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A Study of the Strong Ground Motion of the
Western Hidaka, Hokkaido Earthquake

By Tsutomu SASATANI
Department of Geophysics, Faculty of Science, Hokkaido University
(Received June 17, 1985)

An attempt is made to model strong ground motion from the western Hidaka earthquake
of January 23, 1981. First, the source parameters for this event are obtained from a study of
teleseismic P and S waves. Parameter values are : focal depth = 110km, fault strike = 248,
dip angle = 80", rake angle = —97°, source process time = 3—4 sec, and seismic moment =
2.2 X 10*® dyne-cm. Then synthetic strong-motion seismograms are calculated for the source
parameters obtained and the assumed plane-layered earth model. These seismograms are
compared with the observed JMA strong-motion seismograms at seven stations in Hokkaido.
The duration and amplitude behavior of observed strong-motion can be explained by the
simple source and earth models, except data from Tomakomai, Urakawa and Obihiro whose
observed seismograms show waves with abnormally large amplitude after the direct S wave
arrival. These abnormal strong-motions may be due to propagational effects introduced by
local crustal structure.
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BNZzHic, BIFICTEAITIEWRMZRELAVLY, HELTERICBTLBIT L SER
BFNHIZIR - T 7z (Bl 21F, SENO et al, 1980 ; SHIMAZAKI and SOMERVILLE, 1979), #i
i3, WEZICBT 25O BIRSROBHICH - 722 &t ofic, BEIS N EMELEEE
BT 51 R2BmEROFEIRETh 22 8icb b3, L L, B, BENMEC
HNKFEEEHEETOMBET VI L A METORES B LIBzOFEVrEREINL
(BOUCHON, 1979,1981 ; HELMBERGER,1974 ; KENNETT and KERRY, 1979 ; SASATANI, 1985 ;
SATO, 1973), T b N FHETHAI N EREE 2 I LT, BRES n-REAMEESHOB»
b, BEBROAZL L FHRNHMEL L 2 BRDEBE~OBBO M) » T % -2
(Boucton, 1979 ; HELMBERGER and MALONE, 1975 ; HELMBERGER and JOHNSON, 1977),

1981 £ 1 A 23 HICiBEH @R T/ =F 2 — F 7.1 OXRBREHESRAE L2, oM
BIC L ZRALRES D RE 0 iisky’, LmEND ZEOBRETRLN TS, /2, FEHE
WEDW RN L, ZOMBIIBEMZBEEARETRELZEFZ LML (ZUCHOWTRIT
EiCELC#NS), 2T, BHHEWICE, BEVROLHDICREROME»THC, HEBDETE
LHEMTHAH ) L THENDS, ks, b L, EHELCHREBEHISEIBI S N L5i1E, Z1U,
BHEZ R NEREEIC L A b D LRI S L 5,

L, ARBEIHEIC & 2 REAYIRESOBRI 5, HERNEREEIC & 2 HERE~n%
e RML—DDRATH 5. RN, EMERFALEKREDHNTH» 5 ZDHEBENEE <7 £ —
FEMET S, K2, ZORBREMES NI KFZRFOMF— EBer PiEEE L L ICHmES
2EEL, ZWHRET 1EEEC L 2GFIHHT AT r 2T 5. Eikic, BRI
EBRIRR L OT—BO BRI DWW TETOERLITE S,

II. BEREMHE L £ 0 RRETE

ISC (International Seismological Center) =k 2 HERERMEBEDEEEZRZ, UTo®EN T
HoFEME 19814 1K 23 0 485584 30.8F (GMT) ; i, 42 48°N, 142.15°E ; &S,
110km ; Mb=6.4 ; M; =6.4. Fig. 1 3 ZDBERYE, EHWOBEXRLLNTH S, BER,
HITHS5 Ak LC, dLHEEREE L B A T3 4 2R L T b, F72, FRURITE
BREMGIC S THA - TEY), WhOLIREESIEERL s, ZoMECLD, dLiEED
HeE, iR, HBITENTIMUEIREL 2. ’@m%u,%mL¢%ﬂ’Téyﬁ%%ﬂ%
HOTHEICMELTE) (#K - %E, 1981 ; Suzukiet al,, 1983), #F7z, HE 110 km THE
Lizicb bbb, SHOREE -7, SHAR - FK (1981 ok b &, KREIJIDIKFC
SALTEBY, ZOHEIIH 8 X12km? TH 5,

B, HEBEHHMEN A =X L@ eiET 5, WWSSN (World-Wide Standardized Seis-
mograph Network) REMMETLHH»SL[BLNTIOMBEDPRMBIB LU SENR N
(polarization angle) M4#i % Fig. 210RY, ZOGFiH s, HEOKEVWEEIZESICKE S

OB OEEIREL TSV, 2T, ISC oW & 23T BlR A (RS 20° LIT) @
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Jan.23, 1981

H=110 km

M=71
Fig.2 Focal mechanism solution of the
western Hidaka earthquake. The first
I1SC=International motions of P and pP waves are projected
Seismological Center on the lower half of the focal sphere
RCEP=-Research Center for using equal-area projection. Closed
Earthquake Prediction, symbols and open symbols indicate the

Hokkaido Univ. . . . .
compressions and dilatations, and circles

and triangles refer to P and pP waves,
respectively. The large symbols are
data determined from the WWSSN long-
period seismograms, and the small
symbols are data reported in the ISC
bulletin. Arrows indicate the S wave
polarization angles.

WMET 2 ZBIML T, RUSRT A A= X582, ZD2AH =X L3, FTERTRETS
RO FE MR RN 7 down-dip extension %R Tv»3 (IsAcks and MOLNAR, 1971 ;
SASATANI, 1976 ; STAUDER and MUALCHIN, 1976), %7, AEZ4E04 (85448, 1981)
PHFEZTC ANIKFIGEVCEESEROMBRICHLYT 252515, L»L, UTO®EE
RIS B W T, REED SHESNIMFOKRE MR LT IRDERICHETIE VAT,
BRIIEALALING, Z0HEE, FLLOHBAMBEE L CLHERICEE L v, ok
ECEIEZRUEE & $UE, Zokm =248, Hix =80, T NNH=—97"Th 3.

A= X LBOPREZINOT, KRiz, BRIENLEREHPEL LI USEZETVETE 2 &
Ik, RIRERREREK S MEET— A ARET S, EHERENVERTR (D IRTEZ LN
% (#z21E, SASATANI, 1980 ; TREHU et al., 1981) :

Fig. 1 Epicenter of the western Hidaka
earthquake and seismic intensity map
(Japanese scale).

g()=S(t) % Rec($) * M(t) % R.(2) % I(t).

2T, SHIF, BMEREGES ORI | Re (D13, KFEZEHE— E~> b VEEERIC
ErNI2A > OV R RIRIC & BE e FOVEKRIEORFEBIS 0 M ()13, EREICHT S
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Fig.3 Crust-upper mantlé models assumed in the wave calcu-

lation.
ture.

22 VDA oL AGERE L Re ()i, A >
2L A B T i@ FERIE o AT L BB S
Bowg L), EBN AT 204~
SRIVAWE L F LT, i3, 2K 22— 3
Vo ARy —F—ERT,

St & LT, ke BERELR. =
DRI, BN HL EAYEER 6 &P Lk
Worobsi & & THRESI NS, ok T
ik, T=26+LTHE2Z60, INA, BET
DHIE BRI ST 5, R (013,
BOUCHON (1976) OFiEIC & » CEHEL 72,
BEMMEOMS— EH~r P UERL, i
EEERS L UCHEho BT EMERE
(OKADA et al., 1973 ; ASANO et al.,, 1979)
ChhBEBI UV EFORMOE HREYX
(SEGAWA, 1970) % &ML T, Fig 3(a)iziR
FTRICHEEL 2, ZofEi, PHEEE4.0
km/s DEWHRIGOTFAE L, HENE (P
WIHE 7.5 km/s) FERw b L TEBOWT L

(a) source region and (b) teleseismic receiver struc-
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Fig.4 Observed P waveforms and matched
synthetics.
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na, M(Dix, #AFHIEDD OMEE, <> F VNDOIERENHEZIZ & 2 EOBEIDIR» L
Bo T3, EORENOMEIZ, Axiand RICHARDS(1980)n K ikic it » CEHE L 72, T4,
WEICBIR L 2@ To/Q (12721, T 137ERE, QIRUEMRIC % - 72 F#o quality factor) & L
T, PIZ 1, Sz 4 HIREL 7. R()ix, AKI and RICHARDS(1980)¢» propagator matrix
S CEHHEL, BUSETOMSEE & L Tig, Fig3bokkiclz Lz 1O,
HAGIWARA(1958) DAz Gt » CEHE L 72. WWSSN RERAMER > 2 7 4, IRFOEF AL 15
¥, RifsTOBEARY 1008 TH 5,

BIESRC 26, @HOBREICB W THRETORSE & EERORAIE LV, ZOBRESE,
BB TORBLAROKEMIL, BRI R EOWBOET A 7 LOFE(T) ICREINE Z &h*
HoTwd (R, 1973). BFICHV2EED 6, PED T i3858, SENENIIH
v fEzfg7: (Tablel), 72, ZNbDEZBRMSOFELICBERE (, BELZHE AL TIR
EEAEFEL T2, Bro S LitEin MR g L BlER L ohEL L, Inb T, %
LI FCETIMET A S LT, PIRRICHL T, h=t=1sec, T=3sec, SHEITHL
Tix, h =1.4sec, & =1.2sec, T=4dsec #4872, D% "), BRTOMEBENRKHEIZ3 ~ 48
Thod, ZHSO RN TEHELERER BUER L OB 2R L 7207 Fig. 4 &
Fig 5T» 5. P, SH&LEZBEOBEITHEMT, MHL SO RMBKTHIcET LS
NTOB I EDbrsd, Z1UL, BRTCOVEBREN;EMTHLZ L 2EHKRL T3,

PHICEAL TiE, ERILR L BAESR DLy, EEENAL L THIER TORMENIS £
TRLThs (Fig d), ER2ENMME I CEEE & R EOHEMIRIBIIL, 2740 9 F<
BoTwb, ZHUS, Bh N7 £ =X 28 (Fig 2) 5 X OMRGE L 72 ik — L= b (Fig.

|
J

Q 60s
| S

Fig.5 Observed S waveforms and matched synthetics.
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Table 1. Station data, time of the first half-cycle of the long-period
wave from WWSSN seismogram, and seismic moment. 4 is the
epicentral distance ; Az. is the epicenter-to-station azimuth; Ty(P)
and T,(S) are the time of the first half-cycle of the observed P and
S waves; and M, is the seismic moment.

Station 4 Az Ty(P) To(S) M, X10%dyne-cm
code deg. deg. sec sec P(UD) S(NS) S(EW)
ADE 77 133 - 8 - 1.36 1.69
AKU 71 351 5 7.5 2.28 0.99 1.40
COL 44 35 5 - 3.93 - -
COP 73 333 5 8 3.39 2.80 2.14
HNR 54 158 5 - 1.38 - -
IST 77 315 - 8 - 1.59 -
KON 71 337 6 8 2.31 2.01 2.73
MUN 78 202 5 8 1.63 3.42 1.08
PMG 52 174 6 - 1.41 - -
RAB 47 166 5 - 2.45 - -
SNG 51 238 5 8 1.81 1.39 -
TR I 81 326 6 - 2.01 - -
VAL 83 343 5 8 3.85 2.87 2.36
WEL 38 156 5 - 1.44 - -
Average 2.32 1.99

3) HDARBWLZLUEEZERL TS, L2L, Table 2. Source parameters of the western
. . Hidaka earthquake of January 23, 1981
IR BV TE, WFIIETFviE- T 5,

. Focal depth 110 km
i, RGE L 7oigh— B P OUEEE L E Fault plane strike 248°
B2 OB BT 2RI LB L B dip angle 80’
rake angle —97°
bbb, Source process time 3—4 sec
MIHER & BNES L OVBEF ORIGNH L Seismic moment 2.2 10° dyne-cn

BhrLRoOLNHMET— 2> MiE, Tableld

ICRLTh B, FHOMBEE—A> ML, 2.2(£0.84) X10® dyne-cm TH 5., I DL, HBAK-

4R (1981), DziEwonskl and WOODHOUSE (1983), B & 1F SATAKE (1984)i= &£ %, 2.1%10%
dyne-cm, 1.75X10*dyne-cm, & 0F2.6x10*dyne-cm & TR LETHZ. ZHMEE—
Y P EREBORHY L, TN EBLICIEAKETIE, #0£13.3m, 570 bars EHEE S L5,
LA Ent@th 135 Nz HEHEIMENERFE T x— #i%, Table 21t ¢ HTRLTH 5,

. MEE @R

BIEI TR 5 N7 H SHMEN B s7 A — %2 L LI LGRS ES 25T E L, LEERN 7
B (Fig.6) BT 2 8T 1 BB omsk s T 5. KESEHEEPOMEESIC L 2
MWER TOMBENDEHEIL, SASATANI198S)D LI &k » 7z, BIFIIEIE & RIS L iEL, B
IR FEIBER & LT, b A7) BEM T o) parabolic ramp function #R5E L 72, BRIRE L E
BB 57200, BEMERICIE, K57 1EEETORE RTFOBFREY=6% ; fliRE=
8) #EREICANT,
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Fig.6 JMA stations whose strong-motion seismograms are
shown in Figure 8. The cross indicates the epicenter of the
western Hidaka earthquake.

Urakawa Sapporo

u-o u-o

Fig.7 Synthetic seismograms appropriate

for Urakawa and Sapporo calculated for
various crustal models changing the
thickness(H) of the sedimentary layer in
Fig. 3(a). H is 0 km for Model M}, 1 km
for M2, and 5 km for M3. The numbers
indicate peak to peak amplitudes in cen-
timeters for the seismic moment of 1X
10% dyne-cm.
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FEE NI BT — EH e FUVEBESFEL b2 o Twb bl Tldkwo T, XK
B3 Fig. 3(a) oiE 2 RAT 5. 2721, Fig 3(@) IR L 2B WG L ko = GRS
WAL NEFEZ LNENT, ZORICBL TIZAE T 5(0KADA et al, 1973 ; AsaNo et al,
1979). Z OHIEGNOTFAED G 2 DA DHEL TN D21, HREZ Lo vwihE, ES1
km B L5 km OHREEZ L OBEFNFIC OV THEHRER 2 HEL 72, SHEHERO—FIn
Fig. TicRL Th 5. R 5B L2 28RS, IBRICETFOREG R LN 545, HIERBIC L i~
m%@uﬂtkftw.lﬂu,%%ﬁ%t%émmﬂﬁﬁl,%6“@%&UT?%étbL
KHEBEDFENI TN Z EI2E b EEZLNE, LT, T Ti, BE&1 km nHffEEg»
b o e EEIC T A B R A A L TERRT 5.

HERR L BURR Lo % Fig. 81T, B/ ST X —FORERE, FUE L 72fhE &3
ENENEOE, BLUBNEHOBEL X 2 EETL L, BHEOFMLEBIZERTH S,
o T, HEDONGR &L BEL LKL, BRAREL S 25 SEHTTHY, Fiz, REHD—HD
R, 250 CHMTRETH L EEZ EH 2™, ZOFLHWR#ETFig 8272
&, FF, BKEsEMLER, AR, LR, RE0REICB YT, IES & LEEILY
NES—HLTWwaZEdbrsb, 2F0, INLOBMENEEL, FREKES LEKDH LN
PR T A—F L e gk — e PUBEIC L > THSIC ) FBTE B,

75, EANE, T, A IRORCERY, RICHENBERLAMEN A~ LR T 5, B/ N-
S DI RIF SETH N YN TV 32, THOKRELIRBIEIERNICLTHME NS, LrL, 25
E-W B ofiékid, TRFIXE000 2 2 2 RELIRIRZRL T 5, BWOKEENS L, 28K
TEHSWEWHGTHEIMNE L) RELIRBEZTRL T b, S 518, ZOKELIRIELH 108
ML EV IR ER L T b, ZOKRECRBOBENR VIS, R THOERE 5L
TWB EEZ LAY, Ziud, Ko opietic, B EEST A L3R — <
WiE LTI gy, L, SEOWENCEET 5 &, Eig s Bl s n0—2uir 4 ) B,
DFD, WMIcBIT S RE LR, EESHLUBICERELLZBICL > TL s &N EEZ
LNb, Balkh b, SR NUNTNLLHIE, ZORFELMESHOWEOHBIIATEET
Hb, WRICBIT 5 ENHEOEHIT, EESEICHK (RBOKRE WK (BIERN) oM TH 5.
ZOPIIEREWR EE 2 5N 555, RELLHEED LI TSI N W, 72420, EESEICREUL,
Bam L B E o—FUd e ) Rv,

Fig. 913, B5E S Wik B 2 BHHRE & BTG L ORE Y L L2 L0 Th 5, TGz
F2FBOEHET—HL T3, ULDOKED L, ROZ LRI NE, SHERE DB, S
ORI T A — 5 LRF SR — L= P U & 5 FRIZ N B EESNE, THE
NZEZEPHBLUPSHZ) FCHAT L5 TEL. ZOBMABREIEETT L2 LIZT
B2 NG CERELWMERD 2 ~ 3B S TR LN, Zud, BEESHELIBICEREL 2kiC
L0 TH 3,
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";.‘ off-scale

Tomakomai

W 1.56 \/ﬂ V\/V\F 5.35 0.5%

0 60s

| off-scale S [loft-scale

Urakawa

wf\[vf 2.24 MV\W 7.70 1.06

(Fig. 8a)

Fig.8 Comparison of JMA strong-motion seismograms with synthetic seismograms.
The numbers attached to each synthetic seismogram indicate peak to peak
amplitudes given in centimeters. The source parameters used are given in Table
2.
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A~—Ap— 0.93 ~»~1 2.55 3.26

(Fig. 8¢c)

IV. B & ¢ &

3

£, R, LR, R THERI N EEERBE, L OB, BEMLEFERL, N
Hid, BHMZEEIEEESTIVCE > CHAFICHBETEL. ZOFEEI, B/, W, WL
B 2 RBHOBEMLRTEOREY, BRICLDLOTRE(, BRLEHRAN L OMORK
UHEICL 23N THLI L E2RRT D,

FIH - 88k (1978) 13, ART 1 EHREHEHKOBARBOMIHLEIZ LY, BASHICE
F R REAMNOELEE TOBNLT S EFEL, 2Ny, FRASTORCGHBBEFICIRE
(BIRELTWB I L 2RI, WHNERICL S &, BITCERL BRSBTS DR
id, ®IE=2.69, WI=1.23, #LIE=1.07, KB=0.98, HfE=0.79, EW=0.58 TH 5 (E/h
BUc D WTIREHE L Tvdev), o368, FI21E, WA, HARDPHEZ AN N
T2EULOBENAEL B Z L 2T, 161513, AEEMBENRIC B KT 2R L 28RS
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Fig.9 Comparison between observed ampli- o2
tudes of direct S wave and synthetic o
ones. Arrows indicate that waves after M " 2 2
the direct S wave are off-scale. Y o

CBWTI 1 HDWEZFNUTTH LA, it Fig. 10 Epicenter of the western Hidaka

s — . . g earthquake of Nov. 9, 1974 and seismic
wEHERL BT ORELEE LD, B O nese seale). The

e B 3 KIRBOERE R O FIER, 151F 2.69 inset shows the focal mechanism solution
. of this event determined by SASATANI
SR SN T A 3 fid . 4
HIRTRC, & IAHEREA L ) R L (1980). The hatched areas indicate the
EEICEEs b0 b (BARD and compression quadrants.

BoOUCHON, 1980),

BELICATONLBATHORERENL, BT IORENLL LIIHHATE LW, —F,
BILTICiE, BB SBEAICH - TRODICH ¢ DR By VO BREBEDTFELS
nTw3 (Utsy, 1971), 2O BE#EEL, RLRENE LN OWMEICHNTREIKEL, %2,
BEDOWEINE N E I FEHERL T b, BREL LEUANDEBI KIS ZOBENLEBT
ANT, THOREHBEIEATCHORERBESORKEE LEZ 515 (4E4-FH, 1984). L2°L,
%5 ThIUL, WA KIS OBy BERENEES L L LN ERICE L BER
BEOEHEI N B Y, EBNE, BMAKEEERL w5 (Fig.8), ko BERic 81T 2 8E
BENRMATIER, BUEONE LRI E L WEFAOEEBLOFEELB L, IC L
(TAKANAMI, 1982 ; B - 45,1983 ; MIYAMACHI and MORIYA, 1984), Z DM #E s,
WA THORFEBRBEHNEERS L L,

1974 £ 11 A9 BIC, 40EBFLHELIZZE LMNEIC/ =F2—F6.5 DHMENIREL
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Fig.11 JMA strong-motion seismograms for the 1974 event.

Twa, Fig. 1043, ZoENESR, BESH, BLUAH=XLBE2RLZLNTHSH, 1981
EDOMBENGA LA, BATHOEEIZS THDL, ZOMEBENEIF/ 7 A — 2B L UHEESNI,
F T2 SASATANI (1980) 12k » CAFE I T3, Fig 1113, ZoHMEIC L 5/, £,
FLIR, N, IRRIC BT ARABIT L IEREBHDESRERLLZLNTH S, BHATHLNPNIZF
% (BREBREH) 2BV, IhL0BESNIMREBEMLEREZRLTBY), BN ER S
FA=FI ko T ) £ FHBAE N5 (SASATANLIIG0), ZHFEER, HMC BT 5 RHER
BEH 1981 FNMBICHER L LN TIE %, ZOFHETRET 50 RBHECH L T—ikayic
RONDPBRERTHDLIERZBERL TS,

RELTRL R LRBEEOMT 2 £ DHBICOWTTE ) Z kick ), HERNEEELE
2 HWEEMEEA~DOHEEBIL OWTEFliT 5 Z &4 TE L, ZL T, Z0FERIT, BEMEICL 558
BHTFROMBIRISTHS .

BE WETHRERNMELY 5 —08KEEEES L CERBELIC I, EBCRTERAT
W2 EHRLBIE 2187, @BATICER L 72 WWSSN BB ES 504k, B EBREMETRTD
BRI EOMFEIC L 5. AWRIL, CEBRHETRE E RS ERIMEL [ KETHONE
EXDIEITIC & B BRREBROR] (FFRRFE, TEREN KR Retksisd) o—R
ELTIT b2 NTH S, B, FHEIC, EEERFERUHE LY ¥ —HITAC M-200H %
BER L7z,
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