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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
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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

▪ 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

▪ Instrumental 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 

▪ A total 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:

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

▪ Investments in a National Standardized Loss 
Estimation Methodology, namely HAZUS

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

▪ A future 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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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
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David Wald, Ph.D.

Coordinator 
Real-time Earthquake Information Products

Golden, Colorado
wald@usgs.gov

For K. Allstadt, M. Hearne, K. Jaiswal, K. Lin, 
K. Marano, E. Thompson, B. Worden, & others!

July 24, 2024 USGS National Earthquake 
Information Center (NEIC)
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1993
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TERRAscope
Caltech's TERRAscope project began in 1988 and initially had
six very broadband seismic stations (PAS, GSC, PFO, SBC, ISA,
and SVD) in southern California. TERRAscope's goals were to
provide high-quality broadband data needed for significant
advances in both regional & global seismology & to replace the
old Caltech seismographic network, which dated back to the
1920s. Data were available within 30 minutes after a regional
event and several hours after a global earthquakes.

TriNET
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.

2002
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Ground 
Acceleration

Ground 
Velocity

1995
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1995
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1999

Wald et al. (1999) Earthquake Spectra, SRL

ShakeMap

"Did You Feel It?"

PGM Intensity
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1999

Wald et al. (1999) Earthquake Spectra
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Mailing Lists – up 'till 2006
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Earthquake Notification Service (ENS)

ENS - 2006
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Magnitude 6.7 1994 Northridge, CA
"Did You Feel It?" Intensities
(>13,000 entries since 1999)
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1994 Northridge Earthquake
Magnitude 6.7

ShakeMap: AccelerationShakeMap: Intensity

Wald et al., 1999, Earthquake SpectraInstrumental Intensity Scale
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1994 Northridge Earthquake
Magnitude 6.7

ShakeMap: AccelerationShakeMap: Intensity
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Ground Failure

M 5.8, VIRGINIA
Origin Time: Tue 2011-08-23 17:51:04 UTC (13:51:04 local)
Location: 37.94oN 77.93oW Depth: 6 km

PAGER
Version 1

Estimated Fatalities Estimated Economic Losses
Created: 2 hours, 5 minutes after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* 19k* 9,627k* 2,285k 76k 23k 10k 0 0
ESTIMATED MODIFIED
MERCALLI INTENSITY

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

POTENTIAL
DAMAGE

Resistant
Structures
Vulnerable
Structures

none

none

none

none

none

none

V. Light

Light

Light

Moderate

Moderate

Moderate/Heavy

Moderate/Heavy

Heavy

Heavy

V. Heavy

V. Heavy

V. Heavy
*Estimated exposure only includes population within the map area.

Population Exposure population per ~1 sq. km from Landscan

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.
There is a low likelihood of casualties.

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.

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: us082311a

Selected City Exposure
from GeoNames.org

MMI City Population
VII Louisa 2k
VI Gordonsville 2k
VI Newington 21k
VI Orange 4k
VI Weber City 1k
VI Lake Monticello 10k
V Virginia Beach 425k
V Washington 552k
IV Richmond 191k
IV Baltimore 611k
IV Annapolis 36k

bold cities appear on map (k = x1000)

PAGER

ShakeCast

ShakeMap

DYFI?

EEW

Pre- Earthquake Earthquake Post-Earthquake

0.0 sec 10 MinYears before

TED

PSHA

ENS

3 Min

Finite Fault

USGS Earthquake Information System

Scenarios

Eq. Early 
Warning

Probabilistic
Seismic 
Hazard
Analysis

Earthquake 
Notificatio
n Service

Magnitude 
& Location

Mag/Loc

60 Min

2PAGER

OAF

Operational 
Aftershock
Forecasting
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“Did You Feel It?”

ShakeMap

ShakeCast

PAGER

Ground Failure
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Magnitude 6.7 1994 Northridge, CA

• Shaking Intensities & Contours
• Seismic & DYFI? stations
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Magnitude 6.7 1994 Northridge, CA
• Shaking Contours
• Seismic & DYFI? Stations
• Landslide likelihood
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Magnitude 6.7 1994 Northridge, CA

• Shaking Contours
• Seismic & DYFI? Stations
• Landslide likelihood
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NEAR-REAL-TIME EARTHQUAKE PRODUCTS

The Evolving ShakeMap-based Product Suite

Composite ShakeMap

ShakeMap Sampling Tool

Multiperiod ShakeMap

2024

ENS Shaking Notifications
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Prompt Assessment of Global 
Earthquakes for Response

PAGER — Prompt Assessment for Global Earthquake Response
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ShakeMap Atlas V4.0 – Over 14,000 ShakeMaps for Historical Earthquakes
(1900 — 2022)

1923 M8.1

2015 M7.8

2010 M8.8

1960 M5.8

1964 M9.2

1906 M7.8
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PAGER Empirical Fatality Model Ingredients

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

POPULATION(t)

3. PAGER-CAT
(fatalities & $
losses)

Fatality Rate (Intensity)
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twoPAGERPAGER
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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 à).

• Sends notifications to specified 
personnel/responders.

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

Education

Engineering

Agencies

Lifelines/Utilities

Emergency Management

LA

Sampling of Critical ShakeCast Users

Critical Facilities
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NEAR-REAL-TIME EARTHQUAKE PRODUCTS

PAGER-related: Loss updating – InSAR change detection & recovering building-specific losses

M 6.8 - Al Haouz, Morocco (September 2023) 

Susu Xu, J. Dimasaka, D. Wald & H. Noh
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NEAR-REAL-TIME EARTHQUAKE PRODUCTS

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 (POIs)

à 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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NEAR-REAL-TIME EARTHQUAKE PRODUCTSLinks & 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
in Disaster Recovery Planning and Policy

August 28, 12-1pm   |   Register Now: EarthquakeCountry.org/northridge30-webinar5

Laurie Johnson, Principal, Laurie Johnson Consulting | Research

Robert Olshansky, Prof. Emeritus, Univ. of Illinois at Urbana-Champaign
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