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It is well known that there exists the anomalous upper mantle structure beneath island-
arc regions; the existence of a high Q, high V zone about 100 km thick, that is, the descending
plate. In this study, we investigate effects of the anomalous upper mantle structure on strong
ground motions based on numerous data observed at the dense K-NET stations in the eastern
part of Hokkaido. First we investigate strong motion records and their S-wave spectra from
three intermediate-depth earthquakes with different focal depths (100~150 km). The S-wave
spectra at stations north of the volcanic front are extremely different from those at stations
south of the front for an intermediate-depth event just beneath the front (H~150 km); the
S-wave spectra at the north stations severely lack high frequency contents. This difference
decreases for more shallow events. These features are qualitatively explained by the anoma-
lous upper mantle structure. Next we make the inversion technique to separate source, path
and site effects from the observed S-wave spectra. The study zone is tentatively divided into
two zones (the north and south zones) just beneath the volcanic front. The inversion technique
is applied to the only data set (strong motion data at 17 stations from 7 intermediate-depth
events) for the south region of the volcanic front; the data set for the north region is
incomplete due to few records. The inversion results show the following features. (1) Qs
values in the south zone have a strong frequency dependence, (2) site amplifications generally
reflect the surface geology at frequencies lower than 2 Hz, and (3) source spectra are well
explained by the omega-squared source model with the high stress drop (about 20MPa).
Finally we try to estimate Qs values for the north zone by using the S-wave spectra observed
at stations north of the volcanic front and the source spectra obtained from the inversion.
Unfortunately the signal-to-noise ratios of the S-wave spectra are very low due to strong
attenuation of high frequency seismic waves. However, we suggest that Qs values for the
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north zone have a considerably weak frequency-dependence compared with those for the
south zone. This study is important for strong motion prediction from great intra-slab
earthquakes such as the 1993 Kushiro-oki earthquake.

I.13 C & (£

1993 SEGIE R (Mma7.8) & 1994 SFALMEER G IHHE (Mma8.1) I & 2HENFED L,

WHRAIZ7T VL — P ATRETHIERAT 7HBEIC L > ¢, #HETHEICILET 2 8EIE
ZOIEB T EHREmI N (B ARRESS, 1995 1996), AT 7THMETIY, BEESMHIERE
Hulh & L72IZRVGARIC e b - 72 ), BRAAHEL D LRV HIRIC S EEOFIEA BN S,
WhW L REEBRERIFELZ LML N TS, 29 L72B&IL, thaAt High-Q otk
TVv— b EENEBTL ) ICHET S Low-Q DHFIR TR 515 ki~ F vo BEE
(#1212, Utsy, 1977) 12 & » TEBMICHAZI N T2, L= P VOREBEEDHEICLY,
27 7THHEIC L AHBHRERRAAAL 7L — | LEH E DMBERRICAEX S EAING L&
ZbNb, LlzhoT, AZ77HAMEIC L 2BEHLECRETCTHT 212, ARVMEED
IR TN 5 5 BIERE (Sasatani, 1997 ; Morikawa and Sasatani, 2000), &#hod
TAMREEE LI, EBer PVOREBELSEERNCS 2 2B L ERMNICIMET 22 X A0
WETH D,

INFTICY, BIKNTO 3 RIGHEEE (Qs EHEE) % SBOVICFHE L 2287855 { D247 b
nTw5, 8- BREN (1984) iF, H/NBESROP#E, SEN 27 F VRRE 7T—5 &
LT, HILBEAT 3 kCHmFE:E % Hg L7z, £ 72, Hashida (1987), -4l (1994) i3,
SENEET—F #AVTHARSETO I RTHEMBELHEL 2. ZNLOMRBTHES N
BRI, L~ Lo RERE & EICIRBENNTH 5. 2L, BT LEORERS, B
ET—F5HWTWwbZ b, Qs HEOREEIKAFE BI2iE, Aki, 1980) IFBIN T
v,

i, K-NET #ic & ) MEBERH A0 2B BEE THE 2 N, 280 RELREDLEIRS
NdLIRk-72, TNLDEHELAVDLIZLICLY, BEMEL L) M ERIICTMET 5
TEDTRIC o2k #E 2 b b, ERIC, K-NET DMEEFGY AT, WA - hifr (1999)
I RBEBIKFE AR L 22 HAFIB T 3 KT Qs EEENHEXIT> T 5,

ZZTIE, T, AEEREEHIR TRA L RRREME (3% 100~150km) 12k 5 HEE
BiEis b, Efi~r Mo BREEEIEEENC S 2 2B AIRT. KT, L DMESS
DART P o= g b, kil7va> b & 0L HEEN (FEH) OBEZ# 100 km F THF
B Qs & P RFEHBEO BB, SHOV A MFELZHET L. INLOERE D 2T,
Kli7w b kD b KEEA (M) DFLIH L Qs fEE, 2T 7T WHBORERFEIC OV OREHY
5.
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II. SPREMEICL 2HREREOHH

BRTOREBEITRERICE 2 2B EHENICEET L2012, PRRBHEIC L 2EE
BRI OWTHRE T 5, MR ETHHER, EERBTRELBEROBRIIFEL S 3
BThHod, NLOMBIZNL T, BHRBESMITERNC L ) EicE—IciRE I N EERN
# (K-NET) CHELBEHTEIBLNLTWSE, 2D b, ZZ T HKDO06L (7 + v),
HKD 066 (1Z3), HKD 069 (3¥), HKD 071 (JEK) 7 4 BRI A THBEBESTTEL LEIcHwWw
5. FNFNOBASOBRB TR0 K-NET BRETLREIBLN TS, Zb 4BHA
TSI ZNFNEBOFER L TN TH ), ThL 4 BRESNTEHGFL2EE Tz sz N1l
DBERETHOERSFD O EEH NN LR ERLZ L0 TED, 3ONRRRIEHWEL 4
A0 K-NET BRAE, TRIKZI2ITHEILICHETT 2 hERENICAEL <5 (Fig 1.

Bz, 974811 H 15 B O sHiE (No. 6, Fig. 1, Table 1)ic & 2 BEBNC WK
HY2, COBEBRAXL7eY FOIZIZET CRELHETH S, ZOMEIC L 2IMEEER
(Fig. 2) i, dtHlo 2 84 (HKD 061, HKD 066) & #filo» 2 4 (HKD 069, HKD 071)

144°E 145°E 146°E

Fig.1. Strong-motion stations and epicenters of earthquakes used
in this study. Triangles, a square and a circle denote the K-NET
stations (numbers in three figures; the prefecture code HKD is
omitted), the FREESIA-net station (NMR), and the CRIEPI
station (AKS), respectively. The solid symbols denote stations
used in the inversion analysis. Open stars denote epicenters of
intermediate-depth earthquakes whose source parameters are
shown in Table 1. A bold dashed line denotes the volcanic front.
Map inset shows the study area (the eastern part of Hokkaido).
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Table 1. Earthquakes used in this study and data acquisition matrix.

Ev. Date D M K-NET FREESIA (CRIEPI
No. (km) (JMA)|068 069 070 071 072 073 074 075 076 077 078 079 083 084 085| NMR |AKS
1 97.5.4 104 42 |O O O O O O O o O O o O
2 97.6.7 112 4.1 O O OO0 OO0 0000000 O
3 97.6.15 98 51 |OC O O O O O O O OO0 00 O O
4 97.7.17 125 4.1 {O O ®) o O O 00O @) o O
5 97.11.6 113 49 |O O O O O OO OO OO0COO0CO0OO0O O O
6 97.11.15 153 6.1 OO0 000000 O0O0 o O O
7 99.5.13 104 64 |O O O O O O O O O OO 0O 00 O
Nov. 15, 1997
Acceleration {(cm/s/s)
| A LT P G AR 0 &0
5.1_, UTORO{HKD061), Max=5.11
NS 0.0
Azl= -8.7
Del= 47.0

12.80_ SHIBETSU(HKD06E6) Max=-12.60

NS 0.00_
Azi= 73.8
Del= 3.8

80.00_ BETSUKAI(HKD069)

Max=-78.62

NS 0.00. A
Azi= 175.
Del= 28.8

3
3

208.00_ ATSUTOKO(HKDG71)} Max=-206.41

NS 0.00 pron Lo
Azi= 163.2
Del=48.8

R mmEma T T mEammm T T \
0 10 20 30 40 50 60
TIME (sec)

Fig.2. Accelerograms (N-S component) observed at HKDO061,
HKD066, HKD069, and HKD071 for the November 15, 1997 (No.
6) event. Amplitudes are normalized.

TERIAKECRL D, 22T, [ HIFE UERERICH 2 HKD 061 & HKD 071 miték % b3
%. HKD 061 THiskiE, S EMBOS THRBEERST VL, IEEEE TH ) ko5 B
HMIBOEFIT-EN) ERZ B, 272, SEEAREVREZFEOBAEENEREFRLNS,
Zhicxil, HKD 071 Toitkis S ksric BAREES »EREL TB ), SEDFKIREIL
HKD 061 & 9 ¥ 70 fERk& v, F7z, #HEEDREIT S HIRIEIC HAIEHICNEWn, 25T,
A BN S TORLEE BT 2 L OB SN F BN HKD 066 & 0 & k& ik
EZEEL TBIedbhr b, ki, SERIOMEE7—) =227 b L% kKT 2 (Fig.
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3). 27 i SEIRENK 1 WIS 5 10.24 WIS % FFT Ik Dat&E L 7. HKD 061 &
7Hz A% HKD 069 @ 5 Hz {43%, HKD 071 » 3 8B L 1r6 Hz fHimic 44 M % Rl T
LrEbNBE—7HFRLNG, ABREETHORNT F VOFH Kk BT 5 &, 0.1~1
Hz 0 BEBECRENLITIZEUEBBRL AL TH S, L L, 1~20Hz o BESH Tk
HKD 061 & HKD 066 Tid A T4 DRk TH 2 mizxt L, HKD 069 & HKD 071 Tlx = DA%
BETRELIRIEL > T3, INLNDART FUBRORED L, 4BHE TOMEERE
DHEIZEICH 1 Hz L EOBRABEHEBIC L 2 2 L0504 5. LN EEHE TORBER DR
2 Rp72oIz, SEFTORAIEEDEMRFTRMES Fig. 4 107”7, AWi7—72iE, Zoi
B PYS—L2dtimERo KNET Bl Sic BT 2R KImEEHETH S, @:0BREFNTR,
kli7er b &) LA EBEROBRSICHIEL T b, RFiCiE, Z2FNLHICER - B

(1992) K IBABRBRAEZERTRLTH S, ZhcE b E, BRELEEERTH - THLEAM
HEIA 100 &> T3, F72, kili7 vy oo FEH L D L BEANEED /NS %
Afgmad Y, k7w r b &) LB TORKIEEITERERNL D ORELETHS. ZH L
T KRB R, (EBERERE (Qs ) »BA M (BEdLmm) AW ETH S Z LIcEET S
EEZoND, FLTC, ZOEFROFEEF ABREOER E 27 F VIR LN SRS
BADECIZKESCHFGFL TR EHFZHNS. ‘

DOWC 1115 HOMEL Y L EMO, INHPBTREAL97HET A 17 HORRREME

(No.4, Fig. 1, Table 1) ic k 2BEIc > THRT 5. Zd, HKD 061 Tld 2 niEid
P A—=ENTwhniedhitdErkhv, 7, IEEEEZEKT 5L (Fig. 5), 11 AoMiE
& [AKkIc HKD 066 & HKD 069 N CER R E (BILL T b Z 24500 5. KRiz, S W4
DAY FNERET S (Fig. 6). 11 A0ME X FfkIcY 1 M2 RBL-E—I720R o
3.1 Hz AHE Tt 3B & L I13IZR LIRIEL ~LTH 2 7%, 10 Hz £HE Tlx HKD 066 12 At
D2HIZ5~10BKELIRIETCH S, 1~10Hz TOFEHH L 27 P ABERICEBET 5 &,
HKD 066 227 F Widfod 2 S & ) HIRIBEHIVDE WS, 206 DR DE T 11 HOMEIC
RoN2ZEHEE TR . SERSORAIMEENERRTRFMEL Fig. 71077, 11 Bo#E
IEERE T LDNTUT WA WA, ITITE U BEEIC S 2 BEE T L RAIMEE I 10 fFR%L > T
W5,

Bk, B0 2BLI N LEICHROERRTREEZZ97F5 A 4 BORXGREME (No. 1, Fig.
1, Table 1) itk 2HMEHHICOVWTRIHT 2, ZOMETY, THOBE L AEOEBT
HKD 061 Ttk e\, RN % g 2 ¢ (Fig. 8), 3BHANFEKCIIRIO 2 HE
TRON L &, FELRUFEDEIR NS, T2, SERSFH2~<7 v (Fig. 9) &,
SBRMA T ~20Hz THOARY FNAMBRICKELENZR LN, S ERSOBRKMHEED
BRI (Fig. 10) 13, B 2 MEIC RFE U B TORKILEEDIT LD EHVNE{, K
W7 et o B OBRR S U CEBRERFIEDE VIR S e,
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Nov. 15, 1997
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Fig.3. S-wave acceleration spectra for accelerograms

shown in Fig. 2.

BRI SEIIINL 3HBEORSG KT 2
&, HKD069 & HKD 071 Tiz, »“ThoE
IZBWTH#H 1 Hz Dl ko B R s suks % %<
EATTREFELNL TS, ZHITHL,
HKD 066 ¢35 n7-504%i3, 5 AL 7T HD 2 i
#E T3 HKD 069, HKD 071 & [F#EIC &8 W3k
BorEECEATYDEY, 11 HOBEBETIIER
BT REINFRIC > Twb, $ 72,
HKD 061 Tid, BaZkh b5 A& 7TAD 2 g
RN Twhwy, 11 ADETIEE
R GRE CBBEINREGEIRLNT
W3,

PLEDRRE 2 6, RRBRFBHEIC & 2B
i3, BRIBUS LOMERFRICL - TKkEL
2OIHETEL, —DI3, 5 HOMERT A,
11 AoEN kL 7e> F &Y LHBEN (B
) DR TR LS, #1Hz Pl @B
Bk ECEBLNTH), bIHI—D13TH,
1MADHEN X7 20 kB (L
) DRI TR S N2 BRIBEEBRS DL
DTH 5,

15 Nov. 1997
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Fig. 4. Attenuation relation of peak hori-
zontal accelerations from the Novem-
ber 15, 1997 event. Solid and open circles
denote data recorded at the northern
part and the southern part of the vol-
canic front, respectively. A solid line
represents an empirical attenuation
relation by Fukushima and Tanaka
(1992).
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July 17, 1997
Acceleration (cm/s/s)
9 19 23 o . o

..... PRI M SRR
3.4_ SHIBETSU(HKD0ES) Max=3.22

NS 0.0 "
Azl= -5.6 T
Del= 29.0

36.80., BETSUKAK(HKD069) Max=36.63

NS 0.00_|
Azi= -103. -
Del= 3.8

[

38.40_ ATSUTOKO(HKDO71) Max=37.26

NSo0.00 - ot
Azi= 158.0 ’
Dei= 20.4

IBLALELE |

[T T IREEEEE I e e R
0 10 20 30 40 50 60
TIME (sec)

Fig.5. Accelerograms (N-S component) observed at HKDO066,
HKD069, and HKD071 for the July 17, 1997 (No. 4) event.
Amplitudes are normalized.

17 July 1997

July 17, 1997
HKD066 HKD069 HKDO71

P.G.A (cm/s/s)
3

-3 i
10 ‘

107 10° 10" 10" 10° 10" 10" 10° 10
Frequency (Hz)  Frequency (Hz)  Frequency (Hz) DISTANCE (km)

Fig.7. Attenuation relation of peak
horizontal accelerations from the
July 17, 1997 event. Notations are
the same as in Fig. 4.

Fig. 6. S-wave acceleration spectra for accelerograms
shown in Fig. 5.
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May 4, 1997
Acceleration {cm/s/s)
| PR . A 0. ......8
”T SHIBETSU(HKDO66) Max=-7.31
NS 0.0 oIy
= «22.,1 !
Dei= 50.4
14.40_ BETSUKAI(HKD069) Max=-13.09
NS 0.00. A
Azl= -50.0
Del= 26.3
17.60_, ATSUTOKO(HKDO71) Max=17.06
NS 0.00.]
Azi= -97.4
Del= 8.5
R e e e e T T T T T T )
0 10 20 40 50 60

30
TIME (sec)

Fig.8. Accelerograms (N-S component) observed at HKDO066,
HKD069, and HKDO071 for the May 4, 1997 (No. 1) event.
Amplitudes are normalized.

May 4, 1997
HKD066 HKDO069 HKDO71
e i | i
(7] I
a 1 Pobor
° 10 AL
P 5 iNmIETE
5. < e
g 107 g T 0
= O tRETh
102 T S\t
0 D
10° | ‘ 10 -t
T [ i . .
10" 10° 10" 107 10° 10" 10" 10° 10 10 10
Frequency (Hz)  Frequency (Hz)  Frequency (Hz) DISTANCE (km)

Fig. 9. S-wave acceleration spectra for accelerograms  Fig. 10. Attenuation relation of peak
shown in Fig. 8. horizontal accelerations from the
May 4, 1997 event. Notations are

the same as in Fig. 4.



L~y P AOREREHRERICE 2 DWE 99
ZI) LR REEIC L 3B V.F. ;
N

i3, Fig. 11 I2/RT & J icthAa1A T High-Q # 2 0

Z7ekl7eY ML) L REMD Low-Q @ RME

v b b % s BT ORMIEET L (B o B _
24%, Utsu, 1977) 2 & - CEMMICEEI N L
3. %85, 22Tl HighQD 257 ) FET LoW.g /

Kili7ay b &) LEENO LB P b ’ Ned
%W % Intermediate-Q & L TH 5, HBI# 150 p s HIGH-Q
kmOMBEICE DA T Y b E D KB - L e
() ~DBeid Low-Q O5EIRE MW B »7, No6 -
W (W) NOBRIZZZEES T, N 7

Intermediate-Q DB % FICBET B L F 2

Fig. 11. Anomalous upper mantle structure

Lb, ZToddiz, kii7er todtill &
B TIHEBEREHE (Qs ) »AE(RL,
kii7a> b &) ARANEET 2 EHITE
HIEET 2 ER L 0 LR B R B S»
KECHFEING, £/, BE3H 100 km DRUE
Tkl 7 vy MEE~NOMERE S Low-Q
FIRN 2R T 2 EEEDE % B 7212, Low-
QDB %5 T thed HALEIZ R E 150 km
NHEDEE L) DA~ BEHTLLEZ LN

(Q model) beneath the Kurile arc (a
vertical section perpendicular to the
Kurile arc). This structure is construct-
ed based on this study of strong motion
records and previous studies by Utsu
(1977) and Umino and Hasegawa (1982).
Schematic ray paths from two
intermediate-depth events (Nos. 6 and 1)
are also shown. Open circles and a solid
triangle denote the K-NET stations and
the volcanic front (V.F.), respectively.

5, L7A-> T, HKD 066 & ) b AMAOBAATE HE 7T ADENS M ) =3 N T »aid,
N DBBAIGADHEW S Low-Q DEBALMEHEL 2 2 LR RO—D L Bbh s, Tk
Ji, RRWFEHEIC L 2EBHIIEERBOMBELECZIT TR by 5,

M. A= 3 fEM

BN TOREEE;PPREMEBIC L 2B E2 28I Fig. 110L ) Lk REBEEET
M E > TEHWICEBT LI LA TES., LirL, BRI NESICIIEREBSEE 225
T, BE RUYS MEEOBELIEINTWE, 22T, BToOREEE»BESICS 2 5
HEE LV EBWICEET 2 200, Z 2 TIIRPREMEC L 2mESTERHW & FES
GEET B A 2 o3—2 3 VEHT (Iwata and Irikura, 1988) #4T7- 7.

1. F&

— i, SENT7—) A7 L, @ MRS T, VA FREEERICKES
T, BTRFEL /RIS, BERICEES N LW ERET 2 ERNDEHICETNMETE B,
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=

0,1 =50 G, exo 555 O
I SR I MEBOBRERRY PV, G BB E AR, R\ ERER,
Qs(FIF SHPICHT 5 QfE, Vs FHHZL SEKHETT Z Tid 4.3km/sec & L7z, (DR%AE

Bl R, THIEL, HANKZ DL,

logO%;=1ogS;+1ogG;—log (e) (6%};—) (2)
EEALE NS, B, 0= (Ry/Rres) Oiy Si=(1/Ryes) S, € 12 Napier #TH 5, FKug S, (F),
G(f), @s(NF, BR7—Y 27tk (2) ROBEEHFNIRMN L 2 &5 I EB UK
HickdLNE, ZOBE, Qs()iF—BilcrkE s, SN E GEOMICEFVv—FA 755
2, INLE—BICRET 201 S 2 GO IKRL THREHE52 % TUzwiT e

(Iwata and Irikura, 1988). AHFFE CIIHEEM & 7 2 BRI BRI E 126, Iwata and
Irikura (1988) * EIffic HERREOMEZERE L A MEEI 2B LIk 5 L v ) WRESG %
G272, COWMEFMENATHELZER, 1> "—Yagrick-TRONL Oy S, GEQ)
RICTHRALCEHEENS Qs E(Q) PRIZL N, M LT Qs HNBEEREEIFHETE L
EIEHoTzlzd, Qur103f LTIcZk b L vy WRGEH, bbb

Ve

1 S
Q= log (e) n/R;

(logO07—1ogSi—logG;) =1073f !

logS+log G, >10g 0+ log (e)—”%j— 10-3f-1 (3)

L5272, F72, Reer bt Mpa 12560 T 10~1000 DEE 5-2 72,

2, —9%

ZOFETHEINS Qs fllL, FITICHWLNZLENOME L BRIN & 2 FAZHBTHOE
BRLETH D, EBED Qs EEEIZ Fig 110 L ) ICHBETH B EEZ LNEY, TITE, X
7w b EERELT, #00E0 3B Low-Q o2& 221 Wil e, bl Low-Q &
LR BB b A HE L Qs i (Fig. 17) #4CEL, TNETNDFBICKST 2
EHE L Qs EEHERET S, 22, k7 ay F LD LAMIoBA L THE LN TV BT~ ED*
FEICH LW, EHOEBDAE A 3= 3 VOB RE LT

AT V72 B, LB TREL 2B &4 100~150 Km, REFF~</=F2—F4.1
~6.4 D THETHS (Fig. 1, Table 1), F7=, EHTicH 5363, K-NETBRE 15 4T
DIEEENECSK &, B SRR AN £ 5 FREESIA OE S804 (NMR) TOR#BELE &,
BRI OERBN S (AKS) ToiaEBR&TH 5 (Fig. 1, Table 1). Th b
Weion 9 H, NMR & AKS (BB EICH 2 EEZ N TWABHETH 5, BINR % ACHRER
HOBRFIZRET 2013, HEERZEMICER TR 2B RLEEZ LD THSE, B
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W T = DRBIRERE L fRIT 7 =F 2 — FOBMRE Fig. 12 o3 §. BIE EBEK, ¥4
20T LRI P NA > X=U g 2 T-> T MR (H21E, Takemura et al,
1991 ; Kinoshita, 1994 ; Satoh et al., 1997 ; fngE - i, 1998) X H#$ 2 &, FBFFETIIRBR
RWENDAEZNRE L T B oIl BREMOBAI RIS, QGHEOEEIRETH S L
BaINLd, BTORT L) ICERHFLRREIFLNATNS,

7.0
looooo 6 © 0000 © O OO

o 6.0 oom® O o
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c
5010 000 WO O 0 _ 00
£50_~ 00 60 ®O O O 00
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Fig. 12. Distribution of strong motion dataset in JMA magnitude and
hypocentral distance.

BHTICIE, SEOMEE7— 1) =27 bk Bva, K-NET, AKS oEcgkis 100 Hz %> 7
U ZONEESS, NMR 0itskiz 80 Hz %> 7)) > Z0FEESETH 5128, Thb 258
NDFCERF ERRICHW TR 247 1213, YBEECHEBEFORES2 252 0 Tdkbkwn, £
2T, AR TIBITCHV 2827 L2 OHz > 7)) v FOMEE 7 — 1) =227 |
M= L7z, 7, &8k SEOML B2 2 BRTHEARY, 208 1BEH» 5 10.24 %
Mz 0% ad 4 v EDF—re— 58T TN HL, FFTI2E D 2=7 PVEFRELE 22
T, K-NET, AKS DI HEMEIcL ) 80Hz > 7)) > FJOIEE A7 FILIZEL,
NMR DFE8 I3 L TILEE A7 P UVCE L 72, ki, 0.1~20 Hz o B35 Crt o -
TIZITHEHERIC 25 DFWEEZ RV, F0RWEEE LET 5 L1/5 4 TONETFEZBERLTD
fEE LCEBILEIT- 2. Fic, ABOEFEL SEEREHERTE To 10. 24 BEIML TiT-72 3
D% /)4 X (Pcoda) 227 Pk, S/NIH2LUEDT—2 2@FICHRAL 2. &EIZ, K
E2WADRT PAMIE E VBB AN brE Lz kB, S/N KoBMRT 0.5 Hz LT O B¥HE
TRT—=FEID % k> T b, %Kik 0.5~20 Hz ic D TRT,
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Fig. 1342 Qs fE%"3. Z OFRIci High- Qs-value
QEELEENTW LY, BIEEEROH &, =
545 & (Fig. 11), iz Intermediate-Q 7 - T-- 4: -
PERLTWDLEEZLND, 0.5~20Hz DK
o T L T RIBEEIKFEEIHR TEL I & T
o, O =Qf OBTEFMETEE QG ) L
(f)=49.2/ 2 % %, ZORFE, WA - 1

(1995) »-PIRRIHOMEREC & 5 LHEERHRED
DBHE THORLGEEF->LBITICL ) Kd 72

ST

107 10° 10"

Qs (f)=83.3 f1*%, Morikawa and Sasatani Frequency (Hz)
(2000) A 1994 FAbuEER i ERIC L 516
. . . Fig.13. Qs values obtained from the inver-
HEERBOBA S TG L H - 12> 5 sion of S-wave spectra (open circles)
3 > — 10 =11 Al T and their standard deviations (vertical
Keriz Qs(f) =120.9 /1 L ITRALMETH 2 bars). A solid line is the best fitting line.
(Fig. 13). 372, ZMTHEIN TV S Qs fi A dashed line and a dotted line repre-
. sent the results by Morikawa and
(Sato and Fehler (1998), Fig. 5.1 %2/H) Sasatani (2000), and Yamamoto et al.
YL TH B, (1988), respectively.

BoNILEERBEZ~<7 b V% Fig. 141
Ay, e/ =Fa— Pzt L URBOE VSR
L1Ldh, Nol (M=4.2) ¥ Nod (M=4.1) T3, Mpad*/3 > No. 4 DFEH 2 f5IRIESS
K&, Nob (M=6.1) & No.7 (M=6.4) Ti¥, Mpaid:i&ES %, RBIIZELTH5B. &
Ky 72e 227 VBRI, ERREE T3 A 2T, SRR TIIJITFETH 5. iR
L2 ERIICHRE L 2RBEARZ FATHY), TN DO TUIRETRE Y 5. SR
TR 7 P AR RS NS, A RS 2L EICT 5 & v ) RO
EHEZ LN, BRATIIIOBRKEBMICERMELFL 52 LI TE LN,

Fig. 151294 M %2R 9. NMR TORBERSINTIERABEEHF T2 L4 ->THY), /ohz
A MEMEIZI NMR 2288 LR EVWZ 2. M 2Hz 3 TOMIEEREZ RS L, REFRICHS
B (HKD072~074, NMR) Tl 2 ~ 3%, RélGH Eo@as (HKD 068~070) Tid#
10 1%, SIEEFE Eomms (HKD 078, 083~085) Tix 10&LLETH 5, WEK (Fig. 16) i<
k3E, REEBIIHERLOWE LB TH 55, WG, JIBPEILZZKLIKERDY,
WRESE R L T 5 KRB LB TH Y, Bonly A MR KRN HE 2 B
LTwa ez b5, LirL, 04D bEBAEEH TR KR B E & DB
USRS TNEY (R/QAN
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Fig. 14. Acceleration source spectra obtained from the inversion of
S-wave spectra (open circles) and their standard deviations
(vertical bars). A solid curve on each panel is the theoretical
source spectrum calculated based on the @2 source model and
the global source parameters (seismic moment and corner fre-

quency).
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Fig. 15. Site responses at the K-NET stations, AKS and NMR
obtained from the inversion of S-wave spectra (open circles) and
their standard deviations (vertical bars).
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D Quaternary system

EQ Quaternary volcanic rocks
Quaternary pyroclastic deposits
m Neogene volcanic rocks

2] Neogene system
[Hm]] Paleogene system

Fig.16. Simplified surface geology map of the eastern Hokkaido
(Nishikawa, 1995 ; the base figure is taken from Kato et al.,

1990).

Iv. & B

1. Kiuzor pdEflo Qs fEiZ>WT

METE, BIKTO Qs EEE kL7 0>
FEEBRETH2RTHEBETH L EIEL, Kk
m7er b &) LEUNEIRTHOFRLI L Qs
BrHELL. Z2TR, T8 %z
DIZA =D a v BT Ukl 70y
DA DRI Qs EIC D TRETT
5,

7, Fig. 11 oig& 2 fEme{b L ¢, k17 @
> EBERET S Qs EREE (Qne,Quow) IKE
¥ % (Fig. 17). #0FNOEBTD Qs iz —
ETHY, Quild A=Y arick VH#HEES
N7z Qs fEICHLT 20 E T 5. &k, Fig. 17
BTk 7ar b odifll L ERlTo Qs i
%, 211 #h, Fig.11i2B1F % Low-Q, Inter-
mediate-Q, High-Q # &2 FHR L ETH

S1
Ri=Ru+Rn2

S:

Fig. 17. Simplified Qs structure modified
from that shown in Fig. 11. The study
zone is tentatively divided into two
zones (Qm: and Quow) just beneath the
volcanic front (V. F.). Schematic ray
paths to evaluate Qs values for the Qrow
zone are also shown. A dashed line
represents the upper plate boundary.
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N, EEICiE Low-Q, HighQ 20D D2RL TwEDTid %, Fig 1790 S, SIIER* &L
TBY, TUFNI9ESFI3HEITF 11 15 BnE (No.b, No.7 ; Fig. 1, Table 1)
MG L Twa, ZNLDMETIE, 1> X—Y s izt N BEEEr#EINTEY, 52,
kii7 v > P DRMOBR SIZ BN TEFEIRLN T 5, FEED LBUS T CORRL ER
TEMT 2 &, Sickakil7er b &) HIROBB S~DERIT R, & Rt ond, B
EEICEDAT (D) RS Qe HEET B720121F, Kli7 e > F &) Ao BE] szt
T4 MREESBETH L, LL, FN500 A MEREICOWTOBHRI v, 22T
I 2 HEBEOE—BR R TOERND A7 PLHE 22 22k Y), ¥4 MEEICET 2HERY
T Quowk HEET 5.
Fig. 17 ko iz, kili7e > b &) LIMoBR&ETo 2 ED Z~<7 | LHIE,

0, _S .G, Ri'exp[(=n/R) /(QsVs)]
0. S G Ri'expl(—afR)/(QsVs)]

:i, Rl_lexp[(—ﬂfRu)/(thVS) ]exp[(—rtlez)/(QLost)] (4)
S, RZ_IeXp[(—ﬂfRZ)/(QLawVS)]

TREINSE, ZoRhiz, BEIZA7 L (0, 0), BERFE (S, S, Qmuz5 UL Que?
AL EHKSE, /2, kii7ur PN HloBHESniitkic oz @A L 2EAI
i3, Roldvadiel), RCHTSE QsEELTQuEE5252LickY), SOBER(R) KT
LEHMG QsER KD B Z Eich B, 22 Tid, HKD061, HKD 064, HKD 065 (Fig. 1) @
8D 5 Qrow® K, HKD 069, HKD 071 (Fig. 1) DG S > 3—T g izt b Qs i
(Qme) PWETEDZ & #FERT 5. 72, HKD 066, HKD 067, HKD 080 (Fig. 1) mitss
pokil7 ey MEEOFEIBICHNT 2 Qs E2RMEL 2. 7, Fig.18 (a) ickill7v> b &Y
LA CHEGED 5KDT2 Quowk K70 P & D LRI TOESED KDz Qe B R Y. Qume
(h, Wi, A > "=V a it THEIN: QSELIZZFELETHY, ZOFHE-T
Qs EZWET I EDBYETHLEZEZLND, 72, A v X—V 3 v ORREIEDSDITS
DENRLNDLDIE, 4> 3— 3 P ORREPEBOBEFRICOCTHOELH EEEL TWE R
HDTHBHEEZLND. Qow (@, A, B) O LAKETRLALESE, BRI nS/
N s 2 RN T— 5 2 FICHEINETH 52 L ERL T35 (Fig. 19). L72s»T, Zh
5 DMEIE Quow?d EBRMETH Y, EBROMEIZINL D D E LIV e FREINS, Qi3
2Hz 5E % TIES/N M RWEGP SRKDLNTEN, £ —Ya itk aEROUTEL
fEThHs, LoL,S/NHHE - 2Hz L) SERABEHMTIZA > —2 3 »ORRICHE~R3 ~5
BRNENETH B, 2D b, kU7 v b odtfll & B CORERMEDEWIE, ¥ 2Hz &
D LBREBEER TO Qs ENE N, Thbb Qs ENRRBKEEDENERBL72LDTH S
EEZHND, 72120, Quowid S/N HOBWEHEHTRLNLERTH Y, BRE TR Qow
& QuDBEWEERICTHET 52 £ I3 TEX W, KiT, K7 vy MMBETORESS HRDH 72
Qs fE# Fig. 18 (b) TR, ZNLOBRICH S/N WA 2 UTOT7T—F»o5tE I N lEr S
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Fig. 18. Qs values estimated from the S-wave spectral ratio method
(see equation (4)). Left: stations north of the volcanic front,
HKD061, HKD064 and HKD065; stations south of the volcanic
front, HKD069 and HKD 071. Right: stations near the volcanic
front, HKD066, HKD067 and HKD080. Open symbols indicate
the less reliable estimation due to a low signal-to-noise ratio (see
Fig. 19). A solid line is the best fitting line for Qs values obtained
from the inversion of S-wave apectra.
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Fig. 19. Comparison between S-wave (solid curve) and P-coda (da-
shed curve) spectra at HKD061 for the Nov. 15, 1997 event. Note
that the S-wave spectral amplitudes at frequencies higher than
about 2 Hz are less than the P-coda spectral amplitudes. Ac-
celerograms are also shown in the left. The time windows for
the spectral analysis are shown by a solid line (S-wave) and a
dashed line (P-coda).
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R LN 5. Fig. 17 0 Qs flifEE&ic ks, HKD 066, HKD 080(@, M) Qrow, HKD 067(A)
3 QudlMIET 2R T TH LA, WTRLITIZRLEE %> THBY, 2Hz LT TIE Qme & 13IZF
LETH 2520 L0 DERAEEM T Quow s QudFEIDETH S, L72dsT, EBD Qs
fEREEIT Fig. 17 TIREL 2 & ) R BMABETE LI & obh b,

2. A7 7ABRBOBERISYE

EXA7 7HAMRIIEAR7 L — M EFWEL Y L SRAEEMES 2EDRET S EE2 61T
V2 % (Sasatani, 1997 ; Morikawa and Sasatani, 2000), =2 Ti3, [ > s—Ya>#5LRKD L
NRERAT FE, B ZOEAEIFZED LN TS @ 2ET /L (Boore, 1983 ; Iwata and
Irikura, 1988) » &6 FRISNAZBHBIRARI PNV EERETLZ LICL D, RT7THHE (*
PREME) ORBEEMEBORER S IOV TRETT 5.

HEMEERBE A7 F v, —RiCkOETEZ LS,

_R(8,8) My(Q2xf)?
SU) = "oVt 11 /A (5)

ZIT, My3HBEE— A2 b, fld a—F—H¥H R(6,4)13 S BOBEHRETZ 2 TI30.63
& L7z (Boore and Boatwright, 1984). p, Vsii, #NFNEE L SHEERETH DL, Z0OAp
bbb lrii, BEARZ IMEZHETICRMEE— 2> e a—F—BEE252%4< T
1375 70V, hnEE-fh (1998) i3, Dziewonski ik 2 HEE— 2> b & My-£B9#% (Takemura
etal, 1993) 2 b Kd 7 a—F—HEE 2 AV TERBFEA R FVEHEL W3, 22 TRE,
Mpa?* 6 Ll ko> 2 38 (No. 6, No.7 ; Fig. 1, Table 1) ic 2wk, HEHMECEFNENH» LK
DIz My, fo7HvV, ZOMDHEBIZOWTIE, BBEIICHEL T 5 M- MmaBtR & M-/ B
RO My, LEACTERIEANZ PUVEFEL, 13— a VEREHEL 2.
T, Mpa?* 6 LI 2 HIEIC K L C, IRIS ?i@Es P ¥ E TEEGE T H W WEA - g
> (Kikuchi and Kanamori, 1991) #4T-72. T 5 DMEIC L 5 IRIS 0 P EE&kiT B
L1 NA LT bR TH L20, 1 2OZAEHEDL LI 2 Bl BIRREEER S Lz
(Fig. 20). M3 BIFERHBEE N =ARBEKOERS & KD 6N, i3 =ATEHN ED (R
M)z T & LT f=2/(aT)ic L WEEI NS, KT, Mmat* 6 LT DH#EICK L T, Mahdavian
and Sasatani (1996) ZIb¥EERE THRA L 28RS 40~130 km DOHFERICH L TRD 72 Mo~ Mima
BIfR & M,-fBaMR

logMy=1.34 Mpu+16.7
logM,=24.3—2.95 logf;, (6)

K MmaZ AL My, f2RD2, %5, T M-fHFRE, H20MPan 2tV AFay7
(Brune, 1970 ; 1971) i2M& L T3, METRENRL L HIZ, AT AL =D avitdo
TRD LN BIFRHE & A MFEOBICIZI PV —FA 75%Y), ZH5 DMIHRIBHEICOWT
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a) Nov. 15, 1997 Time[sec] | Timefsec] Time[sec]
@ ; N N I I N 2 S R N N0 I
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Mo = 1.45.10'® (Nm) CHTO KIEV j\w_ FFC AN
P UD——-"~--ol -0 P oup --/ “STITITTT P oup Tos SNLlTTTTT
8.36 2,95
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Fig. 20. Results of the waveform inversion of IRIS teleseismic data.
(a) the Nov. 15, 1997 event and (b) the May 13, 1999 event. Solid
and dashed curves represent the observed and synthetic
waveforms, respectively. Moment rate function and focal mech-
anism are also shown at the left side of the figure. The shaded
area of the focal mechanism represents compression.



FEeY FADOREHEIRRBIC S 2 B 109
BRTHICIRERILETH L, AEFTH LN/ MEEIR NMR 2B W UHPEBEECE
T2MEE%>TBY, NMR 2E# L LR THEEEZLN5, (DRICBIT 244 FMFHE:
(G() i3, BEMERUHEEA > E— > 2R OMBLHEEL LBENETHE. L2 L,
NMR B85 & BER T S HE, BERRL->TBY, 4 s BIREEOHNEIZ D
WCRHET 2103 ZOBEBEEEL 2 T kb kv, BERIBASET COTE( -5
VAN R BHAITIZ, BITHIEEIC VB pfle 2 ETHLEND L, 22T, p3EE, AR
SHEE, THEXFNs, g 3TN TNEFREBUSBTHOETH LI L 2ELTWE, 12K
L, BRYERCEUTEZINET S, ZZ T, ZOBEBIFEICS N~V a it 5EHE
BB LA b LIRELT,

SUhstﬁ% %)

ELTHEHREBREAI PNVEFET S, 72720, NMR COLET— 3wz, 22Tk
NMR ¢ UHREREICVEL T 5 K-NET &8i#lls (HKD072) THOXET— 7 %H\w 5,
K-NET o+ 7—% (http://www.

k-net.bosai.go.jp/) iz & 5 &, HKD 072 Table 2. Velocity structure at HKD072.

DHTHEEIIHT oM TEHEBEIBENS Depth N-Value  P,S-Velocity  Density

Bifi7 2 JEHEYE TH B (Table2), = 0k (m) (m/sec) (g/cm?)
e . 3 . 1 2 1600 160 1.20
EIZHNT A SHEOMIEEEIZ L-TC 5 1 1600 160 142
A 2N—=2 3 > TIHRLNIY A FMEED 3 9 1600 70 1.66
HHEE N3 (Fig.21) = &5 5, NMR ix 4 19 1600 70 1.94
HKD 072 O F o8N & 3 & iE > 17 60 70 212
+2 6 99 1600 420 2.34
) 7 99 1600 420 2.48
BEBEMETCHOSEEE L BE L, 8 99 1600 420 2 54
Bs=4.5km/sec, ps=3.3 g/cm3, B,=0. 9 9 1600 420 2.70
10 99 1600 420 2.78

42 km/sec, ps=2.8g/cm3+ L CEEL
RERBEEART PLEAf =D gy
HRzZHUEL20HFig 14 ThE, WTROBEICBWTY, f =P aritk-sTkdL N
REBEARI FVE 0BT AL FHEINLERBL~SNVIIZIZFE L TH S, ZoERIT, EXX
7 7THAMEF 7TV — P RAMEL Y b ERESCES % Bk 5 (Sasatani, 1997 ; Morik-
awa and Sasatani, 2000) &\ )RR LT TH B, 272, RT7T7TABBEOEREEEMES
DEERES L ) FEMICRETT 51213, E5I0E DR T 7THMEIC L 2IREBESG L BN T 5
WENDH B,

3. YA pEHICOVWT
NMR 259 A4 MSHEOEEBEREE T 2RGO>S THRIT S, 4 M2 IET 32 T8
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123V Do d 5, Z 2 CIIERME EME), S H/V 27 buic & )44 b i 54
L, A7 A=y gk a8E (Fig 15) & HET 3, 7, HRWLEMITLEA
4% SH i3 2 WigktE 2 — KT L ERSERIC L VEHET 2, 2722, NMR 2 DWW Ti3#TF
HEICEET 2 B W BRI L FMEII AR TH 5. kic, H/V 27 F VidBHI A~
FNVOKFBG ERERS TRTZETHLNE H/V AR PLVEEEf v EC—F > Anar
FIRFPFREVEBREIINL THE—7%28b, ZOHAICBZNERUBEETY A MMk
=22 BNbEEZ LT3 (B2iE, Lermo and Chabez-Garcia, 1993), #2T, =
TR H/V A7 o be—7 BEBICEB L T, SE H/V ojt&EIcidf v~ g
VICRAWR THED SEART FAERW, 2o PR SEH/NV $5, 34, B H/VH
FTELCIE, Fx H71999 48 7 A dbHBERER) K-NET BRIAIC B TiT- 2 MBiEIc k- 758
LT —=2%Av3. H1I0GHEDAERMOT D LBELIC 6 DORXE % 10.24 B H o) time
window THID L, 2061 L TEHEL 72 H/V 27 F LoOER 2B H/V & T 5, B,
H/V A7 b4 v ox—2 3 > LEIROFEEILE L 27— 2 2 558 NTHB Y, ERHIE
R IR TP L Th 5.

HKD 072 & NMR @ 2 BEI&EICH T 28R 2 Fig. 21 1R T, RARD 5 & 5 2o RE
BRELVH, WFNL 77 77 —2LUTFTh b, KEFRICL ) FHES 117 HKD 072 44 M
PR =23t L BBREFFICRS—HL Cwd, KNETOLETFT—2ick 3 &

) Inversion
H/V for S-wave
----- H/V for microtremor
""""" theoretical
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Fig. 21. Comparison of the site response obtained from the inversion and
those estimated by various methods. Left: station HKD072, Right: station
NMR. Open circles are the inversion results. A solid curve is site amplifi-
cation estimated by the H/V spectral ratio method for S-wave and a
dashed curve, that estimated by the H/V spectral ratio method for
microtremor. A dotted curve on the left panel is theoretical site amplifi-
cation calculated based on S-wave velocity model (Table 2).
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HKD 072 TORTHEE I3 867 2 J§i8% (Table 2) TH D, FFHicL->TBLNLTA M
HIERBOBEZ L (RBLTWwE EEZ2 L5, 72, NMR o4 4 FEHEICIISWE—7IZR
L, L72dT-> T, NMR % 4 FEEpIIIT2BEEH T2 ThrEnIf =Y a
HRIEIZLTHY, NMR ZHEEBASm L AL T I EFHRI N EEZ LIS, 2 51T,
HKD 072 &% 4 bR BEEA (8 1 Hz k) T2/, NMR i3z HKD 072 & T
JIcHHL T 2 HBNICH B EEZ LNBZ Lh b, RifilcB VT NMR TOMRE, BEELT
HKD 072 DR FEOMER 5272 L3R L8TH B L Bb S,

V. & & &

IIBERP THREL PPRBMELNRE LT, LI L RERENI X T THHE (R
RERME)IC L 2EBEENCS 2 2B OWTHREIL 2, 7, R RMEICL 52 K-NET o
BEBREOLK LT, TNLPBELBNSEOMERRIZ L > TRE(ELL TR Z ¢
Bhh o2, ZNLEDEEEDEVWIZEIC 1Hz &0 IEREERRS MRS KL TH 9, Low-
Q HEBNHE LT 2 HEENL, 1Hz &0 b RAEEES I ARE (EESI TV,

KIZ, BEORPRREMEIC & 2 HEBHED B EEFIR OB E1T\, kill7e> b EY
LA (B DB T Qs L LCPRREMBEORIFRE, BLUKSHOY A MFELHEL
72, ZORER, Qs(f) =49.2 F12THREED Qs EMIELN, V4 MERIIW 2Hz &) LIEREE
WTREHWE RN TH 72, Thic, ZOFREL Tk 7er P L) bREER (FLH)
7 Qs & R RFEMBN B R BB BB OREFHEIC DWW TRE L 72, 20o&R, k7w
&0 LAl Qs fEIZ R B BEEKTFESITEC, kU7 o> MEikdE e LT Qs S
PEIEL T Wb Z b7z, $7z, PRREBHE (X7 7HHE) OBERKENEE DGR
WMEFRAPMLAFOY 7 20MPa D 02 ET AL LFEEINLINLERETHDL L) HERY
#ons,

Zs O3 Fig 17 IR 3 N2 EFIC BT Qs g #{EL TiTbhi:, Ly L, EB
7 Qs k&I Fig. 11ISR3N B L HICEFEIIZT T BRI FEIC b RESCELLTwB e
EZHNBE, Tl k7w P L) LA T S/N OB WERKL P BELN T AW E VIR
BOH D, 443, Qs EREDEFMDAYEIZNT TiZh <, BEARDAHEIZOWTHHFHL
{FANBZEI12L D, Low-Q, High-Q, Intermediate-Q NRIBATER &L F b DfEIZOWTER
BNCEHE ¢ 2 2 EBETH B EERZ D, ZORHICE, RLRFBHEIC L 2 EERRSHEIC
EHEIND I EPUETH B,

HHE OAWMREEITIICHLY, BRBIFEBMTAN O K-NET, FREESIA-NET (NMR), &
U, BhHHRIFR (AKS) DG RS THE L, EERUCXIUFEHRE DK
BedE, MIMEZK, FHF—KICE, LEERS TOBEBBRA OB AEBHFEIC L) £ L.
HHERFE IS > F OBEHEBRIAERICIZA =D a7 el T o R R L TIHESE LA
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