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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.

FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Arauco 25k
VIII L t 50k

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
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*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.

FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Arauco 25k
VIII L t 50k



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

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

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

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

PAGER Status



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 (Prompt Assessment of 
Global Earthquakes for Response)

ShakeMap“Did You Feel It?”

ShakeCast



Earthquake Information Timeline

0sec           1min              5-10min               10-20min       1hr





Intensity
Observation

Strong Motion
Station (UCR)

Grid & Estimate
Point (GMPE)

See Worden et al. (2010)

ShakeMap V3.5



Intensity
Observation

Strong Motion
Station (UCR)



J. Zhu, E. Thompson & L. Baise, D. Wald, & K. Knudsen, 2013][Thompson, Worden & Wald, 2013]

Refining Vs30 Maps for ShakeMap, but also for liquefaction likelihood, … 



Intensity
Observation

Strong Motion
Station (UCR)



Hypocenter DYFI? + Finite Fault + Stations from UCR



Hypocenter DYFI? + Finite Fault + Stations from UCR



M~6

M~7

M~8

Southern California, 1999

So. Cal., 1986

Alaska, 2001
100 Miles



ShakeMap
KML Version
Apr 4, 

El Mayor-Cucapah
Earthquake



ShakeMap grid.xml file

Ground motion estimates
• Intensity (MMI)
• Peak ground acceleration (PGA)
• Peak ground velocity (PGV)
• Spectral response at 0.3, 1, 3 sec.

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



RMS

WillisRE

IAEA

ESRI

PDC

NY Times



Red rectangle depicts faulting area

Agentina

Uruguay

Brazil
Paraguay

Bolivia

“Did You Feel It?” Intensities Global ShakeMap



“Did You Feel It?”

M5.8 Virginia
Aug, 2011



“Did You Feel It?”

M5.8 Virginia
Aug, 2011

(1-min.
intervals)



“Did You Feel It?”

M5.8 Virginia
Aug, 2011



ShakeMap “Did You Feel It?”  



ShakeMap “Did You Feel It?”  



M6.0 earthquake
Central California
Sept. 28, 2004

M5.8 earthquake
Central Virginia
August 23, 2011

Dots represent areas 
where people reported at 
least weak shaking

Earthquakes are felt over much larger area in Eastern U.S.
USGS “Did you feel it?” comparison
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What Are the Primary ShakeMap Uses?

• Rapid, post-earthquake response, coordination, and 
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 (response planning, 
preparedness, education, communication)…



What Are the Primary ShakeMap Uses?

• Enhanced post-earthquake loss-estimation…

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

FEMA’s HAZUS

+ Loss Modelers



ShakeMap/ShakeCast Flowchart

Internet

Internet

IDEAL SHAKECAST USER:
• Organization has widely distributed, critical 

infrastructure, in areas with a seismic 
hazard.

• Need to inspect or prioritize response to 
for infrastructure & facilities quickly.

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

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

To the “Cloud”





ShakeCast Summary Report:

USER: International Atomic 
Energy Agency (IAEA)

Facility Map (color coded)

ShakeMap

Facility Shaking
Summary

Recent Earthquakes Nearby 





ShakeCast
“Recordings or estimates of 
shaking intensity at specific 
sites or critical facilities in 
the strongly-shaken region 
of an earthquake.”



PAGER Alerts (Sept 2010 to Sept 2011)



PAGER 
SYSTEM 
ELEMENTS



Fatality 
Estimates

ALERTS
Cell & Email

       External: Exposure, Cities, 
Comments

  Internal: Above, plus 
Fatalities for all 3 Models

Web Pages
"OnePAGER"

KML, City Exposures
Archives, Versions
Separate Figures

Population Exposure
[by Cell & per Ground Motion]

Population Exposure
Event-Specific Comments
Casualties & Uncertainties

PAGER product files

grid.xml

pager.xml
pager.kml
City List

Comments
PDFs

Country 
Vulnerability

Expert. Building 
Vulnerability

Empirical
 Loss Model

(Intensity)

Semi-Empirical
 Loss Model 

(Intensity)

Building Inventory

Analytical
 Loss Model

(Spectral Accel.)

Time of Day, Urban 
Rural, Work Force, 

Countries

Analytical Building 
Vulnerability

ALERTING & INFORMATION

LOSS  ESTIMATION

PAGER ELEMENTS



Chile, Feb. 2010
Magnitude 8.8 

[Same Map Scales!]

Magnitude 7.0 

Epicenter and Magnitude

New 
Zealand  

Sep. 2010

Port au Prince
Magnitude 7.0 

Haiti,  
Jan. 2010

Magnitude 7.2 

Baja, California  
Apr. 2010



Chile, Feb. 2010
Magnitude 8.8 

Port au Prince
Magnitude 7.0 

[Same Map Scales!]

Magnitude 7.0 

USGS ShakeMap Estimated Shaking Intensities

Haiti,  
Jan. 2010

New 
Zealand  

Sep. 2010

Magnitude 7.2 

Baja, California  
Apr. 2010



Chile, Feb. 2010
Magnitude 8.8 

[Same Map Scales!]

Magnitude 7.0 

Epicenter and Magnitude

New 
Zealand  

Sep. 2010

Port au Prince
Magnitude 7.0 

Haiti,  
Jan. 2010

Magnitude 7.2 

Baja, California  
Apr. 2010

230,000 fatalities;
~$6-9B losses

0 fatalities;
$2-4B losses

490 fatalities; 
~$15-30B losses

2 fatalities;
~$1/2-1B losses



Natural catastrophes 2008 -180̊-160̊-140̊-120̊-100̊-80̊ -60̊ -40̊ -20̊ 0̊ 20̊ 40̊ 60̊ 80̊100̊120̊140̊160̊180̊
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ESTIMATED PEAK GROUND ACCELERATION (m/s2), 1973 - 2007 

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

Empirical Fatality Model Input Datasets:

3. PAGER-CAT

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



ShakeMap Atlas

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

• Site conditions from 
topographic-slope proxy

• Standard ShakeMap 
approach to combine 
observed, estimated ground 
motions

Guatamala, 1976

ChiChi, 1999

Izmit, 1999

Kashmir, 2005
Uses other than PAGER: 
GEM, loss estimation, 
secondary hazards,  
insurance, mitigation, 
response planning, …

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





ShakeMap Atlas (1973-2006)

GSHAP



Empirical Approach

Fatalities  =   ∑  Pintensity X   FRintensity

Fatalities estimated as a function of fatality rate of population
exposed at each intensity level:

# People Fatality rate/intensity level

i=VI-IX



y(Si ) = φ 1
β

ln Si

θ
⎛
⎝
⎜

⎞
⎠
⎟

⎛

⎝
⎜

⎞

⎠
⎟

Fatalities E = y si( ).P si( )
i
∑

Where si is intensity at level i and Θ & β 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
∑

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

We solve for the two parameters which minimizes norm e:

Empirical Fatality Estimation Approach:



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

PAGER’s Empirical Fatality Estimation Approach:

0
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Fatality rates as a function of intensity for selected countries

PAGER Empirical National Methodology

China

China

Iran

California

Italy

India

Indonesia
Japan

Greece

100%

1%

10%





~10% / ~0.002% = 5000 x fatality rateM 6.7, Northridge, California
Origin Time: Mon 1994-01-17 12:30:55 UTC (05:30:55 local)
Location: 34.16oN 118.56oW Depth: 19 km

PAGER
Version 1

Estimated Fatalities Estimated Economic Losses
Created: 870 weeks, 1 day after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* - -* 1,168k* 5,178k 7,233k 2,885k 2,093k 74k 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
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.

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

Historical Earthquakes (with MMI levels):

Date Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1999-10-16 199 7.1 IX(17k) 0
1987-10-01 41 5.9 VIII(20k) 8
1994-01-17 1 6.7 IX(181k) 33

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 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 Event ID: us199401171230

Selected City Exposure
from GeoNames.org

MMI City Population
VIII San Fernando 25k
VIII Santa Monica 88k
VII Simi Valley 119k
VII Santa Clarita 169k
VII Val Verde 1k
VII Burbank 105k
VII Los Angeles 3,695k
VI Long Beach 483k
V Santa Ana 343k
IV San Diego 1,223k
IV Tijuana 1,376k

bold cities appear on map (k = x1000)

M 7.6, Kashmir, Pakistan
Origin Time: Sat 2005-10-08 03:50:40 UTC (08:44:32 local)
Location: 34.38 ◦ N 73.47 ◦ E Depth: 12 km
FOR TSUNAMI INFORMATION, SEE: tsunami.gov

PAGER
Version 1

Created: 361 weeks, 1 day 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 1-8% GDP
of Pakistan.

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 adobe and rubble stone
masonry 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

- -* 2,193k* 62,959k* 68,442k* 43,181k 4,585k 1,274k 136k 0

Historical Earthquakes (with MMI levels):
Date Dist. Mag. Max Shaking
(UTC) (km) MMI(#) Deaths
2005-10-08 50 6.4 IX(73k) 0
1974-12-28 88 6.2 VIII(6k) 5300
2005-10-08 13 7.6 IX(290k) 87351

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

Selected City Exposure
from GeoNames.org

MMI City Population
VIII Muzaffarabad 20k
VIII Baffa 14k
VIII Bagh < 1k
VIII Mansehra 66k
VII Uri 7k
VII Batgram < 1k
VI Srinagar 976k
VI Peshawar 1,219k
V Lahore 6,311k
V Chandigarh 914k
IV Kabul 3,044k

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: us200510080350

1

1994 NORTHRIDGE, CA  (M6.7):

VIII & IX: 33 killed in 2 M (~ 0.002% fatalities)

2005 PAKISTAN  (M7.6):

VIII & IX:   77,000 killed in 1.2 M   (~6% fatalities)

(Fatality rate ratio of ~3,000 x)



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 -180̊-160̊-140̊-120̊-100̊-80̊ -60̊ -40̊ -20̊ 0̊ 20̊ 40̊ 60̊ 80̊100̊120̊140̊160̊180̊
-60̊

-40̊

-20̊

0̊

20̊

40̊

60̊

80̊

0 0.2 0.4 0.8 1.6 2.4 3.2 4.0 4.8

ESTIMATED PEAK GROUND ACCELERATION (m/s2), 1973 - 2007 

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’s Empirical Economic Loss Model

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

Economic Loss Model Development:

1. For each earthquake, estimate economic exposure in the 
affected area:

- using per capita GDP of Italy (at time of earthquake), 
- exposed population per intensity level.
- determine correction factor to  accommodate 

disparity between GDP & per capita wealth.

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

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

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

(θ= 9.03, 
β= 0.1,
ζ= 2.39)



Countries with Sufficient Earthquake Fatality Data

Relative Vulnerability



PAGER Regionalization Scheme (V2.0, Dec.. 20100



Semi Empirical Approach

Fatalities = ∑ Pstr. type X  CRstr. type, intensity X FRstr. type

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

# People/structure collapse rate/
intensity level

fatalities/collapse



PAGER: Semi-Empirical Model

Jaiswal and Wald (2008)

Ah, but this model requires:

(1) Building Stock Taxonomy & Inventory 
(3) Collapse Fragility
(2) Occupancy of structures at time of 
earthquake
(4) Fatality rates fo collapse of different 
structures



PAGER Structure Types (“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

• Structure “Taxonomy”
• >100 Structure Types
• Composite of 
- ATC-13, California
- FEMA’99 (HAZUS), U.S.
- EMS’98, Euro-Med, but not 
structural
- WHE’03, Global
- PAGER definitions, Missing types



Global Inventory & Coverage



LEVEL 0 EXAMPLE
Example: Expert-opinion-based building Inventory for Italy

Goretti, Bramerini, Di Pasquale, Dolce, Lagomarsino et al. 
(2008) The Italian Contribution to the EERI/USGS PAGER 
project, 14WCEE, China



Moving to LEVEL 1
ITALY: Based on 
ISTAT 2001 Population Census

MUNICIPALITY ISTAT Code
Vertical Structure

Masonry Reinforced 
Concrete Other Total

Abano Terme 05028001 2040 710 485 3235
Abbadia Cerreto 03098001 27 31 0 58
Abbadia Lariana 03097001 344 450 75 869

Abbadia San Salvatore 09052001 754 577 133 1464
Abbasanta 20095001 1023 38 1 1062
Abbateggio 13068001 164 36 19 219

Abbiategrasso 03015002 1227 1378 353 2958

MUNICIPALITY ISTAT Code Before 
1919

From 1919 
to 1945

From 1946 to 
1961

From 1962 
to 1971

From 1972 
to 1981

From 1982 
to 1991 After 1991 Total

Abano Terme 05028001 141 117 704 800 806 401 266 3235
Abbadia Cerreto 03098001 13 2 8 9 17 5 4 58
Abbadia Lariana 03097001 120 97 111 193 208 93 47 869

Abbadia San Salvatore 09052001 556 260 251 208 104 53 32 1464
Abbasanta 20095001 102 157 106 100 186 250 161 1062
Abbateggio 13068001 65 79 27 14 11 13 10 219

Abbiategrasso 03015002 474 364 670 643 347 235 225 2958

MUNICIPALITY ISTAT Code One Story Two Story Three Story > Four 
Stories Total 

Abano Terme 05028001 499 2175 425 136 3235
Abbadia Cerreto 03098001 6 46 6 0 58
Abbadia Lariana 03097001 122 466 247 34 869

Abbadia San Salvatore 09052001 134 596 488 246 1464
Abbasanta 20095001 539 479 44 0 1062
Abbateggio 13068001 77 116 23 3 219

Abbiategrasso 03015002 557 1544 422 435 2958



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)

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



Global variations of building collapse

Courtesy, Dr Emily So, USGS/Cambridge



Empirical Semi-empirical

Country: China

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



Analytical Approach

Fatalities =∑ Pstr. typeX  CRstr. type, intensity X FRstr. type

Earthquake fatalities caused due to collapse 
of structures is given as -

# People/structure collapse rate/
spectral accel.

fatalities/collapse

Yet more parameters are required! (many structural characteristics)



Why 3 Loss Approaches?Why 3 Loss Approaches?
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PAGER Regionalization Scheme (V2.0, Dec.. 2010)



2010 M7.0 Haiti

2010 M8.8 Chile

UCB – Unreinforced concrete block 
masonry & low rise non-ductile 
concrete frame
W or INF – Light timber or steel frame 
(informal/makeshift type)
M – Mud wall construction

RM & RM2L – Reinforced masonry 
(commonly low-rise) and masonry 
with frames (dual)
RS – Rubble stone masonry (hybrid)
S2 – Steel frame
A – Adobe block

PAGER estimates of buildings contributing to casualties

Note: color scheme applies to different buildings for Chile & Haiti



HAZUS-MH Default Inventory Data

Default inventory data includes:
“General building stock” - proxy representation of
all buildings in the U.S.

Essential facilities* – hospitals, schools, etc.

Transportation lifelines* – highway, railway, etc.

Utility Lifelines* – water, power, gas, etc.

Demographics

Economic values

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

[Modified from Hope Seligson, MMI Engineering]



Building Inventory Data in HAZUS

Building data: for each census 
tract, we know only total square 
footage of all buildings & cost by 
occupancy category for entire 
US. 

We call this “proxy data”

Proxy data requires “mapping schemes”: for each 
occupancy, estimated building distribution across “model” 
structure types, & estimate distribution of occupants.
Note: HAZUS only has two fatality rates (5% & 10% of 
building occupants).  

[Modified from Hope Seligson, MMI Engineering]



PAGER 
SYSTEM 
ELEMENTS

[$, Casualties]



Natural Hazards Review, 2011



None Regional NationalInternational

Response

Alert Level Range w/ Median Probability

ESTIMATED FATALITIES



$1B$1M $100B$100M

II LEVEL ILEVEL IIIFEMA Activation Level* 

*Based on past losses, FEMA response activities & inferred response levels

Significant Catastrophic

Damage
Considerable



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)

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

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.

FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov



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

(1 landslide fatality, some injuries & damage) (1 heart attack, distributed damage)



Aug 12, 2012, M6.2 China Aug 11, 2012, M6.4 Iran

(No fatalities, some injuries & damage) (300 fatalities, extensive damage to 60 settlements)



USGS National Earthquake 
Information Center,

Golden, Colorado

PAGER 
Prompt Assessment of Global Earthquakes for Response



M 5.9, VIRGINIA
Origin Time: Tue 2011-08-23 17:51:03 UTC (13:51:03 local)
Location: 37.97oN 77.97oW Depth: 1 km

PAGER
Version 1

Estimated Fatalities Estimated Economic Losses
Created: 20 minutes, 20 seconds after earthquake

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION

EXPOSURE (k = x1000) - -* 3,150k* 8,850k 313k 23k 10k 865 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

Yellow alert level for economic losses. Some
damage is possible and the impact should be
relatively localized. Estimated economic losses
are less than 1% of GDP of the United States.
Past events with this alert level have required a
local or regional level response.

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: usc0005ild

Selected City Exposure
from GeoNames.org

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

bold cities appear on map (k = x1000)

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)

20 Minutes: mainly predictive 
(some DYFI)

2 hours, 5 min: constrained by 
many(!) DYFI data



M 6.2, NORTH ISLAND OF NEW ZEALAND
Origin Time: Mon 2014-01-20 02:52:45 UTC (14:35:51 local)
Location: 40.63 ◦ S 175.78 ◦ E Depth: 28 km

PAGER
Version 1

Created: 2 weeks, 1 day after earthquake

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

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 resistant to earthquake
shaking, though some vulnerable structures
exist.

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

- -* 146k* 835k 132k 111k 0 0 0 0

Historical Earthquakes (with MMI levels):
Date Dist. Mag. Max Shaking
(UTC) (km) MMI(#) Deaths
1977-01-18 169 6.1 VI(57k) 0
1987-03-02 302 6.5 IX(389) 0
2004-07-18 296 5.4 VII(667) 1

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

Selected City Exposure
from GeoNames.org

MMI City Population
VI Palmerston North 76k
VI Otaki 6k
V Levin 20k
V Foxton 5k
V Masterton 21k
V Castlepoint 2k
IV Wellington 382k
IV New Plymouth 49k
IV Gisborne 34k
IV Napier 57k
III Nelson 59k

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: usb000m4i4

1
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Secondary Hazards:
Landslides

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   ID:200805120628

Map Version 1 Processed Mon Jun 18, 2012 02:31:03 PM MDT  

INSTRUMENTAL
INTENSITY

PEAK ACC.(%g)

I II−III IV V VI VII VIII IX X+
<0.05 0.3 2.8 6.2 12 22 40 75 >139

Scale based upon Worden et al. (2011)
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0 50

km

Beichuan, China, 2008

Secondary Hazards

Wenchuan, China 
Mw 7.9. 2008

20,000 landslide 
fatalities



Distribution of landslide and liquefaction likelihood. This methodology is being 
developed for use in ShakeCast and PAGER.



ShakeCast

Automatic Damage Assessment for 
Critical Facilities 

ShakeMap BroadCast — Moving 
beyond “looking at” ShakeMap

Kuo-Wan Lin & David Wald
U. S. Geological Survey, Golden, CO

Tweet from the Head of FEMA



SAMPLE PAGER ALERT RECIPIENTS

Global Disaster Alert &
Coordination System

State & Federal Government

InternationalAid 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

Courtesy of 
J. Martinez, IDB



Example PAGER users: Inter-American Development Bank



Map of fatality-based alert levels that would be triggered given the observed fatalities for events over the past forty years. The legend 
provides the fatality threshold for color-coded alert level. There would have been about 5,000 green, 490 yellow, 51 orange, and 48 
red alerts (approximately 12 yellow, 1-2 orange, and 1-2 red alerts per year).

Global Fatality-based alerts over the past 40 years

Yellow 482    
Orange 48  
Red 46 



US $-Loss-based Activation Levels  (past 40 years)
(From comparison of past losses, aid & response)

Yellow (Level III) 24 
Orange (Level II)   7 

Red (Level I)   3 

Red 1/10 yr; Orange 1/6 yrs, Yellow 1/2 yrs

Yellow 

Yellow 



(33 deaths; >$40B losses)



How did we do using EIS? (>2010) 

RED

ORANGE

YELLOW

GREEN

Reported Fatalities
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[Jaiswal & Wald (2012) Earthquake Spectra]
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PAGER Modules: Products & Tools



Vs30 Derived From
Topographic Slope 

Topography & Vs30
Measurements

Taiwan



USGS Global Vs30 Server 
(Vs30 proxy from topographic slope) 

Iran – Vs30 from slope 



From Thompson & Wald

Wills & Clahan
(2006); Geology

Slope+Geology+
Data (kriging)

Geology (Wills & Clahan) Geology + Topo Slope Geology + Slope + Data



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

trench

Using NEIC 
hypocenter & CMT

Using Slab1.0



Automatic Global GMPE Selector

Daniel Garcia, USGS



Hayes’ Slab1.0



Logit(p(Y = 1)) = β0 + β1X1+ β2X2 + β3X3, (1)

where p is the probability that the dependent variable (Y) is 1, and β1, β2, β3 are 
coefficients which measure the contribution of independent variables (Xi,X2,...,Xn) 
to the variations in Y.

Logistic Regression:
• Allows categorical or continuous independent variables (Xi),
• The logistic regression has the advantage of being less affected when the basic 

assumption of normality of the variables is not met,
• Logistic regression is included in a category of statistical models called 

generalized linear models, which employs the use of independent variables to 
create a mathematical model that predicts the probability of an event 
occurrence in a certain area,

• The key to logistic regression is that the dependent variable is generally 
dichotomous, i.e., it can take only the value 1 or 0, representing the 
presence/absence of landslides or liquefaction,

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



Liquefaction

Candidate Explanatory Variables 
(Global Application)

Soil Strength Susceptibility Peak Acceleration (PGA)

Vs30 (from slope) [“Wetness Index” Compound ShakeMap
Topographic Index (CTI)

Distance to Waterbody]

Landslide

Static Strength Susceptibility Peak Acceleration (PGA)

Slope (from Topog.) [Lithology, Geology] ShakeMap



PGA
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Beichuan, China, 2008

Logit(p) = β0 + β1X1+ β2X2 + β3X3 

where p is the probability that the 
dependent variable (Y) is 1, and β1, β2, β3
are coefficients which measure the 
contribution of independent variables 
(Xi,X2,...,Xn) to the variations in Y.
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Liquefaction Probability

Going Forward….PrioritiesLandslide Probability

Beichuan, China, 2008
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