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Comparison of inter- and co-seicmic crustal deformation in Hokkaido
—From the data of the 2003 Tokachi-oki earthquake—
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Inter-seismic crustal deformation induced by plate coupling between subducting Pacific
and overriding plates has been observed since 1994 by nationwide continuous GPS network
in Hokkaido. The 2003 Tokachi-oki earthquake (MJMAS8.0), which occurred off Tokachi
along the Pacific coast, caused co-seismic crustal deformation overall inland Hokkaido. To
investigate the co-seismic release rate of crustal deformation observed in Hokkaido against
the inter-seismic one between the 2003 and the 1952 Tokachi-oki earthquake (MJMAS8.2), a
previous large event in one earthquake cycle, I compared these horizontal displacement fields
and calculated the deviational ones. Co-seismic crustal deformation released 60—7094 of the
inter-seismic one at the GPS stations near the 2003 earthquake fault. But more than 709 of
it has remained in the northwestern inland from the fault, where corresponds to the Ishikari
lowland. To discuss the stable crustal deformation field in detail, it is necessary to remove
the effect of the remarkable post-seismic crustal deformation being observed after the 2003
earthquake from the original data.
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WAEENE, KEEZL—FEBEUNTV—FDhy 7T 0B ERZITTREEELLN
5. UL, 7v—FED v 7Y 7 & ZHBEBIL, MEMICZUBRISNE—HNLL D
Tho>T, WEREICLZYNNTY FICL > THHEENEZ EEF3I N5,

L L, HMEMICERINLZEMPREY, EXMEICLZ ) ANYY Flok > TEDRERYS
Nohi3, BN T— 5 ORBSFREIEL > 72 L WGP LB E N I T > Tk »
7z, ¥4 GPS EGBEMOREMIC & ) RESBEOE T — I 0 BEND L) Ik T2tz
ZOFMEEATH) Z EAWRRIC % > TE 2, AW T3, BBk 5Em§ 5 £E GPS gl
MWHT— 2 % AVT, 2003 FHBRdHEIC & 5 ERRF A & MEBRBREH OB 21T\,
ZOHRIC L o THIRFHNBES ) EORERE I N0 285, $72, HER & HERM
BEBY: OBED L, BENEEERE XL TW 5 EF 2 LN ERHTHBREF IO\
TEET 5.

II. #REHEES

1. ¥—%

El - EREE I3 1994 46 10 A 1 O 20 6 4H GPS R BN OE I # £F 100 BH5 CRHE%L,
JeEEIC 1d 23 BRI M AFRE S L2, 20, BRBRASOEESR LN TETEY, 2003 RS
TOBM SR 120 282 T 5, ELIHEBRETIE, 20BE» 53N T— 2 2 FIFL,
H&E o B0 E OREE 2 288 L T\ % (http://www.gsi.go.jp). = GPS Bil#gic &k 9, duig
ETIE, 1994 FbMEEFFPHE (MiMA=8.2) (Tsuji et al., 1995), 2000 FEIRE =B RFHEM
#E (MJMA7.0) (Takahashi and Hirata, 2003) <0 2000 S£EAERILE & (FREIZ2A, 2003, &
i34, 2002) (o) mEEE 2 BRI 22130, KPFETVv—F BNV — DS v 7Y v
7k A EREMBRER A BN L CE T2 (BF - &, 1999).

Z T, B BEESs AL T b BEEREY AT, HEMBBREROREE RTA 5.
E L ih3EBE > GPS B S Tl3, RFDLDICT > T HRRREROTIEEIEHBEIN TS, =
D& TR, BRI SEEEIC ABNL /AR (T—FORURAER) 24E L3¢5, Kin
XTI, Z0E5 T NEHNE /A XeBET 52010, LEE TR L EFEESITHO BRI
A 19984FE 11 H1 B2 52001 £ 10 A3l HE TH3IEME2RAL 72,

ZOIERD G bz, RFEEITHONLZBRSOT -5 3ELHBEEAER LAY 2 M
P> TN LRZ., 24, ZOMMICHBRES T — 7 IcE L 5 2 2 MEMHR & LT, 2000 4
SHAKRD LI E - LHRILOEAD H 5, ZOMKIEE T, AERILEAIZBDOEFEEL T =
DB ) HBREB S RIICBRIE LT 5, 207, FHHRILEZE O GPS BELS b BRit
T3, 202000 FHERINEAOMICIZ, FHELHE- KUK L LRAEL TS LT, EARMICE
HEE ) GPS Bl £2 7'V — FHXEBIORRAE T S HBEH 2 BEW L T &2 5,

Z oMM O E B o BEM T — 1%, ITRF 97 (International Terrestrial Reference
Frame) BEAZR TR E N T 5, ITRF (2 NNR-NUVEL 1a 7v— FEH)E 7L (Argus and
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Gordon, 1991 ; DeMets et al., 1994) (¥R TE ), BUEEED SHEIN B~ ML
6 NNR-NUVELlaic k 3R~ 7 P2 ZELSIKZ L VEEN 7 v — MZRBIEL 12
BARICERT 52 L 05TE 5, AR TlE, LlEENOENE 2 K 3 720 I FHRIE A (950154)
(Fig. 1) #&#BUEE L, EBEBLIUCERRILT ANV A7V —MBLTw23DET 5,
GBI THOZOHENER~T7 b b, NNR-NUVEL1a CtEINZRZ FALEELBIWT,
BRDIET £ ) A7V — MIXTEEMRT b LEHRL, KIS, BBOREEZEEL CLiEEN
DEFRDOELER 7 P VERSD, ZHICEEOIT 2 ) A7 v — Pt T 2B~ 27 Fumz T
FETFTBEEE, L7 2 ) 27V — NS 2 BREBHEMHEZERL 2. FRX TR, KE
B DAHIZEHL, HMEEIKEFT L) DED Z ETHAICOWTERF 21Tb v, B~
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Fig. 1. Inter-seismic horizontal displacements at GPS stations in Hokkaido relative to NA
between the period from November 1998 to October 2001.
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Fig. 2. Observed and calculated horizontal displacements at GPS stations relative to NA.
Assumed coupled region and rake angle are shown by a rectangle and thick arrows,
respectively. Observed period is same as Fig. 1.
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RHLT1 -2 em/yrOEETEH#EL TWE 2 EPRRFNT 2 LHLPICENTWS
(Takahashi et al., 1999 ; Heki et al,, 1999). Z®7z, Jh#EEILETHRASI N T B HMAE
DHBFEE)L, DT L—NTVv— | DEHOHELZITTHENEEZ LS.
KFETV = EBHTV— L Dh Y 7Y > T0BEAND 2z, Fig.2iomd &) o4
BB A 7N LT e LTSy 7Ry 7RG 2 2BAENEHHFHRES (Okada,
1992) #Et&E L 72, A 7Y > J4EI%IT Miyvamachi et al. (1994) % Iwasaki et al. (1989)iz &
27V—1t DhARADHIKRR, 1952 4+ Brih i B(MIMA 8.2) + 1973 FREF B &
(MIMA 7.4) -2003 FHEEoR g €70 (85, 1975 ; Shimazaki, 1974) % & CRITES
BMIZKRe, BROBS LEMAERENFNISkm, 25 FE L, Ay 7 v 7EBICE 25
2y 72N 7HElE NUVEL-1a (DeMets et al., 1992) ic&>% GPS B8R 7— 7 i &
U 3G BERRICH 225 25cm & Lz, 272, $TXDANFIAITT v — MEER) L &
L7,
ZORRBLNLHBEBEEBEAELZR L 2L DD Fig.2 TH S, KERROVBERATIE, BN
fELFEELE - FmE PN TH S, - T, ZOEBTEIRFESv—FLBEA7L—}
ED TN v T OB BB ENTIKFEELNT FVOREG® DT EEZHN05, L L,
BHMEDIIZ ) R EEL ) LRRREWEMEELZRL T3, F72, HEER- BRRFEE A7
D EXTENDBM AT, 7y 7)) v TOETNFEMEL D 2 FLEKE WEMBE S
NTw5, MUCEEHTHEIEMEL D IRELEMESBR I N T S0, ZOMHEEIL Fig. 2
TETIMEEN T L WERERFIMTON v 7 TORBFRKENTZDTH L EEI LN,

. RIS

2003 FREHEIIC & 2 HERDKFEMZERLE + Fig. 3R, ikl 280/, 200349 H 1
H L2 BECE9A27THAL3INEBET (982 HOTFT—FIIHEBEIRA TWBIZHBEN)
DENFNOIMDFEIMENER L 572D Th B, KT HHHEIE DT, B SN EA
BCOMBICLB2L0TH S EREL, ITRF 97 BERDEEEE 2D F $HRA L TEM~X7
NEFEL 2, duiEESBIc b ) BAKEY B2 5 L ) 2K FHZREEH» MG ES)C £ - Tl
ERZIINLZ Db E, AKFEMRITLER T 97 cm, BES?LROECILXETLH3
cm DEMIBREN T3,

E BRI OMBEES T~ 2 AW T2003FE+HHBITBEOME T T LE KD

(http://www.gsi.go.jp), & Uiz & 2 ERHEEE & Fig. 312/ L 72, 2003 £ EIC -
THE S N BREE), ZOMBEET L TIHTHEHEATE WD Z b bhr b, SIRINVERT
IZALIRI & DMBREBE A LD, ZHEIKIEET AT ArMEoEmmICH L TEATL
TBLTRICEN TR0 TH 5. /2, ZOMBETLOT) HEMEIZ, 71— FEMHE
BOFHEITIIREL TH - 72h% 1952 S HBPMETR AL Y L HIIERNL T2 (Fig. 3) (&
K, 1975).
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Fig. 3. Observed and calculated co-seismic displacements at GPS stations caused by the
2003 Tokachi-oki earthquake (MJMAS8.0) in ITRF97 reference frame. Assumed fault
parameters are from Geographical Survey of Japan (2003). Rake angles of 2003
Toakchi-oki earthquake, 1952 Tokachi-oki earthquake (MJMA8.2) (Kasahara, 1975)
and direction of relative plate motion (DeMets, 1994) are shown.

IV. #REE L U BRI EE D LR

2003 SE+BERHBE TIE, ZOMBEE BRI L 2MEESNC L 2 B @y tibE S EIc LA
2. 22T, MERMERES) & ERMBEE L Nkt T 5. BIETRXL LT, SR
WENOTY)AFEE 7V — FEMEBIH L, ERNTHLIEE2RTISOELZLLTVR

(Fig.3). TOHMDBESIEREIC H 72 258 ((FEEE] LIy, Fig 31IC&R) THRUEN
THEREEE, ZOWBHEHTDY v 7)Y IOMBEBRRITTWAEEZ LI LN TEL, —
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¥, REREL D QR TRREBEEND, BERIIHERREF D, v 7 ) > FTOREEHRX
TTwaEEZLENG, £-T, SEOHEICZE 2V N7 FOBEREITZ 2 DEHEFBZT
ThHEIZLICEEILETH S,

Fig. 4 iz, WEM & HERKEZHX7 FVoOFMAEZRT. RF T, AESKELSTWE
IR P ALDOMMBREIBEBEINTWS, Zhicd b &, BEEBICH 2 2 TR
HESZTOBH ST, BEMORZ P EHER<7 P AVOEMUTI0EL L LT3, D
N, HMEMICEUINLCEMIHEILL » TERNDFMIZGIEREINIZZ EEZRL T B,
BB & D DBICATICR > THMADEEL IS0 EL VL TN TL A, THIFREEEHD
BTNy TNHBEWREL L DBIZHTH B,

Kiz, BN 7 P rokE iU OB L TA %, BifE, BBk GPS BB HE
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) — N }
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——
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Fig. 4. Direction of inter- and co-seismic horizontal displacement vectors relative to NA.

Magnitudes of vectors are standardized. Thick arrow and dashed lines indicate the
direction of NA-PA relative motion.
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T— B AFTE S 1996 F LI 2003 EHBBER  COEBRELELE RS &, T3 —%D
V— | THIZEB»ETL T3 2 ehbard, £2°TC, T2 Tk Fig 1l TRLAL ) EMNSE
%% 1952 SETBHP LI &5 X720 { —EICHEiE L T& 2 LREL ¢, 2003 F+BBpE S T
51 EMDDEMEEZAFEL TRH S, 2ok Hic L CHIEDMELIEER S LT X 2 ERMLAT
X7 b EKS, 2003 SFEHBRAMEIC & HHMBREMNN Y PV ERBHIR L2 L DD Fig. 5 ThH
5. WBHEETH 5 HBITEIGES HETOKRFERES TR, MEMICEME BN
KELEEPHBICL 2 )7 FCEBEINLZ b b, 712, &EREICHEROEME
PHERM L) /AN WEEICH B, BRIC, AR - 224 - BEIRET T, HEMICEZ SN BN

WZOHEICE > TURITEAEBBE I N T,

Fig. 5 T/RLU 72 WEEH & MERMBRERB NBEL L VEMICR S 2nic, TnREX7 L%
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Fig. 5. Co-seismic and inter-seismic horizontal displacement field relative to NA. Inter-

seismic vectors are estimated by extrapolating the observed three years displacements

shown in Figure 1.
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Fig. 6 I27R Y. BHAICEEL Th SHUEIL, BREXI PNOKESEZHEMN7 PLOKEET
o2 D BFHTRLTWS, 230, ZOEEIVNI VT EHERBBREDIC L > THE
MR EB IR S N B EPRENZ L ERL T 5, HENBICE - HSUTEBC HEX
FPRESTIE, BBICL > THHINLEEIRE (60—70%) Z &25bd 375, HMERMBRE
BED 0B ES L BREL T 5. BN FLoBREEIIEEIRICT IS TREL L
D, BFHEHE T2 0% U ESEHRENTICER-> TS

V. & £

1. RVEBHOLE
AED B ENE, BFICEY GPS B A TREZELK/HEB @I T3, 10
25 HE TOMESL 1, ARMICZ N H 1 ENA(940019) (Fig. 1) TEHRS /- f%hZghEi: 11 cm
B LY, TNEHBRERESRED 20%ICH725. ZORMEENIRGEL 255 b 2003 4 12
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Fig. 6. Deviation vectors between inter- to co-seismic displacements shown in Figure 5.
Numerical values at each GPS station indicate the proportion of remaining displace-
ment to the inter-seismic one in percent.
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BOBETHER TH D, ZORMEDIC L - T, BIEISEWBB L TIIRE L B HR2 I
A N-O0H 5, BEYLEENNEROBRAE T, MERMBEEIC L > TSI N
BHEMWBREROENGHINE S B> T 3D, TNHRERIBEFICRSLE ) TRWERICL - T
BRBEMYHY S N DML 5. 4 EOMBEOFMIC BT 2 5URT 1994 FioFE L =B
125 2 HE (MIMA 7.6) Ti3, RMEBICL S E— 2> F DEKEHERD ZLE LE - T
Wi ZEFHLPICEN TS (Hekietal, 1997). iz, 4%0% < & QHFERIZT— 7
PERL CRNEE)NIC L B AL S LEND D,

2. FEALOHEEES

JEHEEFGR MR T, KFET L — F ORHIEA Z A > TFEMNRS T BRI X L T
EEmMEICBEL T2 (HEES) LV IFBZPRRIN TS (2L 21, Kimura, 1986 ;
DeMets, 1992), Z DVEAEEEY % ERENT 5 72001213, BRI EES % DL ) LBEREX7 P AYHE
B ERBRERNE L L TR LEFH D (F%, 2002). ZH-AF (1987) i3, +HBF
BHGRTEE (o R EEER L&A L T 3) P TESNERES DM NEFRERTH 5
WHEME R R L TV %775, Fig. 6 22 513 2 OHEROTER & FE OB E THOEMAZ T ERE
CE->TWEEIHIIRIERZZY, L L, ZOMBHROFMZITH 203, WEBETLTH
AHHMELESTHEIC L 2HBERMBREESORE LI B L L bz, KicbB~RWEED
MEELEETLLESD L. BRERI N ZOMBE CORMTEMBERAE CIE, ZOMEW
TIEBEHAHEMIC WG HTEE) L 2 WREE 2R THE - EFNTREEI S RoN5D, #
HEHHLIE (D74 & D ETFMEE) BB HECHES L2 2 ES NI, &
PEHERICAIE T 2B HENE 2 B & IR IN TV W LB L i ST 5 (BEEE, FAE
Jb¥EE, 2003).

3. BAFEME

AFHERE OREERIC I, FEKTE R HEME L SRR OTERTE 2 L K S 1D ASFEH
WEME RS 5. REEBSNFMLENEREY> S, ROBEHES, TV RBKE T
1300—1500 SERHIT M6 %AENDMBEAIR N ELEEL, BL £ 1 HFERLBRTREEIME - T
W BHAIDHE S22 ST 5 (AbiisE, 2001). Fig.61c & 5 &, AIHMEHEENE O R TR
BT PNVEARERTH D LI IRBAZ TN, HEMOBEMNIFBWEETE-TEY, HMEMM
BEBDLET A LEFRICHNS Z L13(Fig. 2), 2B RKFEFE7V — L3R DERICH S
HEINTWIWREZRLTw5, L Luds, EEWLITHEZAT ) 2O ERIEIC &
LREERDRNEHOHELZ LTI 2 EPUETH D, AR ENE & L TE
BABAEE TR L T35 2 &, RHRIE (1909 —1984 ) TAE L RAEMES BB EN T3
& (A - ZH, 1988) »b, 4% LEBRCEDLERL TOLEND B,
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E st FpE A b MBI E L T 6 GPSEBRBRN AN T — 5 2 AT, 2003 £1iRIC
o THH S N7z MEROKF R & MERMBRES OB 217572, £OFER, BEICEY
B A CRRHEBEMICEZ 5 N2BALD 60— T70% 5 MBIFHIZEREE IC L 5 ) NV > FTHRHEN
RIEBMLPII Lo, F2, BELRERORMERIC L - T, REIEMIBHINODOH
5. SFRNDE ) HLERBBENGEICE, BHINIRMNEHRLKRE (LD &h b, NERD
EWERLR THBRBES, TENKDEEEBOFM LT ) 2dicid, 2% & L BEMRH
THLFMESERECBUL <, 20RELBRET LLEIH B,

HEF B, EHREBED SANREZ KO ZEE-PIT 252 THWZ) 2, BFEICbAY
BIEELE Y L2, BN EOREER LY b, B PEREENETICET 5 R
ROEHBEAREEL THW 2, l:titﬁﬁl&nﬂ) GPS BT — 2 # AL 72, [FTRATOHE
FEWEFEA F v 7y EH L 72, HBREBOERTEN—IIz iz MICAP-G (P98 - &)1, 1999 ;
Okada, 1992) #, GPS 2B¥ 2@ —EBiciz PAT-ME (44, 1999) #6872, Moterk
1212 GMT(Wessel and Paul, 1995) # #H L 72, JbiEERFEHEKIIFRGED > 5 —DEAR S
fEHt, —WIERKICIRFERICEZEBL CwkZtwi, L UE#HOBEL2ERL T,
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