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BBV ERLBELEBEIZ, TOHATEAIN-HBEHRIDIESSE DEERESZBRET NI
RBNBRETHD, LML, ZOEIRT—EIBELNDIHEBITLALRNI LD, ERIZIT L
d— FEEREEL, 2EOMERIC L3 Z2HOBRARTEONIHc REEE DT — 21285 < BEEER
FEAOEHERFZESAVLNRTWS, Zhid, FRAVIREBLY bR RELZERET/UCEALT
WBZ LIZRY, ThiCE Y EBRRRICBVTERR MBI S L 23 2 LAEHEAA TS,

HBEHHRESOE OO L, BHRHOTHEM (epistemic uncertainty) & {BAKTHEEM (aleatory
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R EADOEIRREL, PREICNTIE5MBICBIT 3B RREDREDFEHETH 3B O
bo¥, FMBEOEMEERICHT 2 EBRIALRDOREETHIMBEAOIEL S ICHH L THHET S Z
EMEL RoTWBEY, 2T, MBROIEL S IIEFRKEE. BRI LS IIM=ERE - ¥4 b
BHERIEL S22 5EX 3T AER L LTERS ATV, EEREAOER b EANRERET L
Tk, BEBMEEZ~=F2—F, GEREKEZBENDLOREE, 1 MMEE 2 gL Y ceT vk
+38, EETIIFIMERE GREERNTHREEDER) okwic, BIREEX, HE-HEY 1 7.
EERARIC L DR R 2 EATEHEALH D0 L L, BREEICEITZREA =X L0
BEEH R, GERBICRITAHE GEE, BEME) ORYENE, A MEcRIT 2 il O RER
HRARAR LI L ZMBIRIDOEVZTFORET A LBERETHY ., Zh bIHERR L UHIE
DXL DEIIBIT 2 BROTEEMHDERICRZ>TWVH LB LMD,

B - MBENOIEL2EOKRE I EFOERS L. RHEEXORRBREICESHTRIF IS
BEMNEZ, Lin et alQ01)NIEE THLNW-MBREE AV T, ZRNLESBIBEEITCE > TR
RS - BB TAHEEOERMLREMEITo TV, ZOERETIE, EHBREXOERSITIZBITS
B DIT 6> & DIEHERZEDTO%RERE, HIBADIE 52 & OEHRZEDI0~50%REF BRI TREENE
WEBIELDETHBILEEREHBL TS, LrL, BB TRE LEABMBABROR x5 E LT
WA, BRI A TOMBEREAET S ARV THRROBER L 21T LTIV,

b DR TE LN EROMBREIC L DI 50 & DIEH(RZE (single-station-sigma) "2, & 2 HiR
Wat L TEEBERRIELT 2 L A3 BEBTRE L EEROMBIC L 3T 2 0EERE
(single-path-sigma) "7 IBRE S TV 3, Zh b OBREH b EEEERE DR EERZED B 534 7T0.7~0.8
THBDIZH LT, single-station-sigmalX0.672 5. single-path-sigmai$0.3~0.5REL 725 Z L BNRENT
W3, UL, XERIDCSMIHIER L HBRDOIEL>E ORI THREONTB Y., BRN - RERHT
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LSBT B IFEIZOVT, Lin et al. 201D TIRBABIZRERLTW AW, BN EBEROZYUEOERLE
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WALTWS GATHIR) . £Z T, SBEAOPSHBRERIZESN T & ko7, 72720, PS
T8 O T AN 0mATH O HUEIZ W T, T - 2)11(1999)'94 L UHAR f1(2005) " HIl F ¥ 1z 25
WTESIOME TOSHEEMAHEL., ZHICESW TG 28l L7z, ZhODEEI—FLARVE
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VERR LT — 7 _— 2 HWT, BERERORFZISTE21TH, 2T, BElEEC L 5 FHliE
(InYyye) LEAE (nY,,s) OFEFE (InYpys —InY,,) ZHEMOIES-5%n; (inter-event residuals) & Hi
AN OIEB D g (intra-event residuals) (2538 L #BIREET V&2 MV, FEBHEREERARICL S
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InY;; = aM; — InX;; + bX;; +dD; + eln—=
Vref

+C+Th+£ij 1)

TIT, iEiTHE L BRIRETTRASE, VB RIEE (eny/s?) F I IR KE R (cnvs), MiZEHED
My Xy 3ABIRBERE k), Viao i3HRA HIRE30mE TOFHSEIEEMS), VeIV A MGIEZFHMS
DR EAEL T AHBDVeo(m/s) TH Y . THRAIEMRIZHEY L, K3OFEESHICB W TEAIAED Hik
mzw’amawﬁ-mmm@abtoit a~elIBIREBERLTWS, HEMOIESE -y, & il
EV“IO&&O%qﬂiﬂﬂﬁ "L, RBET & zbzms‘m;@ﬁfﬁowmﬁ-z VT4 A%&k BKEL, ﬂﬂﬁﬁ‘imﬁ l‘a
ﬁ%m@ra%ﬁﬁ?TLTmé

FUZHERRY. HIBRDIEL & LHIBRDIE LS DERRELTT, MwSSLL EOHITE LS
& LTWBBEEEDRANIGERE - BREEDRHRERD L, 12350.2~04BE, 020.5~06BEL 23
BANEL, RICTTHERIIINO LV bRERMEL2oTWVD, —H, FHFFE L RERICMWS.SLATO
R & 5 & U7 BEREREE Gk, BRI IZ B8\ VTt =0.448, 0 =0.670, B REEE Tidr =0.362,
6 =062LRBENRENTNS, HIBADIELEOEHRRFEIL, ZORRLFERELREM, #t
BREDIEL D& DIERFEEZAMEICL ZERBKEDDMEL 25, Zhid, XHk24) TITAREHERPIH
BOHLERBEL LTWADIIH LT, EFETIESL— FMERHBRLX S 7THAME LIS E LTWVWE
B, HRE LEHMBEOSZHEEICLIEZERBRNTVEDEEZLND,

#1 BERBEEXOOREREFERE

hmEERE G} ZIES RERE
Y a b c d e T o
PGA 1.312 -0.012 0.482 0.021 -0.080 0.522 0.672
PGV 1.701 -0.011 -4.859 0.017 -0.487 0.447 0.625

- 3.2 HMERMOIED D EDRERMLIEY

ERSH LB LN HIBROIES D En 2 oW TERN G2 BT 5, K4y OBRES & xt
HEHESHITEES SEEREREELTT., AFEIC L 3RKRIMNFEES X CRAHE O, & LEEERED LR
BICHRERSRLARER L L, L L, ERSHZEET I LORLHELHERT L
BEHLEROINTWAZ b, FOBRLHFHICOVTIE, LY HELRNBSBEILETHS,
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DIERE(FIE AR L TWD, 72 L, BIRESSOkmEREDOT —F B2 &b, EEX80kmEL LIz
WTIEET R KM £220km & LIZBAOEZRLTWA, Bnb, BIESIEL RDIEEBRELL 2 5EMA
DHHIL, FANHEME TEOERPEE TH S, il - FHEE005) 1%, HEMOIEL2E0ERL L
TEBRBEOEV L EBRICE T AHBROREEDEVEDH Y | BHEORENTRNTHLZ L2
BLTWA, EBRESEVHEL, SRICEHEENAEL 25720, BVHEIC S THERESCHS
HEE DAY EMORBY L VTR Z L1220, ZHC LV EHOIELYERNKEL 8D Z EATFH
b, £, FMEBOEARTRICET A OMERYTIE, A7 7RIS L— MERME LY
LIEHBETRERDOIZLDENRKEVWI L, ATTARBIZOWTIEIAREFESL— 740 VBT L—
MoSE LSS B T ROMESMERHARICALN A Z EBEHEINTEY, ZHIZ XV EVHIE
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4. HBEMOIEEDEDEARN - BERNTHEEE~DHEE

4.1 HEEAE

BRI DIZ 50 & DERA « BEROTHEE~DOSENT, HBREHZZDSH L AVLRTH
5, FERTERBOHEELUEZIMET 5 INY 529008 BnTIT I,

fEIRD c RELDFERPHE X, BHIAs € DICBIT BHERLRZ(S)DEBRENBRRT—F Chs L L,
IhBEEREEEZFOLDOLEET S, Thbb, £EDHEs,. s, i2% 3 2 HEFER L U8
E[Z(sy) = Z(s2)] = 0. Var[Z(sy) — Z(s2)] = 2y (s, — ) BMEE END, T2 T, FEMEDZEDh = 51 — 5, D
PTHETET DSy (B I NY F T A EFII, RERIH S IZBIT BZ(se) DFRIZTT D 1= DB
BRI YR TEIIBTAHRETIE LTHWLRE Z L TaLRTWS, 2, BEEN _KRER ()
FHENEEGUE CT—EE., 2R DOIFHIBERMESORIKTF) L oITRENERETHHI ENnD, [
BZy(WRERTE B,

IS, (i = 1~N)DRFALE (e, /R, B X) 2uy(a = 1~N), FHBEOHBRIOIE L2 & 2y(u,) &
T3, 2O, HBROIEH & OBREZ = (n(w,), n(w), - nu)INFENEFELESLIRETS
L. BRI DOEMDESADHAKTET DML LTEINRY X7 T 2y BQRTERENS, 22
T, BEINDAT T ARX 2HBROESEIIKIGT ZETH S,

V() = 2Varin(ee) = nCiam)] = 3 [E((1t2) = nCgu)¥] ®

y(h)
sillq

nugget §

PN h
range

B7 EIAYFTSLOEXR

— R IANY A TS ARIEIO LS ITRB, T 2T, T4y Mougget)ith = 0DREDY (W) THY |
Fo LY U TERE Y bANERRT— L TOEBRPRERER ST, T 70 bIBERAIRERB/NRE
BN CAEUARBEERE TT /3T A—%, VGEIDdlimy, o y(WIZFEYTH/35 A—F, L P(range)ld
R E CHER R R BEHERT T A—FTHBD N, 2F 0, BRMEMNZIER C R
(limpoo y(h)) DHFEEITIT, BRERPLEHBERMZIER UEMEIC22 LHETHE, QX1 ORDLND
F4 v FBBRORHEEEICHICT HELBEXD LN TE D,

(OXOERSHN OB LN HBROELSEEAWEEIANY AT L0HEE, LTOFETIT
5, B, BB OEREES e LT, 2 TOHBOMRSEIIHLTEINY YT AP(R)ER
BB, ph)IE. BEHEES YR L 72 B HBED TN (h) & £ DHBERE DI 52 En(ue) B L (Ugen)iTES
WTRRTEZEENS, L L, EFICIIhARIL L 2 BOMEEIREL A LR, B)RANLKRD
BRABERAREEL 2D, £ T, HEKHVIEMES OB KE L EREL. EOIEMEShE
WS O OEE#XRE (k) o451, BEERENCRT 27RO FHEERD, hEFEERNSY AT T A
L+ B, AHETIE, 208l EORTHRH B X5 ICEMREAEZRE Lz, R, BERAANY A7 T HITHEE
FTRHB/NY AT hy(W) 2 EAMTE B/ R L - TEMT 5, AFETIT, BRAV AT T A
HERFEHZONF TEL AVLI TV B@RITTRTEREETVEAV, WMV SWEATOREELR
FBEDICEMEEENM)/R2E UTEHE L 7=,
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N(h)

1
7(h) = N ; (n(ue) = 1(utgsn))” (€))

Co + C1[1.5(h/b) —05(h/b)3}] O0<h<b 4
V(h)={cg+ci[ (h/b) (h/b)%] osh Q)]
TIZT, GlEFH v b IV, BBV UV EERFNRLTVNE,

HBROIE G- & OREGERFENEEY (BB WL, —KREEN) 2 LERELEZRE. 20FE
BIZX ANV A7 5 AL ETBEEARMICELONRDZ L2, QRICLDEINYF ST AT
BB, EAVTERTRTIENTE S, B)RiL, h=0TiRMAIZBIT BT —FZ DHEIEL &2
3 (po1) 7=dyth)=12/2L 720, 2HRIZBITET—F PR BERL TV BEE (h > o) (ZI3FEREAS
BTT5 (p=0) Z&Ty(h) =@t +12)/2L Bl LEEKLTWV3,

y(h) = y(n(ue), n(ugen)) = %[rf + [1 = p(n(ua), n(ugen))]73] Q)

BAROTHEEHEIC X 2HEHOIE S 2 & DRERZE, L RGO ARERIC L 2 BRI OIEL2E D
BHRELTHL, AR Lt IRV T AOENDT, =14, T, =1 L BRXDILNTE D, £
ZT, ORBIUV@RITRTER/NV AT T A0, 1&1037 5y PGB LU ERWT, (6)
BIUMNMXTRDBZENTE S, T, HHEMOIE L& 2K TOREHERETIE, 1, LB EVITH
MTHDELEBRIZ, QR TRDBIZENTED, 72721, 1415 dhn EFRE LB/ AT 5
LIZESWTROD TR D, I RUSTTTEIE—E LR,

T,% = ZCO

)
% = 2{(Co + C1)* — C§} Q)
2 =12 +1} ®)

4.2 HSEEROZHEORER

Morikawa et al.(2008)' ) CiL, 6D DLW ERIRAN TRAE LIBT3 A =X AOMBEEFE L LK
NEToTWVD, ZORNTIE, BRKRLHMBOYA IHBEESND D, ROON-HEFRDOIXED
X ILBROTRREEEICHIETILELOND, 22T, TNH6SDEFIED 5L, KFETHRETS
HWERLEL GEND4ODOBERICONT, EINY AT AZESNTKRD 1, & Morikawa et
al.(2008) ) DFERE B L, FHEORYUMEEHET D,

BEt S L+ 5 RFURIL, B8R T Morikawa et al(2008)' )\ & DAreal~4& 35, ZIZ T, Areal
iXEE LT20044E11 A29 B IBRHOMBM7.DDLERBETHY, ETHRTL— MERMBETH S, Area2
i, E L LT2003EHBhHBMB0NRBTHY, 2TH S L— MERMBETH S, AreadiTL£TH
7 L— MERME, AreadlI £ TH2004EFTRIZFHMBORBE TH 3, FFETIL. Th OEBRFSNE
AT B & 5 ICE1B L UL R I DDA (Regionl~3) ZEWE L7, T I T, Areal &Area2
i394 L. Regionl& LT3, R2AZAHFIE & Morikawa et al.(2008) ) TxiR & L I- HIR DL E T,

FIINTHEA/NY AT T LOFE KIZRegion1~3Z 1T BERNY F 75 L LB/ XS T LETT,
¥ 7. ®IZiTRegionl L2012 OVWT, FL— MERMBOLEZHR L LTHE LERROHFETRLTWY
3, FEL, ASTAMBIZOWTIRT— B2 <, RELEERELNRWI L LFHIEIT- T
VRV, [E9h HRegion2 DB AINEEIZRBNWTERT —FIL X H0,NR T L— MERHBEDHMT I BHELY
bR 2B, Zhut, HIOZTRT &L D12, RegiolPBRIILEE DT I /8 A7 5 A Tidh =10~15km
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IZBITARTZ TR TP ORKE LT HERKDH S Z &, Ha A 475 A0HEE SE BTN
SV KR E REL 2T THMEL TW272d EF 2 b5, —J, Regioinli L URegion2 D FiH
ETIIET—2 L7 L— MERMBOC L CINIZISRRBE L /25, ok, SEEE L7 L — MNERME
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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 return 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, Small-to-Moderate Earthquakes, Inter-event Residuals,
Aleatory Uncertainty, Epistemic Uncertainty, Semivariogram
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