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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.
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V Virginia Beach 425k
V Washington 552k
IV Richmond 191k
IV Baltimore 611k
IV Annapolis 36k
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Automatic Global GMPE Selector 

Daniel Garcia, USGS 
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What	
  Are	
  the	
  Primary	
  ShakeMap	
  Uses?	
  

• Rapid,	
  post-­‐earthquake	
  response,	
  coordination,	
  &	
  situational	
  
awareness…	
  

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

LA Country Emergency 
Operations Center 



What	
  Are	
  the	
  Primary	
  ShakeMap	
  Uses? 
Mitigation	
  thru	
  earthquake	
  scenarios	
  (planning,	
  response	
  	
  
exercises,	
  education)	
  …	
  



M 6.0, 6.7 km (4.2 mi) NW of American Canyon, CA
Origin Time: Sun 2014-08-24 10:20:44 UTC (03:20:44 local)
Location: 38.21oN 122.32oW Depth: 10 km

PAGER
Version 2

Estimated Fatalities Estimated Economic Losses
Created: 18 minutes, 35 seconds after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* 880k* 6,531k* 919k 374k 105k 4k 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 highly resistant to
earthquake shaking, though some vulnerable
structures exist.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1983-05-02 284 5.7 VIII(1k) 0
1980-01-24 76 5.8 VII(31k) 1
1989-10-18 132 6.9 IX(3k) 62

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

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: nc72282711

Selected City Exposure
from GeoNames.org

MMI City Population
VII American Canyon 19k
VII Napa 77k
VII Suisun 28k
VI Sonoma 11k
VI Benicia 27k
VI Fairfield 105k
IV Sacramento 466k
IV Stockton 292k
IV San Francisco 805k
IV Oakland 391k
III Fremont 214k

bold cities appear on map (k = x1000)

What	
  Are	
  the	
  Primary	
  ShakeMap	
  Uses? 
Enhanced	
  post-­‐earthquake	
  loss-­‐assessment…	
  

PAGER ShakeCast: e.g., California 
Dept. of Transportation 

FEMA’s HAZUS 

+ loss modelers 

ShakeCast 

FEMA’s  
HAZUS 



Earthquake Information Timeline 
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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. 





ShakeCast	
  So_ware:	
  “primarily	
  a	
  database”	
  

User or Cloud IT Infrastructure 



ShakeCast Cloud Workflow 

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 



L. Turner, Caltrans 



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



Example ShakeCast User Sectors, Users, Uses 

ShakeCast
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.

D I V I S I O N  O F  R E S E A R C H  A N D  I N N O V A T I O N

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.

I-TEAM
BRIEF

S E P T E M B E R  2 0 1 0
Updated: October 2010

ShakeMap/ShakeCast Flowchart



ShakeCast Import Spreadsheet 



Use Sector Organization Facilities Use 

Critical Facilities 

U.S. Nuclear Regulatory 
Commission (USNRC) 

U.S. Nuclear Power Plants 
(NPP) Awareness of regulatory shaking thresholds at domestic NPPs  

International Atomic Energy 
Agency (IAEA) 

Global Nuclear Power Plants 
(NPP) 

Awareness of shaking at NPPs for IAEA’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 
District (EBMUD) 

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

 

Private/Business 

 
Walmart 

4,200 retail outlets,148 distri-
bution centers, 50 corporate 
facilities; 1.6M associates 

Situational awareness for emergency operations; “Taking care of our 
people, operations, communities" 

Target 1700+ Locations Rapid reporting of earthquake damage potential, prioritization of 
assessment and inspection 

Education 

LA Unified School District 
(LAUSD) 

1096 Schools/Office locations 
serving 740,000 students; 
80,000 employees 

Generate priority list for inspection; schools that can receive displaced 
students; clarify locations for Red Cross Shelters.  

University of Southern 
California (USC) Campus buildings  

Engineering Degenkolb Engineering Hospitals, varied engineered 
structures Post earthquake inspection, priorities, as a customer service 

ImageCat, Inc. varied engineered portfolios trigger in-house loss-estimation software as customer service 

Example ShakeCast User Sectors, Users, Facility Types & Uses 



 
 
 

USGS National Earthquake  
Information Center, 
 Golden, Colorado 

PAGER  
Prompt Assessment of Global Earthquakes for Response 

M 8.8, OFFSHORE MAULE, CHILE
Origin Time: Sat 2010-02-27 06:34:14 UTC (02:34:14 local)
Location: 35.85oS 72.72oW Depth: 35 km

PAGER
Version 3

Estimated Fatalities Estimated Economic Losses
Created: 3 hours, 10 minutes after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 487k* 2,147k* 3,657k 6,405k 3,083k 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

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.

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.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1985-03-03 308 7.9 VIII(301k) 0
1985-03-03 352 7.0 IX(174k) 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.

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

FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov

Event ID: us2010tfan

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Arauco 25k
VIII Lota 50k
VIII Concepcion 215k
VIII Constitucion 38k
VII Bulnes 13k
VII Cabrero 18k
VI Temuco 238k
VI Valparaiso 282k
VI Santiago 4,837k
IV Mendoza 877k
III Neuquen 242k

bold cities appear on map (k = x1000)



Global Earthquake Shaking-Related Fatalities (Sept 2010-2014) 

Over 2,500 
events M>5.5 

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

Guatemala, 1976 Kashmir, 2005 Izmit, 1999 
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PAGER	
  Empirical	
  Fatality	
  Model	
  Ingredients	
  

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

POPULATION(t)	
  

3.	
  PAGER-­‐CAT	
  
(fatali<es	
  &	
  $	
  losses)	
  

Fatality Rate (Intensity) 



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

PAGER’s	
  Empirical	
  Fatality	
  Es,ma,on	
  Approach:	
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Reported	
  vs	
  Es<mated	
  fatali<es	
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  Effec<ve	
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Fatalities E = F si( )P si( )
i
∑

Where Ii is intensity at level i and 
Ớ & Ữ distribution parameters. The


total number of fatalities for an earthquake can be estimated as: 


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


ek = ln
1
N

Ej −Oj( )
2

j
∑

#

$
%
%

&

'
(
(+

1
N

ln Ej /Oj( ))* +,
2

j
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For a given region/country, we use several historical earthquakes in 
order to derive parameters Ư̆ & Ữ. 



We solve for the two parameters which minimizes norm e:


Empirical Fatality Estimation Approach:
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Fatality rates as a function of intensity for selected countries


PAGER	
  Empirical	
  Na,onal	
  Methodology	
  

China	
  

China	
  
Iran	
  

California/	
  
New	
  Zealand	
  

	
  

Italy	
  

India	
  

Indonesia	
   Japan	
  

Greece	
  

(100%) 

(1%) 

(10%) 

Chile	
  
Canada	
  &	
  U.S.	
  (Outside	
  CA)	
  

Canada	
  &	
  U.S.	
  

Nepal Nepal	
  

Chile	
  



PAGER Model Inputs

Great natural catastrophes: 

Hurricane Ike  
Cyclone Nargis 

 Earthquake China 

Winter damage China 

Extreme temperature   
(heat wave, forest fires) 

Flood 

Storm 

Earthquake, tsunami, 
volcanic eruption 

Natural catastrophes 2008 

B
ullE

arthquake
E

ng
(2009)7:701–718
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Fig. 5 Composite ShakeMap Atlas indicating the maximum PGA estimated at any location in the World (near significant population exposure) for earthquakes
MW ≥ 5.5 (MW ≥ 4.5 in stable continental regions) from 1973 through December 2007123

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

3. Munich Re NatCAT Service
1980-2007 available through-- 

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

Economic	
  Model	
  Input	
  Dataset:	
  



PAGER:	
  Semi-­‐Empirical	
  Model	
  

Jaiswal	
  and	
  Wald	
  (2008)	
  

This	
  model	
  requires:	
  
	
  
(1)	
  Building	
  Stock	
  Taxonomy	
  &	
  Inventory	
  	
  
(2)	
  Collapse	
  Fragility	
  
(3)	
  Occupancy	
  of	
  structures	
  at	
  ,me	
  of	
  earthquake	
  
(4)	
  Fatality	
  rates	
  for	
  collapse	
  of	
  each	
  structure	
  type	
  



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), C5 (Steel 
reinforced concrete frame of low mid and high rise)	



RM	

 Reinforced Masonry	

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



MH	

 Mobile Homes	

 Mobile homes	



M 	

 Mud	

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



A	

 Adobe	

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



RE	

 Rammed Earth	

 Rammed earth construction	



RS	

 Rubble (Field) Stone	

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



DS	

 Dressed Stone, blocks	

 DS1 (Stone block with mud mortar), DS2 (Stone block with lime mortar), DS3 (Stone block with cement mortar), DS4 (Stone 
block with concrete bond beam)	



UFB	

 Unreinforced Fire 
Brick	



UFB1 (Unreinforced brick with mud mortar without timber ), UFB2 (Unreinforced brick with mud mortar and timber), UFB3 
(Unreinforced brick with cement mortar and wood diaphragm), UFB4 (Unreinforced brick with cement mortar and concrete 
diaphragm)	



UCB	

 Unreinforced 
Concrete Block	



Unreinforced concrete block construction	



MS	

 Massive Stone	

 Massive stone masonry construction	



PC	

 Precast	

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



INF	

 Informal	

 Informal constructions (Plastic, polythene, miscellaneous)	



UNK	

 Unknown	

 Unknown (Missing / Default category)	



•  Structure “Taxonomy” 
•  >100 Structure Types 
•  Composite of:  

o  ATC-13, California  
o  FEMA’99 (HAZUS), U.S. 
o  EMS’98, Euro-Med 
o  EERI/WHE’03, Global 
o  PAGER definitions, missing types 



Collapse	
  Fragility	
  Modeling	
  

RC-­‐T2:	
  Nonduc,le	
  gravity-­‐load	
  bearing	
  RC	
  regular	
  frame	
  with	
  masonry	
  infill	
  walls	
  (4	
  to	
  7	
  stories)	
  	
  

Jaiswal,	
  Wald	
  et	
  al	
  (2014)	
  



Time of day vs. 
occupancy type	



Residential	


Occupancy	



Non-residential	


Occupancy	



Outside	


(Outdoors)	



Day	


(10 am-5 pm)	



Pi *(0.4* Fnwf +0.01* Fwf * Find 
+0.01* Fwf * Fser +0.01* Fwf * 
Fagr)Pi *(0.75* Fnwf +0.20* Fwf * 
Find +0.25* Fwf * Fser +0.45* Fwf * 
Fagr)Pi *(0.999* Fnwf +0.84* Fwf * 
Find +0.89* Fwf * Fser +0.998* Fwf * 
Fagr) 

Pi*(0.89* Fwf * Find +0.89* Fwf * 
Fser+ 0.34* Fwf * Fagr+ 0.25* Fnwf * 
Fsch)Pi*(0.25* Fwf * Find +0.25* Fwf 
* Fser+ 0.01* Fwf * Fagr)Pi*(0.15* 
Fwf * Find +0.10* Fwf * Fser+ 0.001* 
Fwf * Fagr) 

Pi*(0.35* Fnwf +0.10* Fwf * Find 
+0.10* Fwf * Fser +0.65* Fwf * 
Fagr)Pi*(0.25* Fnwf +0.55* Fwf * 
Find +0.50* Fwf * Fser +0.54* Fwf * 
Fagr)Pi*(0.001* Fnwf +0.01* Fwf * 
Find +0.01* Fwf * Fser +0.001* Fwf 
* Fagr) 

Transit	


(5 am-10 am & 5 
pm- 10 pm)	



Pi *(0.4* Fnwf +0.01* Fwf * Find 
+0.01* Fwf * Fser +0.01* Fwf * 
Fagr)Pi *(0.75* Fnwf +0.20* Fwf * 
Find +0.25* Fwf * Fser +0.45* Fwf * 
Fagr)Pi *(0.999* Fnwf +0.84* Fwf * 
Find +0.89* Fwf * Fser +0.998* Fwf * 
Fagr) 

Pi*(0.89* Fwf * Find +0.89* Fwf * 
Fser+ 0.34* Fwf * Fagr+ 0.25* Fnwf * 
Fsch)Pi*(0.25* Fwf * Find +0.25* Fwf 
* Fser+ 0.01* Fwf * Fagr)Pi*(0.15* 
Fwf * Find +0.10* Fwf * Fser+ 0.001* 
Fwf * Fagr) 

Pi*(0.35* Fnwf +0.10* Fwf * Find 
+0.10* Fwf * Fser +0.65* Fwf * 
Fagr)Pi*(0.25* Fnwf +0.55* Fwf * 
Find +0.50* Fwf * Fser +0.54* Fwf * 
Fagr)Pi*(0.001* Fnwf +0.01* Fwf * 
Find +0.01* Fwf * Fser +0.001* Fwf 
* Fagr) 

Night	


(10 pm- 5 am)	



Pi *(0.4* Fnwf +0.01* Fwf * Find 
+0.01* Fwf * Fser +0.01* Fwf * 
Fagr)Pi *(0.75* Fnwf +0.20* Fwf * 
Find +0.25* Fwf * Fser +0.45* Fwf * 
Fagr)Pi *(0.999* Fnwf +0.84* Fwf * 
Find +0.89* Fwf * Fser +0.998* Fwf * 
Fagr) 

Pi*(0.89* Fwf * Find +0.89* Fwf * 
Fser+ 0.34* Fwf * Fagr+ 0.25* Fnwf * 
Fsch)Pi*(0.25* Fwf * Find +0.25* Fwf 
* Fser+ 0.01* Fwf * Fagr)Pi*(0.15* 
Fwf * Find +0.10* Fwf * Fser+ 0.001* 
Fwf * Fagr) 

Pi*(0.35* Fnwf +0.10* Fwf * Find 
+0.10* Fwf * Fser +0.65* Fwf * 
Fagr)Pi*(0.25* Fnwf +0.55* Fwf * 
Find +0.50* Fwf * Fser +0.54* Fwf * 
Fagr)Pi*(0.001* Fnwf +0.01* Fwf * 
Find +0.01* Fwf * Fser +0.001* Fwf 
* Fagr) 

Popula,on	
  Distribu,on	
  

§    Data/Expert Judgment Similar to HAZUS Principles 

Pi *(0.4* Fnwf +0.01* Fwf * Find +0.01* Fwf * 
Fser +0.01* Fwf * Fagr)  

 + Pi *(0.75* Fnwf +0.20* Fwf * Find 
+0.25* Fwf * Fser +0.45* Fwf * Fagr) 

 + Pi *(0.999* Fnwf +0.84* Fwf * Find + 
0.89* Fwf * Fser +0.998* Fwf * Fagr )	
  



PAGER Structure Type 
Fatality 
Rates Reference 

W, W1 0.007 Spence (2007) 

W2, W3, W4 0.013 Spence (2007) 

S, S1, S1L, S2, S2L, S3, S4, S4L, S5, S5L 0.14 Spence (2007) 

S1M, S2M, S4M, S5M 0.228 Spence (2007) 

S1H, S2H, S4H, S5H 0.328 Spence (2007) 

C, C1, C1L, C2, C2L ,C3, C3L, C4, C4L C5, C5L 0.15 Spence (2007) 

C1M, C2M, C3M, C4M, C5M 0.22 Spence (2007) 

C1H, C2H, C3H, C4H, C5H 0.28 Spence (2007) 

PC1 0.1 NIBS AND FEMA (2003) 

PC2, PC2L 0.15 Spence (2007) 

PC2M 0.22 Spence (2007) 

PC2H 0.28 Spence (2007) 

RM, RM1 0.06 Spence (2007) 

RM1L, RM1M 0.1 NIBS AND FEMA (2003) 

RM2, RM2L 0.06 Spence (2007) 

RM2M 0.08 Spence (2007) 

RM2H 0.1 Spence (2007) 

MH 0.05 NIBS AND FEMA (2003) 

M, M1, M2 0.06 Spence (2007) 

A, A1, A2, A3, A4, A5 0.06 Spence (2007) 

RE, RS,  RS1, RS2, RS3, DS, DS1, DS2, DS3, UFB1, UFB2, UFB3 0.06 

Spence (2007) 

RS4, RS5, DS4, UFB, UFB4, UCB 0.08 Spence (2007) 

MS, TU 0.1 Spence (2007) 

INF, UNK 0.007 Spence (2007) 

64 

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



Countries	
  with	
  Sufficient	
  Earthquake	
  Fatality	
  Data	
  

Relative Vulnerability 



Global	
  Inventory	
  &	
  Coverage	
  



PAGER	
  Regionaliza,on	
  Scheme	
  (V2.0,	
  Dec.	
  2010)	
  



Empirical Semi-empirical 

Country: China 

 Fatalities =∑ Pstr. typeX  CRstr. type, mmiX FRstr. type 



Kathmandu,	
  Nepal,	
  M8.1	
  

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	
  

 

General distribution of building types in the Kathmandu Valley (Dixit and Shrestha, 2005).	
  	
  

RS	
  
or	
  
DS	
  



Kathmandu,	
  Nepal,	
  M8.1	
  

Figure 7. A typical adobe (A) building in 
Jantanagar, Nepal (Photo Courtesy: Auroville 
Earth Institute, http://www.earth-auroville.com/
nepal_june_2008_en.php).	
   Figure 8. Example of an unreinforced fired 

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



Kathmandu,	
  Nepal,	
  M8.1	
  

Figure 9. Typical stone masonry 
(DS or RS) houses in rural 
Nepal (Photo Courtesy: Amod 
Dixit, NSET Nepal).	
  

F i g u r e  1 0 .  N o n -
engineered reinforced 
concre te f rame wi th 
mason ry i n f i l l ( C 3 ) 
c o n s t r u c t i o n ( P h o t o 
Courtesy: NSET Nepal).	
  



Analy,cal	
  Approach	
  

Yet	
  more	
  parameters	
  are	
  required!	
  (many	
  structural	
  characteris<cs)	
  



PAGER 
SYSTEM 
ELEMENTS 

[$, Casualties] 



Natural Hazards Review, 2011 



ESTIMATED FATALITIES 

    No Regional National International 
    Response 

Alert Level Range w/ Median Probability ESTIMATED $ LOSSES 

[Wald et al (2011) Natural Hazards Review] 



M 7.8, NEPAL
Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local)
Location: 28.15oN 84.71oE Depth: 15 km

PAGER
Version 7

Estimated Fatalities Estimated Economic Losses
Created: 1 week, 2 days after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 7,053k* 82,752k* 55,057k 2,355k 4,483k 86k 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

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 are 10-70%
GDP of Nepal.

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.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1980-07-29 364 5.5 VII(18k) 0
1980-07-29 388 6.5 IX(11k) 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.

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: us20002926

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Kathmandu 1,442k
VIII Patan 183k
VIII Kirtipur 45k
VIII Bhaktapur < 1k
VIII Banepa 17k
VIII Panaoti 28k
VI Pokhara 200k
VI Muzaffarpur 333k
V Gorakhpur 674k
V Patna 1,600k
V Dhankuta 22k

bold cities appear on map (k = x1000)

M 7.3, NEPAL
Origin Time: Tue 2015-05-12 07:05:19 UTC (12:50:19 local)
Location: 27.84oN 86.08oE Depth: 15 km

PAGER
Version 3

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

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* 26k* 95,415k* 60,510k 3,886k 304k 67k 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 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.

Yellow alert level for economic losses. Some
damage is possible. Estimated economic losses
are 0-1% GDP of Nepal.

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 with
mud and unknown/miscellaneous types
construction.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
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.

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: us20002ejl

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
IV Gangtok 31k

bold cities appear on map (k = x1000)

~160	
   ~$60M	
  

M7.3	
  Nepal	
  Alershock	
  M7.8	
  Nepal	
  Mainshock	
  

~9K	
   ~$4B	
  



M 7.5, NEPAL
Origin Time: Sat 2015-04-25 06:11:25 UTC (11:56:25 local)
Location: 28.17oN 84.73oE Depth: 11 km

PAGER
Version 1

Estimated Fatalities Estimated Economic Losses
Created: 22 minutes, 57 seconds after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* 19k* 77,461k* 64,947k 7,679k 396k 0 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 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.

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

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.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1980-07-29 364 5.5 VII(18k) 0
1980-07-29 388 6.5 IX(11k) 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.

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: us20002926

Selected City Exposure
from GeoNames.org

MMI City Population
VI Khudi < 1k
VI Bharatpur 107k
VI Lamjung < 1k
VI Kathmandu 1,442k
VI Ramnagar 43k
VI Patan 183k
VI Pokhara 200k
V Gorakhpur 674k
V Muzaffarpur 333k
IV Patna 1,600k
IV Dhankuta 22k

bold cities appear on map (k = x1000)

M 7.9, NEPAL
Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local)
Location: 28.13oN 84.65oE Depth: 15 km

PAGER
Version 3

Estimated Fatalities Estimated Economic Losses
Created: 1 hour, 30 minutes after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 9,194k* 98,089k* 44,441k 1,801k 14k 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 for shaking-related fatalities
and economic losses. Significant casualties
and damage are likely and the disaster is
potentially widespread. Past orange alerts
have required a regional or national level
response.

Estimated economic losses are 1-5% GDP
of Nepal.

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.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1980-07-29 364 5.5 VII(18k) 0
1980-07-29 388 6.5 IX(11k) 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.

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

FOR TSUNAMI INFORMATION, SEE: tsunami.gov

Event ID: us20002926

Selected City Exposure
from GeoNames.org

MMI City Population
VII Bharatpur 107k
VII Lamjung < 1k
VII Khudi < 1k
VI Kathmandu 1,442k
VI Ramnagar 43k
VI Hitura 85k
VI Pokhara 200k
VI Gorakhpur 674k
V Muzaffarpur 333k
V Patna 1,600k
IV Dhankuta 22k

bold cities appear on map (k = x1000)

M 7.8, NEPAL
Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local)
Location: 28.15oN 84.71oE Depth: 15 km

PAGER
Version 5

Estimated Fatalities Estimated Economic Losses
Created: 4 hours, 3 minutes after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 14,695k* 102,530k* 29,194k 3,676k 964k 728k 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

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 are 9-50%
GDP of Nepal.

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.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1980-07-29 364 5.5 VII(18k) 0
1980-07-29 388 6.5 IX(11k) 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.

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

FOR TSUNAMI INFORMATION, SEE: tsunami.gov

Event ID: us20002926

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Kathmandu 1,442k
VII Bhaktapur < 1k
VII Patan 183k
VII Kirtipur 45k
VII Nagarkot 4k
VII Bharatpur 107k
VI Pokhara 200k
V Gorakhpur 674k
V Muzaffarpur 333k
V Patna 1,600k
IV Dhankuta 22k

bold cities appear on map (k = x1000)

M 7.8, NEPAL
Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local)
Location: 28.15oN 84.71oE Depth: 15 km

PAGER
Version 7

Estimated Fatalities Estimated Economic Losses
Created: 1 week, 2 days after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 7,053k* 82,752k* 55,057k 2,355k 4,483k 86k 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

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 are 10-70%
GDP of Nepal.

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.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1980-07-29 364 5.5 VII(18k) 0
1980-07-29 388 6.5 IX(11k) 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.

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: us20002926

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Kathmandu 1,442k
VIII Patan 183k
VIII Kirtipur 45k
VIII Bhaktapur < 1k
VIII Banepa 17k
VIII Panaoti 28k
VI Pokhara 200k
VI Muzaffarpur 333k
V Gorakhpur 674k
V Patna 1,600k
V Dhankuta 22k

bold cities appear on map (k = x1000)
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M 7.8, NEPAL
Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local)
Location: 28.15oN 84.71oE Depth: 15 km

PAGER
Version 7

Estimated Fatalities Estimated Economic Losses
Created: 1 week, 2 days after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 7,053k* 82,752k* 55,057k 2,355k 4,483k 86k 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

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 are 10-70%
GDP of Nepal.

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.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1980-07-29 364 5.5 VII(18k) 0
1980-07-29 388 6.5 IX(11k) 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.

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: us20002926

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Kathmandu 1,442k
VIII Patan 183k
VIII Kirtipur 45k
VIII Bhaktapur < 1k
VIII Banepa 17k
VIII Panaoti 28k
VI Pokhara 200k
VI Muzaffarpur 333k
V Gorakhpur 674k
V Patna 1,600k
V Dhankuta 22k

bold cities appear on map (k = x1000)

M7.8	
  Nepal	
  Earthquake	
  	
  

~9K	
   ~$4B	
  

M8.1	
  OFDA	
  SCENARIO	
  (DONE	
  IN	
  2013)	
  

~19K	
   ~$9B	
  



USGS PAGER System  
(Prompt Assessment of Global 
Earthquakes for Response) 

M 8.8, OFFSHORE MAULE, CHILE
Origin Time: Sat 2010-02-27 06:34:14 UTC (02:34:14 local)
Location: 35.85oS 72.72oW Depth: 35 km

PAGER
Version 3

Estimated Fatalities Estimated Economic Losses
Created: 3 hours, 10 minutes after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 487k* 2,147k* 3,657k 6,405k 3,083k 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

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.

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.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1985-03-03 308 7.9 VIII(301k) 0
1985-03-03 352 7.0 IX(174k) 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.

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

FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov

Event ID: us2010tfan

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Arauco 25k
VIII Lota 50k
VIII Concepcion 215k
VIII Constitucion 38k
VII Bulnes 13k
VII Cabrero 18k
VI Temuco 238k
VI Valparaiso 282k
VI Santiago 4,837k
IV Mendoza 877k
III Neuquen 242k

bold cities appear on map (k = x1000)



USGS PAGER System  
(Prompt Assessment of Global 
Earthquakes for Response) 

M 8.8, OFFSHORE MAULE, CHILE
Origin Time: Sat 2010-02-27 06:34:14 UTC (02:34:14 local)
Location: 35.85oS 72.72oW Depth: 35 km

PAGER
Version 3

Estimated Fatalities Estimated Economic Losses
Created: 3 hours, 10 minutes after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 487k* 2,147k* 3,657k 6,405k 3,083k 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

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.

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.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1985-03-03 308 7.9 VIII(301k) 0
1985-03-03 352 7.0 IX(174k) 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.

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

FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov

Event ID: us2010tfan

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Arauco 25k
VIII Lota 50k
VIII Concepcion 215k
VIII Constitucion 38k
VII Bulnes 13k
VII Cabrero 18k
VI Temuco 238k
VI Valparaiso 282k
VI Santiago 4,837k
IV Mendoza 877k
III Neuquen 242k

bold cities appear on map (k = x1000)

M 8.8, OFFSHORE MAULE, CHILE
Origin Time: Sat 2010-02-27 06:34:14 UTC (02:34:14 local)
Location: 35.85oS 72.72oW Depth: 35 km

PAGER
Version 3

Estimated Fatalities Estimated Economic Losses
Created: 3 hours, 10 minutes after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 487k* 2,147k* 3,657k 6,405k 3,083k 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

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.

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.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1985-03-03 308 7.9 VIII(301k) 0
1985-03-03 352 7.0 IX(174k) 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.

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

FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov

Event ID: us2010tfan

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Arauco 25k
VIII Lota 50k
VIII Concepcion 215k
VIII Constitucion 38k
VII Bulnes 13k
VII Cabrero 18k
VI Temuco 238k
VI Valparaiso 282k
VI Santiago 4,837k
IV Mendoza 877k
III Neuquen 242k

bold cities appear on map (k = x1000)

       Reported Losses ~200+	
  shaking	
  fatali<es	
  (~300	
  tsunami)	
   	
  ~$15-­‐30	
  Billion	
  damage	
  



PAGER (Prompt Assessment of 
Global Earthquakes for Response) PAGER ALERTS (late 2010-2013) 
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Aug	
  12,	
  2012,	
  M6.2	
  China	
   Aug	
  11,	
  2012,	
  M6.4	
  Iran	
  

	
  	
  	
  	
  Reported	
  Losses	
  No	
  fatali<es,	
  some	
  injuries	
  &	
  damage	
   	
  300	
  fatali<es,	
  extensive	
  damage	
  



AUG	
  31,	
  2012,	
  M7.6	
  PHILIPPINES	
   SEP	
  11,	
  2012,	
  M7.6	
  COSTA	
  RICA	
  

    Reported Losses 1	
  landslide	
  death,	
  few	
  injuries	
  &	
  damage	
   	
  1	
  fatality,	
  ~$40M	
  damage	
  



    



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 3

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)

M 6.0, 6.8 km (4.2 mi) NW of American Canyon, CA
Origin Time: Sun 2014-08-24 10:20:44 UTC (03:20:44 local)
Location: 38.22oN 122.31oW Depth: 11 km

PAGER
Version 26

Estimated Fatalities Estimated Economic Losses
Created: 4 days, 4 hours after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* 4,881k* 3,281k 370k 145k 52k 82k 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

Red alert level for economic losses. Extensive
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.

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 highly resistant to
earthquake shaking, though some vulnerable
structures exist.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1983-05-02 284 5.7 VIII(1k) 0
1980-01-24 76 5.8 VII(31k) 1
1989-10-18 132 6.9 IX(3k) 62

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

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: nc72282711

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Napa 77k
VII Yountville 3k
VII American Canyon 19k
VI El Verano 4k
VI Sonoma 11k
VI Temelec 1k
IV Oakland 391k
IV San Francisco 805k
III Sacramento 466k
III Fremont 214k
III Stockton 292k

bold cities appear on map (k = x1000)

Magnitude 6.0 2014 South Napa, CA Magnitude 5.8 2011 Mineral, VA 

Reported	
  Losses	
  1 Fatality (Sept 5th)   >$450M Damage  No Fatalities ~$200M Damage  
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SAMPLE PAGER ALERT RECIPIENTS 

Global Disaster Alert & 
Coordination System 

State & Federal Government 

International Aid Agencies/NGO 

Inter-American  
Develop. Bank 

Nat’l Urban Search & Recue 

Mexico Civil Protection 

U.S. Pacific 
 Command  



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

Courtesy of  
J. Martinez, IDB 





USGS PAGER System  
(Prompt Assessment of Global 
Earthquakes for Response) 

M 7.9, Wenchuan, China
Origin Time: Mon 2008-05-12 06:28:01 UTC (13:21:28 local)
Location: 30.99 �N 103.36 �E Depth: 19 km
FOR TSUNAMI INFORMATION, SEE: tsunami.gov

PAGER
Version 1

Created: 236 weeks, 0 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 are 0-3% GDP
of China.

Estimated Economic Losses

*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 highly vulnerable to
earthquake shaking, though some resistant
structures exist. The predominant vulnerable
building types are unreinforced brick masonry
and reinforced concrete frame construction.

Estimated Population Exposed to Earthquake Shaking:

I II-III IV V VI VII VIII IX X+
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 POPULATION
EXPOSURE (k = x1000)
ESTIMATED MODIFIED
MERCALLI INTENSITY

- -* 5,743k* 54,620k* 15,649k* 10,532k 3,909k 1,040k 255k 0

Historical Earthquakes (with MMI levels):
Date Dist. Mag. Max Shaking
(UTC) (km) MMI(#) Deaths
1981-01-23 215 6.5 IX(6k) 126
1974-05-10 317 6.8 IX(23k) 1541
1973-02-06 275 7.7 IX(31k) 2199

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

Selected City Exposure
from GeoNames.org

MMI City Population
IX Guankou <1k
VIII Magong <1k
VIII Banqiao <1k
VIII Weizhou <1k
VIII Jiannan <1k
VIII Qiaozhuang <1k
VI Chengdu 3,950k
IV Zigong 690k
IV Nanchong 7,150k
IV Neijiang 547k
IV Chongqing 3,967k

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.

bold cities appear on map (k = x1000)

http://earthquake.usgs.gov/pager Event ID: us200805120628
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Scale based upon Worden et al. (2011)
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Wenchuan,  
China, 2008 

Mw 7.9  
Landslides 
(>180,000) 
courtesy of Dai 
et al. (2011) 
 

Intensity 
Observation 
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Motion 
Station  

Fault 
location 

Wenchuan 
Mw 7.9. 2008 

20,000 killed by slides 



Roadways	
  



Landslides	
  &	
  Liquefac,on:	
  ShakeCast	
  Implementa,on	
  

Default Approach (to be built in) Custom Approach 

Requires: 
 
1.  User has higher resolution/quality 

geotechnical information, e.g., 
susceptibility maps (separate 
landslide & liquefaction maps). 

2.  Look up tables for peak motion à 
likelihood levels (low, medium, high, 
very high). 

Requires: 
 
1.  USGS provide & distributed 

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

2.  ShakeCast retrieves geogrd.xml to 
provide users with site-specific 
likelihoods in categories for facility 
evaluation.  



Intensity 
Observation 

Strong 
Motion 
Station  

Northridge,  
California,  

1994 Mw 6.7 

Fault 
location 

 Landslides (Harp  
& Jibson, 1996) 
 



Liquefac<on	
  

Candidate	
  Explanatory	
  Variables	
  (Logis,c	
  Regression)	
  
Landsliding	
  

	
  	
  	
  Suscep+bility 	
   	
   	
   	
  Suscep+bility	
   	
   	
   	
  	
  	
  Triggering	
  Input 	
  	
  
Slope	
  (from	
  Topog.) 	
   	
  	
  	
  	
  	
  	
  [Lithology,	
  Geology] 	
   	
   	
  	
  	
  	
  	
  ShakeMap	
  (PGA)	
  

[J. Zhu et al. (2014)] 

[A. Nowicki et al. (2014)] 

Suscep+bility 	
   	
   	
   	
  	
  	
  	
  	
  Suscep+bility 	
   	
   	
  	
   	
  Triggering	
  Input 	
  	
  
Soil	
  Strength	
  (Vs30) 	
   	
  	
  	
  	
  	
  “CTI	
  or	
  Wetness	
  Index” 	
   	
  	
   	
   	
  (PGA)	
  

Geology 



Nepal Mainshock & Aftershock Modeled Landslide Density 

Sean Gallen (Univ. Mich & ETH Zurich) 



    



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)
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INSTRUMENTAL 
INTENSITY

PEAK VEL.(cm/s)

PEAK ACC.(%g)

POTENTIAL 
DAMAGE

PERCEIVED 
SHAKING

I II-III IV V VI VII VIII IX X+
<0.1 0.1-1.1 1.1-3.4 3.4-8.1 8.1-16 16-31 31-60 60-116 >116

<.17 .17-1.4 1.4-3.9 3.9-9.2 9.2-18 18-34 34-65 65-124 >124

none none none Very light Light Moderate Moderate/Heavy Heavy Very Heavy

Not felt Weak Light Moderate Strong Very strong Severe Violent Extreme
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PAGER (Prompt Assessment of 
Global Earthquakes for Response) 

ShakeMap “Did You Feel It?” 

ShakeCast 



PAGER (Prompt Assessment of 
Global Earthquakes for Response) 

ShakeMap “Did You Feel It?” 

ShakeCast 
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PAGER (Prompt Assessment of 
Global Earthquakes for Response) 

ShakeCast 

ShakeMap “Did You Feel It?” 
Scenario enhancements & standardization 
Spatial Variability (esp. scenarios) 
Site amplification improvements (empirical,  

 Vs30, numerical) 
3D simulations 
EEW cost/benefit (warning time probabilities) 
 
  
 

Landslide & Liquefaction 
Cloud Services 
National Databases (NBI, NID, HSIP) 
Stations@facility;  
Owner/CSN//QuakeCatcher, etc. 
 
  
 

Responsive/Mobile Web 
Animation & Annual Maps 
Intensity Prediction Equations 
PSHA testing 
 
 
 
  
 

Atlas 2.0 
Recalibration (China) 
Semi-emp; Analytic Models 
Sub-country inventories 
Non-shaking Losses 
Use cases 
Alert accuracy evaluation 
 

Work	
  in	
  progress…	
  



PAGER (Prompt Assessment of 
Global Earthquakes for Response) 

ShakeCast 

ShakeMap “Did You Feel It?” 

Thank You!"


