M
£

= w2 #
51 % (1999) 431-442 H

RERM 7 ) — VBB A W 1997 4F£ 3 A 26 H
(Mya 6.5) Bet¥ 5 A 13 B (Mjua 6.3) BEVE SIEILFEES
MWEOMEFHYIalL—vaVEERETIL

FEAFESEBIEF* = £ 5L B o & H & F « ABFKES

Strong Ground Motion Simulation and Source Modeling of the
Kagoshima-ken Hokuseibu Earthquakes of March 26 (M4 6.5)
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In 1997, two magnitude 6 class earthquakes occurred in the northwestern part of Kagoshima
prefecture in Japan. One of them occurred on March 26 (M;u4 6.5) and the other on May 13 (M4 6.3).
We examined the source models of these two events using the observed seismograms by K-NET at
four stations surrounding the source areas. We proposed an objective estimation method to obtain the
parameters N and C which are needed for the empirical Green’s function method by IRIKURA (1986).
This method, we call source spectral ratio fitting method, gives estimates of seismic moment ratio
between a large and a small event and their corner frequencies by fitting the observed source spectral
ratio with the ratio of source spectra which obeys the w2 model. This method has an advantage of
removing site effects in evaluating the parameters. The best source model of the March mainshock
was estimated by comparing the observed waveforms with synthetics using empirical Green'’s
function method. The size of the asperity is about 7 km length in the E-W direction by 6 km width
in the dip direction. The rupture started at the eastern-bottom of the asperity (8.2 km) and extended
radially to the western-upper direction. We noticed that the source model with additional small
asperity to the eastern extension of major asperity improved the waveform fitting of the east-side
station. In case of the May event, the aftershock distribution is ‘L’ shaped, and the mainshock
waveforms on the rock site are composed of two clear pulses. The hypocenter of the mainshock is
located close to the bottom (7.7 km deep) of the intersection of the ‘L’ shape. Therefore, we considered
two fault planes, the N-S plane and the E-W plane. The seismic moments of the two pulses were
estimated nearly the same. We tested which fault plane ruptured first by comparing the initial part
of the observed seismograms with synthetics. The matching was fairly good only when the N-S plane
ruptured first and the E-W plane did later. The best source model of the May mainshock consists of
two asperities. The first asperity has a size of about 3 km length by 4 km width in the N-S plane,
where the rupture propagated radially from the northern-bottom. The other asperity with almost the
same size but trending E-W ruptured radially from the western-bottom about two seconds after the
first rupture.

Key words: Empirical Green’s function method, 1997 Kagoshima-ken Hokuseibu earthquakes,
K-NET, Source spectral ratio fitting method, Asperity size.
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199743 A 26 HF#% 58313 & 5 A 13 HAF % 2
B 38 S ic IR BRI TR L 2B IE, Mpw 6.5
& Mma 6.3 &0 )5 BRFRIBEOBEThMBROMET
H o1, HEEOBRBEE P RESM ULNAKRFEYE
IR TR 2= oKL BRI A (1997), IR B KB
(1997)] AL ENR Shi. UTARTR, 8
SOmMMEE2ZTNhEFN3IH26HES5 13 HOAREE
BE3s, RESM DLMAKEEFEFE K L8R
(1997)] *, HHMMEFEHVWLRHFEA 71 =X L8 (%
e (Lt (1997)] A o¥NIT A&, 3 A 26 HOKRIR
HAELROLEETWWEEHEES NS, —4, 5 131
DABRILHRORES M [BRERFEFE (1997)]
BHELFHELTEY, i« 1Lbh 199N Itk vEE
BRTHBIEBHESINTVE, ThoDTEMDSSE
B 13 BoARZR L, mikhRoAR#THME L BN
DEMThNBOmMN B ES L/ LEZ 5N, 3A 26
HOARICHNTHEESRRRELRF > LHETE 3.
LiERoBL 2 ooXREicowT, BENER L THES
AR UICHER (ARBTRT AR 7 4 EFRS) P
ERBRREMNTT 5 C & 13, RIFLEHEOMBEE DA A
h =X LT MBS A v OMBEMEMIC & B
BREAN=ZL52HBLTOEETH 5.

—HDOHIFE (1 1996 F-h 5 B KR EBR BRI & b
2EIcH—IcEB S W - mEH M (K-NET) [Kino-
sHITA (1998)] THHlENTH Y, HIHABRZHUE
HREERER 156 km OBHFEFE D 4 AL TR, mAER
3T SN kO BWAERBBE S (Fig. 1). T
SLkF—4ty IERMN 7 — VBEIEEE VIR
FricBLTWBEEL SN S,

IMEERERE 7Y — VB S L TRV TR G %
LRkt AERERI 7Y — v BA%E I, HarTzELL (1978) i
LOREBEIN, ZTHLREL OHRBICLOBFER <Y
LA ES K BREBBIhTE R Tho %
HEicHAcomER Y IaL—va viiftbhbh, BREF
WOHEEMNTbNTWAB, IRIKURA (1986) (T w 2 FEML
Al [Ak1 (1967)] it W EkEoERADEEIIOW
TOERLETTV, 1980 EF G EREHFFHHIE, 1983
FEARBPEHEOBRRES VEBELL, it AR
(1991) BZ D HAEEZRBI R TEEEREF L ITHT
5ERALEFTV, 1983 4F H A HEME O REILE I
BH L TRV AR I b A BERVARKE 215
1. F7#: Fukuvama (1991) ¢ Fukuyama and Iri-
KURA (1989) 13, WM LOREL X0 2% KR
W70 — vBEECE R W HREER T LItk bRDT
W3,
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Fig. 1. Map showing the locations of the
epicenters and the K-NET stations used in
this study. Open stars show the mainshock
on March 26, 1997, and its aftershocks, and
closed stars show the mainshock on May
13, 1997, and its aftershocks. Numbers
show the earthquake numbers in Table 1.
Solid and open triangles indicate rock and
sediment sites, respectively, from K-NET
soil condition information.

Table 1. List of earthquakes used in this
study. The hypocenters are determined by
FacuLty ofF Science, KyusHu UNIVERSITY
(1997), FacuLty oF Science, KacosHima UNi-
VERSITY (1997) (indicated as*), and Miva-
MACHI et al. (1997) (**).

No. Date Latitude (deg) Longitude (deg) Depth (km) M JMA)

1 1997/03/26 17:31 31.970N 130.380 E 82 6.5

2 1997/03/26 17:39 31.968 N 130.362E 1.1 4.7
©3 1997/03/26 18:05 31.972N 130.4I1SE 9.8 4.4

4 1997/03/26 18:30 31.971N 130.434E 10.1 4.0

5 1997/05/13 14:38 * 31.952N 130.343 E 7.7 6.3

6 1997/05/14 08:32 **  31.939N 130.367E 22 4.7

7 1997/05/18 17:49 **  31.892 N 130.313 E 7.2 34

8 1997/05/25 06:10 * 31.932N 130.348 E - 42

ARTER, FFEH - AB199]) oERLEHICL
THEABD - DI NBEIL NS A — 5 5HET B, ZD
B2, IR o MR OB ARD R 0¥, &
BERBOBRRANRY F VD S/¥5 4 — 5 2REBIHIC
HE T % H i (source spectral ratio fitting method) %
HET B, RICEDOHFETHENS A -5 2HVT, £
B — vEMECLIREH Y Iav—varE
7+7—FEF) STV, 3A 26 HRU 5 A 13 H



BRI 7 ) — YEBEERVWICRREH Y L av— v s VEREET IV 433
(a)

DARDRFE T VEHES 3.

§2. MW A&
2.1 RERRY FVHERV:, BEASROLHIC
WELRIB/INS XA =9 DRE
IRIKURA (1986) DFRERI 77 ) — » BARHZ, 2 FH
AI[AxI (1967)]) It o &, KHIEL/NMIBOISHM N R
DEVEFE L EEaRETHY, UTORXTEBE S
% (Fig. 2).

U= 5 ):l r/75) F(t) % (C-u(?)) (1)

i=1j
(N—1)n"
FO)=o6(t—ty)+(1/n") El [6{t—¢

—(k—1T/(N—1)n"}] (2)
ty=(ri—ro)/ Vs +&;/V, (8)
T UR BRHE IS 3 A5k, wt) B/NHIED
B, N aikftﬂfat/bim;a@w%fﬁ]@ﬁé ok, C
RIS TROLTH D, * Bk HALRNEERT
3. F) \3RHIBE L /NIREDO T N0 HEEKOEVEE
BHLA-HEMKTHY, TRAHMEO L ESOERET
b5, TOfMD/c5 2 — 7 3HEH - AR (1991) I<hES.
CORMEMBMFOIC>WTAR « #th(1997) 13, &
BEDRIBA X7 b d 1/T(Hz) THHBIAA%Z S DT
LT 5w, ARRNEREL TV, AR ER

{tLiETRET 2L,
Ft)y=6(t—t;)+ {1/n" (1—exp(— 1))}

(N—=1)n’
X El lexp{—(k—1)/(N—1)n"}-
6{t—t;—(k—1)T/(N—1)n"}] (4)
L1353, comBRICOVTIZAL THRT S
BIEARD I DN A —4 L1585 N, C 3, KHE

E/NEE DZERL KR O IR HRIE 2 <7 bV DSFEH L~
HPoEHEIN 5,

Us/uo=My/mo=CN? (5)
Ao/ao=CN (6)
T T T U o ZAHIRER /MR DEAIRIEA <7 b v
DFH L NV, Mo, mo 3K, /NMIEOHIEE — 2 v b,
Ao, a0 IR, /NEDOIEFEHRIEZ <7 b VOFHL X
NTHB. UTRIBA X7 P vEROTHREITY, &

BTOZX_Y P VIRIRIER <2 P LV EEKT 3.

6) A5, N,C B3RO LI ILEKEIN B,
N=(Uo/uo)""*(ao/A0)""* (7)
Cz(uo/Uo)l/z(Ao/ao)a/z (8)

ARTIE, NOBEBMOES IR AAL TBHEEICL
TWa ¥, (5), (6) RDEEFERICIFMIIEW,
N, C 2 BB 4 3 12113, BRIEHEZ <2 +

subfault(i,j)
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L
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Fig. 2. Schematic illustrations of the empirical
Green's function method. (a) The fault
areas of the mainshock and a small event
are defined to be LXW and [Xw, respec-
tively, L/l=W/w=N. (b) Correction func-
tion F(t) [after IrRikURA (1986)] to adjust a
difference in slip velocity function between
the mainshock and the small event. This
function is expressed as the sum of a delta
function and a boxcar function. (c) Revised
correction function [after IrRiKURA et al.
(1997)] having an exponentially decaying
function instead of the boxcar function. (d)
Schematic displacement amplitude spectra
following the w ? source scaling model
assuming the stress drop ratio C between
the mainshock and a small event. (e)
Acceleration amplitude spectra following
the w2 source scaling model.

WD L XA SO 2 AW TERD B T &5
METHB. AT, BRIEEZ <2 b LHic Brune
(1970) Dw 2 EFNVICEDIKRFEA R P VORX%E
fitting & ¥ % source spectral ratio fitting method %
RET 3.
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— O BIRIEIE O@) RRIEZEIC VT, BRAH
S(t), {RIBEREFIE P(1), MR G() DI lc ARAATE
HogcikBsh, BEKEEczh S IMoEL S
5.

O(N)=S(f)-P(f)-G(f) 9)
O R&D, ABRERBOBRBE» SkD SN 5 —8l
RS OEBABIRZ <~ b VEIZLITORICE 5.

S(N)/s(f))=(O)/P(f)/ () /p(f) (10)
I TARXFRAR, MNFRABICHTIBEXT.
=B OB 3R T 2 KL THIES 5.

FTRBASEC, ARETOEFETHRE L KRR A
H=XLHEUL TV ERBICOVT, BRAIRRFER <7
FVHEGRET . RICBIRIRR R <7+ VO F K
e MoaEL, PORBREY fi(=1~M) TH 2af;
(a: B ORBEKE L, 2BAS oMK EYE
S()/s(f), i+ EBRERERZE S.D.(f), : 2K 5. W
HE L b itk - T, RIFEBURFHHE LB BRI
DOHEENSLTEIENTES.

—7%, BRUNE (1970) D w 2 EFIWICHEDI K ERA N
7 b VORI,

S(f)=Mo/ {1 +(/f)% (11)
THENhE, TITf -+ -RAEKERT. QD)X
THVWS L, ABEREORMKA N7 b VB
(source spectral ratio function, SSRF) (3,

SSRF(f)=(Mo/mo)-[{L + (f/fea)?} / {1+ (f/ fem)}]

(12)
185,

(10) XOBIRHIER R <7 b vkic>W\WT, SSRF [(12)

K] 2ROV EAD IERETFEMOSER/NE LS fitting,

ig {(SSRF(£)—S(f)/s(f),:)/S.D.(f), }*=min (13)

270y FY—=FTITHE, HEE— 2 Vb My/m,,
ABERBOTNEND T — F — BB fomr fra WCHY
T3325D5A-9hKDBSNB. THH35D/¥F
*—%& N, C OBfRIZ, ITOKIckRSIN 3.

(Mo/mo)=CN? (f—0) (14)

(Mo /mo)( fon/fea)?=CN (f—>0) (15)
M CTO f—>oold, MHIEDONMERE 2 )7 + v
LR ZEAEBEFEENICRLTEY, BT fa &
DREL frax FOPNSOVEEREEZ B, fruar (SIEFE X
<7 VO L LD G E T ORBEER TS
3.

(14), (15) X&b N, C BROBRICKD B ENTE
3.

N=fea/fem (16)

C=(My/mo)(fom/fea)® (17)
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Fig. 3. Spectral ratios of the mainshock
records to the aftershock ones used as the
empirical Green’s function. Upper and
lower figures show those for the March
event (No. 1/No. 2) and the May event (No.
5/No. 8), respectively. Left: spectral ratios
for all sites, right: comparison of average
values of observed ratio and the fitted
source spectral ratio function (SSRF, bro-
ken line). Closed circles and bars indicate
average and one standard deviation of
observed ratios, respectively.

Table 2. The parameters obtained by the
source spectral ratio fitting method.

. }iarlfwjke Moment r;}lj}{ Corner kreg. (fem) Corner Freq. (fca) N C

No.1/No.2 (6.5/4.7) 96.2 0.24 Hz 1.08 Hz 5 1.06
No.1/No.3 (6.5/4.4) 151.4 0.37 Hz 2.01 Hz S 0.94
No.1/N0.4 (6.5/4.0) 445.6 0.35Hz 2.45Hz 7 1.30
No.5/No.6 (6.3/4.7) 16.7 0.39Hz 0.47Hz. 1 9.54
No.5/No.7 (6.3/3.4) 5671 0.41 Hz 5.87 Hz 14 1.93
No.5/No.8 (6.3/4.2) 123.4 0.39 Hz 1.43 Hz. 4 250

3A26HE5 A 13 HOARLE, BRABOEFEHET
FEL, BEAN=XLABHEUL TR EE2HEELL
A7E (Table1 ® No.2,No.8 (fHL No.8 DEFES 3AE
EEMEE L) #HVWTAFEA@EA L. 513 H
DEABRI _EEFREELONDY, BRARY b v%E
ko aiic3EELkER VL., EEROBD/ S
A= ORDFWVIE 2.2 TTH. LIAER LD KGS
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002, KGS005 K UHEREE Lo KGS004, KGS007 D
HEE 3R E AW, BEISRIR O ITXIEI P, S %
S 30PME L, AERERRIRETLFDO / 1 XL X
NAZBELTO020Hz &9 25 Hz ¥ T& L7, HWBER
2~y oA E BRI EREO 20% DOlEOFiE
(bEIT-TW5, ZERRKORIER, EEBELEEL
rEEEEREE Q EEEY I (1/R)-exp(—afR/Qs(f)Vy)
W, TITR IEFER V.3 S E#EET 31
km/s, Q.(f) DEIZ/NAIT (1997)ic kB bDAEML
7z, Eitohgic L vk Sntc SSRF % Fig. 3 KR
e

HICAFEOZMU AR T 5100, 1 20KEICH
LBOBD 3 H->>DHESHEDO R 5 RE (Table 1)
EHWT/ Y5 2 — 5 2H#EE L1 (Table 2). AR - 2
KBS HH D STEED I —F — FEHIZIEEEIZK
BONTWBRIEDS, AT/ Y72 - BHEEL
THYITHBEELEEZ SN S,

22 —EEFEOIYRKL

ZEHEHROFLVEOEVICDVLVTIIEH] - AR
(1991) =W hicv., ARTRZERFELEASND
5 HI3HOAZRORKRRBRN 7Y — vEAKED 5 £ — %
REERODVWTEERT 5,

LAROHBE—A Vv A2 M EEZ, BLIE F2E
DOHEOHEBEE — 2 v F 2 FNEFN Moy, Moz, ZBLLR N
7 PO LY NV E Uy, Us, TEE X X7 b IVDFIH
LA ALA EF B, TIT Mg=Mp=My/2 &3
BIEOEEZ B LT R~ FLIBAL T,

U=U,=Uy/2 (18)
DY LD, —F, EBROHMES S OMEEMES S E
Bo&IE, SAROELADERIE—-LY TN
Wiz, TEEZRAR7 bVOEREERIES v ¥ o108
LALBIREFLVEEZ S L,

A =A=(1/2)"* A, (19)
DEALT 5. EBCEHHINEZXE N, C i (7),8) X&
9,

N=(Ui/u0)""4ao/A1)"*=(Us/uc)" *(ao/A2)"?

=(1/2)"*(Uo/uo)""*(@o/Ao)""? (20)

C=(uo/U1)"*(A1/a0)**=(uo/Us)""*(A2/a0)*?

=(1/2)"1-(uo/Uo)""*(Ao/ac)*? (21)

EERBaENB LbEX (20, 2) X oRkDSN D
N Ci, BFE2E*HVWT21 TRDOOIZEOH
0.84 f£ 755,

(18)~(21) RDFMIZ 2 DOERLEREEDOKEZE T
HEFETHD, HEORKEZIMNRLIKFICIE N, C D
IEfEIZ 0.84~1.0 DRfl%2 & 3. HIEfEE 2.1 TR S
NrirE s O£, BIEAR ORI FHERIEE LTH

WIEREL D bTa/hs vy, TITRERLK.

§3. MIWER

3.1 3A26BDEBROBRET N

§2 o ERERIC, SBBRNS Y — vEMEE
AWHEEHY aL—v a3 Y2, 326 HOXK
BORF@AREHE L2, 5EIZ 02 Hz 95 20 Hz &
TOHT, 4 BASOIMEE < EE - BB D AF
2B OWTH AT~ 1o, BB — VBT
AWk RE I Table 1 @ No. 2 (Mjys 4.7) TH O, &K
FEARKRDIbD 5 2 — %13, 2.1 TKbDSNt N=5,
C=1.06 Td 5.

CCTRERA N = XL [AF (1998)] EABAE
(REA) DINRFREFREFEME K LERIFT (1997)],
S EHE V, (8.1km/s) 2FEL, TAR)F 494X
LELE, BEEE V,, ABROINSL EAOERE T 2&K
ELTHEFHYIaLv—varyaEiTwh, 7Yy Fo4—F
IK&B7+7—FEFY v/ TRERERD. HLT
ARY F 4 NTRINDB—HRT, BEBSMRCILY 3
ERELTWS,

Yial—vavoBHIR, THEEEREORRE
Uikl o —HEEEHR L EH S HRIC K - TFE L
1z, EFVEERMIRT 29, RO & S EFEMmBEE %
Aotk EBHllo—HELRL, RBEREEOIT 58
DBEIT LI,

Residual values

=2 2 [;(uobs_usyn)z/ { {(;uobsz)(;usynz)} 1z

station component
+ Z(@env, obs —Gens, on)?/ (22 env.ovs) (Zeny. s3n)] (22)

%1 RN ORE TIREABBIRO—HEEZ/RL, F2
TR INiERE D E& R D B 2 T s A B 0 —BUE 1wt
45, 22) XDEMS O IO BEYIaLv—ya v
ECEBBEEATRIIL TVWA Z EEEKT 5.

Z OFER, BHEEEE 2.5 km/s, ABDILSE LB
% 05s &L, EX7km, l@6kmD7ZARY F 4D
RHEIRES (& 8.2km) » S MRICILY 5 BiR
EFNEEZILGAC, —BBRBLVEEO—XKEFL
(Fig. 4). ARKECEk I KGS005 2R\, BlRlEGER
{—HLTW3. KGS005ic>W\WTi3 4.2 THRT 5.
C OB ORI, ARINEE X <7 + VvO—fFi% Fig.5 i<
R, 2BRASIRVT, ARARY FVIiZBIRIZ <2
FVEIZITHIATE A 800 5.

KDONEEBREFNVOKEZFMT 5720, 7R~
V7494 XRVEBEZELE 2L Z0D (22) ADME
% Fig.6IZ/R9. 7TARY 574 OREAZLIE BT &
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Fig. 4. Comparison of observed and synthetic waveforms of acceleration, velocity and displacement

for the March mainshock at four stations.
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Fig. 5. Comparison of observed (left) and
synthetic (right) acceleration amplitude
spectra of EW component at KGS002 for
the March mainshock.

kb, 22) XDBIRRELSEEHTEH, 7TAXRY T+
H 4 DAL 22) R HZ 2B II/NS W Edb
n3

32 5A 13 HOFXROBREEFN

5H 13 HOAETIE, K-NET A8 FERIA (KGS
002, KGS005) 02N T, FABRETS 2 D/ <v 2 h3E]
flentTws,
ZITEFDO2FHD N RIZHOWT, KEKRERELE
WIS AR IR EBUE U 7o BERU LB B oy i i & 5 BEGRE
J2 [(BoucHon (1981)] #HW\T, #iEE—2 v FORKE

Numbers between observed and synthetic waveforms
indicate maximum value of observed waveforms.

b ATk (Fig. 7). T TOREHEIAH- b
(1991) ZH W, Bl A H = X AfRIZAEK (1998) % H W
fo. FEdL - HPANTEHE Lic ARFEERE L, s8 b0 2
BRSADOLEESITOVWTH, AREMNBEEOE 1 REE
2EOWIENE D LS KBHEAKREIT->12E 25, H1
EREF2EOMBEE—A VP HEBK L1 &8 o12. B
1 BLF2EOBMERI2HELTVE, B =X
LIRDBFEARZEL, ERH Bl TNDHIKOVT
TI0OEEFCORLEHFAEHE L THEREO L%
fT-ocfER, B1IRBoOEME +10 LS & 1Bk
BRFEENEBON, ZOMHOREE— 2 ¥ MHIZH0.9:
1 Thote. PLIDHEMEOMEE— 2 ¥ MidiZIEE
BThdbEabsisLil.

WITKRERIN 77 ) — VEARE A W IS v 2 L —
v a vEITo1. RE Table 1 @ No. 8 (M 4.2) %
AVwTW3, 21 THLNAKEEAKRD DD/ 5 % —
¥ N=4,C=250 LB — 2 v FHOBREL L ZHL
T, WiMEOEE RS 2 X EE AR 4 0 FLS L, W
BB T 2RER 2 E L, Bl =X 4R
[AFK (1998)] EAENMEBE RES) [BREBAFEYEH
(1997)], S B#E (3.1 km/s) ZREEL, 7RAXY F 4
4 X EBLE, BEEE, b LS DAL LT,
nyF#—%n&67x7—Ff?Uy¢%ﬁqt

CCHEERICDVLWTEZ 3. B L FRORKRENH
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Starting positions on the asperity
in case of 7km length by 6km width

dip
25 ¢ (up)
20 */‘\\\’/_ —— 1
% 15 % -2

>
© —a— 3
L e —— 4
5 —*—5
0 s 1 I L ) (down)
) 4 3 2 1
(west) strike direction (east)
Asperity sizes
in case of the starting position (1,5)

15 - width
—— 8km
% 10 E ?.:ﬁ_ —a— 7km
é —— 6km
) —— 5km
—*— 4km

O 1 1 AL J

Skm 6km 7km 8km
length

Fig. 6. Residual values [defined by eq. (22)] in
case of the March event. (Top) residual
values against the starting positions on the
asperity when the asperity size is fixed to
7km length by 6 km width. (Bottom) re-
sidual values against the asperity sizes
when the starting position is fixed to the
eastern-bottom (1, 5).

DIRERHICEBRYH B &0 5, BRIBILGSEILNE
LHEMBOR S hoKdLEZ, ThEhoWEH» S
OFEG &AL TEIRIBT & &L 1.

Fig. 8 iK/Ra TV BB, KGS002 ORI KGS
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Fig. 7. Comparison of observed and synthetic
displacement waveforms at two rock site
stations, KGS002 and KGSO005, for the May

mainshock. (a) Observed displacement

waveforms, (b) synthetic ones using the
focal mechanism by Kuce (1998), and
(c) synthetic ones with strike adjustment
of a +10 degree. From top to bottom, the
traces show EW, NS, and UD components,
respectively.

LlE» S5 A 13 HOABOERE FVZLIToMIK
Zzon 3. EitlEmEEANBE LiczhThiks
3km, §4km D7 ZRY 7 4 %2 bb, BEEAKLAIZE
JEWED 7 2~ 7 1 OB, Tod 2FHOM (B
& 7.7km) IKHBET 3. RIS crEItMBEEHE S
ICHES, 2 PORICHERE A O RAGNTEE % 5 [
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WED7Z~Y 7« OREM, FThros2FEHOHEL
7o, BEBEEE L 2.3 km/s, LB EASDEREIIWG & b
05s &8 -7, BRIEKE & &BEED» S1[F O N 55K
% Fig. 9 1Z/R9.

§4. B
4.1 BBOYHITV—-UBYETHOIHERBEFE O
WREICDOWT

BRI 7 ) — v B CRIE AR ETT D BRICH W IcHl
IEBEI% F@) o Rk [AR - fth(1997)] iconwT, &
THmd 5. FHIEBKF@) 13, WENICIZAHIE &/
BROWEHE LOEED RO T XD HERKOE WV EHIE
T 5T HIET 5. F(t) OH¥IEREMR,

TF(t)dt=N, Flw—>o)=1 (23)



438 ZEoLE - HEAMZE - ABFIRER

KGS002 NS component KGS004 NS component
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Fig. 8. Comparison of observed and synthetic waveforms of NS component at two stations, KGS002
and KGS004. (a) Observed seismograms. (b) Synthetic waveforms using a model in which the N-S
trending fault plane ruptured first. The contribution from the individual fault plane is shown in
the second and third rows. (c) Synthetic waveforms using a model in which the E-W plane
ruptured first. From left to right, the traces of each component are, acceleration, velocity, and
displacement, respectively.
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Fig. 9. Comparlson of observed and synthetlc waveforms of acceleratlon, Velomty and dlsplacement
from the May mainshock at four stations for the best-fit model. The N-S plane ruptured two
seconds prior to the rupture of the E-W plane.
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Fig. 10. The effect of correction functions F(¢) used in the empirical Green’s function method on the
synthetic slip velocity. The slip velocity of element event is a function of Kostrov-type with a

finite slip duration (left).

The correction function F(t) is (a) conventional one (delta+boxcar

functions) by Irikura (1986), (b) revised one (delta+exponential-decay functions) by IrRikKURA et al.
(1997), and (c) normalized Kostrov-type function with a finite slip duration given by Day (1982).
The spectral shapes of correction functions F(¢) are shown in the right.
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f#l) @ boxcar BI¥ br(t) ZflABOEIL D E L TER
L 7- (Fig. 2(b)). —7%, SEIAWVzAA - fth (1997) Dk
Bikid, 75 B EEHBEK exp(—t/T) A ED
L ->TWS (Fig. 2(c). HBHER7—Y = &H
BEBTHY, #ORIC (25) ROEHBEMOERE A%
RV E VWS HERRRIEERD. TR, RIBX
R7ZMVD1/THz) TOELABEBETF B EMTE
3 [AE - fth(1997)] &S THMBRSEEES, &5
T &SIz, Day (1982) icE-S %, Fu s B E ¢/
T)"V2-H@t) BT 288 (HL HO) d~E4 4 FBY
HThHs) »oksd F@) #5Z (TNREFENSHE
THELN BTN EEREBIEN), UTFIhi8h¥
€ 7L & RS,
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Table 3. Comparison of residual values [de-
fined by eq. (22)] between the source model
obtained in 3.1 and the revised source
model. The residual difference values be-
tween two models is given in parentheses.
Minus sign means that the waveform
fitness became better.

3.1 model Revised model

KGS002 EW 0.70 1.20 (+ 0.50)
KGS002 NS 1.17 1.50 (+ 0.33)
KGS004 EW 0.67 0.66 (- 0.01)
KGS004 NS 0.62 0.67 (+ 0.05)
KGS005 EW 1.61 1.04 (- 0.57)
KGS005 NS 2.22 1.42 (- 0.80)
KGS007 EW 0.93 1.34 (+ 0.41)
KGS007 NS 0.99 1.03 (+ 0.04)
Total 8.91 8.86 (- 0.05)

HIFD TN EERME LTE XS BB EREL
CEiHing B, WEREEARTHRALCHRE, K&
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EW component NS component
Acc. (cm/s**2) Vel. (cm/s) Disp. (cm) Acc. (cm/s**2) Vel. (cm/s) Disp. (cm)
obs. %ﬁ- ‘/\/\’\,\ —% -‘%M\/ \/WV\
KGS002 499 29 695 158 1.50

Fig. 11.
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Comparison of observed and synthetic waveforms of acceleration, velocity and displacement
from the March mainshock at four stations for the revised model, which has an additional asperity.
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HIABBRO NSt £0 L, KERE (25) Roxs
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HRIT & B F(t) DSERHTICE LTV 5 ST L .
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BN & —BoRVWAKREE 2187 (Fig. 11). 3.1
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THE&ET 5L, HEETFNVTIE KGS005 DEE—HE
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o> TWBZ EHbHM B (Table 3).
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Fig. 12. Surface projection of final fault
models (solid lines with a circle) and bird’s-
eye view of the fault (rectangles with a
star). The model for the March mainshock
has a small asperity to the eastward
extension of major asperity.
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