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General recommendationsGeneral recommendations

•• TheThe geological,geological, geophysical,geophysical, geotechnicalgeotechnicalg gg g g p yg p y gg
andand seismologicalseismological databasesdatabases shouldshould bebe
incorporatedincorporated toto aa GISGIS..

•• AlsoAlso otherother kindkind ofof informationinformationAlsoAlso otherother kindkind ofof informationinformation
(meteorological,(meteorological, economical,economical, social,social, etcetc..))
shouldshould bebe incorporatedincorporated..shouldshould bebe incorporatedincorporated..

•• TheThe ownerowner ofof thethe databasedatabase shouldshould bebe thethe•• TheThe ownerowner ofof thethe databasedatabase shouldshould bebe thethe
applicantapplicant..
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General description of a GISGeneral description of a GIS

•• InIn aa sitingsiting process,process, thethe GISGIS isis formedformed bybygg p ,p , yy
aa softwaresoftware andand thethe associatedassociated
informationinformation containingcontaining allall relevantrelevantgg
informationinformation forfor thethe selectionselection ofof thethe sitesite..

•• InIn aa GIS,GIS, allall datadata isis geogeo--referencedreferenced..

•• TheThe GISGIS allowsallows toto view,view, toto cross,cross, toto,, ,,
compare,compare, toto modify,modify, toto generate,generate, etcetc..
differentdifferent typestypes ofof informationinformation
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differentdifferent typestypes ofof informationinformation



General description of a GISGeneral description of a GIS

•• TheThe databasedatabase isis composedcomposed ofof differentdifferentpp
layerslayers ofof informationinformation (i(i..ee.. seismicseismic
catalog,catalog, geologicalgeological maps,maps, crosscross sections,sections,g,g, g gg g p ,p , ,,
etcetc..))..

•• EachEach layerlayer couldcould bebe aa rasterraster imageimage (for(for
ll t llitt llit i )i ) tt llexample,example, satellitesatellite image)image) oror aa vectorvector layerlayer

(for(for instance,instance, seismicseismic catalog)catalog)..
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General description of a GISGeneral description of a GIS

•• TheThe vectorvector layerslayers areare formedformed byby objectsobjects::yy yy jj
pointspoints (i(i..ee.. epicenters),epicenters), lineslines (i(i..ee.. crosscross
sections)sections) oror polygonspolygons (i(i..ee.. zonezone diffusediffuse)) p ygp yg ((
seismicity)seismicity)..

•• EachEach objectobject hashas associatedassociated differentdifferent fieldfield
i f tii f ti FF ll th kth kinformationinformation.. ForFor example,example, anan earthquakeearthquake
(a(a point)point) hashas associatedassociated thethe magnitude,magnitude,
d thd th l it dl it d l tit dl tit d tt fi ldfi lddepth,depth, longitude,longitude, latitude,latitude, etcetc.. fieldsfields..
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General description of a GISGeneral description of a GIS

•• TheThe databasedatabase shouldshould containcontain aa detaileddetailed
descriptiondescription ofof thethe typetype ofof layers,layers, objectsobjects
andand aa goodgood descriptiondescription ofof thethe fieldfieldgg pp
informationinformation..
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Types of presentation of a GISTypes of presentation of a GIS

1.1. CaseCase 11:: TheThe clientclient hashas itsits ownown GISGIS
((A GiA Gi ff i t )i t ) II thithi thth((ArcGisArcGis,, forfor instance)instance).. InIn thisthis case,case, thethe
databasedatabase delivereddelivered byby consultantsconsultants isis

dd bb thth ll ff i f tii f ticomposedcomposed byby thethe layerslayers ofof informationinformation
inin thethe specificspecific GISGIS formatformat.. AA standardstandard
GISGIS ii d dd d ((A GiA Gi M i fM i fGISGIS isis recommendedrecommended ((ArcGisArcGis,, MapinfoMapinfo,,
etcetc..))..

•• AdvantagesAdvantages:: ItIt isis thethe simplestsimplest casecase.. TheThe
clientclient cancan modifymodify informationinformation andand generategenerate

i f tii f tinewnew informationinformation..
•• DisadvantagesDisadvantages:: TheThe clientclient needsneeds experienceexperience

ii GISGIS dd itit hh i li l tt
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inin GISGIS andand itit hashas aa economicaleconomical costcost



Types of presentation of a GISTypes of presentation of a GIS

2.2. ExampleExample:: MapinfoMapinfo,, ArcGISArcGIS,, etcetc..
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Types of presentation of a GISTypes of presentation of a GIS

2.2. CaseCase 22:: TheThe clientclient hashas notnot aa GISGIS
softwaresoftware.. InIn thisthis casecase therethere areare 22
possibilitiespossibilities::pp

a)a) DeliverDeliver thethe databasedatabase (layers(layers ofof information)information)
withwith aa viewerviewer ((ArcGisArcGis Explorer,Explorer, forfor(( p ,p ,
instance)instance)..

•• AdvantagesAdvantages:: ItIt isis alsoalso aa veryvery simplesimple casecase..gg yy pp
•• DisadvantagesDisadvantages:: TheThe clientclient cancan viewview andand

crosscross informationinformation butbut hehe cancan notnot toto
modifymodify oror toto generategenerate newnew informationinformation
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Types of presentation of a GISTypes of presentation of a GIS

2.2. ExampleExample:: ArcGisArcGis Explorer,Explorer, ArcArc Reader,Reader, etcetc..
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Types of presentation of a GISTypes of presentation of a GIS

2.2. CaseCase 22:: TheThe clientclient hashas notnot aa GISGIS
softwaresoftware.. InIn thisthis casecase therethere areare 22
possibilitiespossibilities::pp

b)b) ToTo developdevelop aa specificspecific softwaresoftware forfor thethe
projectproject..p jp j

•• AdvantagesAdvantages:: TheThe softwaresoftware isis useruser--
friendlyfriendly.. OnlyOnly aa minimumminimum knowlegdeknowlegde ininyy yy gg
GISGIS isis requiredrequired.. ItIt isis thethe mostmost elegantelegant..

•• DisadvantagesDisadvantages:: ItIt isis expensiveexpensive.. TheThe clientclientgg pp
cancan viewview andand crosscross informationinformation butbut hehe
cancan notnot toto modifymodify oror toto generategenerate newnew
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informationinformation..



Types of presentation of a GISTypes of presentation of a GIS

2.2. ExampleExample:: GEOTERGEOTER specificspecific softwaresoftware
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PSHA- Case study

Seismic Hazard Assessment case studySeismic Hazard Assessment case studySeismic Hazard Assessment case study.Seismic Hazard Assessment case study.
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PSHA- Case study
Summary of the study:Summary of the study:

11 D l t f thD l t f th d t bd t b1.1.Development of the Development of the databasedatabase::
a)a) Geological, geophysical and geotechnical databaseGeological, geophysical and geotechnical database
b)b) Seismological databaseSeismological databaseb)b) Seismological databaseSeismological database
c)c) Geotechnical characterization of the siteGeotechnical characterization of the site
d)d) Use of a SIG (example)Use of a SIG (example)d)d) Use of a SIG (example)Use of a SIG (example)

2.2.SeismotectonicSeismotectonic modelsmodels
11 Geological characterizationGeological characterization1.1. Geological characterizationGeological characterization
2.2. Characterization of the seismic activityCharacterization of the seismic activity

33 Attenuation relationshipAttenuation relationship3.3.Attenuation relationshipAttenuation relationship
4.4.Sensitivity studiesSensitivity studies
55 G d ti d fi iti fG d ti d fi iti f tt
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5.5.Ground motion: definition of Ground motion: definition of response spectraresponse spectra
6.6.ConclusionsConclusions



PSHA- Case study

Geological Database: Collecting 
information

1 Analyze of old studies and regional studies1.Analyze of old studies and regional studies
2.New data (geology, paleoseismicity, etc)

a) PALEOSIS project
b) SAFE (“Slow Active Faults in Europe”) project) ( p ) p j
c) GEOFRANCE 3D (Recent deformation) project
d) ENTEC (tectonics) projectd) ENTEC (tectonics) project
e) EUCOR-URGENT,  studies of CEREGE, 

G bl CEA IRSN t
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Grenoble, CEA, IRSN, etc.



PSHA- Case study

Seismological database. Main sources:
1.LDG catalogue: homogeneous from 1962
2 Levret et al 1996 catalogue (revision of 1402.Levret et al. 1996 catalogue (revision of 140 

historical earthquakes)
3.BRGM (Bles et al. 1998)
4 Sisfrance database (1100 historical4.Sisfrance database (1100 historical 

earthquakes, 86000 macroseismic data)
5 RAP t ti d t b (526 t5.RAP strong motion database (526 strong 

motion records selected)
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PSHA- Case study

Relations used to perfom the catalogue:
• Intensity to magnitude:
• Ml to Ms: Ambraseys et al (1985):• Ml to Ms: Ambraseys et al. (1985):

• Mmacro to Ms (fitted):
• Ml to Mw (Drouet 2006):• Ml to Mw (Drouet 2006):
• Mmacro to Mw (Gruntal et Walstrom 2003): 
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PSHA- Case study

Conversion Mmacro to Ms: 
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PSHA- Case study

Elimination of foreshocks and aftershocks 
using temporal and spatial windows: 

Specific GEOTER software used
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PSHA- Case study

Definition of the periods of completeness:
• Two types of zone used: 

• zones largely populatedzones largely populated 
• zones poorly populated (Alpine and Pyrenean 

zones)zones) 
• Type of methodology used: 

• Stepp plot
• Year histogram for range of magnitudeYear histogram for range of magnitude

• Definition of completeness periods within 
h d ith h t f it d
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each zone and with each type of magnitude. 



PSHA- Case study

Stepp plot methodology: 
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PSHA- Case study

Year histogram methodology: 
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PSHA- Case study
Strong motion database: specific GEOTER software 

developed to analyze the RAP database p y
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PSHA- Case study

Seismotectonic model: 3 seismotectonic 
models have been retained to take into 
account the different opinions of the p
scientific community. 

1 Model 11.Model 1
2.Model 2
3.Model 3
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PSHA- Case study

Seismic characterization of the seismic zone 
sources: 

1) Poisson model1) Poisson model
• Slope of the GR law (b-value)

A ti it t ( l )• Activity rate (a-value)
• Mmax
2) Characteristic model
• Characteristic magnitude• Characteristic magnitude
• Return period
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• Elapsed time from last characteristic event



PSHA- Case study

Adjustment of the GR law: Method of 
( )maximum likelihood (Weichert).

• a, b, λ, β and its uncertainty.a, b, λ, β and its uncertainty.
• Consideration of periods of completeness
• Consideration of number of earthquakes for 

each range of magnitudeg g
• Consideration of the magnitude level
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PSHA- Case study

Criteria for selection of the attenuation 
l ti hirelationship:

• Date of publication of the law
• Access to sources
• Validity domainValidity domain
• Law defined in many spectral periods
• Consideration of site effects• Consideration of site effects
• Consideration of focal mechanism

C h ith t ti d d i F• Coherency with strong motion recorded in France. 
Publications of Sherbaum et al. 2004 and Drouet 2006
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PSHA- Case study

Attenuation relationship retained:
• RFS 2001-01: imposed by French regulations and well 

classified in Sherbaum et al. 2004 and Drouet 2006. 
D fi d i t f M d RhDefined in terms of Ms and Rhypo.

• Sabetta & Pugliese (1996): largely used in Europe 
(EC8) D fi d i f Ml d Rjb(EC8). Defined in terms of Ml and Rjb

• Abrahamson & Silva (1997): In agreement with 
French strong motion (Sherbaum et al. 2004 and 
Drouet 2006). Defined in terms of Mw and Rrup.

• Campbell & Bozorgnia (2008): NGA attenuation law
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PSHA- Case study
Ground motion: PSHA calculation

1. Definition of  seismic sources 2. Definition of the 
attenuation relationship

Ti hi i d d5. Time histories adapted
to response spectra

3. PSHA calculation: seismic hazard curves

4. Uniform response spectra
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PSHA- Case study
• Ground motion: Logic tree used
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PSHA- Case study

Sensitivity studies: 
• Attenuation law and type of magnitude
• Seismotectonic zonation• Seismotectonic zonation
• 2 or 3 standard deviation in the integration 

process of the attenuation law
• MminMmin
• Mmax
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PSHA- Case study
• Example of deaggregation by source (EDF model 

+ RFS 2001 01)+ RFS 2001-01)
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PSHA- Case study

• Example of deaggregation by couple 
magnitude-distance

T=0 s. T=2 s. 
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DSHA. Case study

Deterministic Seismic Hazard AssessmentDeterministic Seismic Hazard AssessmentDeterministic Seismic Hazard Assessment.Deterministic Seismic Hazard Assessment.

Case study.Case study.

35



DSHA. Case study

Methodology:Methodology: 
DATA SELECTION AND VALIDATION

SEISMOTECTONIC ZONATION

C A Q A OREFERENCE EARTHQUAKE DEFINITION : SMHV, SMS AND SMPP

SITE CONDITIONS 

GROUND MOTION CALCULATION

LOGIC TREE and Monte carlo processLOGIC TREE and Monte carlo process

RESPONSE SPECTRA  AT  SURFACE
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RESPONSE  SPECTRA AT  DEPTH



DSHA. Case study

Historical seismicityHistorical seismicity
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DSHA. Case study

Instrumental seismicityInstrumental seismicity
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DSHA. Case study

SMHV SMHV –– Final logic tree : Final logic tree : 
::
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DSHA. Case study

Response spectra calculation  process :Response spectra calculation  process :
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PSHA in Indonesia

PSHA in Indonesia Case studyPSHA in Indonesia Case studyPSHA in Indonesia. Case study.PSHA in Indonesia. Case study.

JakartaJakarta
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PSHA : Indonesian case 
Seismotectonic settings of western Indonesia
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PSHA : Indonesian case 
North-South cross-section of the Java subduction and location of 

hypocentershypocenters
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PSHA : Indonesian case 
Large historical earthquakes and rupture zones due to large 

earthquakes along the Sumatra subductionearthquakes along the Sumatra subduction
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PSHA : Indonesian case 
Isoseismal map for the february 27, 1903 Java-Sumatra earthquake
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PSHA : Indonesian case 
Seismotectonic context of the Sunda Strait, south Sumatra and west 

Java islandsJava islands
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PSHA : Indonesian case 
Regional shallow seismic zonation of the south Sumatra and west 

Java islands, used for the probabilistic seismic hazard assessment ofJava islands, used for the probabilistic seismic hazard assessment of 
Jakarta
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PSHA : Indonesian case 
Regional seismic zonation of the Sumatra-Java subduction used for 

the probabilistic seismic hazard assessment of Jakartathe probabilistic seismic hazard assessment of Jakarta
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PSHA : Indonesian case 
Isobaths of the Benioff-Wadati zone beneath the South Sumatra and 

West Java islands and deterministic hypothesis used for theWest Java islands and deterministic hypothesis used for the 
earthquake scenario
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PSHA : Indonesian case 
Logic tree implemented for the probabilistic approach
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PSHA : Indonesian case 
Deaggregation by couple magnitude-distance for PGA and the 475 

years of return periodyears of return period
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International Atomic Energy Agency

Thank you for your attention
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