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In order to investigate the site effects in Sapporo City, we have carried out strong motion
observation at several sites with various surface geology. Fourteen earthquakes have been
observed by the Sapporo array for ten months since December, 1996. We study the spatial
variation of ground motion in Sapporo City, by analyzing records observed by the array. On the
horizontal motions, peak amplitudes of velocity seismograms at alluvium basin sites are as 6~7
times as those at rock sites, but those at sediment sites on the edge of Toyohira River alluvium
fan are as 2~3 times as those at rock sites. On the other hand, on the vertical motions, the peak
amplitude ratios of sediment sites to rock sites are 2~3 at most. To see the seismic response of
various sites, we use the reference site technique. The S-wave potion (40 sec window) spectral
ratios of alluvium basin sites with respect to rock sites on the horizontal motions are 8~10 over
the frequency range from 1 to 2Hz. On the contrary, over the same frequency range, the spectral
ratios of sediment sites on the edge of the alluvium fan to rock site are 2~3. On the vertical
motions, the spectral ratios of sediment sites to rock site are 2~ 3 over the frequency range from
1 to 2Hz.

Later phases having large amplitude and long duration were observed at basin sites. We
compare seismograms observed at the rock site with those at the basin site, to study the nature
of the later phases. The spectral ratios of the basin site to the rock sites for the whole
seismogram have peak frequencies of 0.2~0.3 Hz, 1~2Hz, and 4~5Hz on the horizontal compo-
nents, but 0.2~0.3 Hz and 7~10Hz on the vertical components. Particle motion analysis for the
low frequency later phases indicates that these phases are composed of Love and Rayleigh waves.

I.i2 L & it

1995 F 0 SLE IR ER RIS & 5 Bk - IkBE O RE KL, 2EMNICHEN RKogAn i REL %
RL72. ZoORERE, MENBIEHIIITE T -2 LIz T, BEH 2kmF CcoMBREE
FHEBEEZ KX (HMBEIRLI LD EHEZLNTWS (FlZIF, Iwataetal,1996), ADO# 180
FAZET2IBG TL BRI, BARMEBYRMEORE L 2EH LA TS,
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HEHHBOME KR E2BET 201, BEWRB T 2MEGHHO TR UETH 2 (ASF,
1996). ZOFHEIFRE L <479 72, MDD JEEB 2 B REE AL, MERRGOTIGH U
Brhd HRECBWTE, 25 Vo REBERITEDLHTREL T, LaL, REKHE &
BRI L ), BB ERONES, WMEENIEBI NS, T, MEREX LT,
KFFEM BRI RET ZRIENA L LT, URET2ERELTIHENFZLNLTWES, &
U3, 1834 FEnAIFHE (M6.5) DERFE,LH, IRET2EBEE TREMNBEIRES RS
nNa7zHThHhs (ER, 1996).

AR EROMIRTIR, BIcsL GRN225 3 RITGHICEML BB FELTBY), 21
52 BRI L A BB KE WEREE TR LA, FLIRTEIC BIT 2 MERAIL, 1960 £R_D
SMACHHZ & 28MH L5k 5 (Fisk M, 1997). SMACRHC & 185 172508k, HMMEMIc L 2
HWEEOE 2K ICEL T3, BI2IE, 1968 Fo+EbHbEIC Lk 2 KFEHORANEE % ik L
TAH L L, M oS i3m0 galth i it L, i ity 100 gal, FE g
B HERETE FClad 180 gal Th 2 (SEsk-fh, 1997). LA L, BREEMIRLNTCEY, ToKEE
IFER RN HEBOBYMNTH - 7272, AR BT 2 B2 TET 5123, o Eizw
Zhclrodz, FNTHRM - RBOKERSE, B4 2REBHE LICBIT 2 MEBNSDEMIED LI
T\ 5,

ARFFRIY, BERMINODH 2HEFNME TR N HERRS 2L, ARMIcBT 21HE
BORHOLIEF HNE LT3, ZOFKR, LLIRTICE W THERBIOKRE 4 EHE LR X I,
F MR oSBT, 2RI N ETHEOFAENRD b Lz,

RIESCTIE, 7, IR BRHEO—82EL) 1B 2 85E & BEBRROBIBLZ Dv T
Hn, RICBE X N BEBOBBICOWTRNS, £L T, #HEE LRI N BEEOMEICD
WTHRT 3,

II. f{LRTORBHE & REDHAEE

AR AR T AT OFERCAET 5, AO#H 180 T ADKEH TH 4. Fig. Lok kv %
OREOFRHER (EFEZER, 1980, ME) 2R 7. HORELS L AERRICELUB»H Y, Th
ICERE LD £ ICEFHERYED - T B, RO RERIC I, 45 XL sk B K AE CH
BMLTBY, GNOXTRTH 2B, KB R E - 2 Th 2 Rk % 5 < B
LT3, BRI L, ARINOTREBUC 2T THREER LD - TB Y, B 2okt
R b ECHEL, FIcdERTRERYI LB L Twa, 2ok ) i RE
WEEAHL TS,

—, EBOMBEEEHICEL T, BER—) > 72 2 EERSETH ), MBI ICEIR
L 72 W (R SEGEE) 13, 2 hdTE La - 72, 1995 F 0 S R EERmEIc & 2 KE K % 52z,
BB OB s L), DUTICHNS &) i EEBERESL L oo TlRd 555, oo D
DHBb. 1996 £ 5 FicFR L 2L BB Fe e (RUREES, bR i3, 100m, 200m, 600
m3ANnK—"1) > /¥, (Fig.1; UGL, HNB, SNK)ic B\ TCBSRE, PSR EMRL 7. 224
B, AWRE T ORI BEOBBRRERE M LY B E LT3 A0 500 mnBflH (Fig.1;
NKN, MED, STZ) ##EHI§ % & RrCPSEE 147 - 2. #l& L ¢, Fig. 2icSNK, MED, NKN,
STZ 4 R TOPSKRBOREREZRT. MEICSHEEE, MMIcRI2E-THs, WTNLBRI T
I DN TCSEDEEEL IS BN H 5. SEHE A 700 m/si2E T 5 # & 13 NKNT# 210 m, MED
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Fig. 1. Surface geology in and around Sapporo City ( after Geological
Survey of Japan, 1980). Black triangles show strong motion observa-
tion sites and open circles show PS-logging boreholes.

T#1390 m, SNKTI3# 450 m & MRS » TIHATZA S B B » TWwB 2 Wb b, —H, STZ
T3, ES#30m, SEEEH 300 m/sOEE - IVE T SEEEM 600 m/sHmESFEL, fl
DB ERFREL - 5T 5,

I &, FURTIZAKTELFEIC QBRI FAR S ERLIFERMBREE T2 LA 5, 2T,
B OGHE, BRI CESRRETLZ L TH Y, RT3 RTHEEEL ERICHL,TT S
ZEHEEND,

m. % 2B 8] Al

IR CoOMNIETIC B 2 BREEANZ, SMACSH S EEKTHY, BZBMATD A TLERNEWA
CIZBR LTz (§EmR-1, 1997). 1995 £ REERBEHMEIC L 2 KEXK %2 THiIc, B KRHEEAMm
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Fig. 2. S-wave velocity structures at SNK, MED, NKN and STZ by PS-logging. For
their locations, see Fig. 1.

BFeRrnK-NET 7 & SBEHILS 0o B 5 T 555 fURic iz K-NET#EH ST 2
BLPHEL LW, 22T, Bx LR EEESMRSIIERL T, AR TR HE 7 R R
PEHLPICT B 20N EBEE 2 1996 FICBIE L 72, Fig. LoBARMI ho-oh 5 BRI ANAL
BZRY., =2, ISH, THLI 2 2085 KBS R o K-NETHR s HKD 178, 180 T# 1,
HSSiz 7T »FREESIA-NETc k 2 8#sCH 5, SST, YMT, HKD, YSD, UGL, OYOix
For LALRHMAREERTRE I L VREINBAETH 2, HSS, YMTIZEBY A F A LTI &H
T%, FIcHSSHOBRBHANI b RHETFNL Y F—DOBUEA (B 25m) ©a 5, HKD, UGLix
BRHOBIICAIEL T, SST, THI, ISHit#EE FoBMSTh 5, FLIRTHIC & 28,
NKN, MED, STZizid#idicig/htEetss, RO EREEFIHEIN TN 5,
IhFECciEEFOB/LNL TEAN Fig INOXLFTRR) BT 2MERBRA AT 4%
Table.1izc g &5, K-NETo##I5ISH, THI» UGLTizhE g, fhod 5 B Cld RS ERH
HFRHL T3, SBASICEIT2EE% BT 512, WEBERPHEH O L EH»REL T < T
b, L7225 TC, IEERGRIIES L CHERSICERL, ZOMORIERICERL A X%

Table 1. Data acquisition system of Sapporo array.

site HSS SST/YMT | HKD UGL THI/ISH
Sensor STS-1 VSE-11,12 VS1 or VS3 « SD-203G K-NET95 »* «
Recorder PDAS100 PDAS100 DATOL-100

Full Scale 60 cm/sec | 20 cm/sec 20cm/sec (VS3) 1000 cm/s/s 2000 cm/s/s
Range (140dB) 40cm/sec (VS1) (108dB)
Frequency 0.003~8H7 0.025~20 Hz 0.002~20 Hz (VS3) DC~30 Hz DC~10 Hz
Range(Hz) 0.025~20 Hz (VS1)

A/D resolution 23 bit 16 bit 16 bit 16 bit 18 bit
Sampling Rate 80 Hz 100 Hz 100 Hz 100 Hz 100 Hz

+ : Muramatu, 1977, 1995 ; « * : Kinoshita et al., 1997
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Fig.3. Amplitude response of STS-1 seismometer
installed at HSS (solid curve) and that of butter-
worth high pass filter (dashed curve).
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Fig. 4. Flow chart of data processing.
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Data Acquisition Matrix
DATE HSS [SST [UGL |HKD | YMT [THi {ISH [SOURCE INFORMATION
96/12/22 | A | O X | = | O | X | X |W-OFF HOKKAIDO M=6.6 D=254
97/02/11 | A O | X | A | X X | X |OFF-KUSHIRO M=4.9 D=68
97/02/20 | A | O | O 1 A | O | O] O |OFF-URAKAWA M=5.6 D=45
97/02/27 | A | O | O | & | X | X | X |OFF-URAKAWA M=4.6 D=74
97/02/28 | A | O | X | A | X X | X |E-OFF HOKKAIDO M=5.9 D=6
97/03/17 | O | O | O | X X X | X |OFF-URAKAWA M=4.6 D=65
97/04/22 | O 1O 1O X X X | X |OFF-TOMAKOMAL M=4.4 D=8Q
97/06/09 | O X | X |O | X X | X [HIDAKA M=4.4D=113
97/06/15 | X | O | X | O | X | X | X |OFF-KUSHIRQ M=4.9 D=99
97/07/01 | OO [X | O | X X | X |OFF-KUSHIRO M=4.9 D=73
97/07/01 | O | X | X | O | X X | X |TOKACH M=4.1 D=64
97/07/15 | O J O | X | X | O | X | X |SE-OFF NEMURO PENINSULA M=5.9 D=30
97/10/03 | O { X OO | X X | X |OFF-KUSHIRO M=4.9 D=48
97/10/09 | O 1O X 1O | X X | X |OFF-KUSHIRO M=5.6 D=81

Fig.5. Top of figure is epicentral distribution of earth-
quakes observed by Sapporo array. Bottom of figure
is the data acquisition matrix. Triangles show that
we failed in observation of one component of records
(HSS : UD-component, HKD : NS-component).

By b EOIHHAL NS =T =2 RISz 7 4 VT — (FHE, 1978) %, & THIGFIXL
THIL 7z, #LC, #NLDT7 4 NF— %L IEERSICH L T, HSSHSTS-1 Mg DiFEIc &
b b L) WMIER Lz, Fig JiclaBIERICHERL 2RAM/ A XE2D Yy F¥57 4 V5 —DiR
lgdstE &, HSSHSTS-1 MEstoidt 239, $2Fig. dici, chbn7T— 2 MHOFNHEZRT.

1996 4£ 12 A% 5 1997 4F 10 A F TICHLISRBBIEIC BT, M4.1~M 6.6 it 14 EHEH
ANz, BIAAR L ARTHEXURRIC & 2 BERER, BRRKLFE N Lo 5, BUBHMH
P AEICRELY, FLEFGOBRLN T L WEIAL S, B iZFig SRR L 72 78Rl
BT EHEEZACS. LAL, INLDBMEICEWTY, P A= XARHENEW SIC L
) RIEFECER D e\ & v o RBRERR TH 5.
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IV. BARHEDOFE

1. tLRAICH TS HBEEOZEREIIZO>WT

TR, TEHNESTTHERG BN TR 199742 A 20 Bo@mmtE (M5.6, &
B E 45 km) 0EE RS (Fig. 6, HSSIRUDEA D RBIL T b 2 LIcHERE) 2L Lic LT, HLIRE.
2B 2 ER D BT bic oW TS T 5, Fig. 6mE&RIROTH 5 Richih TEy Sibng il
HOMBIZERTH 5,

FTTRAEEICEHL Tas L, KEHTREr SICAP I ONTEDNEIERL Tnb, &
B A P THBLHSSPYMT & k#$ 3 &, BRoERIcAET 5 HKD, UGLTIx 3 ~ 4 1%, HH
B EnSST, THITIZ 6 ~ 7THIWAL TS, LaL, BbdicfirET 2ISHTIE 2 ~ 3BRED
BWTLPLW, T, HBEYA FoUEE2 RS, R2TEUIHN 1 oSKErEWRky T 5,
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Max=0.74
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‘—W%"MWVWW'"V' MYV ¥
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YMT dis.=196.1(km) Max=-0.12
L
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1 ol " " A, A
Fig. 6 (a)

[BRAARARARE RARARARERS RARANS URARARAE SAERARRARS RAARARRARY RAARAEARES RERRARALEY RALRALERAY ERRLRELEEY]
] 10 20 30 40 60 70 80 90 100

50
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Fig. 6. Velocity seismograms during Urakawa-Oki earth-
quake of February 20, 1997 (M=5.6, D=45 km). (a)
EW-component, (b) UD-component.
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ubD 97/02/20 M=56 d=450 (km)
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—%, ETETIE, KEEIERARBIGESPRLNAT, 20w 2~ 3E0OBIETH 5,

Kic, FBREICBT 2 HEGELS BT 2201, BEBENSCNTIAR7 FARE 2L
Iz k", Site Response® fift |72, FEHA &I, KFETIZHSS, ETFETIIHSSH RN
YMTE L7z, 27 PRI DB Z L 2 EERE T — & nSEEa 2 &t 40 Wi L ¢, FFT
CEDEE L7, A7 kbR & RS 2 HSS - 3 & &3, sampling ratedsfiie & B4 5
7z (Table.1), 100 Hz57— 3 D@EEART F L E R LA~V > 7RICHEAETLIZ SI0L ), B
¥R r &by (Fig d), £EBESEDA~7 P VIEFig Tz, KFEEE 2~ b L% Fig 8ioR
T, &P, Zootime window 40 BREICIZSHE & BEEHE I LT 728, Site Responselivbh W 3
SENHIERKEEZRL TV B HDTIE AW,

9, Fig. T(@Q) IR L 2K FEBD A7 VbR RS, gy {1 FTidvwiind, 0.4~0.5HzC3
~ 4 fEOBIERZRL TWaE, YMToZ=7 F VI EEED» L 4 ~5HzE Tid 112, H8BY
A+ ELTOREERL TS, HRKEENKE WHERG LoBRAESST, THITIRERC 1 ~ 2 Hzps
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Spectral Ratios (reference:HSS) 97/02/20 M=5.6 D=45km

EW Component time window=40.0 (s)
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Fig.7. (a) S-wave potion (40 sec ) spectral ratios of various
sites to HSS (EW-component), and (b) those to YMT
(UD-component) .

HEL, 6 ~10FHHMIBL T 5, Zicxt L TRERRTICiE T 2HKD, UGLiz B W, 20
BTRZNL ) LRI R LN v, &b, £BASTH@EL T4 ~5Hzicgivw e — 274 R o5,
Fig. 8iR L - BB EDOKFBDOEEA 7 FNE R L, ZhBBELITICEsE—7Tlr%L L,
—IFHSSHZARZ F VDOBIZE B3 DTH B e pby 5, BRAHSSIE i Lz k5 icBEnEn

(BT 25 m) (ICHEFHVHE SN T 728, ASE & HERD L DR Z DR WEEH T HEL
AV, ZA7 PURIBICAE2ELEEZ LN,

—%, ET&n2~<7 ik (Fig.7(b)) icswvwid, HKD, UGLTiz# 0.5 Hzicv—274h 5%
DKL, o 3BRE TR 0.2~0.3Hz Tt — 7 %2R, %7, SST, THICIZ 4 HzPl 5 ~10
REIEL TV 52, MOBRETENL ) ZHMIBRESNZWv, S5, KFEBEHELT, wTh
DERRLE L BB /N v, iz, SST, THITIZ AR T 10 5 L OMIERL R L7z 1~ 2Hz
IZBWTid, 2BRELPBIBL Ty,

Uz ehrb, BRIEZL > THRBLEEFFELRES( R LPHRATER, Z0bi3, &
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Spectral Ratios (reference:YMT) 97/02/20 M=5.6 D=45km

UD Component time window=40.0 (s)
102 _ISH 102 _THI 102 _SST
10'[ 10! [ | 10" [ N
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10 [ 10t ]
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IR HEREEDOBAERML 72D EHEZ 5N,

Kiz, EEHEEORKERE FREEHEBIC BT 2 HIERE GEESICNT 2 227 b ull) icow
T, BB B W TH RIBRLRHMEZ R T & 5 2 78~/ Fig. 3 ZE# S H§ 2 Bl SE0RK
HWEMOEE 2R L30T, () »EWES, (b) 5 UDEsrTh 5, QBRI AT EL» AT
TR btz mD 5 & 2 ICHRTH 3, EIRNOEFIZ, FOBE I BT HERSE L RT. K
FEITIIHEIC L » TEBAS TRAREMIIKREC AL S, L L, £FNICEARIEIED S48
I ) ICONTRES AT BEMICH B, F72, ETENIKES) & N THESENTAENE
33K, HEBICLAEDIELDE LAE N,

Fig. 10ic @ D FEHNHB L BRI S TOEWEG, UDBGC BT 3 A7 P VoS ECEY L 18
BRELZRT, METHFF1OL2LXWEATE, SFLITRFO—MEDZY F VOB ER
LTH 5, ZOBRD LEHEDFGFOR/ L BB S BT 2 BIEE, SBFHEEL & OERFIER,
HhL, w7 =F2— FIKRFET, RELTWwWS Ewz 5, UGLTE, 0.5 HzBlFic Bvw THEERZE
DIREVY, ZIUTMEEF KR EBEDOBICNT 2BRETRICL 2 /4 XD eEZ LB,

WERICLTY, BEHDOEMEEZFHL RAI2E, BRFETRT—I%E & bic, HAaH,
<7 =F 2 — FEBAI TG TH 5.

2. WBYA b EBYAM P TORURROLLER
LR DRI MG LI LB T 2 BAESST T, MY A Fod Tidkd £ DHETHEE
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HSS —
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Fig.8. S-wave potion (40 sec) spectra at
various sites. Pay attention to HSS
spectral hole ( bold curve) between 4
and 6 Hz.

B3, B84 FOHSSRYMT & 3BIcBHll 2 L7200 10 BT, B, B cREL L
Loy, LEEREFFTEI 572M6.6, B2 254 kmORREREMBELSIN TS, 65D
T—F%bric LT, MY A FSSTEERT A4 PHSSE 23 YMToBRGEG L2 BT L2 Lic k
N, HAEY A FcBIT S, BERAZ P NWVORE FNLDOHMEBICL 5BNIZOWTENEL(H
Nb, Fl, HEYA P TBRUMINIBEEOEEICOWTLHEET S,

2.1. BEEE, X7 FILEE

Fig. 11 icFig. 5TEBMIEZRL 5 EIC L 2 2BUATOEERR L, 120 EoERER~T
FvERY, Fig. 11(a) sk FgEjtransverseiiisr ¢, (b)) A5 ETFEITH 5. & bV —ADIRIBIIHEE
2/ =234 XL CHd, BIRLALHERRD Fo b, JbHEEGTHE(96/12/22, M=6.6, B
254 km), PR (97/2/20, M=5.6, B2 45km, 97/3/17, M=4.6, & 65km), Skl
B (97/7/1, M=4.9, 8& 73km), REEHEHEITHEE(97/7/15, M=5.9, B 30km) TH 5.
97/12/22 evevt &, 97/2/20 event iz, HSSo ETaEjkm o REAITH » 72728, KFEF), ETFEED
i, YMToOWEFEE 2~7 b LERLL.

BREBEIGER L OE» LF 2T, LHEFEFITHE(96/12/22 ) LITM 6.6 event & I:.32) DA,
IR ~NDASF BRI FICERETH Y, OMENLE, FRIZEKE L ETMEOME E£2 L5,
BEMRE, 2/ =Fa2— Pk VHE, 227 P SEECRE 50T, M6.6event Lfiho) 4 30E
PHBL, 20BVEIEHET 5,
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(a) EW-Component —0—2/20 M=5.6,D=45
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(b) UD-Component
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Fig. 9. (a) Peak velocity amplitude ratios of various sites to
HSS (EW-component) and (b) those to HSS or YMT
(UD-component). Number under the station code
shows data number of observed records.

Mé6.6eventii= 7 =F o — FhkEx\vize, SSTTHD 4 HE TRHEERR7 F LT 1~ 2Hz)?
BRBLTWLDIIHL, SHOMBENEEAICIE0.2~0.3 Hz2 85l L T 5. BXIRIBICEET 5 &, K
EE BN THD 4 B TIIERY A P EHRTS5~6E3DENH LKL, M6.6 event Tl
2fELEb v, FRETHTE, WTFRIBEARIEOZEIL 2 ~ 3 TH 5 (Fig.9(b)2R). iy
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Fig. 10. Log-averaged spectral ratios (solid curves) and their
standard deviations(dashed curves). (a) EW-compo-
nent ; the reference site is HSS. (b) UD-component ;
the reference site is YMT. We show spectral ratios
for one record at ISH, THI and YMT(UD-component)
for reference because at these stations only one event
was observed.
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L& §A~72, Fig 121 2 BRIE 3 B DR &R 7.
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Fig. 11. Velocity seismograms observed during 5 events (from top, West-off Hokkaido,
Urakawa-0ki, Kushiro-Oki and SE-off Nemuro Peninsula earthquake ; for their
epicenters, see Fig. 5). (a) Transverse component and (b) vertical component.
Left waveforms were observed at SST (sediment site) and right waveforms were
observed at HSS or YMT (rock site). In the right part of figure, velocity spectra
calculated from the whole seismogram are represented.
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Fig. 13. Band pass filtered seismograms and particle motions for various
time windows. S indicates the S-wave arrival. Center frequency is
0.2 Hz in (a) and 0.4 Hz in (b). Particle motions are plotted for
shadowed windows at intervals of 10 sec. The open circles indicate
the particle location at the beginning of the time window, and arrows
indicate the rotation sense. Upper is radial-vertical plane and lower
is horizontal plane.
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SST Response to HSS or YMT
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Fig. 14. Log-averaged spectral ratios of SST to HSS (HSS or YMT
for vertical component) from 9 event and their standard devia-
tions of the spectral ratio calculated from the whole seismo-
gram. (a) Basin transduced surface wave and (b) basin induced
surface wave.
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NKN Transfer Function (Q=50)
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Fig. 15. Amplification function for

NKN S-wave structure (Fig. 2)
calculated by 1-D method.
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