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Introduction (1)Introduction (1)

 In comparing the existing ground motion prediction equations (GMPEs) In comparing the existing ground motion prediction equations (GMPEs) 
with the observed record of the 2011 Tohoku earthquake, it is becoming with the observed record of the 2011 Tohoku earthquake, it is becoming 
l th t th lt f th ti i ifi tl di tl th t th lt f th ti i ifi tl di tclear that the results of the equations may vary significantly according to clear that the results of the equations may vary significantly according to 

which definition of distance is applied. which definition of distance is applied. 

Peak Ground Accelerations
For example, the ground motions of the 2011 Mw 9.0 Tohoku earthquake 

Peak Ground Velocities
p g w q

look only equivalent to those from the 2003 Mw 8.3 Tokachi-oki earthquake,
if we use fault distances.
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Introduction (2)Introduction (2)
 The problems originating from the definition of distances, such as the hanging The problems originating from the definition of distances, such as the hanging 

wall effect, are also becoming more evident. This study created and defined a wall effect, are also becoming more evident. This study created and defined a 
new term called “new term called “median distance”median distance” and produced a new GMPE by using theand produced a new GMPE by using thenew term called new term called median distance  median distance  and produced a new GMPE by using the and produced a new GMPE by using the 
same set of data as Si and same set of data as Si and MidorikawaMidorikawa (1999). With this equation, we (1999). With this equation, we 
conducted a preliminary study to analyze the advantages which can be derived conducted a preliminary study to analyze the advantages which can be derived 
from this definitionfrom this definitionfrom this definition.from this definition.

Hanging-wallFoot-wall

Hanging wall effect (e g Abrahamson and Somerville 1996; AbrahamsonHanging wall effect (e.g., Abrahamson and Somerville, 1996; Abrahamson 
and Silver, 2008; Campbell and Bozorgnia, 2008)
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Alternatives for `fault distance’Alternatives for `fault distance’
 Equivalent Equivalent HypocentralHypocentral Distance (Distance (OhnoOhno et al., 1993) et al., 1993) 

for earthquakes where strong motion generation areas (SMGAs) for earthquakes where strong motion generation areas (SMGAs) 
coincide with asperities (large slip areas)coincide with asperities (large slip areas)p ( g p )p ( g p )

Moi

 Shortest DistanceShortest Distance from SMGAs (from SMGAs (MidorikawaMidorikawa et al., 2012) et al., 2012) 
ff

2008 Iwate-Miyagi Nairiku earthquake

for earthquakes where for earthquakes where SMGASMGAs do not coincide with asperitiess do not coincide with asperities

2011 
Tohoku 
earthquakeearthquake

fault distance shortest distance from SMGAs 44



However, a distribution of slips or SMGAs is required, but However, a distribution of slips or SMGAs is required, but 
it cannot be obtained in advance to an earthquake.it cannot be obtained in advance to an earthquake.

 EarthquakeEarthquake sourcesource faults,faults, inin manymany cases,cases, areare configuredconfigured toto placeplace
mainmain SMGAsSMGAs atat theirtheir centerscenters.. TheirTheir planesplanes tendtend toto lengthenlengthen inin thethe
ll t ikt ik di tidi ti dd SMGASMGA t dt d tt di ifdi if t dt d ththalongalong--strikestrike directiondirection andand SMGAsSMGAs tendtend toto diversifydiversify towardstowards thethe samesame

directiondirection.. However,However, whenwhen observedobserved towardstowards thethe downdown--dipdip direction,direction,
theythey cancan bebe approximatedapproximated toto bebe locatedlocated nearnear thethe centercenter.. Therefore,Therefore,
wewe defineddefined thethe “median“median faultfault line”line” asas thethe straightstraight lineline extendedextended fromfrom
thethe midpointmidpoint ofof thethe faultfault planeplane inin thethe alongalong--strikestrike direction,direction, andand
defineddefined “median“median distance”distance” asas thethe shortestshortest distancedistance fromfrom anan
observationobservation pointpoint toto thethe “median“median faultfault line”line”..

2008 Iwate-Miyagi Nairiku earthquake (Hikima et al., 2009)
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DataData
 InIn thisthis study,study, wewe usedused thethe samesame setset ofof datadata asas usedused inin SiSi andand

MidorikawaMidorikawa ((19991999)) andand SiSi ((19991999)) toto calculatecalculate peakpeak groundground
accelerationsaccelerations andand velocitiesvelocities (PGAs(PGAs andand PGVs)PGVs) bothboth ofof whichwhich werewereaccelerationsaccelerations andand velocitiesvelocities (PGAs(PGAs andand PGVs),PGVs), bothboth ofof whichwhich werewere
usedused forfor thethe estimationestimation ofof GMPEsGMPEs.. AsAs forfor thethe distances,distances, wewe
replacedreplaced thethe faultfault distancesdistances withwith thethe medianmedian distances,distances, newlynewly

l l t dl l t d ff thth f ltf lt d ld l SiSi thithi ii li ili i t dt dcalculatedcalculated fromfrom thethe faultfault modelsmodels.. SinceSince thisthis isis aa preliminarypreliminary study,study,
wewe diddid notnot useuse thethe earthquakeearthquake datadata observedobserved afterafter SiSi andand
MidorikawaMidorikawa ((19991999)) forfor thethe estimationestimation ofof GMPEsGMPEs.. However,However, wewe
usedused observedobserved recordsrecords ofof thethe 20072007 ChuetsuChuetsu--okioki andand 20112011 TohokuTohoku
earthquakesearthquakes toto examineexamine thethe resultsresults ofof thethe GMPEsGMPEs..
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Construction of GMPEs (first stage)Construction of GMPEs (first stage)
 The relations between median distances and PGAs or PGVs recorded

during the 1995 Kobe earthquake indicate no saturation at close
distances. Because this confirms the usefulness of median distance, wedistances. Because this confirms the usefulness of median distance, we
used the equation: log A = b - log Xmed - k Xmed (A: PGA or PGV, Xmed:
median distance) as the first-stage regression model for the GMPE using
median distances We applied this regression model to each earthquakemedian distances. We applied this regression model to each earthquake
and calculated the value of coefficient b. In order for the ground motion
data at close distances to be reflected strongly, we analyzed by giving a

i ht f 8 f di t l th 25 k 4 f 25 t 50 k 2 f 50 tweight of 8 for distances less than 25 km, 4 for 25 to 50 km, 2 for 50 to
100 km and 1 for over 100 km.
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Construction of GMPEs (second stageConstruction of GMPEs (second stage--1)1)

 TThehe coefficientcoefficient bb inin thethe firstfirst stagestage regressionregression modelmodel ofof thethe 19951995 KobeKobe
earthquakeearthquake showsshows aa strongstrong correlationcorrelation withwith momentmoment magnitudemagnitude ((MMww)).. InInww
addition,addition, thethe largelarge variationvariation ofof bb remainedremained eveneven atat thethe samesame MMww andand itit
becamebecame obviousobvious thatthat bb isis influencedinfluenced byby otherother variablesvariables thanthan MMww..
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Construction of GMPEs (second stageConstruction of GMPEs (second stage--2)2)
 Therefore,Therefore, asas inin SiSi andand MidorikawaMidorikawa ((19991999)),, wewe performedperformed thethe secondsecond

stagestage ofof regressionregression analysisanalysis byby applyingapplying thethe modelmodel:: ((DD:: focalfocal depth,depth, SSii::
earthquakeearthquake typetype ee:: constantconstant termterm ee:: standardstandard deviationdeviation aa hh dd ::earthquakeearthquake type,type, ee:: constantconstant term,term, ee:: standardstandard deviation,deviation, aa,, hh,, ddii::
regressionregression coefficient)coefficient).. SSii isis aa dummydummy variablevariable andand isis nonzerononzero onlyonly whenwhen
itit isis anyany oneone ofof thethe crustal,crustal, interplateinterplate andand intraplateintraplate typetype earthquakesearthquakes..
ThTh ltlt ff thth l il i i di ti di t ii thth SiSi ddTheThe resultsresults ofof thethe analysisanalysis indicate,indicate, inin thethe samesame wayway asas SiSi andand
MidorikawaMidorikawa ((19991999),), thatthat PGAPGA andand PGVPGV tendtend toto riserise inin thethe casecase ofof
intraplateintraplate earthquakes,earthquakes, oror whenwhen thethe focalfocal depthdepth isis greatgreat.. TheThe tendencytendency ofof
suchsuch riserise isis strongerstronger forfor PGAPGA thanthan PGVPGV..

103 102

A
.  

cm
/s

2

7.0

M w = 8.0

102 .V
.  

cm
/s M w = 8.0

101

P
.G

.

Depth = 10 km
Crustal

6.0

10
P

.G
.

Depth = 10 km
Crustal 6.0

7.010

MED (km)

101 102101

MED (km)

101 102100

99

Comparative analyses of the obtained GMPEsComparative analyses of the obtained GMPEs

 WeWe havehave conductedconducted comparativecomparative analysanalyseess ofof thethe GMPEsGMPEs derivedderived inin thisthis
studystudy withwith PGAsPGAs andand PGVsPGVs observedobserved inin thethe 20042004 Chuetsu,Chuetsu, 20072007 ChuetsuChuetsu--studystudy withwith PGAsPGAs andand PGVsPGVs observedobserved inin thethe 20042004 Chuetsu,Chuetsu, 20072007 ChuetsuChuetsu
oki,oki, 20082008 IwateIwate--MiyagiMiyagi NairikuNairiku,, andand 20112011 TohokuTohoku earthquakesearthquakes..

 WeWe usedused strongstrong motionmotion datadata obtainedobtained byby KK--NETNET andand KiKKiK--netnet ofof NIED,NIED,
JMAJMA andand TEPCOTEPCO.. WeWe havehave appliedapplied 00..11 toto 1010 HzHz bandband passpass filterfilter andand
determineddetermined thethe valuesvalues ofof PGAsPGAs atat thethe groundground asas inin SiSi andand MidorikawaMidorikawa
((19991999))..(( ))

 Further,Further, wewe obtainedobtained thethe velocityvelocity waveformswaveforms byby integratingintegrating thethe
accelerationacceleration waveformswaveforms atat stationsstations wherewhere AAVVSS3030 isis estimated,estimated, andand
d i dd i d hh ll ff PGVPGV hh bb i hi h l il i ffdetermineddetermined thethe valuesvalues ofof PGVsPGVs onon thethe basement,basement, withwith relationsrelations ofof
amplificationamplification factorsfactors andand AVSAVS3030 asas inin SiSi andand MidorikawaMidorikawa ((19991999))..
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2007 Chuetsu2007 Chuetsu--okioki earthquakeearthquake

 TThhee comparativecomparative
analysisanalysis for the for the 
2007 Ch t2007 Ch t kiki2007 Chuetsu2007 Chuetsu--okioki
earthquake not only earthquake not only 
confirms the validity confirms the validity 
of of the GMPEs the GMPEs 
derived inderived in this studythis study,,
but also that the but also that the 
hanging wall effect hanging wall effect 
is resolved to some is resolved to some 
extent compared toextent compared to )
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2008 Iwate2008 Iwate--Miyagi Miyagi NairikuNairiku earthquakeearthquake

 TThhee comparativecomparative
analysisanalysis for the for the 
2008 I t2008 I t Mi iMi i2008 Iwate2008 Iwate--Miyagi Miyagi 
earthquake not only earthquake not only 
confirms the validity confirms the validity 
of of the GMPEs the GMPEs 
derived inderived in this studythis study,,
but also that the but also that the 
hanging wall effect hanging wall effect 
is resolved to some is resolved to some 
extent compared toextent compared toextent compared to extent compared to 
the results of the the results of the 
equations of Si and equations of Si and 
Midorikawa (1999)Midorikawa (1999)Midorikawa (1999) Midorikawa (1999) 
using fault distances.using fault distances.
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2011 Tohoku earthquake (1)2011 Tohoku earthquake (1)
 The comparative analysis

for the 2011 Tohoku 
earthquake confirms the 
validity of the GMPEsvalidity of the GMPEs 
derived in this study.

 On the other hand, as is 
well known case of the 
2011 Tohoku earthquake, 
the GMPEs using fault 
distances are 
overestimating theoverestimating the 
observed values. This 
problem of overestimation 
remains within the GMPEs 103103

using median distances 
even though it is weakened 
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2011 Tohoku earthquake (2)2011 Tohoku earthquake (2)

 For the 2011 Tohoku 
earthquake, most of the  
SMGAs do not coincide withSMGAs do not coincide with 
asperities.

 As shown in the right map, 
the median fault line is athe median fault line is a 
good approximation of the 
asperity distribution, but 
not the SMGA distribution.

 If we use the dashed line 
for measuring median 
distances, the symbols 
plotted in the left diagrams
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can be larger than expected.
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ConclusionsConclusions

 ThisThis studystudy newlynewly defineddefined thethe termterm “median“median distance”distance” andand developeddeveloped
newnew GMPEsGMPEs byby usingusing thethe datasetdataset ofof SiSi andand MidorikawaMidorikawa ((19991999))..

 ByBy comparingcomparing thesethese GMPEsGMPEs withwith thethe mostmost recentrecent observationobservation data,data,
wewe foundfound thatthat geometricgeometric issuesissues suchsuch asas thethe hanginghanging wallwall effecteffect willwill
bebe resolvedresolved toto somesome extentextent..

 However,However, sourcesource characteristiccharacteristic issuesissues ofof megathrustmegathrust earthquakesearthquakes
stillstill remainsremains..
ThTh i l ti l t h t lh t l di tdi t dd h t th t t di tdi t ff TheThe equivalentequivalent hypocentralhypocentral distancedistance andand shortestshortest distancedistance fromfrom
SMGAsSMGAs alsoalso hahaveve thethe characteristicscharacteristics ofof ththee medianmedian distancedistance butbut thethe
calculationcalculation isis mademade easiereasier withwith usingusing thethe medianmedian distancedistance..
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