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What is Modified Mercalli Intensity IX i

• Deweyoetoal.o(1997):oIX.oWorstoeffectsoincludeomultipleocasesoofo
structuralodamageotooreinforcedoconcreteobuildingsoandoparkingo
structuresobuiltowhenoaoseismicocodeowasoinoeffect,owithosomeocasesoofo
partialoorocompleteocollapse;ocollapseoofoelevatedofreewayosections;o
widespreadodamageotoounreinforcedomasonryobuildingso(e.g.,ooldobricko
buildings),owithototalocollapse;owidespreadoincidenceoofowood-frameo
housesoshiftedooffofoundationsowhereonotosecurelyoanchoredoando
braced;owidespreadodestructionoofowood-frameoapartmentobuildingso
havingolargeoopenoareasoinotheirofirstostories;owidespreadocollapseoofo
masonryo(brick,oblockoorostone)ochimneys,owhetheroreinforcedooronot,o
onosingle-familyohomes;ofurnitureo andobuildingocontentsogenerallyo
overturned andothrownoacrossoroom.
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Theopuzzle:oIntensityoIXohasonotohappenedoasooftenoasoseismico

hazardoanalysisopredicts.o
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How often does Intensity IX occuri
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Earthquake Locations
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Low-pass filters: fC=0.33, 0.5, 1, 2, 5, 10, 25 Hz

Peak horizontal acceleration and velocity, filtered
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Peak horizontal acceleration and velocity, filtered

IX IX
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Seismic Hazard 
Curve

Basic 
Assumption: 
a hazard curve 
exists for each 
point on the 
planet.
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Use of hazard 
curvei 
building design

UnitedoStatesoCode:o

Motionowithoprobabilityoofo2%oino

50oyears.

Poissonoassumption:o

Exceedanceorateo=o4.04x10-4 yr-1
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Use of the 
hazard 
curve
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Model to estimate the hazard curve
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Needoaoplainohazardocurve

Assumptions:

1. Aotrueohazardocurveoexistsoforo

everyopointoonotheoplanet.

2. Ifoweocouldogeto>104 yearsoofo

seismogramsoatotheosite,oweo

couldoknowotheo“correct”o

answer.
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Historicaloearthquakes
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Estimateopeako

accelerationofromo

eachoearthquake.
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0.35ogowasoequaledooro

exceededooneotime
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0.22ogowasoequaledooro

exceededotwootimes.o
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0.35ogoequaledooro

exceededoonceoino

161oyearso(1st eq ino

catalog:o1852)

0.22ogoequaledooro

exceededotwiceoino

161oyears.o

Observations.

1. Theoempiricalohazardocurveo

developedofromoseismicityoiso

similarotootheoUSGSohazardo

model.

2. Weocouldomeasureotheotrueo

hazardocurveoforothisosite,oifoweo

hadoaomillionoyearsoofo

earthquakeorecords.o

3. Sinceoaohazardocurveoiso

conceptuallyomeasurable,othiso

provesothatoitoexists.oTheo

fundamentaloassumptionoofo

PSHAoisothatoaotrueohazardocurveo

exists.

4. Theohistoricalorecordoisotooo

short,obyoatoleastoanoorderoofo

magnitude,otootestotheohazardo

curveoatotheorateothatoisocriticalo

foroseismicodesign.o
p=2%oino50oyears
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USGSocurve:

• Includesofaults

• Uncertaintiesoino

groundomotiono

estimates

• Smoothsotheo

locationsoofo

historicalo

earthquakes

• Result:ocurveo

extendedotoolowo

enoughorates.o

Comparisono

dependsoonotheo

choiceoofoGMPE

21

Lower exceedance rates

• Addohazardofromoactiveo
faults.
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Moment Balance

• RuptureolengthoMagnitudeo/oMoment

• Momento Slipoperoevent

• Sliporateoonofault,orecurrenceointerval,oslipoperoeventoneedotoobeo
consistent.

• Moreotechniquesoifotheofaultohasoaorangeoofosizes.
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Model: 
fault length 
to 
magnitude

FromoAndersonoetoal.,o2017,o

BSSAo(December)
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Model to Estimate the Hazard Curve
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Needoaoplainohazardocurve

Assumptions:

1. Aotrueohazardocurveoexistsoforo

everyopointoonotheoplanet.

2. Ifoweocouldogeto>104 yearsoofo

seismogramsoatotheosite,oweo

couldoknowotheo“correct”o

answer.

3. Weocanotrustotheobasico

mathematicalomethodotoo

estimateotheocurve.
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Symbolic equations to build a hazard curve

γ =orateoofoexceedanceoofogroundomotionoY

no=orateoofoearthquakeooccurrence,omagnitudeoM,oatolocationox

Φ =oprobabilityoofotheoearthquakeoexceedingoY.

Inosummary,othisoisojustotheoexpectedovalueoofoaodistribution.o
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Seismicity Model

Earthquakeocatalog

Faultostudies

Geodesy



Completeomodeloofo

whereoearthquakeso

occur,ohowooften,oando

howolarge.Juneo1,o2018 JohnoAnderson:oDPRIoLectures 28



FunctionsoofoM,ox

100 101 102

rrup

10-3

10-2

10-1

100

P
G

A
, g

Campbell & Bozorgnia (2008)

M
W

=8.0

M
W

=7.0

M
W

=6.0

M
W

=5.0

Y

GMPE
GroundoMotiono

PredictionoEquation

• Strongomotionodata

• VS30 andobasino

velocityomodels

• Future:ositeo

response,o

waveformomodels
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FunctionsoofoM,ox
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Reno: 39.406 N, -119.752 W

USGS 2014
Empirical (declustered)
data1

0.35ogoequaledooro

exceededoonceoino

243oyearso(1st eq ino

catalog:o1769)

0.22ogoequaledooro

exceededotwiceoino

243oyears.o

USGSocurveoincludes:

Faults

Uncertaintiesoinogroundo

motionoestimates

Smoothotheohistoricalo

earthquakes

Result:ocurveoextendedotoo

lowoenoughorates.o

p=2%oino50oyears
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Needoaoplainohazardocurve

Assumptions:

1. Aotrueohazardocurveoexistsoforo

everyopointoonotheoplanet.

2. Ifoweocouldogeto>104 yearsoofo

seismogramsoatotheosite,oweo

couldoknowotheo“correct”o

answer.

3. Weocanotrustotheobasico

mathematicalomethodotoo

estimateotheocurve.

4. Theohazardocurveoandotheoinputo

isotestableoinolimitedocases,oando

canobeoimprovedobyowithodata.
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Problematic Seismic Hazard Estimates

• YuccaoMountain.

• SouthernoCaliforniaoPrecariouslyoBalancedoRockoSites
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Seismic 
Hazard: Yucca 
Mountain, 
Nevada

• Proposedogeologicalo
repositoryoforonuclearo
wasteofromoUSonuclearo
poweroplants.

Yuccao

Mountain,o

Nevada
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Theohazardocurveo

findsoviolentogroundo

motionsoatolowo

probabilities.o

Ato10-8 peroyear:

• 11.2og

• 13.0om/so

IntensityoIXo+

-------------
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Juneo1,o2018

Precarious Rock 

Name

Chlorine-36 

exposure age of 

rock surface, ka

Whitneyo1 242

Whitneyo2 56

Whitneyo3 88

Leno4 81

Leno5 79

Leno6 74

CBDo7 174

CBDo8 154

ACRSo9 32
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UnstableoCliffs ShatteredoCliffsoandoMega-Breccias

Shatteredobyoundergroundo

nuclearoexplosions.o
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Theohazardocurveo

findsoviolentogroundo

motionsoatolowo

probabilities.o

Ato10-8 peroyear:

• 11.2og

• 13.0om/so

IntensityoIXo+

-------------
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1
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2
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3

14.5okmofromotheoSanoAndreasofault.

Faultoisoatotheobaseoofotheomountainsoinotheo

background.
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4
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5
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9
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10
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13
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14
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Discussion, if our analysis of the PBRs is 
correct

• Hazardocurvesopredictocollapseoofotheseoprecariousorocks.

• Sootheseohazardocurvesoareolikelyonotocorrect.

• Theocorrectohazardocurveoexists.o

• Somethingomustobeowrongowithotheoinputotoosynthesizeotheohazardo
curves.

• Howocanoweocorrectotheoinputotootheomodel?

• Expectothatotheocorrectionowillohaveoaomoreogeneraloimpactobeyondo
theodesertoofosouthwesternoUSA.
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Ideas for Improving the Seismic Hazard Estimates

• ErgodicoAssumption
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SeismologicaloResearcho

Letters,o1999

Characteristic ground motion 

earthquake:

Slipofunctionoandodynamicsoofo

ruptureoareoidenticaloeveryotimeo

theofaultoruptures.

Expectothatogroundomotionowillobeo

identicaloeveryotime.

“Single-stationosigma”owillobeozero.
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Ergodic Assumption

• TheoGroundoMotiono
PredictionoEquationso
measureotheovariabilityoofo
groundomotionoinospace

• Inoseismicohazardoanalysis,o
thisospatialovariabilityoiso
treatedoasotheovariabilityo
atoaosingleolocation.

Juneo1,o2018 JohnoAnderson:oDPRIoLectures 72



Equation: hazard is a probabilistic mean value 

Yo=ogroundomotion

no=onumberoofoearthquakes,omagnitudeoM,oato

locationox

Φ =oprobabilityoofotheoearthquakeoexceedingoY.

• Toochangeotheohazardocurveoweohaveotoochangeo

theointegrands.o

• Thereoisoveryolittleoroomotoochangeon.o

• Primarilyosuspectotheogroundomotionopredictiono

equation,orepresentedobyoΦ.

FunctionsoofoM,ox
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3

TheohazardohereoisodominatedobyotheoSanoAndreasofault.

IfotheouncertaintyoinotheoGMPEoisosmallero(0.15),otheoinconsistencyo

goesoaway.

Whatoisotheorightovalueoforosigma?Juneo1,o2018 JohnoAnderson:oDPRIoLectures 75 Low-pass filters: fC=0.33, 0.5, 1, 2, 5, 10, 25 Hz

Peak horizontal acceleration and velocity, filtered
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3

ExtendoempiricalocurveoatotheosameoslopeoasotheoslopeoofoextremeoPGAs?

ThisowouldobeoconsistentowithoexistenceoofotheoPBR.

Thisoapproachomixesotimeo&ospaceo– noocontrolooverositeoconditions,omagnitude,o

distance.oItoisoanoergodicoassumption.Juneo1,o2018 JohnoAnderson:oDPRIoLectures 77

Indicators for the solution

• Statisticsoofotheolargestoobservedomotions.

• Statisticsoofofoamquakes.
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ImperialoValley

1940oando1979
Map
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Parkfield

1966oando2004
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σ2
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σ2

0.025
σ = 0.16
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What did Kevin findi

• Weohaveoconstructedoaomethodotoogenerateosyntheticoseismogramso
that

1. Givesosigmaoofoaboutothisosize

2. Canobeocalibratedoinopartobyotheoprecariousorocks.

3. Givesorealisticobroadbandoseismograms.
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Indicators for the solution

• Synthetics

• Calibration

• SigmaofromoCSM
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3

TheohazardoaffectingotheorockoisodominatedobyotheoSanoAndreasofault.

IfotheouncertaintyoinotheoGMPEowereosmallero(0.15),otheo

inconsistencyowouldogooaway.
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Synthetic Seismograms using a 
Composite Source Model
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Example – modeling an M5.8 Iwaki earthquake
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Generate subevents
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• Subevent stress drop does not need to be 3 MPa.
• Sum of moments of all subevents must equal 

earthquake moment
• Stochastic realization – gives b=1 for distribution of 

subevents on the fault.
• Locations are random
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Peak acceleration vs. distance 
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Sigma
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Approximateo1857o

M7.9obyoaosingleo

segment.o

D=3ooro4om.
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3omoslip 4omoslip
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TheohazardoaffectingotheorockoisodominatedobyotheoSanoAndreasofault.

Veryolittleoopportunityotoochangeotheosourceotermoinotheointegraloforotheohazardoatothisosite.

Theoonlyowayotooestimateoaohazardocurveoconsistentowithotheseoobservationsoisotooadjustotheogroundomotion.

Haveoatoleastooneotechniqueotoogenerateosynthetics,owhereosigmaofromomultipleorupturesoisolowoenough.o
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Is the USGS National Hazard Map Wrongi

• No.

• Forogeneralodesignoguidance,ooneohasotoomakeotheoergodico
assumption.o

• Thereoisoaocostoforolackoofoknowledge.

• Site-specificostudiesocanoremoveotheoergodicoassumptionoororeduceoit’so
effectsoforoimportantostructures.o
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Summary

• IntensityoIXohappens.o

• PSHAopredictsothatoitowillohappenomoreothanoitoshould.

• Weomightoknowowhy

• Futureomayoinvolveouseoofoaocombinationoofosyntheticoseismogramso
andogroundomotionopredictionoequations,oespeciallyoforosite-specifico
hazardostudies.o
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