. HOKKAIDO UNIVERSITY

Title 20035+ B E (W8. 0) DRMMEEN A AL b E A S ORGSR IS E
Author (s) FAH, BF; Ishida, Yuka; =18, &R b
Citation ibiEERFE kY IB L RERS, 86, 1-12
Issue Date 2023-03-26
DOI https://doi.org/10.14943/gbhu. 86. 1
Doc URL https://hdl. handle.net/2115/88554
Rights(URL) https://creativecommons.org/licenses/by-nc/4.0/
Type departmental bulletin paper
File Information GBHU 86 p1-12, pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




AL K A H R BRI

Geophysical Bulletin of Hokkaido University, Sapporo, Japan
No. 86, March 2023, pp.1 — 12

doi : 10. 14943 / gbhu. 86. 1

b
SEI{I

2003 F+EhiE (Mw8.0) DRMZEEZ ALV
JtEErR T DM I S E

A HER - EETE S - RREF2
AR B
AU KR BB R MU A LB > 5 —
(2023 4 2 A 20 H3Z2HE)

Estimation of viscoelastic structure in southwestern Hokkaido due to

post-seismic deformation of the 2003 Tokachi-oki earthquake (Mw8.0)
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* Institute of Seismology and Volcanology, Faculty of Science, Hokkaido University

(Received 20 February, 2023)

Long-term post-seismic crustal deformation characteristics in southwestern Hokkaido induced
by the 2003 Tokachi-oki earthquake (Mw 8.0) were investigated using the F5 GNSS daily
coordinate data. Comparison of the detrended coordinate time series before and after the 2003
Tokachi-oki earthquake indicated that post-seismic horizontal deformation exceeded co—seismic
displacements and continued at least 7.5 years until the day of the 2011 off the Pacific coast of
Tohoku earthquake (M9.0). Viscoelastic subsurface models were examined to fit to observed
horizontal displacement time series. Parameters of elastic layer 20~30km and viscosity 1X10%
Pas well reproduced features of observed displacement time series. Estimated coefficient suggest
relatively low viscosity in southwestern Hokkaido and was well consistent with that from previous
studies in this region.
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I.IZ C & I

~ 7 =F a— N7 EMx 5 X5 BRHERIEEL K, BHRICEWETIC X, ER» O EEn
LT TORINEHDPEFE~TREMBENIND T LB H 5 (Heki et al, 1997;Qiu et al,
2018;Watanabe et al,, 2014;Tomita et al. 2015; Honsho et al., 2019; i - KR, 2018). &%)
EHOERERE LT, WiEE ETORZTNY, 78/ A7 =7 TOREMEM, LT
ORI FENZE T DD, REITI0IE, HEOKRICT o WiE et O A EL b
Wo DI RLBGT, MBERE A ~BEM EHRRLET TH S, R EREME, HED
FEAEIT LD TS B~ v b VORI IZ b o TS 13D o < D L RE A2 0T TREFI S
NOHRET, MEBEBREF~THFEORMMOLEIBRIS NI GEGRH L. FREERIEIE, 2
B2 WT i ) TA U IR EMEIC I X v A ( ZAUERME ) PIcE £ 2 MR T H -
WMAT DL THADKREEDOELDIEAEL, METOIRE - BEZ5IEEITHETH DD,
Ftfoe DI T BB B ~% o A L.

JEHBEICB VT, ZAVE TORITHIZEIC R THUER A% 1B S - 3 8 2 3+ 5
eI HEEREE T T VB HEE S LTV S, 2003 4+ B i HE 1 > v T, Ttoh and
Nishimura(2016) X° Itoh et al.(2019) 2SHEEMEREIEE 7 L Z2H#HEE L 7223, Th b OBFZE TIEIx 4
R A A EHE X0 bl E U, F72, Ueda et al.(2003) 1%, 1993 4Fi384: L 724t
ViR P VB LR D RN ZEEN 2> O AL HEE R VE R O KM E 2 HEE L .

2003 -+ HIEE T, dLMEBERTERICE W TORBMEREMIC XL 2 . E X DN EHNR A
RNEEPEI S TWD, RIFFETIE, 2003 F+BEI IR ICE N S e v EHh T — # ZF)
FU TR VEE B 7E 30 O R A S OHEE 21T O .

I. T—% & HEEEHE

- ERERINT—4

ARFIE T, BFExtS 2 duBErmE i s L <, Mo 7 — & 3E LB ER T 5
GNSS #Hi5e# liE GEONET OFE RN O H 2 OJEEE - F 5 ( AH1E0s, 2021) Z2EHL 72
(Fig.1). F 58I, BEE RN O _EOxRERIE D E HIEERIC L 2L ENL EDD,
PERFIA SN TEZF 3R (H)INEAD, 2009) IZHANT X EEEREEMBTH D, O EEE
i BREL Y EEAT R ITRF2014 (CHEHL S 2 IGS14 JEEAFE R TO H % OJEEME T, KFISEIC X 2 TSR
DRERFROEZLET D721, ENHF 100 72 D IGS(International GNSS Service) BIAILE %
FRA L LTRAL, EERTHL 21 DOH X DEFEZRDTND. T 7Rl
FVRALA Ty OMEICE, EE#BEREIVRESHTHLSHIET —4 (corrfbo.dat) %
AL .
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- BEAERRSIT— 42 Q0B R

2003 fE+ i IR AT 2 T OB A BRI O RS 2 32 72, F 5 REET — 2 b il
BIFAEA 2T BT B CEB O O i 2 Fhi L 7z, 1996 4F 3 A 725 201143 A 10 H (2011
ERACHTT AP HIZE ORI A ) £ TOEMET — & 123t LT, HFglIc 2003 4F-+EihHhE
HERAMNELZEH LRET S, AFFE T, HERAEORIE 10 AMOBEEOEEE L,
TN OEEHBEREMEE L.

FNT, MIERERORDEHOFEOTERO D, HERARTOYIM OEET — 2126 L T
EARZAL - FEREA - PEREICERE LA TOREANWT T 4 v T 4 v 7 Z2ATWREB LT,

dit) =at+b+ Z{ci sin(2mit) + d; cos(2mit)}
i=1

22T, d) EREZ tIC BT AR DAY ORTE, BdbE72iE ET), a & b DEMPEMRELL,
o1 & dy DEPFEREEA, ¢ & d OEINPEFEFEMEZRTHTDHY, TUH6ODORFA—F %
R E N —FFIETHE L 2. BAEZ+2ICHH TE 5 X 9 REUFHTRZRD 2 72D, &=
BiEE 72 & OB EE OHERE DR EED DI T — 2 N 25 FLUEH D Z ERLEEL
V™ (Blewitt and Lavallée, 2002) 7z, {3 28HRIA Z 2001 4LART & 0 BHAIAMT LA TW S EL
Rk > TEAE L.

- HEMREETIVETE

AWFFE T, ALVEE R D T o 2003 B HIERR ORZEB OFIA & U TR 2 K
EL, BISNIEBZHEBETE D X0 REETT VOME ZFE L 7. MREEIIRRE» S
BEALICHUIE CTH Y, BEINNI NI ARSI TV DERTRY ORFRITEE RS (toh et al,
2019), Fio, HELEMKGET DR EFHAT D2 L5, HEAYREHIR TR 35 fIBR X
RIZONWTIFZBEL 2N &L LT,

REBE PSR DT K D R AL o R ZE R 2L o # 3 F 5 1L v2fidg(Fukahata and Matsu'ura,
2005;Fukahata and Matsu'ura, 2006) Z W THEE L7z, ZD 7w 7T AT, HIEAEE Maxwell
FEPEPER DK R 2 BIEE 2 GE L, B oliEoR\WEWAJRIZ LY AT 2 NHER 25
He2ZenT&5. £, FHEOBICIIE LR SRR L 72 2003 F+ B HE oW E € 7
VM L 7z (https: //www.gsi.go.jp/cais/HENDOU-hendoul8.html).

R HERE & U T - R AR O IR 2 JE & 2 /E L, Ueda et al.(2003) &3 ITIE
L7zET NV Z2HIET V&L, TMEE O BEORHIEE ORGSR, MEREHE 2 X G657
DDETNEHWTHEZIT - 7 (Table.1). model 7 OHUEE 3 1X, Miyamachi et al.(1994)
TR SN ALHEE R P E T OB S 20 km HiS COHEREEOHE A LB ICRE L 1.
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Fig.1. Location map of the study area (southwestern Hokkaido). Red circles and yellow star denote the location
of the GEONET sites and hypocenter of the 2003 Tokachi-oki earthquake, respectively.

Table 1. Subsurface structure models used in this study.

Elastic layer P-wave velocity [km/s] 6.59 6.25
Visco—elastic layer P-wave velocity [km/s] 7.50 6.90
Elastic layer S-wave velocity [km/s] 3.77 3.60
Visco-elastic layer S-wave velocity [km/s] 4.30 3.90
Elastic layer thickness[lkm] 40.0 40.0 30.0 30.0 20.0 20.0 40.0
Elastic layer density [g/cm®] 2.85
Visco-elastic layer density[g/cm®] 3.20
Viscosity of visco-elastic layer[Pa s] 4.0%x10" 1.0x10"™ 4.0x10"® 1.0x10" 4.0x10"® 1.0x10" 4.0x10*
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m. # =

- 2003 A EDORNEE

2003 -5 HIER DFE A D> & 2011 AL G AR HUE O T D RANE B O R ZE [ &
TEFBT B 72012, G EBICERE STV 5 GEONET Bl 9 55 0 R A 2 fE8 Lz, %

DiEFR % Fig2 ITnt. Eiz, HBRIH% COLBOKE T2 003 <5720, FBHEDOE
HIBALA & 2003 4E 9 A 25 B ( +RSMHIE OFARTH ) £ TO F5 MRERET —Z O HEB N L v
R LR - PERLE), Fio, 2003 F-HBEIHIE O BRI 2B BV 2 b O % Fig3 1IoRT.
Z ORI EEARR R B D> B Y B\ Te IR AL O K43 13 Figd (2% & 7z, 2003 R
BT X D HUBREENTIE, BIRIED 5 300 km P BN 72 ALHEER RIS W T D, Bl X XA
1(940020) TR L% 2 cm OMBRZEM DB S TN D,

R GAEIR TIE, 2003 FE-HBEHHBLRIC 7 T 7 OEENEAL TWD A2 S (Fig2, Figd),
ZOMBZBEICEEBOEMPELL TWDLZ EBbhb, £, 207 T 7 OMHEEH 2003 F-LL
B 2011 £ £ TIRORIEICRE > TV Z L h, 2 OB 2003 FE+BHEDOFKEN S B X
Z TP S THHkGEL TV e Z enBEx b5,

BHMEOKRZ I D, HIBICXZ2E8HO 5 b ETFHRAIIRE < THE em FRE L KRS (F
PG ) NN SERDREETH 5720, 0% OBIHNE & HHEMEO it oIz i3Kk
WEBOHFEmTHI L LT 5.

- LB ERTES OREME T TILHE

ALVEE R VE S THIRR IR AR 1T D VT IR E A B & B EL 95 72 D OREHMERE OHEE 217 9 .

EZERL e & R - mEALRR 7> OBLE & SHRM ORI L 2 ik L R 220
Fig.5 & Figb ITRd. KEEHD 5 B, JLHICALE T DM (940017) (Figb, 6(a)) TIE, KIFEE
AL DOHEXHE TIXFE CRE R (1X 10" Pas) THIMEREOE X 23722 model 2 & mode 4 D)7 THL
HEABBLZHHET LI ENTEDZ DO, Ko 2 LICRGEAICE, Mt aiEmE kbR
THMEE DJE S5 20 km T % model 6 The b BUIMEICITVER 277 L7z, B 1(940020) & BB
#B (950147) (Fig5,6 (b),(c)) TIX, KithkR % 1X10¥Pas LT L 72T TN & W THaHi -
R E D ICBAEEZ X< HHET D2 ENTE 2. RO /EHIC AL E 5 M AT (940023)
(Fig.5,6(d)) TiZ, s & i U TEAHEHEOIRIE DO FEL A+ TIX7R W25, model 2+ 4 -
6 DIHEORFEFIIBNME L BB LE KL TV5 .
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Fig. 2. Coordinate time series. Locations of station are denoted in Fig.l. Red vertical line indicates the date of

the 2003 Tokachi-oki earthquake. Co-seismic displacement induced by the 2003 Tokachi-oki earthquake were
eliminated.

East North Up
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Year Yea Year

Fig. 3. Detrended coordinate time series. Red vertical line indicates the date of the 2003 Tokachi-oki earthquake.
Co-seismic displacement induced by the 2003 Tokachi-oki earthquake were eliminated.
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Fig.4. Co-seismic displacements induced by the 2003 Tokachi-oki earthquake with error ellipses (1-sigma).

2003 -+ IFHEE RIS O EERERFI2 5 1%, L EmM ET CREHHBEL 2B S D7
<& THEHEN TN Z ERALRICR o7z, AKERINEBOMEXHIEIE, B 2 BRI T
VX 2003 RSP HIEE D F&AE LA, 2003 4 9 H 27 H A6 2011 4E B H 5 A SERE AT H £ C
ORI TH5EMT11.0 £ 04 em IR X, ZAVFHIEREENZE (34 £09cm) OB L% 320 % I
Y35, AL, dCHEERTEE CIIERAE L 0 b MBEREEIC LI BMLOHBRENT L
ZRLTRY, BED AR 2RIV b B O MRS & a4 2 8551k
MR XD EEBET HLEERL TN,

ARG E T 7 L 2 W T B R AV EERE RS & BLIE & o bl Tik, WM (940017), A
1(940020), REHES (950147) TIXELAME & FFRME T L WVW—3 & " Uiz, #2A17 (940023) Tix, #H)
EDORBIEGRE L D bR EL Lo T,

BUE 2 55 b T & DREHMEREIE & LT, BMEEE 20~40km, FEMEZHR 1X10™° Pas 2355
iz, #EE S NIREPEZRIT, Ueda et al.(2003) 23R 7z AL E R TR OME (4X 10" Pas) <,
Ohzono et al.(2012) A3MEE L 7z ALH G FRIBOME (2X108~5X 107" Pas) & Iv— &R,
—J5 T, Itoh and Nishimura(2016) 233K 7z ALWEERE OREEFE TH 2 2X107" Pas LV ITHEE
WS, 2, AREERE TS & ALYEE G T MERE R K E S BRo TS Z L 2R
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T 5. AL¥EE AR 2 5 IR SN, EAISEIER AINICE L TR0, HEUEER -
BRI R 72 B % L (PEH -F8A, 2007; TR, 1974;Nishida, 1982). AffMHIEH (1998)
IZTC, AR 2 55 bHEE B0 & el U C, AL HRE RS PEER AR A B TR E AR K X <
BRoTNDZEPRINTND Z b b, ALHHERE L B THMEEOBEVBEEL, HE
BORNEIEICKRE REELEZ TV RIREREZZOND. Ko, BHRLRIC X > THtRE
JE23 5725 (20~40 km) FIREME DR S U723, TRk (2014) OHE AR T — % LD oRE
FALMBERE S TO Ny FIROBHIBAEE O X 5 72, a— 0 VR TiEEOEILEZRL TN D
RN D 5.

£ 0 KW o GNSS Bl o#ES T, 2011 FHALH S KB O E L Z 1T 50, Rt
ZECIIRBEB OFHMIC 2011 4F 3 H £ TOHERRII L AHW WY, 2T, 2003 4+
MU IR O REB OB 2 HET 5 20T L LT, MERAENS 50 £ OEE O
Bt %, BUED HHEE SNICER OIS T T AR OFE L. fhERIT, ZFLETO
ETNEHEDO O L, MEHROBIMEZ &b HH TE LT TV TRA L MR (1X107" Pas) 1<
EEL, HERHEE% Ueda et al.(2003) & Miyamachi et al.(1994) Trrx S A7z ALiEiE FE 766 C
DEZSEICHREL, HHEEEZ 20~40km O TEM I 726 2DET /L (Table.2) ZH T
FEBAERRAIC X A ABOET &, B 2B M L 7%z (Fig7). 7238, model A~C i Table.l ®
model 6, 4, 2 ICENENMIET . FEFRHORHIE, AL DX Gaiil & BIFIEK & O ERRED
DRNTRY 2B EETHEEREIMOLOEELHEL TWD 226, R - KE (2018) &
FRED FEEZBRA L, KRR Ok D RE Th 2FEMIFM « OB%k L L THIER AL D O
R TR DN u() 2T B LA 0ii sz, BEERGIE K U R oM IEREfIC X o4
BEICH L THWD Z & TEHEAEZITo 2. EXRIE, CRUFTH 2.

u(t) = E{l —exp (—;)} +C

Table.2 ® 6 DDE T /)L LY HEH U ZfEMEEFIE, JREHOIEH LV bEHOLBEL, =
[ (940018) T4.1~524, E /[ (950530) T 6.0~7.0 4, ¥R (940023) T 7.4~95F Lo 7z,
£70, REPIVEEIZ Fig7 X VR OB WALE T 2011 4L 7 AR R 0 FE A 7%
2015 R E TRERC 2D 6 b ZE 3kRE L TV 2 FTREMEAVRIZ S5,
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(a)Setana(940017) (b)Okushiri_1(940020)

Disp.[cm]
Disp.[cm]

2004 2007 2010 2013 2004 2007 2010 2013
Year Year

(c)Shikabe(950147) (d)Matsumae(940023)

Disp.[cm]
Disp.[cm]

2004 2007 2010 2013 2004 2007 2010 2013
Year Year

«  Obs. —A— model2 —4— model4 —O— model 6
—®— model 1 —k— model 3 —®— model 5  —— model 7

Fig.5. Comparison of absolute horizontal displacement and theoretical one. Blue points and lines with signs

indicate observation value and calculation results, respectively. Model parameters were summarized in Table.l.
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(a)Setana(940017) (b)Okushiri_1(940020) (c)Shikabe(950147) (d)Matsumae(940023)

10

Eastward[cm]

2004 2007 2010 2013 2004 2007 2010 2013 2004 2007 2010 2013 2004 2007 2010 2013
Year Year Year Year

-2

Notrhward[cm]

-3

-4

2004 2007 2010 2013 2004 2007 2010 2013 2004 2007 2010 2013 2004 2007 2010 2013
Year Year Year Year
Obs. ~0— model 1 —A— model2 —*— model3 —4— model4 —®— model5 ¢~ model6 —=— model 7

Fig. 6. Comparison of observed horizontal components and theoretical ones. Upper and lower graphs indicate East—
West and North-South component, respectively.

V. ¥ & &

GEONET O H % OJEFEfRF 5 ff 2 F T, L& vEES T 2003 4E+HR5IhHIE 1T X 2 RAVEH)
D37 < b 2011 AEFAL R G ROEPEM IR R AR E TR L TWeZ E 2B L. 2o
ik T O RERBIKEENRIL, HBREMEL ERl> TW5, REVES O KK 2R &
REL, BHSNIENHRRZHETX 2 X5 R T OMBEESET TV ERE L2 25,
VLTS D X % 20~40 km, FEEEEE ORPERZ 1X107" Pas &35 LBRAIEEZ BB REH
5T ENTER, ZORRITEATHIE L LB TH S, ILER LI, Tk~ L~ v
NV OREHERDACHRE R I~/ S <, HBOBIESHEN TV S 5HE TS BRI ST
FEHHIIZ R & R RNEBDER IOV RAETE Z EBHA LI SNz,

BiEE  AWFZE CIXE L HFERE O GNSS BHIKE GEONET O JEFEfETfR 2 ST\ e il & £ Lz,
F7o, KRG T 7V OHEE IR KB KA ZE A OFRMSE R G & G MR FE T O /A 78
RO T v 7T hvefidg %, FHE OO 2003 F-EEHE OBE € 7 VI E SRR X D RS
NIEbDEFRAEETWZEE L, L TEHP L LTET.
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Table 2. Subsurface structure models used in theoretical horizontal displacement calculation due to viscoelastic

relaxation.
model A model B model C  modelD model E  model F
Elastic layer P-wave velocity [km/s] 6.59 6.25
Visco-elastic layer P-wave velocity [km/s] 7.50 6.90
Elastic layer S-wave velocity [km/s] 3.77 3.60
Visco-elastic layer S-wave velocity [km/s] 4.30 3.90
Elastic layer thickness[km] 20.0 30.0 40.0 20.0 30.0 40.0
Elastic layer density[g/cm®] 2.85
Visco-elastic layer density[g/cm®] 3.20
Viscosity of visco-elastic layer[Pa s] 1.0 X 10%®
(a)Muroran(940018) (b)Setana(940017) (c)Osyamanbe(950140)

—

Disp.[cm]

o f

0.0 4 0.0 ¢
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 20710 2020 2030 2040 2050
Year Year Year
(d)Okushiri_1(940020) (e)Shikabe(950147) 6 (HMatsumae(940023)
10
5
8
4
E 6 € €
9, KEX O3
a = =
k) k) k)
a4 a a

n

-

2

0 !! 2 3

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
Year Year Year

o Obs. ~© modelA —A— modelB —k— modelC —4— modelD ~®- modelE -~ model F

Fig.7. Predicted horizontal displacement calculated from estimated viscoelastic subsurface parameters. summarized
in Table.2.
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