.8 mainshock epicenter H

Z ; e

Mw 7.3 aﬂersnock epicenter. Hpg

©  Kathmandu |

’ April 25,2015 Mw 7.8 mainshock \j medeted andsiide density per

) ‘ ﬁ Mw. i;q ‘mainshock epicenter

- ﬁ Mw 7.3 aftershock epicenter 1

85°0'0"E 86°0'0"E

A DSt 700 W N Y /A S Sl U 2

LB f'”!":; ; , - .
May 12,2015 Mw 7.3 aftershock Y| med ersie densiv —
modeled landslide density ~ Jif ess e |

7 G ) S ;‘! ﬁ Mw. 7? mainshock epicenter

? ; 8 b et N ﬁ Mw 7.3}a’nershock eplcérﬁer i

| @ 'Kathmandu
— Rivers| ——-|Nepal Boarder §

\C(, - E‘ . l

N9 5Kkm? movingwindow average
£ derth (m), 225

%~ May 12,2015

7 \olume (m?) 18182/
Mw 7.8 mainshock epizﬁenler i
Mw 7.3 afterstiotk epicenter. f
@ Kathmandt |\
| — Rivers//—-— Nepal Boarder ||
{ f
—7 ——

86°0'0"E

Sean Gallen (Univ. Mich & ETH Zurich)



2 USGS

science for a changing world

'[G]* usGS Pager products Q)

Topographic Slope as a Proxy for Selsmlc
Site-Conditians LIS — -

Around the %USGS

science for a changing world

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 b USGS
National Earthquake Information Center, ,‘4

science for a changing world

INTRODUCTION

Creating a Global Residential Building Inventory for
Earthquake Loss Assessment and Risk
Management

ity hypocenters while others contai.

age zeports. Hercin we cxamine publish] -
creace PAGER-CAT, 2 composite global By Kishor Jaiswal and David J. Wald ;Ié USGS

36° science for a changing world

Open-File Report

Quantifying and Qualifying USGS ShakeMap Uncertainty

version of lhc catalog is mmpcmc of me By David J. Wald, Kuo-Wan Lin, and Vincent Quitoriano
which detailed event information can iy

U.S. Department of the Int§
U.S. Geological Survey

136 138

with emphasis on carthquakes sinc
The casalog wss compled forclibag

USGS PGA/Sigma Map (in %g) : Northridge, CA
Mon Jan 17, 1994 12:30:55 GMT M 6.7 N34.16 W118.56 Depth: 19.0km 1D:199401171230

Open-File Report 2008—1236

vides estimates of the number of people
ies exposed to severe shaking following s
2()0'4 Wald ez al 2008)

laIcrn

U.S. Department of the Interior
U.S. Geological Survey

1.25
Open-File Report 2008-1160

= USGS

e :
science fora changing world U.S. Department of the Interior 0.98
U.S. Geological Survey 335 - o Bl 0.96

0 50 ﬁ

[GRADE: A (Mean sigma: 0.903)] — M= 601 B =




ShakeCast

United States akeCast Report

Nuclear Regulatory Commiss ational Earthquake nformation Cnter (NEK)
Magnitude 5.8 - VIRGINIA
Origin Time: 2011-08-23 17:51:04 GMT
Latitude: 37.9360 Longitude: -77.9330

Version 8
Created: 2013-09-09 18:47:24 GMT
Depth: 6.0 km

These results are from an automated system and users should consider the preliminary nature of this information when
making decisions relating to public safety. ShakeCast results are often updated as addifional or more accurate earthquake
information is reported or derived.

Lancaster

umbus g Zanesville

Philadelphia &
AL / s
Lancaster 4
f« adlew Jersey

Marietta

Atlantic City
Parkersburg ot

USGS Community Internet Intensity Map
VIRGINIA

PAGER (Prompt Assessment of
Global Earthquakes for Response)

P2

M 5.8, VIRGINIA

Orange
Alert

Earthquake
Shaking

@

Origin Time: Tue 2011-08-23 17:51:04 UTC (13:51:04 local)

Location: 37.94°N 77.93°W Depth: 6 km

PAGER
Version 3

Created: 2 hours, 5 minutes after earthquake

ANSS e

Estimated Fatalities

ol

Orange alert level for economic losses
Significant damage is likely and the disaster is
potentially widespread. Estimated economic
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.

-:’:‘:F There is a low likelihood of casualties

Estimated Economic Losses

SD (uiions)

Estimated Population Exposed to Earthquake Shaking

ESTIMATED POPULATION o
EXPOSURE (k = x1000)

19k* [9,627k*| 2,285k 76k

23k

10k

ESTIMATED MODIFIED |
MERCALLI INTENSITY

-1 | v Vv Vi

Vil

Vil

.

PERCEIVED SHAKING Not felt

Weak Light |Moderate| Strong

Very Strong

Severe Violent | Extreme

Resistant
POTENTIAL l fone

none none V. Light Light

Moderate

Moderate/Heavy | Heavy | V.Heavy

DAMAGE l Vulnerable |

none none Light Moderate

Moderate/Heavy

Heavy V. Heavy | V. Heavy

Population Exposure

“Estimated exposure only includes population within the map area.

population per ~1 sq. km from Landscan

5 | 50 |

5000 10000

78,751

Aug 23 2011 01:51:04 PM local 37.936N 77.933W M5.8 Depth: 6 km ID:se082311a v‘yqu;xa
L L T Rcach

Tt

ovabeg |

I

1
|
< Indianapolis
Tt B o
/'CmClnmL N
L 4 4
Lexington

[ERYL AP St

Nashville

Not Exceeded
Not Exceeded
Not Exceeded
Not Exceeded
A

Not Exceeded

7 Raleigh
~wh 7 V TS Charlotte ),J
\ X /

SIE

: 0 5095
Montgome!

y
£ \Atlan{a ? o
\ i

7

4\)’/

[ORE0,

-79°

Map Version 6 Processed Wed Aug 24, 2011 08:50:09 AM MDT -- NOT REVIEWED BY HUMAN

37.25°N

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.

Selected City Exposure

from GeoNames.org

Gordonsville
Newington
Orange

Weber City
Lake Monticello
Virginia Beach
Washington
Richmond
Baltimore
Annapolis

Considers losses due to structural damage.
models may add uncertainty.

i
~J141811 responses in 8527 ZIP codes and 171 cities (Max CDI = VII)|200 km
= T
T

! PERCRINED  |Not felt| Weak | Light

Moderate|

Strong

Very strong Severe Violent | Extreme

T T
- = . = KING
85°'W 80°'W 75°'W 70°'W POTENTIAL | one | none | none

Very light

Light

Moderate fea

Heavy |Very Heavy|

INTENSITY | - | v v Vi Vil Vil PEAK ACC.(%g) | <.17 |.17-1.4| 1.4-3.9

3.9-9.2

9.2-18

18-34 34-65 65-124 >124

SHAKING |Not felt| Weak | Light (Moderate| Strong [Very strong| Severe Violent [ Extreme PEAK VEL.(cm/s)| <0.1 | 0.1-1.1] 1.1-3.4

3.4-8.1

8.1-16

16-31 31-60 60-116 >116

DAMAGE | none | none | none |Verylight | Light | Moderate Heavy | V. Heavy | - | v

INSTRUMENTAL
Moderate/Heavy INTENSITY !

\

Vi

Vil

bold cities appear on map (k =x1000)

Event ID: us082311a




ShakeCast PAGER (Prompt Assessment of
Global Earthquakes for Response)

Kuo-wan Lin Kishor Jaiswal
Daniel Slosky Mike Hearne
Vikki Appel Kristin Marano

“Did You Feel It?” ShakeMap

Vince Quitoriano Bruce Worden
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ShakeCast PAGER (Prompt Assessment of
Global Earthquakes for Response)

Landslide & Liquefaction Atlas 2.0

Cloud Services Recalibration (China)
National Databases (NBI, NID, HSIP) Semi-emp; Analytic Models

Stations@facility; Sub-country inventories
Owner/CSN//QuakeCatcher, etc. Non-shaking Losses
Use cases
Alert accuracy evaluation

“Did You Feel It?” ShakeMap

Scenario enhancements & standardization

Spatial Variability (esp. scenarios)

Site amplification improvements (empirical,
Vs30, numerical)

3D simulations

EEW cost/benefit (warning time probabilities)

Responsive/Mobile Web
Animation & Annual Maps

Intensity Prediction Equations
PSHA testing

Work in progress...




ShakeCast PAGER (Prompt Assessment of
Global Earthquakes for Response)

Thank You!

“Did You Feel It?” SHELGIYE]S)




