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What unexpected milestones were achieved ...

The vision that real-time earthquake monitoring was possible &
has a role in post-earthquake response and recovery

Loss estimation model results helped to guide the initial
response activities after the Northridge Earthquake

Geographic Information Systems (GIS) were critical in tracking
and measuring the recovery process

July 24, 2024 2



Caltech - USGS
Broadcast of

Earthquakes
(CUBE)

Rolled out in 1990 to
provide near real-time
information for emergency
response following
significant earthquakes in
southern California.
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EPEDAT - Early Post-Earthquake Damage
Assessment Tool

I el |

= At the time of the earthquake, only the data
and models that would eventually form the
basis of EPEDAT existed

= EQEHAZARD (Scawthorn) was used to
generate a Modified Mercalli Intensity (MMI)
map approximately 10 hours after the
earthquake

*= Human impacts estimated, 4 days after the
earthquake):

= No. of deaths estimated: 40-430 (Actual -
57)

= No. of injuries estimated: 1,590-54,340
(Actual-11,846)

= No. of displaced persons estimated: 6,490-
19,400 (Actual - 24,000)
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EPEDAT - Early Post-Earthquake Damage
Assessment Tool

= Used by CA OES to define regional
scope of the disaster during the
critical 24-48 hours after the event

= |nstrumental in approximating the
locations of heaviest damage

= Used in briefing state agency
executives, including the Governor

= Used in making decisions regarding
shelter needs

= “Fast-tracking” the federal Disaster
Housing Assistance Program
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EPEDAT - Early Post-Earthquake Damage
Assessment Tool

= Atotal dollar loss estimate of $15B to |

$17B, generated within 24 hours of the
earthquake, served as the basis for
negotiation of a supplemental
appropriation from Congress

= This total was further refined based on
field reconnaissance to $15B to $30B

= A more comprehensive assessment of
direct economic losses compiled three
years after the event suggested that
losses could be as high as $40B
(Eguchi, et al., 1998, Spectra)
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EPEDAT - Early Post-Earthquake Damage
Assessment Tool

= EPEDAT and its use during the Northridge
Earthquake paved the way to a series of
important developments, including:

=  Arecognition that network/sensor (e.g., CUBE)
driven loss estimates can provide timely and
accurate information for response and recovery

» |nvestmentsin a National Standardized Loss
Estimation Methodology, namely HAZUS

= Tools that allow a regional assessment of
mitigation priorities, OES/RAMP

= Afuture role for loss estimation models to
explore different rebuilding strategies after large
disasters, following the PEPPER model (Pre-
Earthquake Planning for Post-Earthquake
Rebuilding, Spangle, 1986)
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EPEDAT - Early Post-Earthquake Damage
Assessment Tool

= Key Players in the development of EPEDAT |

= Hope Seligson
= Jim Goltz

= Charlie Huyck
= Neil Blais

= Tom Heaton

= Paul Flores

= Ed Bortugno

= Ken Campbell

= Charlie Scawthorn
= Dick Andrews

= Ron Eguchi
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Table 3-3c
Number of Wood Frame Buildings in Los Angeles County Assessor's Database
by Intensity, Vintage, Use, and Square Feet

_ Soll Sites
VI Vil U [ 3 =N
General 1600 1600 1600- | 1600- 1600-
Year Bullt Use <1600 | 2500 | ~2500 | Mea | <1500 | 2500 | ~2500 | wes | <1600 | 2500 | »2s00 | mea | <1800 | 2500 | sxS00 | mea | swe00 | 2500 | »2500 | A (Total
Pre 1941 and Mull [Mon Res 4467 4,924 1.136] EE | CIE EEEEE|
MutiFamily | 18.472] 3031 1889 18,713| see8| o944 2805 1275 1967 | = sl 3 o7ed] 1em| 2@ 7,161
SingleFamiy | 20.732| 10418 6355 sgaee| 20810) 14,01 35 657 2308 | 4| = 3asea| 5616 140 274,198
1541-150 bian Res asral 1 238 | 1,225 3, 10,53
Kbuli-Family . 2328) 2350 1, . . a48| 10|
Single-Family
Maon Res .
suriFamity | 6713 zo61] 4437 1776 ol 4T Tis|  aus|  zerl | w = R soeel 1643 2830 33,224|
Singe-Family | s2002| 24271 4428 19387 7888 2545 43313 19005| 2.458| 368s| 2514 I 138,721| 32,863 2,448] ¥, 108
19611976 |Mon Fies 2.748] 1643 1,027 Y 3, 8788
suniFamiy | 2492 154] 7mg 828 43| 5518 265 158 asm | 1 NIET o244 158 eam 33,271
Sirghe-Family | 13.384] 18481] 4507 BOSE| 7342 Bo83| 18517 so08a 0| 13| e aree2] 31.970] 4,404 159,075

Maon Fes
Mutti-Family
Sirgle-Family

6645 ael ™7

Total 285871 103,267 «7.243] 17, M98 SEM| S430

Single-Family Inciudes Modular Dwellings. SFD Does Mot Include Condominiums, Condominium Conversions, or Mobile Homes.
Multi-Family Includes Condominiums (Use Code 01*C), and Condominium Conversions (U'se Code 01*E).
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Table 4-2; Building and

Red Wallow Unknown Red ellow Green | Unknown eflow Green | Unknown
Agoura Hills [ 1 20 0 0 3 (] (] 0 5 65
Alharbra 3 4 148 0 1 14 5 2 3 g 84
Arcadia 0 []] 29 1] ]| [i] ] 1] 0 [1] 5
Azusa - - - - - - 3] i 0 i
Ballfiower - - - - - - 3 0 0 10|
Beverly Hills 21 53 345 9 7 78 1 3 26 41
|Burbarik 3 T 102 1] 0 5 0 33 80 H86 245/
Calabasas - - - - - - 4 NS L] 12
Commerce - - - = - - 1 0 0 =
Compton 1] ] 1 ]| ] 0 1 0 0 [1] 5
Culver City 15 12 581 12] 3 1 A5 ] 0 0 13
Downey - 3 - . - o 0 2 ]| ] 0 1 0
Glendale 2341 17] 9 589 14 2 54 53] & 2 720 419
Hermosa Beach 15 o 0 1 0 0 ¥ 0 0 0 1
Hidden Hils 94 1 47 [:] - - 0 2 Q 0
Huntingtan Park g - - - . - - - [
|Inglewnod 58 - - - - - - - 56
La CanadalFlntridge 2| - - . : = . - 39
LA Caunty 548 28 [ D 18 18 58| 0 2 ) 0
La Habra Heights 4 [} i 0 - - - - - |
|La Mirada 23 o 4] 15 0} 0 1] ki 0 [1] 0 3
Lakewood 25 0 4] 13 - - - - -
Los Angeles 85337 1,604 7,715 2 445 1,105 4,738 ] ] 2 4 4
Manhattan Beach 300 - - - - - - 5 254 26 15
Maywood 4 = - = = - - 0 0 0 4
Montsbello | - - - - - - D 0 0 g
Morwalk 7| - - - - - - (] 0 i 7
Pararmount L o 0 3 - - - 0 1] 3
Pasadena 260 5 13 B8 5 3 15 45 1 1 ] 2
San Fernando 1,603 27 117 0 12 28 101 1] 108 1 25 [§]
San Marino 8 O 4] 3 [ 1 [1] [¥] - -
Santa Clarita E] 184 137 38| kT 72 7 E] 5 T 2
Santa Maonica &7 239 4 29) 57 110 2 1 20 98 12
Seuth Gate 0} 4] 1 1 1 2 2 1 0 8 2
South Fasadena - 1 - - - - - 0 [ 0 4
Torrance o/ ] o | ] 0 2 1] 0 0 2 Rl
'Brnon - - - 2 1 T [1] 0 0 1 1]
\West Haollywood a 203 0 1 5] 2 - -
WWhitter [} 1 6 1 4 18 1 1 7 0
Tatal LA County __1878] 8485 2,687 586 1,267 5,645 248 T43 721 1,675
Total Residential 82,043 |Total Commercialindustrial 7,644 53132
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Table 4-Tc
Number of Wood Frame Buildings in Damage Database
by Intensity, Vintage, Use, and Square Feet

Soll Sites _
Vi Wil X <V
Ganeral 1500 LR 1600 AEH- 1600
Year Bullt Use <1600 | 2500 | =2%00 | M | <1800 | 2500 | =2500| eats | <1600 | 2500 | »2500 | s | <1600 | 2500 | >2500 | MeA | <1600 | 2500 [ »2400 | WA [Total
[Pre 19441 and Hull  [Mon Res i2 1 24| 41 M52 he o R 1 F 2 4 F] a26
Multi-Famiy 27| e8| aenl 1008) 4%)| 178a| 7] 3| 3| 4me f = 4 1 4 8 s.201|

5
Multi Family 23| 8| sael a] se| el ve] 8| 17 s_zl vaml 7 BEE: 5 F1
— |omgleFamay| 1z3] e8| n Baal  410| 61 7.443] 420  amal 1| 1281] 1008 1%e 13 1 16,178
1981-1976 Hon Res 2| 14 7 56 13 al 24 2
o w8 am 1
105

3 :
[ Wulti-Famity EE sor|  1ss]  Gae e 1ooo| amal 108 | =7 m| 14 8 z B[ 4,376)

singleFamiy| 11|  m| &8 03| 0@ 12 40| 1.818] 1,790 1| 25 128 194 1 | 4,733
Total 2,205 ean| 1,003 7800 4448 6337 45] 18,5% _1-1,3-:2 10,470 26] 1aesl 1916 1216 L] 13 41 71,234

Single-Family Includes Modular Dwellings. SFD Does Mot Include Condominiums, Condominium Conversions, or Mobile Homes.
Multi-Famity Includes Condominiurms (Uise Code 01°C), and Condominium Conversions (Use Code 01°E).
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Table 4-16¢

Number of Buildings in Damage Ranges --
Single-Family Wood Frame Dwellings
by Intensity, Vintage, and Square Foot Range

July 24, 2024

469 1,281

Soil Sites
Vi VI Vil X <V
Damage 1600- 1600- 1600- 1600- 1600-
Year Built Range | <1800 | 2500 | »2%00 | <1600 | 2500 | 2500 | <1600 | 2500 | =2500 | <1600 | 2500 | =2500 | <1600 | 2500 | 2500 JTotal
Pre 1941 and Null | .05-3 39 7 I I T 2 1 1 295
3125 143 58 7l wel 3] ma] mzl 140 B 3 2 i m
12535 23 53 13| 5w a4m7| 241) ss6| 218 65| is 10 1 2,
3575 258 42 e e1| sva| 1ed] ame| 183 ] | 10 1 2 2,234
7.5-20 287 a7 1086 282] 27| es| ime] a0] 48 11 3 1 2
i 2065 43 3 213] 28] o) 27| =8| 1of 28 4 1 77,
— 85-100 g so| 8 4] 1oa] 20| 1of 4 3 2
NiA 432 o8] 14| e23] 3ss| 26| e19] 78] 3] s 2 11 1 2,
Total 1443 295 45| 3634 1912( 23] ad4ee| sm7| s08) 135] w4 18 2 13,251
19411960 05-3 7 4 | s e s| 73] w12 2 - i
3135 44 1" 151 BB M| 45 143 3 24 8 2 1 957
12535 R | 12|  es| 4] BT 239 ] g 4 1,31
3575 32| 10 e 40 60| =207 4] 4| 7] ¢ 1,158]
7.5-20 1B 1 124) 28 739 19 47 10 1,209
20-65 1 5 5 1 156 34 1 14 3 2 1
65-100 1 3 21 ] 3 2 38
L A 18] 40 96| 100 778, 1m0l x| = 5 8 2 1,500
Total 265 7 5 936 363 92] 3483 1,008 21 18_3 61 21 10 2 6,71
1951-1960 05-3 5 B 420 = 195 109 I RE
A1.25 190 18| 8| 137 @ 1ol 1004 sdn| 7o) 1ss| 45| 18] 2 2358
- ~ |esas 15| 18 a| sz 77] 3] 143 sos| 104 2es| 252 2] 9 3,280
3575 10 3 10| S0 2| 1382 oz8| o] ams| zma|  a4] 3121
| 7.5-20 7 3 108 28 1777 soz| @2 3e3) 2rof  se] 1 3,467
20-65 2 7 1 az| 52|  24] me|  45] 18]
£5-100 5 3 20 = o 1 10 4 10
A es| 4 7| ze3| 13| s 133] ses|  as| 18] e7] 13] s 1 2756
Total 123 95 ) 21 B4 410 B1] 7444 4201 1,068 15 13 1 16,175
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Figure 6-7:

Sq. Footage
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Plot of Damage Factors In Terms of Percent Replacement Cost as a
Function of Peak Ground Acceleration, Square Footage and Year of
Construction
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GIS Applications....

= EQE & OES/GIS groups contributed to
the following response activities after
the Northridge Earthquake:

= Summarizing seismotectonic and ground
motion data

= Collection of building inventory data

= Collection of building damage data

= (Generating building damage trend curves
= Estimating direct capital losses

= Analyzing Individual Assistance data

= Analyzing shelter data

= Producing GIS maps for public and executive
use

https://www.imagecatinc.com/reference/NR_
EQ_Report_Part_A.pdf
https://www.imagecatinc.com/reference/NR_
EQ_Report_Part_B.pdf

rte@imagecatinc.com

July 24, 2024
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Southern California Seismic Network
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Southern California Seismic Network: Caltechy
USGS Element of TriNet 1997-2001

Egill Hauksson, Patrick Small, Katrin Hafner, Robert Busby, Robert
Clayton, James Goltz, Tom Heaton, Kate Hutton, Hiroo Kanamori,

Jascha Polet

Seismological Laboratory, California Institute of Technology

2002

Doug G_nven Lucile M. Jones, and David Wald

Survey, P;

INTRODUCTION

T'he California Institute of Technology (Caltech), the United
States Geological Survey (USGS), and the California Depart-
ment of Conservation, Division of Mines and Geology
(CDMG)
modern seismic informarion system r;u southern California.
TriNet consists of two elements, the Caltech-USGS element
and the CDMG element (Mori ez al, 1998). The Caltech
USGS element (Caltech-USGS T xN

are completing the implementation of TriNet, a

neering users ‘H\\lksson ¢ al,, 2002).
es are working 2 g
long-term m
coopera ich other I development
of Caltech-USGS TriNet is summ ndy different from the
CDMG element of TriNet to warrant a separate description

ake hazards in

This paper provides a technical overview of the design

data. Real-time communication is a requirement to facilitaze
rapid processing and notificati yut seismicity for emer.
) . The data acquisition systems are
designed to ensure redundancy and automated pr ocessing of
data. To accomplish automation, high-speed computers and
advanced software form the inner workings of the Caltech-
USGS TriNet system. Adopring the commercial database
Oracle is an important foundation of our data management
system. The automated flow of dara into an accessible data
center and th omaric population of the database is part of
our new e nd is an essential feature of
Caltech-USGS TriNet. The TriNet real-time systems and
database have been operating online for more than two years,
processing real-time data currently from more than 375 s
tions, or more than
in ()u 1999 M,

& Now postpkocsing and catalp

Many of these ca
Hector Mine card
generation approaches have also been implemented in 2001

Caltech-USGS TriNet is one of the first U.S. regiond

119° 118° 117° 116° 115°

TERRAscope

Caltech's TERRAscope project] began in 1988 and initially had

, ISA,
and SVD) in southern California. TERRAscope's goals were to
provide high-quality broadband\ data needed\ for significanﬁ
advances in both regional & global seismolog% & to replace\ the
old Caltech seismographic network, which dated\ back to the
1920s. Data\ were\ available\ within 30 minutes after a regional

The Caltech-USGS element concentrated on| rapid notification
& archiving\ of data\ for seismological applications with short-
period & broadband\ seismic stations, while the\ CDMG
focused on engineering uses with strong-motion instruments.
The goal was to record small & large earthquakes on scale|,




The Slip History of the 1994 Northridge, California, Earthquake Determined L Ground

from Strong-Motion, Teleseismic, GPS, and Leveling Data | Acceleration
i

by David J. Wald, Thomas H. Heaton,* and K. W. Hudnut
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Figure 16.  Time progression of the combined rup-
ture model given at intervals of 1 sec as labeled. The

10 2 d
DISTANCE (KM) contour interval is 0.5 m.

The Slip History of the 1994 Northridge, California, Earthquake Determined
from Strong-Motion, Teleseismic, GPS, and Leveling Data
by David J. Wald, Thomas H. Heaton,* and K. W. Hudnut
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Wald et al. (1999) Earthquake Spectra, SRL

Wald et al. (1999) Earthquake Spectra




Mailing Lists — up 'till 2006




Earthquake Notification Service (ENS)




ShakeMap: Intensity

ShakeMap: Acceleration

Instrumental Intensity Scale

Wald et al., 1999, Earthquake Spectra

1994 Northridge Earthquake
Magnitude 6.7
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ShakeMap: Intensity

1994 Northridge Earthquake
Magnitude 6.7

ShakeMap: Acceleration
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2 USGS USGS Earthquake Information System

Pre- Earthquake Earthquake Post-Earthquake

PSHA Scenarios EEW Mag/Loc ShakeMap PAGER  Ground Failure OAF

Magnitude
& Location

DYFI?  ShakeCast  Finite Fault  2PAGER

Earthquake
Notificatio
n Service

“Did You Feel It?”

ShakeMap

ShakeCast

Ground Failure










NEAR-REAL-TIME EARTHQUAKE PRODUCTS %USGS

science for a changing world

The Evolving ShakeMap-based Product Suite

Multiperiod ShakeMap

Q,

ShakeMap Sampling Tool

) *

*
*

Composite ShakeMap

ENS Shaking Notifications
2024

26

PAGER — Prompt Assessment for Global BEarthquake Response
PAGER Summary Alerts (Sep 2010 to Mar 2019: 5,136 Alerts)
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1964 M9.2 ShakeMap Atlas V4.0 — Over 14,000 ShakeMaps for Historical Earthquakes 1923 M8.1
(1900 — 2022)

v

1906 M7.8

1960 M5.8 2015 M7.8 3

2010 M8.8
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PAGER Empirical Fatality Model Ingredients

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

Fatality Rate (Intensity)

POPULATION(t)

3. PAGER-CAT
(fatalities & $
losses)

twoPAGER




What is ShakeCast?

Open-source USGS software.

Automates ShakeMap retrieval &
comparison of shaking levels with
unique facility fragilities.

Generates web pages & hierarchical

lists & maps of likely impacted
facilities (see right 2).

Sends notifications to specified
personnel/responders.

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




Sampling of Critical ShakeCast Users

I =
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Emergency Management
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OF LATTER-DAY SAINTS

NEAR-REAL-TIME EARTHQUAKE PRODUCTS

PAGER-related: Loss updating — INSAR change detection & recovering building-specific losses

M 6.8 - Al Haouz, Morocco (September 2023)
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NEAR-REAL-TIME EARTHQUAKE PRODUCTS gUSGS

science for a changing world

Earthquake Notification Service 2.0 (ENS2)
* Over 600,000 recipients globally (text & email earthquake notifications)
* PAGER alert-based notifications added (user-selected)

* ShakeMap — shaking-based alerts for points of interest (POls)

- Casual ShakeMap users can use the web pages, critical users use ShakeCast, &
those who need simple notifications when shaking occurs at a site will be able to
use ENS2 (grandma’s house; facility, office, etc.)
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Links & Resources

ENS
Earthquake Notification Service (usgs.gov)

ShakeMap Manual
ShakeMap 4 Manual — ShakeMap Documentation
documentation (usgs.github.io)

Composite ShakeMap Software
composite-sm - GitLab (usgs.gov) & composite-atlas

ShakeCast Software
ShakeCast GitLab Wiki (usgs.gov)

ShakeMap Communications and Newsletter
U.S. Geological Survey - Near Real Time Products
(govdelivery.com)

David Wald — wald@usgs.gov
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Episode 5: Legacies of the Northridge Earthquake
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August 28, 12-1pm | Register Now: EarthquakeCountry.org/northridge30-webinars

Laurie Johnson, Principal, Laurie Johnson Consulting | Research
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https://earthquake.usgs.gov/ens/
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