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E H
AATIAE L/ B 5 SMw=6.0)Z 8RR & Uiz RAINEE 1 & URIOEEE O BREER
FRUCRIT HHBERIOIE HOEICOVT, ZTHE BN - SRR EEIC ST 25
EERS L, B, ZRAMAESERERT TRW NS EINRY F7 7 LEIEE
L Lz, ZOFEIC LA EMORHEEEOETERZE L BREHEO X 4 TERELTK
LRI L A BRI X DEREREL ZHE L, ZORR, WEIER
BEOELRBZLETL, EINDFSTLAZBEL LEFARRICLIBROZEHES
FER L7, /. B RHEEMOEERETEERERICRT 2HBRAOIE Lo & DIEF
HERZIZHA, BAINEEILIT DO%EE, BREEIXTO0WRELRD I LERLE,

FoT— N BHERER, PR HBEFOLSOF, (BRETREE
BRI T HERE, €I NIFTF4

1. 1ZFC&HIZ

[F5e34ET 5 ThA D BB A HBEFES 2 THIT 5 Z &1, BEHOMBRF-CHBO K
EVEDEDICEEThHS, MEBREOFHFEL, RERNFRLEEROFEIGIENS, &
EBRHFETE., SRME~ORERNKEWVHBIZH LT, 33TV A2BEL, JhICEISEHER
PN X - THUEBEEE 21T 5, —F. HERNFETIE, IMERAICEE0H 3L TOMRE S
L LT, HAYMAICIET AHIREITRE & TOREMEEZITHMT D, TRTIE, HDTT IV A2HE
L7 e E R ik CHUREI IR & O FRIBITORBHENEZ W, LirL, FFEHAREHLS 2S04
BBV EEMS O AR, CEPHERO ) AR AL b L TOBCPHBEIILIAE
FRBFRER TR MERRNTFRC L AFEMMOEETHDI LB bND,

FESRIHETHEIC S < HBBERME (LA T, PSHA) T, FHl#RIc B2 5 2 52 TOMEH LT,
MBI - SEHLA E TR - MBRAOHEEEZET ML, Zhé RERS OfRET AN,
REHIAIC, b RIS 2B L 2 RMHMTIBREREHET S, 2T, HEERE OfEET v
IE. BB OEIFSTTA bR B EEERER & T OERREEE AW ER SR TRI N D,

i % M I B M AEENA & DRBIRMEE A R B 1o dIcid, AR THIULR—DHFHT TR CHEOH

-37-



BAMRYIELRA LEBAIC, Z0HATHRSh - BEMRE Db oX DEMBEEFHRRETTINC
BWBRETHD, L1L, ZOXIRTFT—FR/ONIBEVIELALRNI L, ERTIE=V
o MR RE L, SEOMBI L5 EEOBRRTELNR L RIFEE 1T — 7 ICE-5< Bl
BROEEBFENBVON TS, Zhid, ARANVEREEL Y bREREEZHERETFNVICEALT
WA EIRY, TR L VIEEBRERICBVTIRRRMEBEIRS L2552 LAEHIShTHEY,

HBBHREOIEbO& L. BWMMMTAEEY (epistemic uncertainty) & BRAMTREEY: (aleatory
uncertainty) (ZEET B Z LS TE B2, EHRAOTREEME., X ERLETMVERHLVER - T
— X BT A L TERBTERIES 0%, BANTREERF LVAR - F—2RBEMSh THIER
AERERIID D& ThD, &K, PSHATIHBRETREEMDOLEANDRE LIBHEN TS, o
¥, PSHAOERBELIZ I, EEEERICBIT 2B 0iIEb2% (BREE) 2BANDTREE
L AR R ERMICHEET B Z L NEETH B,

R OERRE S, FREICHT 5 & B ST 5 BNREO R0 THETH S MERDIT
bk, £MBOEMRERICH T 3RBEREORETHIHBRDIZIL > ITHE L CET S Z
EMEL BoTVAEY, Z 2T, MBROIXLOXXBIRGHE. HBADIZLSXIIEHBEE - 1 b
BHERITLSE 2525 ERAERLE LTHEHSATVWEIS, FHRENOR L EFNRERET NV
Cit, BREGSEEY~/=F2—F, GEEREBENLOEE, ¥4 MEELZBENR L TET VL
T3, EETRTABERL GEERNTRERDER) Ddiz, BIRES, 8 - M 1 7.
PRI HIARIC X BB R PR EATIEALH DY, LrL, BRI RITBBIRA 1= XA
BREAT, GERERICBITARE GHE, BEER) OFREEME. ¥4 MEickiT 2l ORER
MRAS AR LI L BB S OBRWVITFOHERETAZLEBRETHY . ZhbNHBRBS LUCHE
ADIE B HE BT A BARANAEEEAERIZR>TWEH LB bID,

HER - HIBADIE D& DXE & L ZDERSHTIX, E%ﬁbﬁ‘ﬁ@@ﬁ:ﬂ%kﬁdb NS G ET (%
BEMNL, Lin et al QO1DNIEE THOLNIRBRGL VT, R/ 0 BEEss
RS - BERNOTHEEEOEERNRIUEZIT> TS, ZOBRTIE, Eﬁﬁﬁﬁiﬁ@@ﬁﬁﬁki‘oﬁé
HWEROIT L& DERFEDTO%RRE., MBROIED DX DEHEEZEDI0~50%EE INMBRBTREENHE
WEBIEL DX THAILEEBLTNS, LirL, AETHRAE LI-NEMBNMBORZHEE LT
WBTel, SEERF A TOMBRREET S BRICBOTHRBEORER & 25 2 LA TRV,

B HHATELNEEEOBBEEICL 3ITb X DEHE(FE (single-station-sigma) 712, 55 #1R
KL CERERENLEL TS L AR BRE CRE L-EHEOMBIZ L BT EDEERE
(single-path-sigma) P OR BB EN TV B, Zh b ORRETH b IEERRFNOEMERZE B A T0.7-0.8
THBDIH LT, single-station-sigmalX0.6¥8EE, single-path-sigmaid0.3~05E L 2D Z LMRINT
W3, L L, RIBLSHIHER & HBEADIEL0E ORI TR LA TR . AR - RERRNT
BEEEIZ OV THERINTVARYY,

TR LT, 1 - BEQESVIEMRFR L/ &, FR—0OBRME - FEOBROMEIC
X AE—EBRATE DN EREEOSHT 21TV BB TIC B 5 B OIZ 5o & OFEBRZER
ESARHCT0.4~0 SBEEIZ 2 5 Z & BIRICK T A BB OREFSEOE B HIBROIE L& DXL
HETHS LIFHL TS, 2B, BHE - BRAE - SEBKES NI D, ZOfRIIERNTHE
BEESE TS EELBND, L, Z0X 5 REBOF—FiIDRWVWED, L —BOREREE
Bebizii, BBEGROERIEENBVETHH LS AbND,

AWML TITEATRE L SHER Y 4 7OMBE AT, Lin et al.(2011)7 & AR 22042 58
BEAFCRWLNAEIANYAZ T AEBEE LT, MBRDIEL % 21BAN - SRR RREEMEIC
SBET B FEIZOVT, Lin et alO1DTIRBABIREN TV, BONEBROBZUEOERLE
BDIERNETS, EHREROBERA BN EE LB FEOXRERMBENS LTI LBEE LYY,
Ldl, KB aisic LESSITE, BB TE OB B OERAMRENRBRIC 25 Z &I
LV, HEHOCABRRENEONRVTEENEZDNS, ¥, FEOKXEMMBENGE LIZBE
RIEFA VI TAET A DRRE, B 02 HBEEXERANP/IMBLY bERDLELDH
C BIEND, TR HERYEZIERTREL L. TOHRE L ARICT I EDICP/IMEESS

Mw=S6.0)Zx&L LERNEITI.
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2. FBRFICAW=R/MIBT—4~A—X

B KB TR EETK-NET & UKiK-netZ 58 & L, K-NETOER 2Btk S iz 19964E 52 52010412
A ETIRE LEASSMw <601 >RIFZE S 100kmA B DO /B CRONIRBRFZNE L. Z
=T, EHEOMwIIF-net, BIRESISEMICLAEEAVE, Eit, Fretil X3BREA D=4,
BREE, 7U— MERBREZSECABIRAME, 71— MERMER, 27 7RBBCSRLL,

K-NET & KiK-net GV BTV BRESHL b ) A~ EBFRTh 5, BRI SN BEREN I
LRV RIEEE IR O R E 2BRIR TOL T — 2 AR b, Th ERERFRSOMEICER
WhE2 D2 ERBRINTVSY, KNETERAD b YV —EiX2~20cn/sSBECRESITEY.
2em/s?LA T OBRIA R HT0%E EHTVD, 2T, Mw<SSOMBIZONTIIIMNEL 2308, 7 - B
(1999)'90 EERER R C5em/s? LA |k & 72 B FEBECLN > D BIRIEREL SOk TR LN T — F #R &R &
Lz, 2L, s b8dt. ATkl 7 vy b 288 LicT —F iRatnd s bt Ui,

EFROEZBIFEE L TVBET—FThoTh, SHABMNESh TVWARNT —F X & RIRIBEIHE
HFELTWAIBBDLFINENRT LTVAT—FIZ OV THRIPRP LB L. ZORR. 756
EBA01935—F CHERSNBT—F_—REME LT, 2B, ZhbD ) bl6sHE3LT— & HipE
HAR I 439H 8222427 — 2 N7 L— MERME, 15241895207 — ¥ NR F 7 MRIZHEE D,
HeF—Z _R— RS ENAHBOBRME, K227 ~—% OMw & BIREEOS/EZRT, &8, Z
DT F R A TR D 5 bR & R FOMEE LIcRIIEE & BRICEEZEREL TV 5,

46° 7 T T g e T

4t

a2}
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0° - L —t - n et — e et L]
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£ B n=40193 TL— 55 R n=22242

8.0 = oo ComEm——D —| 6.0 ¢ TErRLemITT ~f
, Poi— —
55| 8 | C 0 DI ————— — 55 o
o o P sesmetanid
Mwslo i e i ng:g_——_— Mwsvo B o g o ——
2O 08 D — o e
BN DRSS 00 0 OE——
4.5 o - 45 Pl
:-.nl O 1 i 2w s aaal s s vl
1 10 100 1 10 100
ASTALE: n=9520 i P n=8431
—r T ey T T =TT T
80 I~ s 60 = ::’u o= cumT e -
55| 3 P o3
o e— ]
Mw e Mw 6 o 8 b o —
5.0 s —| 50 o 00 O ——
e—— e 85 oo ——
O mam— U —
4.5 e 45 ) =
| i a2l A PR WRT | PRt .--.’--l Rk 2213l
1 10 100 1 10 100
Distance(km) Distance(km)

B2 M, &RFREERORF

AR T, EIERREROERE T HER D HIR & 30mE TOFHSHE B (Vo) ZRAEH & LT
BALTWS GITHRTOR) . £2C, SEAAOPSRBRERICE SN TG, 2 RD, KL, PS
B OTREEE N 0mA O HAIT OVWTIE, B+ 2J11(1999)'935 X U¥A I 1(2005) DOYI AL I E D
WTEES30mE TOSKEEEEME L, TIICE SN T 2T Ml L7z, ZhbDEEC—FHLRWE
B EOPSHRBRERENAB SN TV ANHAIZDOWTIE, PR 5eRTI-SHIS P D R B #idk 7 — ¥
RSN TV S, 250m A ¥ 3 = MBS IRIC SV THETE STUTcVsgo & AV, F3ioF— & ~_— R
EENB166TEI I BT BV DRESTETRT . KO OERRD, Vszo < 500m/s) TH D,

Frequency
b2
o
S
T I T l T l

0 s g 1000 1500 2000
Vg3 (m/s)

B3 Viso DERES T
3. MERRADIES DS DT

3.1 BRILERE - HKEE O BERERF O

PERR LTeF— & =R R VT, IEEEREEROERAHT 21T 5. Z 2 Tk, BEERRERIC X 5 FHlE
(InY,,.) EHHIE (nY,,) DEZE (nYos — Ypre) Z R DX B> %y; (inter-event residuals) & Hil
BADIE L D%e; (intra-event residuals) (20 LICBIREET V2RV, FREIBHREEZBEAEIC LD
— BRREEIRASATNC L o TR L, Apds, ARFSECIE, MiERAAL, SRUERE, WIRRS, HROLER
S30mE TOEHSHEEE £ PAEH & LSRR TEIFE TV ERE Ui, .
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In¥; = aM; — InX;; + bX; + dD; + el

an + c+niteg; Q

Al oN i&ﬁii&ﬁ&ﬁiﬁﬂﬁ%ﬁ%ki n,&iﬁkﬂniﬁ&(mn/s”)i T B (cm/s), M3 & MR O
My, Xy iZBIREEREGam). Vigoy iLHIRA> DIRE30mE TOEHSETRE (), Vyopid ¥4 MEEZ TGS
DEHCEHE L T BB OV, is) Th . TEHERICHY L, EB3OHEELSTRICIV THEI RS b I8
BBV £ D bV, =500(m/s) & Lic, iz, a~elIBERHAEEERLTVD, RBHOIEL0& Ll
BADIEL D& iV L, BRIZLICMILHHEOOERT V¥ AERLEEL., HEROIXDL
D&y ONFEERE LT, HENOIT 60% ey DN BBERE L LT D, UT. KFRICRT DEFHE
REILSTERAETRLTNS,

RUCAEREE. HBRAOITL X L BRI b % DEBEEY R, MwsSH EOHEL S
& LTV BB ORKIEE - B/OEEOEMBRER PG, 1850.2~0418E, o) 0.5061BE L 725
BANEL, RIFTHRIIINL XV bRERELR-oTWS, —F, AR L ERICMWSSLLTO
/B R S & U B R G, BIOIEEE IZ 38\ Tt =0.448, 0 =0.670, B JCHEE Tldr =0.362,
0 =0622L 725 ERRENTVS, HEADIIDOEORMFERL, TORRLFARELRD2, #
BREOIXD & DEBREEIFMEIC L IBENKREDDEL 2D, ZIE, XER24) CrIrpEERAM
BOLERELLTWVWADRH LT, AFETRTL— MNERMBRRF /HHIB LR L LTWNWSE
H, WEE LEHBOLSFEIZ L 2ERBIRNTWDI D LEBL NS,

il Eﬁﬁﬂﬁﬁﬁw@'}mﬁ:ﬁtﬁzﬁﬁﬁ -

hEREY IEJ%%& T g
Y a 3 c d € o o
PGA 1.312 -0012 0.482 0.021 -0.080 0522 0672
PGV 1.701 -0.011 4859 0.017 -0.487 0.447 0.625

3.2 HEBREDIED D EDERNLEHH

BRSO B DB DIE S D En I oW TERE f;ﬁi&%@ﬁ?‘éo Bl4tzn, OFEEN R & X
BERASFICES SEERREETT, AR X DRIIMEER L UCRICEE Oy, & bEAFED LR
BB ESSMEAREBI L E L, LAL, REERALHEEETI I LOBRLUMEEZHRT DL
EHMELIFRPINTWAZ &b, EOBESHIZOVTIE, L VERRRNRSBLETHS,

e .
M =
N § -
8
3 7 g |
D R
& g
z £ 8-
o
Q -
Q -
© " &
T T 1 = T 1 T i
0 1 2 -2 -1 0 1 2
" inter-event residuals for PGA inter-event residuals for PGV

H4 HEEOIESDEFOEENR

5oy, & B (M,) OBRE R, RO LBEIEMBO., TEIIM, Z L On0BHEREER
LTW3B, EL, M, 255 0BERSRNZ Lhb, 555M, S602FHERXMN & LB REDOE
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ERLTWD, TOMREMEIZOWTIE, M, BREWEZWNS R DAY, £ OEREFEEHRT
EAVE T LA ATV A, RSICRT R TIE, 30HRS) & FRRICBHRRZRM,, IRFFEIE A Dhiayy,

Inter-event residuals

standard deviation

2.0 s ety T

e PGA -
10 8 gg o : -

A E 0p8.8 -
0.0~ g ggggﬁ -
-10f 083 5o 889, -
2.0 i 1 | . 1 - i i
0.8 e Sy (SR 7
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0.6 " .

00 o I !

L. 00 oo o —
0.4 ° 1
0.2 1 : 1 X L 1

4.5 5.0 5.5 6.0

Mw

Inter-event residuals

standard deviation

2.0 T | i i
- PGV
1.0f feo, g o -
0.0f~-- i EEE E ﬁg;-—
_ 8888 -
-1.0 o P o A
L o 2 o] -

2.0 I . | . 1 1

0.8 T T T T
e PGV |
06 -
- O —

0o 0 p———i
04 oo0 %o -
- [e) -

0.2 1 | . 1 1

4.5 5.0 55 6.0

Mw

B5 #ERMOESDE LHRRROMFR

B6lzn, & BEREOBREZTRT, RO EEREISHERIIBT Dy;, TEHIBIEEXS 10km T L ik oy,
DIEHEEESR R LTV, 7L, BIRESSOmEDT —F Wi L b, HE80kmbl LiZo
WTHEFEKM #20km & L BEOEEZT LTV, b, BENRES R2ELARESRDER
RHbh, BRAIMEEETEOERANEE TH S, il - BFEQE005) T, MEMOIXL2ZOERL L
THEBREOE & BIRICRT 5 BEOREFEOE R H Y, REORBNIXENTHD L Z1F
LTV, EEAEVHBER, SRICEBERNE RBI), BOBBIEAS THEBSOHEE
EEORYEMOEES LVZFA - LIZRY., ZRICX YV HBROIEL ERKREL 2B T ERTH
xhp, £o. PAMBOSEHB TRICETIHMERED T, A7 7AMRERT LV — MIR#MRLY
LEHETREDOITLOERKEINI L, AT THBIBIZOVWTIRAEETL— e 74 ) EVET L—
MEAE L BRI HB T REOMEMESHERICADI S Z EMER I TRY . ThIC X DERVGHIR
IECHBRIOIT Lo RAE L 2B ENRTFRENS, 5%, FEMRAMBSBETIIH DD, BH6IZTT
BRI FROLIARBRICI > TELTWAAEMREZ LD,

Inter-event residuals

standard deviation

50.0
focal depth(km)

100.0

Inter-event residuals

standard deviation

0.6F =
B I—B-t__a__u
0.4hotoit oo .
2 L I i "
0.0 50.0 100.
focal depth(km)

BI6 HhERRDIES D F ERRIRS DR

~47 -



4. HBREOIESDOEDBKN - BRERNTHREE~OS 8

4.1 DEAE

MBERADIT B E DIBRN - BN TREMA~ DAL, HEREHZESOSFTE I AVDRTY
B. W& TERROBECELTET 5 I FS T L0/ TIT ).

SURD c R EORERERE %, BRI € DIZB BHBERZ () DERENERT—F THH L L,
T ARENEEEEE oL O LIRET B, THhbb, £ED2MIRs,, 5ICX T HHHER J UGS
E[Z(s,) — Z(s)] = 0. Var[Z(s,) — Z(s;)] = 2y (s, — ) BRE SN Do =T\ SEEEDELFh =5, — 5,0
BT B BBy (A T8 A2 T b LFETI, RERHRS I BZ(5) D TR EAT 5 e b Dl
BE Y )R PEICRIT BHRETIE LTAVWDRE Z ETabN TS, ok, REHE_KET
FE AR TR C— R, 2R DIESUNEREE S ORITKE) ROIEARNERTHHILPL. H
BIZy(ONRERTE B,

HEES, (i = 1~N) DBIEALE (Jokk, FE, RE) Zu,(a =1~N), A MBOMBRADIE D& ()L
T3, O, HMEBROIE L% OMEHZ = i), (), -y IBFROEFEERO LIRET D
L. MR OISR OB T BB L LTEISY A7 7 2y(DBQRTERSND, 22
T, BIAY AT A, 2BROISBICHIET SETH D,

(8 = 5 Varbr(ue) = nGesn)] = 7 B0 = 1Ciarn)¥) ®

ewevsssanncssssrravane

'ran.g’e
B &3\ FITS5LOERR

AR I AY AS T AREIOR S B, ZIT T4y bauggeiTh = 00ROy () THY |
Fo 7Y BB LY bNSRRAF—AVTOESCHEREREL, 75 D DB R AR
BG4 U A REERM 2RI /3T A—F, VAG)ITIm, o y(R)ICHRY T BT A—F, L P(range)id
ZERIAOZ B AR R R A EMAETRT AT A—F THBP P, 2%, BEMENIZIER CHR
(lim,o y(R)) DHEAICIE, BIRCEBEMIMZER USR5 L EEThiE, @RX»bRDBLNID
F 4y PR BRNTREERICHET BEEBEALD I LB TE S,

OROERDHP LBONI-HBEOIZL0EEAVEEINY A7 5 AOHER, UTOFRTT
5. BOc. BIRALBEOEEEA TR LT, £TORBOBERIIRL TEINYFT7 L) &K
b3, p(R)ix. EREESh LR BHBOT N (h) & T DOHBRDIE B O E(Ur) B L VN (g n)iTED
WTRRTEESNS, LHL, ZERICZBRL LR AHBOMATIHZ LA YR, QRPLRD
BRBIERRREL 25, €I T, HEICANSEERS ORI Ehy, FREL, & biCEEREZESThE
W SHOIEERE (h,) . EERENICRT 57 OESEERD, hEiRss) 77 A
LB, AFETH. 200 EDORT2RH B & 5 ICERRMERE UL, K2, BFESV AT F AEE
FAEBAY 75 hy(h) BB E BN R Lo THET 5, AHRETIL, BRAIAT 7 AL
HIEREEEHE DB CE < AV bR TV B@RICTRTRET A2 AV, VN SWEEBTOESE ZR
R FBIDICEMEEEN(R) /R LTEHME LT,
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N(h)

70 = g ). (1600) = )’ ®
i=1

, _(Co+ Ci[1.5(h/b) - 05(h/b)’] O0<h<b @
”,(h)"{cg+ci h=b

TIT Gl Ay by CUEIv, bRV VEENENRLTN D,

HBRADIE & OREEFVBFHHEHE (DD, TIREEM) BREOLERLEES. TOE
Bz kDAY 7S5 LB L ESBEENRFIZE L DND Z b, QRUTLDEINY A7 7 Ak
B2 AVTEORTRT Z LN TES, O, h=0TIH2RITBIT 27 —F OFEEME L 22
% (p—=1) edy(h) =12/2L RV, BRI BT -2 BEHERL TV BEE (h— ) I iXREAS
IEF4+5 (p-0) Z&Ty() =@ +13)/2L 2B LEREKLTNS,

70 = Y10t 1)) =5[22 + [~ p(rCd M) ®)

BRRRREEIEIC X 5 HBROIE 5% OENERZE, L BMRNTREEI L SHBH O Lo O
EREE L THE, BRLAEEINYVAY T AOKENDT =14, T2 = e BEXDHILNTED, €
2T, ORBLIUVORERTERAY AT 20, 148150375y FOBITVAVGEANT, 6
BIOMRTRDBZ ERTES, i, HBADIEE & 2ETORERELIL. 1, LT BEVICA
Y ThBE LRSI, QR TROBILBTESD, KL, 1 rpi b RELEERAI AT T
HIZESNTROTVB D, TERUSTTTEE—E LRV,

12 = 2C,
12 = 2{(Co + C,)* — C3) )
1% =15 + 13 ®

4.2 HEBERORSEORS :

Morikawa et al.(2008)! G, 6D DE BIRISA CRA LICIEIT 5 A W = X A OHBEGR L LB
HEIFoTVD, —ORNTHE. BRIKLMBOY A TRBRESND D, R DIIHBEROIZE 2
X BRI RRERIC ST 3 L EXbRD, £ T, Zhb6DDOBFRD 5 b, FRATHRET D
HBNRELSENB4ODOBREBEICOVT, IRV FI T ARESWTRDZT, &Morkawa et
al.(2008) P DFERF IR L, FHROZHMEEZFERT D,

BRatate b+ 5 BRI, E8()icR 7 Morkawa et al.(2008)IZ & B Areal~4&§ 5, TIT, Areal
3 & LT20044E11.8 29 B SISO HBM7.)OREBTHY . £THRTL— MERMBRTH S, Areal
. £ LT2003E+BHHEMSONRBTHY, 2THT7L— MEFMBTH S, Ara3iZ£TH
FL— MERME., AreadiT2 TH2004EFTBRFEHBORE CH S, FHETIL, Zh b A B E
A3 & 5 ICER X UCESOICT 3D ORI (Regionl~3) #RE L7, TI T, Areal&Area
{1#4 L. Regionl LTV 5, FATAHIE & Morikawa et al.(2008)' I TS & LIc RO B E R Y

23N HBR Y AP T ADORE, K9ICRegionl~31Z 381 AN 4T b LBRAY FT T A 2R,
7, B9ITidRegionl 2 DWT, FL— MERMBOZE &L LTHE LLER bHFETRLTY
B, KEL, ATTRHIBIOWTIRRT—F Rpiad . BELULEMELNARNZ LD HFHERTT- T
VLS, E9% BRegion2 DRI BV TRF—F I L 5007 L — MEFMBORIL L HELY
bAEL 2B, St EIOKRT & 5iZ, Region2DRAIMEED £ I RY 35T 5 Tikh =10~15km



CRIIBRTT PIMBTPR)DKRE BT RERHDZ L, B\ A S5 AZEA SEDBIThRN
XVMEEICKE RER R TREL TV O RD EBILND, —37. Regioinl# X URegion2 DR IE
ECIaT—F &7 L— MNEFHBOC, & CINTTRRE L 25, 28, 4R L b V— MERME
& BF— NI EHTVWHI LD, MBI A S EBAY) F T 5 DOENZONTRERD
BRERETH 5,

OF L— NERMR, DA77 HME, AMBRNHE, BAgHBoT—S AEBBRTOAHRR

44° 38° 1
Q
Q a0 {
43° b 37K e e ;
» H aaea °
" i T O 370}
4° 36°f " gomseeeneieend 4
cm ARegion2 .
* Region] : Fi? 36° . B
41° 5 P N —— 50 n f‘.&.' 2. i P E— L 1 ) N 2 N
1425 143° 144° 145° 146° 147°  138° 139°  140°  14°  142° ©137°  138° 139°  140°  141°

() Morikawa et al. (2008)" = & A REHNFMBOBRRIIE

BN RHT2 BBAE:185 ' BARE:129
4° ——r— 38° P s = (
e ' 380 5 M
43° b Lvia ;
4
L] o e
Lt ;g : 2 apl ¥
- oL » P ewae o
420 36 oy
ok : 36° |
41°' - i i P N - 359 - ¢ o 2 A 3 . - 3 3
1435 1430 144° 145° 146° 147° T 138°  139°  140° 1410 142 137° 138> 139° 140° 141°
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Separation of Aleatory and Epistemic Uncertainty from

Inter-Event Residuals in Ground Motion Prediction Equations

UCHIYAMA Yasuo Y and Midorikawa Saburoh 2

1) Member, Senior Research Engineer, Technology Center, Taisei Corporation, Dr. Eng.
2) Member, Professor, Tokyo Institute of Technology, Dr. Eng.

ABSTRACT

Ground-motion prediction equations are developed by regression analysis based on datasets of recorded
ground-motion parameters at multiple stations during different earthquakes and in various source regions. The
present probabilistic seismic hazard analysis applies the standard deviation of these equations to evaluate the
hazard at a specific site (the ergodic assumption). The standard deviation has a strong influence on the results of
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probabilistic seismic hazard analysis at long retum period. In the ground motion prediction equations, there is
inevitably some mixing of epistemic uncertainty into the model of aleatory uncertainty. To improve the results of
hazard analysis, it is important to quantify the aleatory uncertainty by removing the ergodic assumption. In this
paper, the semivariogam procedure is adopted to separate of aleatory and epistemic uncertainty from the
inter-event residuals in ground motion prediction equations for small-to-moderate earthquakes. The standard
deviations of aleatory uncertainty in inter-event residuals are 0.315 for PGA and 0.354 for PGV. These values are
about 40% smaller for PGA and about 20% smaller for PGV when compared the standard deviations of the whole
data set. : ’

Key Words: Ground Motion Prediction Equations, Smali-to-Moderate Earthquakes, Inter-event Residuals,
Aleatory Uncertainty, Epistemic Uncertainty, Semivariogram
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