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Mathematical  BackgroundMathematical  Background
ØØMathematicalMathematical backgroundbackground:: totaltotal probabilityprobability theoremtheorem ((CornellCornell 19681968))..

P(U>u|m,R)P(U>u|m,R):: probabilityprobability thatthat groundground motionmotion levellevel uu willwill bebe exceeded,exceeded,
givengiven anan earthqearthq.. ofof magmag.. mm onon aa sourcesource atat distancedistance RR fromfrom thethe sitesite;;
ffMM(m)(m):: probabilityprobability distributiondistribution ofof magnitude,magnitude,
ffRR(R)(R):: probabilityprobability distributiondistribution ofof sitesite--sourcesource distancedistance;;
mm00,, mmmaxmax:: lowerlower andand upperupper boundbound ofof magnitude,magnitude, mm00<m<<m< mmmaxmax..

ØØSSummationummation overover allall seismicseismic sourcessources givesgives thethe aanualnual raterate ofof groundground
motionmotion exceedanceexceedance::

λλii((mm00)):: thethe annualannual raterate ofof occurrenceoccurrence ofof earthquakesearthquakes withwith mm ≥≥ mm00..

AssumingAssuming earthquakeearthquake processprocess isis PoissonianPoissonian,, probprob.. thatthat levellevel uu willwill bebe
exceededexceeded atat leastleast onceonce duringduring thethe timetime periodperiod TT::
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Mathematical  BackgroundMathematical  Background
ØØExceptExcept probabilityprobability distributionsdistributions ofof thethe magnitudemagnitude ffMM(m),(m), andand sitesite--toto--

sourcesource distancedistance ffRR(R)(R),, implementationimplementation ofof thethe PSHAPSHA alsoalso requiresrequires::

§§ AA spatialspatial modelmodel toto describedescribe reliablyreliably thethe seismicseismic activityactivity raterate λλii((mm00))..

§§ AA modelmodel toto characterizecharacterize thethe processprocess thatthat generatesgenerates thethe groundground
motionmotion P(U>u|m,R)P(U>u|m,R)..

§§ ffMM(m)(m) isis characterizedcharacterized byby doublydoubly--truncatedtruncated exponentialexponential modelmodel::

ØØ λλii((mm00)):: differentdifferent approachesapproaches proposed,proposed, areare distinguisheddistinguished onon thethe wayway
theythey modelmodel seismicityseismicity withinwithin anan areaarea:: assumingassuming thethe earthquakeearthquake raterate
ofof occurrenceoccurrence isis uniformuniform throughoutthroughout (source(source zonezone approach),approach), oror
consideringconsidering itit asas spatialspatial variablevariable (gridded(gridded seismicityseismicity:: spatiallyspatially
smoothed,smoothed, kernelkernel methodologymethodology))..
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Mathematical  BackgroundMathematical  Background
ØØP(U>P(U>u|m,Ru|m,R)):: AAssessmentssessment ofof thethe conditionalconditional exceedanceexceedance probabilityprobability ofof aa

specifiedspecified levellevel uu ofof seismicseismic intensityintensity UU onon aa certaincertain site,site, requiresrequires anan
adequateadequate modelmodel toto predictpredict thethe groundground motionmotion generatedgenerated atat aa sitesite whenwhen onon aa
sourcesource zonezone hashas occurredoccurred anan earthquakeearthquake withwith magnitudemagnitude mm andand distancedistance RR
fromfrom thisthis sitesite::

FFUU(u*)(u*):: valuevalue ofof thethe cdfcdf ofof thethe randomrandom variablevariable UU thatthat correspondscorresponds toto thethe
fixedfixed valuesvalues ofof magmag.. m,m, andand thethe distancedistance toto thethe eqeq.. sourcesource rr..
UsuallyUsually UU isis characterizedcharacterized byby thethe lognormallognormal lawlaw.. InIn thisthis casecase::

µµUU:: conditionedconditioned mathematicalmathematical expectationexpectation ofof lnln(U)(U) forfor aa fixedfixed ((m,rm,r));;
ΦΦ:: cdfcdf ofof thethe standardizedstandardized normalnormal distributiondistribution N(N(00,,11));;
σσlnulnu:: logarithmiclogarithmic standardstandard deviationdeviation ofof thethe regressiveregressive modelmodel (PGME)(PGME)..

GenerallyGenerally::
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Seismicity ModelingSeismicity Modeling
ØØGenerallyGenerally,, fourfour differentdifferent classesclasses ofof earthquakeearthquake sourcesource modelsmodels areare usedused

forfor seismicseismic hazardhazard assessmentassessment (NSHM(NSHM,, USGS,USGS, 20082008))::
1)1) SmoothedSmoothed griddedgridded seismicity,seismicity,
2)2) UniformUniform backgroundbackground sourcesource zones,zones,
3)3) GeodeticallyGeodetically derivedderived sourcesource zones,zones,
4)4) FaultsFaults..

§§ TheThe firstfirst twotwo modelsmodels areare basedbased onon thethe earthquakeearthquake catalogcatalog andand
characterizecharacterize thethe hazardhazard fromfrom earthquakesearthquakes betweenbetween MM55 andand MM66..55--77..00..

§§ TheThe geodeticallygeodetically derivedderived sourcesource zoneszones areare usedused toto assessassess thethe hazardhazard
betweenbetween MM66..55 andand thethe largestlargest potentialpotential earthquakeearthquake inin aa regionregion..

§§ FaultsFaults mostlymostly contributecontribute toto thethe hazardhazard forfor earthquakesearthquakes strongerstronger thanthan
MM66..55..
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Seismicity ModelingSeismicity Modeling
ØØFaultFault sourcessources anan ggeodeticallyeodetically derivedderived sourcesource zoneszones

WithinWithin thethe frameframe ofof thethe BSHAPBSHAP project,project, itit hashas beenbeen impossibleimpossible toto
provideprovide thethe relevantrelevant information,information, eveneven forfor thethe faultsfaults thatthat havehave
generatedgenerated strongeststrongest earthquakesearthquakes withwith Mw>Mw> 66..55 inin ourour regionregion..

ØØSeismicSeismic hazardhazard assessmentassessment isis accomplishedaccomplished usingusing thethe smoothedsmoothed
griddedgridded seismicityseismicity methodologymethodology..
§§ RandomRandom seismicityseismicity--derivedderived sourcessources accountaccount forfor twotwo typestypes ofof

earthquakesearthquakes::
11)) thosethose thatthat occuroccur offoff knownknown faults,faults, andand
22)) moderatemoderate--sizesize earthquakesearthquakes thatthat areare notnot modeledmodeled onon faultsfaults..

§§ TheThe griddedgridded--seismicityseismicity modelsmodels areare basedbased onon historicalhistorical earthquakesearthquakes
andand accountaccount forfor thethe observationobservation thatthat strongerstronger earthquakesearthquakes occuroccur atat
nearnear clustersclusters ofof previousprevious smallersmaller earthquakesearthquakes..
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PSHA implementation (BSHAP)PSHA implementation (BSHAP)
ØØApplicationApplication ofof PSHAPSHA requiresrequires::
§§ aa homogenoushomogenous catalogcatalog ofof historicalhistorical earthquakes,earthquakes,
§§ aa descriptiondescription ofof possiblepossible faultsfaults andand earthquakeearthquake sources,sources,
§§ thethe parametersparameters describingdescribing adequatelyadequately seismicityseismicity forfor faultsfaults andand

earthquakeearthquake sources,sources,
§§ appropriateappropriate PGMPGM modelsmodels inin regionregion..

ØØTheThe problemsproblems relatedrelated withwith compilingcompiling ofof aa homogenoushomogenous earthquakeearthquake
catalogcatalog -- unifiedunified inin termsterms ofof MMWW magmag.. scale,scale, completenesscompleteness magnitudemagnitude
levels,levels, declusteringdeclustering,, etcetc..,, werewere justjust presentedpresented byby ProfProf.. DuniDuni..

ØØDrDr.. JJ.. MihaljevicMihaljevic alsoalso presentedpresented inin detailsdetails thethe identification,identification,
delineationdelineation andand characterizationcharacterization ofof thethe seismotectonicseismotectonic sourcesource zoneszones
inin thethe BSHAPBSHAP projectproject regionregion..
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Estimation of recurrence statisticsEstimation of recurrence statistics

ØØToTo calculatecalculate thethe hazardhazard fromfrom aa particularparticular source,source, aa doublydoubly--truncatedtruncated
exponentialexponential modelmodel forfor GG--RR magnitudemagnitude--frequencyfrequency distributiondistribution isis usedused::

,, mm00<< m<m< mmmaxmax

λλmm:  the mean annual number of  earthquakes with :  the mean annual number of  earthquakes with M ≥ mM ≥ m..
λλm0m0: the mean annual number of  earthquakes with : the mean annual number of  earthquakes with M ≥ mM ≥ m00..
mm0 0 :  :  minimum magnitude with engineering interest (minimum magnitude with engineering interest (mm00=4.0 is used=4.0 is used))
mmmaxmax:: maximum magnitude that can be generated in a seismic source.maximum magnitude that can be generated in a seismic source.

ØØTheThe recurrencerecurrence statisticsstatistics ((aa-- andand bb--values,values, λλmm00)) areare obtainedobtained fromfrom
analysisanalysis ofof thethe BSHAPBSHAP catalog,catalog, usingusing aa MLEMLE methodmethod thatthat accountsaccounts
forfor variablevariable completenesscompleteness (Bollinger(Bollinger etet alal.. 19931993;; WeichertWeichert 19801980,, BerrilBerril
andand DavisDavis 19801980))..

ØØTheThe recurrencerecurrence statisticsstatistics areare estimatedestimated forfor aboutabout 7070 sourcesource zoneszones..
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EstimationEstimation of maximum magnitudeof maximum magnitude

ØØMMmaxmax isis aa difficultdifficult parameterparameter toto bebe assessedassessed becausebecause thethe databasedatabase toto
derivederive itit isis statisticallystatistically veryvery limitedlimited.. MMmaxmax,, shouldshould bebe relativelyrelatively large,large,
becausebecause bigbig earthquakesearthquakes maymay havehave aa veryvery largelarge intervalinterval occurrence,occurrence,
thatthat sometimessometimes exceedsexceeds 1000010000 yearsyears andand probablyprobably areare notnot evidencedevidenced
inin thethe historicalhistorical oror geologicalgeological documentsdocuments..

ØØEstimationEstimation ofof MMmaxmax toto somesome extentextent shouldshould reflectreflect thethe uncertaintiesuncertainties
thatthat associateassociate thisthis parameterparameter..

ØØMMmaxmax usedused inin ourour hazardhazard calculations,calculations, isis sourcesource zonezone dependentdependent.. ItsIts
assessmentassessment isis basedbased consideringconsidering thethe maximummaximum observedobserved magnitudemagnitude inin
aa seismotectonicseismotectonic zonezone andand thethe respectiverespective geologicalgeological settingssettings..

ØØForFor everyevery zone,zone, wewe havehave acceptedaccepted thethe estimationsestimations givengiven byby eacheach
partnerpartner countrycountry forfor thethe relevantrelevant zoneszones..
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Interactive fitting 0f the GInteractive fitting 0f the G--R modelR model
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ØØTheThe doublydoubly--truncatedtruncated GG--RR
exponentialexponential modelmodel isis
characterizedcharacterized byby threethree
parametersparameters:: λλmm00,, b,b, andand mmmaxmax..

AfterAfter theirtheir assessment,assessment, aa
finalfinal manualmanual checkcheck andand
tuningtuning isis appliedapplied forfor everyevery
zone,zone, inspectinginspecting carefullycarefully
howhow thethe modelmodel obtainedobtained fitsfits
thethe respectiverespective observedobserved datadata..

ThisThis procedureprocedure enablesenables anan
accurateaccurate calculationcalculation ofof thethe
seismicityseismicity ratesrates..

C
um

ul
at

iv
e

nu
m

be
r/

ye
ar


