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Site Amplification Factor for Strong-Motion Sites in Northern Hokkaido, Japan,
Based on Spectral Inversion Technique

Atsushi NOZU*
Takahiro SUGANO**

Synopsis

In areas with low seismic activity, such as Northern Hokkaido, Japan, site amplification factors
are evaluated based on limited number of seismograms. In this case, the evaluated site
amplification factors are quite dependent on the characteristics of individual records. Although site
amplification factors at 260 strong-motion sites in Hokkaido were evaluated by Nozu and Nagao
(2005), it was found afterword that the site amplification factors at several sites, most of which are
located in Northern Hokkaido, are overestimated at around 0.2 Hz due to inadequate characteristics
of the records. Therefore, in this study, site amplification factors for strong-motion sites in Northern
Hokkaido were re-evaluated based on currently available strong motion data using spectral
inversion technique. In the analysis, records from four earthquakes at 118 sites were used. To avoid
the trade-off between the source characteristics and the site amplification factor, the site
amplification factors at three sites were constrained using the results of Nozu and Nagao (2005). As
a result of the analysis, the site amplification factors at 115 sites were newly obtained. It can be
recognized that the new results are free from the overestimation around 0.2 Hz which was found in
the results of the conventional analysis (Nozu and Nagao, 2005). For the majority of sites and
frequencies, the newly obtained site amplification factors are in agreement with the results of Nozu
and Nagao (2005). In the west of Northern Hokkaido, where thick sediments are located, the
evaluated site amplification factors are large in the low frequency range (0.2 - 1 Hz). The source
characteristics estimated in the analysis are in good agreement in the low frequency range with the

F-net CMT solutions, indicating the adequacy of the constraint used for the inversion.
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HSIZHB DY MEIESE 2RSS LCE X, MBTORSE, 115 oSBT F#Eig
BN CEME S 7z, ARFEETE O NV A MEESEEZBEEOREO L O L ikT 5 L, B
FEOMETITEROME TR ONEEEM (0.2Hz (1i8) TOH 1 MEIEENE OB KM 2, AW
RTIIMBE SN TND Z MR ENT. TN OB SR RICER T 5 &, KBIET
BoNToT A BRI R E ORI DY A MEIRRE E AR TH I HANE V. F
TIE NV A MR L TS & OXHUEBIRICE R T2 &, LEEOH TH IR WHERS
BOSMTHHIRE LTHOENTWDELOEM (e~ FEEE) CrREEMAcIEFIcRE
Ry A MEESEEZRITHENZ N ERNDND. £, BEXTORINI LT FoMEEXTO
LA BAREE M CIERFICRE 20 A MEEREZ R THAR DML TWD. —J, HAEOIT
<ATHLES %5 HKDO023 Tl 0.2-2Hz OFEFH TH 4 MEIEEEMEIL 1~2 OFBHICILE > TV D, Y1 b
BRI & RIS SR 4 DOMBO BN L Fnet I2X 5 CMT fROHEET— A > b & O
BTl ZAREWIHTHAMNTH D Z ERbh oz

F—0—F MRS, VA MEERE, AT Mg =T v, JE

* O - HEEE EEEE
AR - A IE TR H R RS S SR BRI R
T239-0826 HAZAEMIRMWAS-1-1 PRI 22 HEEIRAF 22 BT
HE5E : 046-844-5058 Fax : 046-844-0839 e-mail:nozu@pari.go.jp



1. [ZC&HIZ

—fRIC, HEIC X 2R (MBS (XEIFEEE O
WELRTE OB (BIRSM) &EE» O MEREICE SR
AR OB (BREREAE), ZICHIERE) D HFRIC
ELHFBORE (A MptE) O=Flck-CikED L
EzonTW5D (B-1.1). Z ZIZHIEEHAE L 13— ICIER
ETT S WOEEEN 3km/s DL EOHIEZ S 5. HEREE A HUES)

W RNETRHENIIER TR E W= (B 2 (X8 B2, 2005),

FROHEIZ L 2BNOHELZIT O 5HE, HEEORET
RObY A M EAZEUICBE T2 ENEETHDH. 22
B, TITEIVA MEELIE, THAEBRmEIY EHO
KA &, TR X0 T 5 O%RE OB T5F DR
BLELLOTHD.

RS O 7 —V oiRIEA~7 hro (f)iF, K (L1 12
AT XN, EIRERE - BREREEARE - YA MREEORET
R3ns.

ON=S(NH)H PG (LD
T TS, S (N)EIREBESRE, P (f) R RERERE G (NI
TA MEETHD. LITFICRBWTIE, i (B B2
2005) L [AIEk, HEFEfE S HUETO 7 — U ZRIEA 27 hL
CRIFTHE (TbbG(f) “fEITHELLTIHA b
HIEREME) %, HERERE SRS RF T B —RMICE
FTHEEE LTIV A Mt 2 ZhZnHns L L9 5.

WEREEO/ LN TV D HE TOY A N BEERE: & 3
THEDDFED—DE LTANT "ML v R—=D g v
CaEH - AR, 1986) Bndb5D. ZDOHIEL, BEEOHMET
B oNTEERSRO 7 — U ZIRIEA XY IR L T—FE
OEBSFTZERAT S HFIETHD. ZoFECLUE, H#
THEEDOIFEWRA 0 ThavHIkicB W T, FEMIEOR
BEELETY A MERREEZHMET 22 N TE D, B
B BR(2005) (HALMEE D BN 2NT T OB RLERIC
KU TAART MA o R—T g &AL, TREGLHIH A
2B DY FMEIRRMEOFHE 41T o 7o, Bt - B EF (2007)
IFEBLO FEE R - SRk mEREICER L, WE
BUAIHRICIR T B2 4 MEEREOFI 21T > TV 5.

LALRns, - BE (2005) OfFETIE, EILD
X O ICHIBOREN D 2 VWHIBIZB T, B TRLA
o7 —ZIZEDSNTH A MEERERFME S TRY, %
DOEEOFIBERITA VO T —F OWHEITKE
EITAHI LB, %RIZ2 THRRB O, WE - ERE
(2005) DFEFFICHAWV BN EILT OF — % Ok
OO WD DI S W T —F BFEL Tz
WMo TWA. 1E- T, EALHS TIZY A b HhEsF
PO NAVETH D EEZLND.

A
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B-1.1 BIRRE - SREREERE - Y1 MM

Z 2T, AWFZECIRIRRE R ORI TR 2B AL T O BRE
BUARLEIC DWW CTEHE ATV, FIAFTRER T —Z IZH LT
AT WA o R—=V a VREEEAT ALY, &
b5 OFREEIR AR B A N EE A O FRHE 21T
ST, Ko TRIFZLITEE - B (2005) OffiE & LThL
BESFONEREHLOTHS. UT, 21280, Eil
5OV A S EEREOBEE OMFFRIZ I3 1T 2 FFAM O [ E A
WZDWTHRRS. 3. TIEA BRI FEM L fHTic VT
MHL LT — & LT FRIRICOW TR RS, 4 TIIET
FERIZONWTHRARD. b TEHEEOE LDOEITH

2. BRIZHEITHBREDY 1 MMEEREFTHBOBER

BAED K 5 (T HIFE O FAE D A 72 O RIS 5 ) TR
RO TR BT — ZIZEED N TH A IR R 23 34 &
NTWDREERDHD. Z0XL>REE, HobhTnait
EROFHEIC X o T, VA MEEREOEFEMENS 5 T
WAREME N H B, BEE - BRE (2005) IZX o> TH A MEIR
BPEOFEM S T 2 ALHEE O TR B BRI HL AL 2T 260
R THDA, T b OBUHLEEZMBITIZHW O -5EERD
BIZE-oTHEL7ay b5 EE-2.1 DL HI1Z7%25. 10
LA EDT — 212 EESN T A S HEERE M S T
% H R I HUBIE B DTG R 22 KPR LT 5.
—F, 3 fEFRED T — ZIZFESNTH A HETE R 2 34
SNTVWHIHIABFEL TRV, EIGELRICOMLTND.
Z AU, B AL 23 LR A IR D R AE A e HIIE T 0
RN Stk B i BT DR DE NV RN DTH 5.

Fiz, LMED 260 HiE D S 6, E-2.2 2R 56 OHf
FUCIE, 2004 45 12 A 14 B 15:01 (2B PHRTRECRAE L
7o HIEE (M4.7) OFEEDPITICH N DN TN D, & Z AR,
ZoOMEORSE, UUTIZHm~R5 K5 BHE T, A MY
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H-2.2 2004 4E 12 A 14 A 15:01 WHZ TR O HE
(M4.7) OEJR L, BEEOWIE (B - KR, 2005)
TRIMEOFSERI AV ST HAA.

TERFEOFEMICIZE S RV TH D Z E b Tz,
ZOHFEE, 2004 4E 12 H 14 B 14:56 \ICE X TRE T
FAELT M6.1 DHEDORETHY, REDODTH 5 otk
WZHAE LTV 5. B KBTI JERT O R R B KiK-net
(Aoi et al., 2000) OBHIA SOYHO6 (HFTIZE-2. 3 &)
OMFIZIS T BRI 2 B-2. 4 1ZR"T43, 120 BREO
FERARIRICDIZY, A S BRE DTN~ AR e 3 EL
HENTWDZ ENDND. ZOWHITS kRER (75
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(M4.7) 12 X % SOYH06 DHIFEIZIIT 5 3 Ay
IR (B SIEIC T, %t LTW“)

TR IS AT LV LRI LBRSNTNDZ &b,
15:01 ORBICL > TR SN EEZX D Z LITREGHET
BB, Lizho>T, ZHIL 5 SRIOAREIC otof)fbﬂﬁn
FEPBHlESNT-boEEZLNS. FLLIIC, AE

;ofmtéht&%z%héﬁ%&ﬁi,&MH
(Kinoshita, 1998) Ol <d % HKDO14, HKDO16 <
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E-2.5 BEEOMZE (B - BR, 2005) CTRHMiisitTw
% HKDO014, HKDO016, RMIHO01, SOYHO01, SOYHO03,

SOYHO04, SOYHO06 (Z31F % 1 gt

KiK-net O&H A TdH 25 RMIHOI, SOYHOI, SOYHO3,
SOYHO04, SOYH06 DR EFRHOFIZHLIBOEND (Z

NOOBBIEOMBIZOWTIER-2.3 2B Inz0).
BEMEOMZE (B - K JE, 2005) TIXZ b OHIER % 15:01
DOERBIZFR ENTZH DL 272 LTH A MEIEEMEZ R D
TWDDOT, FZEE 5 fAfHr (&3 0.2Hz ) Tix
A N HEIERFE DR KFEE S ATV D RTREMED B D . EEE,
NS OHRICH L TEEEOIZE TRO BN TNAE YA b
HEIE AR IXR-2. 5 12 R 5D K 9 I 0.2HZ fHiTic B
WTE LS RERMEEZTRLTEY, BRFMIELTND
EEZOND. 15:01 ORBEOLEFEZ AWV TV Ao S
WIZRWTY, FHMliSd 1 MEESEICTRRENE TN
TWDATREMEN 5.

T T, AWFETIE, I 15:01 OREORZEEFAWT
A NEIERE DS IR S BRI A RS e L, 2
AUZ, BEAEDORFFETY A MEIRRFEDFHE STV e h o
BRI %, BRE R TR R T — X &b LY
A MEEFEOFFMEZITH> Z & & Lz,

3. BITICAW:=T—4% LBITFE

F7, RITXHGHIEOREDE Z FIZHONWTHH~SL, —
BRI AT b o R— g Tl &3 2 B D FUE
WZxt U CHIZERR T B 2 &R0 il 2 138 - K (2005)
DIFFE IR IC M4.5 LL_E M6.0 R DFték & VT b,
T ZC, M4S R OFEREZBRI LI, HEO/NSWHE
BOEEITER R M COBEN 5 TRV EBZNTD
Thbd. £, M6.0 UL EORREFEEERIN LT-DIX, AT b
A UN— g VTTIRERD D& RS S5 B
DAY MABFELWERET DI ENEL, BEOKX
WHIEBIE & Z O(REMN 12 SIS K D720 ThDH. L
MLUZEN D, AR TG L7 HEdet I3t EEEE O
Rk T & 2 7= OBEF O IEBLRIRES S D72 <, EfEo
SEEZOFETHEA LB, rrREETHD. =
5 L7=HT, 2004 4E 12 H 14 B 14:56 |2 EA X FRa S CF%
A L7 M6.1 OHEE, EILHT O W EPH TR ST
BV, BELT X ERAEL TS 2T, AFZETIH,
BEEDOH RO ST TN D DD, ZOHE
T RMEDO—2 L Lz, ZoOMEEZME1 LT 5.

Z OO S E L LTk, EdL# ) THRETEO
BONTWOIHIEL LT, 2004 4F 12 A 14 B 17:54 dbifgiE
PEHHOHE (M4.8), 2004 4E 12 A 15 B 2:29 dbHBE P
MoOHIE (M4.6), BLT200543 A 18 H 9:38 dLiETE
FhoHE (M5.0) ZBELZ. Zhba s 2~HE 4
ET5. HEI~ME4OBEREZR-3 1 IRT.

WIZ, fRETRI SRR OBRE DB X FFIZ O TR~ 5. BE
FEOWIETIL, EREEE 150km % 8l 2 5 5ok s T 5
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£-3.1 MG —E. FUHEMTRER > TWDOIEBEEOHE (B - BE, 2005) OV A MNEIERMEEZESEE L
THEZXBHR, FHEMTXERSTWAOIIBEEDOMZE (B - BE, 2005) T15:01 OREOFRERZ AW THA
I HANE AR ME DS EEAMG X AT D i

| &S Hllos HNE RiE it K R | #5 HAcs  HNE HiE g Kt FRERE
1 HKD0O1 ~ K-NET 1416720 454163 60 HKD184 K-NET 1416010 42.7900
2 HKD003  K-NET 141.7667  45.1030 61 HKD185 K-NET  141.4021 42.7755

3 HKD004 K-NET 142.2255 452141 62 ABSHO1 KiK-net  142.8483 445253 X
4 HKDOOS K-NET 1421077 453299 63 ABSHO02 KiK-net  143.0304 44.4210 3%
5 HKD006 K-NET 142.3519  45.1266 64 ABSHO3 KiK-net  143.2446 44.3819 X
6 HKD007  K-NET 142.2908 449698 65 ABSHO04 KiK-net  143.0806 44.1896 H
7 HKD008  K-NET 1425744 449375 66 ABSHO5 KiK-net  143.0149 441123 X
8 HKD009  K-NET 142.4811 448417 67 ABSHO7 KiK-net  143.0900 43.8469 X
9 HKDO10  K-NET 142.7633  44.7406 68 ABSH13 KiK-net  143.4553 43.7394 X
10 HKDO13  K-NET 141.0475  45.3049 69 IBUHO1  KiK-net  141.8228 428714
11 HKD014  K-NET 141.8541 452519 X 70 IBUHO2  KiK-net  142.1322 42.8689
12 HKDO15 K-NET 141.7500  44.8845 71 IKRHO1 KiK-net 1415873 43.4063 3X
13 HKDO16  K-NET 141.8284 447195 % 72 IKRHO2  KiK-net  141.6561 43.2179 X
14 HKDO17  K-NET 141.7664  44.5323 X 73 IKRHO3  KiK-net  141.6436 42.8856 X
15 HKDO18  K-NET 141.9653  44.5453 X 74 KKWHO1 KiK-net  142.3075 44.5950 3%
16 HKDO19  K-NET 141.6978 443611 X 75 KKWH02  KiK-net  142.5775 44.5486 X
17 HKD020  K-NET 141.6642 441486 X 76 KKWHO3 KiK-net  142.2764 44.4708 X
18 HKD021  K-NET 141.6370  43.9407 X 77 KKWH04  KiK-net  142.4094 44.4353 3%
19 HKD023  K-NET 141.3685 437735 X 78 KKWHO5 KiK-net  142.6342  44.2897 X
20 HKD024 K-NET 141.8573 44.0489 A 79 KKWHO06 KiK-net  142.7694 44.3183 X

21 HKD025 K-NET 142.0717 448116
22 HKD026 K-NET 1422636  44.7284
23 HKD027 K-NET 142.3427  44.4806
24 HKD028 K-NET 142.4547 443598
25 HKD029 K-NET 142.6419 443111
26 HKD030 K-NET 142.3942  44.1821 X
27 HKDO31  K-NET 1425952 44.1185
28 HKD032 K-NET 142.4123  44.0235

80 KKWHO7 KiK-net  142.3447 43.3672
81 KKWHO08 KiK-net  142.6600 43.0381
82 KKWH10 KiK-net  142.0567 44.6594 X
83 KKWH11 KiK-net  142.2872 43.9731
84 KKWH12 KiK-net  142.6044 435014
85 KKWH13 KiK-net  142.3944 435089 X
86 KKWH14 KiK-net 1425283 43.3817
87 KKWH15 KiK-net  142.7694 43.8522

M N = e e NN = ) e e A N = = OON) e e e e e e e e e e e e a2 WON RN DBNRNWW e e e e e

—_ = = LS WWNWWPRERWWWN=N=MNNOLONN == = = WP WOW—==N—-PBPAE,=-DNOCWOREAEELEBRAEANOWW—=—==NN—=—==N=N

29 HKD033 K-NET 1425695 43.9090 88 RMIHO1  KiK-net  142.0833 45.0144 X
30 HKD034 K-NET 1427686  43.8543 89 RMIH02  KiK-net  141.9289 44.8925 X
31 HKD037  K-NET 142.4675 43.5885 90 RMIHO3  KiK-net  141.8225 44.6336 X
32 HKD041 K-NET 142.6837  43.6249 91 RMIHO4  KiK-net  141.9658 44.0953 X
33 HKD042 K-NET 1425691  44.5450 92 RMIHO5  KiK-net  141.7914  44.0231 X
34 HKD043 K-NET 142.9644 445820 93 SBSHO1 KiK-net  140.6264 43.2317 X
35 HKD044 K-NET 143.1277  44.4796 X 94 SBSHO02 KiK-net  140.5053 43.0503
36 HKD045 K-NET 142.9447 443287 95 SBSHO03  KiK-net  140.8235 43.0818 X
37 HKD047 K-NET 143.3538 44.3557 WA 96 SBSHO5 KiK-net  140.8261 429478
38 HKD115 K-NET 142.1484  44.0071 X 97 SOYHO1 KiK-net  142.1224 453324 X
39 HKD116  K-NET 141.9342  43.8007 X 98 SOYH02 KiK-net  142.2293 452141
40 HKD117  K-NET 142.0525 437243 X 99 SOYH03 KiK-net  141.6372 45.2508 X
41 HKD119  K-NET 142.1914  43.5199 100 SOYH04 KiK-net  141.8844 45.2281 3
42 HKD120 K-NET 141.6635 43.3443 101 SOYHO06 KiK-net  141.7872 45.0997 X
43 HKD121 K-NET 141.8553  43.3332 102 SOYHO7 KiK-net  142.4346 45.0978
44 HKD122 K-NET 141.7754  43.1968 103 SOYH08 KiK-net 1422286 44.9364
45 HKD127 K-NET 141.8204 42.8741 104 SOYH09 KiK-net  142.4907 44.8547 X
46 HKD128 K-NET 141.8221 427655 105 SOYH10 KiK-net  142.6078 44.7410 X
47 HKD137 K-NET 140.3791  43.3235 106 SRCHO1 KiK-net  142.1633 44.2780 3
48 HKD138 K-NET 140.6014  43.2921 107 SRCHO02 KiK-net  142.1452 44.1136 3
49 HKD139 K-NET 140.7818  43.1974 X 108 SRCHO3  KiK-net  142.1296 43.9970 X
50 HKD140 K-NET 140.9935  43.1907 109 SRCH04 KiK-net  141.9435 43.8179 X
51 HKD142 K-NET 140.8200 43.0846 X 110 SRCHO5 KiK-net  142.1632 43.8219 X
52 HKD175 K-NET 141.3882 43.6015 111 SRCHO06 KiK-net  142.0814 43.6924 X
53 HKD176 K-NET 1415924  43.5324 112 SRCHO7 KiK-net  141.9016 43.2276
54 HKD177 K-NET 141.4346  43.4001 113 SRCHO8 KiK-net  141.9128 435114 X
55 HKD178 K-NET 141.3046  43.1721 114 SRCHO9 KiK-net  141.8100 43.0563
56 HKD179 K-NET 1415171  43.2237 115 SRCH10 KiK-net  142.0123 42.9905
57 HKD180 K-NET 141.3513  43.1390 116 TKCHO04 KiK-net 1429214 43.1714
58 HKD181 K-NET 1415462 43.1161 117 TKCH10 KiK-net  142.9486 43.3313
59 HKD182 K-NET 1415524 42.9925 118 BB#5-G  #EZ 141.6340 43.9500 X

AL TV D, ZhuE, BRERESREVWEREROSLE, L, BWIRNTZDTHD., ZOFRBIEIARMETHLEEST S Z &
B (B 213 Street et al., 1975) 72 L, BEBIRIZH KT B FmE EL7z. 2T, AFETIE, HE 1I~HE 4 o
NELGENDIHZENDHY, TN E L 7= 5E8I I I DEB SN TR Y, 2 OREEREN 150km Rl TH D L 9



RENEEREL, ThAOEMITORNRLE Lo, BESN
BRI EE TS MR TH 7. TN HOBHEER
=31 BLOFR-3. 11T T.

ST, & UusHiEoHIziE, BEEOME (B - BR,
2005) IZBWTH A MEERFESFHE S LTV A IR B TF
95, BEEOMETERLNTND X I, AT hy
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