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Wide and large coseismic displacement field around Tohoku region, northeastern Japan,
are induced by the 2011 off the Pacific coast of Tohoku Earthquake. Because their effect
is confirmable not only in Tohoku region, but also Hokkaido, I focus on the coseismic and
postseismic strain field in Hokkaido using nationwide GPS network. A remarkable coseismic
deformation is observed around southwestern Hokkaido, and the coseismic strain distribution shows
also large extension with NNW-SSE direction (~ 0.6ppm). Published fault models basically
explain this coseismic deformation pattern. The displacement field during one year after the
earthquake shows significant effect of postseismic deformation especially in the western part of
Hokkaido. Along the Pacific coast, which parallels to Kuril trench, two different patterns appear
relative to the interseismic period; smaller displacement in the eastern part (Erimo to Kushiro),
and approximately same displacement in the western part (Kushiro to Nemuro). The shortening
strain toward plate convergence direction is large in both interseismic and postseismic periods
at the eastern part. It suggests that the interplate coupling around eastern Hokkaido has still
continued. The relationship between postseismic strain field and shallow seismicity after the 2011
earthquake does not appear clearly at present.
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98 KA FHT

et al., 2011).

BIRD O OBERERBEN D To D AL T OB AL X 0 I/ <722 25, dbifiE 5 T b HERE
BALDFEER S LTV D, AL T O VEER O W REBNT AV, BRI WAL HEE FE i TR R
FI~DZERLH, Fie, WiEOALHRITALE T2 ALigE HE TIRALE A M~ DAREEM B LS5,
AWFFETIE, TH O OHIFERES X OHIERR O dLiEE# S OB E S 2 0 0 TRL, £0
REZEHZMLICEE T 5. ZOBEMIILITDO 2 2TH S,

(1) HEROLEE# S ~DEEL EEMNICHET 572
HALH G X 0 AL SV s bHEE T H MBS X OHIES OB E N E T T, £<
DL THEHEILH G OARICTER L TWDe®, R TIEIS E Y &Ein S TWRWIREED
HERZEEIZ IOV TN D,

(2) AEFIE TOMBEENSOBENCILET D7D
MR OMGEATNIIE & A ERRNEICKFE SN TS & PREIND A, HERD & T
LZLT, ZOREEHEIDDL. £, RERICE, LHEEONE THERESEILL 72
LR 572, FOHIK E OF AORZERZE L & OXIEBRBRW R T 5.

I. T—28LVVT AHOHE

HUEBRFZE ALV, Ohzono et al. (2012) DT TH LN MBRE T — ¥ Z2EH 32, 207 —
%%, GEONET X3t K72 & e @ilAE TBUN & 417z 2011 4R RALH# G REPE i ER O R H
(GPS time: 201143 3 10 H 0:00-24:00; HAERH : 2011 43 A 100 9:00-3 A 11 H9:
00) &, HEE%K) 18 HEf (GPS time : 2011483 A 11 H 5:47-24:00 ; H AR : 2011 48 3 H
11 H14:47-3 A 12 H9:00) @ HEEEOENSEMEZEHL TWA. Fig 1@ BLUD) I
GEONET1093 (F B I AAR 5, 130.8671°E, 31.2427°N) (Txtd 2 HIEBRE D K LA 43 273,

MEREOOT HAEGIE, EBR L BT — 4 25812 Shen et al. (1996) DOFEICE-T X, Sagiya
et al. (2000) TSN T w2 T A2HVTHET S, BREICHT 5AELEM (UL U)D (r,
YIRSy, @ REBEERE), FELEVWSY v R (u,, u,) b, BOTR(e,, e,), 5
WO A €ry , WIRENES o ORARZ R TEHRGFERIILL TOEY TH S (Sagiya et al., 2000) .

(1

U,

+
01 0 Azx, Ay, —Ax




44°

43°

GPS BHANZEES <ty o 2011 SEAL T A PPErIER (Mw9.0) 1IThE 5 O R DRZ2HIZEL 99

(a)

I 0.4 ® right lateral
0.2

008 - :
o 3
-0.2 %, 0

@ Pt .

gt e

gLt T
ER

Fig. 1. Coseismic displacement and strain distribution. (a) Coseismic horizontal displacement field in northeastern

Japan. Reference site is Onejime, south part of Kyushu (GEONET1093, 130.8671°E, 31.2427°N). Black
lines are plate boundaries defined by Bird (2003). Error ellipsoids show 1o confidential level. (b)Coseismic
horizontal displacement field of Hokkaido, which is enlarged figure of rectangular region in (a). Gray solid
line shows traces of active faults (Nakata and Imaizumi, 2002). Gray triangles are location of the Quaternary
active volcanoes. (c)Dilatation strain (color) and principal strain axis distribution at the coseismic period.
Warm color and cool color show expansion and contraction, respectively. Small dots are location of GNSS
observation sites. (d) Shear strain distribution (color) and their direction and scale of right lateral component at
each grid (bar) at the coseismic period.
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(Az, Ay) &, BUHREHKTRLEOMBEDOEZRL, (5;, 8;) HETIEEE Sk OVE LA Ol

FEER LUTOLICERIND .
el, = oi,exp(AR;/2D*) o

ST, AR, = VAT T AYE, of, EENEGE R AT, D IREBIREEK  IEh, B
BEAHEL, BHASRLICE VEETZ S, AFETED =25kn & Lk, FEO%H
OTHORGPORDDEBEOT ey, BRIUWOT e, FOTHE ELDHMOE, LT

TERSND .

WO % €a: i = exntey, (3-1)
BRBBOT 2 e e = ‘/(ezzieyy>2+<ery+eyx ’ (3-2)
FOTH € e, = %(exx—}—eyy)—}—%\/(em_eyy 2+(91y+€y1 2

- %(edi@ (3-3)
EOFAHOHE 0 0 tan20 = (e,,+e,.)/ (en—ey, (5-0)

HBRZEMLLEB L EHBEOTAB L OCEOT RO ML, FIEOT A0 546 % Fig. 1 (c)
BIOW lcEznZIuRT .

AWFFETIE, HIERTE OHERZE B LR 5 72, GEONET 3 X OVE 4 i o> i iz 21 )
SO & B AR (FR)IT - fth, 2009) ZflEo THUE Db o T HER] (1998 45 11 H - 2001 4F
10 H) DS L ER VEMOLENME, BIUEALOHMOUOTARE LHEL 2. #EM
WZOWTIE, Km0 HEERSRINCERR, FH - FEE ML F2EEL T, 5ONEROHE
ZERAGHE L L TRV, MEREFREOFIETOTAEESZHEE L 2. 7k, 200043 A
WCRBRILEE TINS5 A L, ZhIctE o B HUSZS 832 Uiz (20X, Ml - i,
2002), Z OHUIBOBRAITIERL TWRW, HIEBRICOWTIE, HEH% S5 HH (2011 4F 3 A 12
H - 16 H) OHEEFEHLE 1F%05 A (201243 A 11 H - 15 H) O HEEFEEHOZEDID
AL EEHL, ThrbO0FRBERD . Fig 2 LM (a,c e) ICHBMOEES, HEHHEOT
BB L OEOT AT, WEOT Antnz, FRICER (bd ) ICHER 1 EROBEES R X
[ONORCRZS X w7 h

HI- =] %

1. EROUVT A5
Fig. 1(&) @ﬁjtfﬂ]jﬁ@%{j%i}: E%j‘éh< x 5 L:, jt@ﬁ%%ﬁpi%/ﬁﬁlﬁjbcmﬁh 5 ﬁ%l",ﬂ%@
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BRLBS R B, Fig 1(b) icdbigE )y O BN A9k L CTRTH, KBS O R KNI,
GEONET0023 (#f7) THEMEEI72llem THD (KM X2 146cm, FEMEIZ152cm). Ik
WHE TUEVED 6D 5 IO TEM DM E BT 5. PETIIEMIV NS 2D, HEIC
M2 5 NENTILHGAA~OER & 70D, ZOBEMNE — 0%, KEEEM oMW EEs itk o M
B E L CZIEHAFRETH 5.

BRI D HHEE L 72 O A % Fig. 1(c) B LN 1IT7RT. TREOT AL, FEEETOME
BJENT06ppm (1ppm = 10°) WA HWEN A LN D, EOFTREO S EEDED &,
C M TITALILTE — BRGSO KR E R EDR D o1 Z L D300 5. HEHOFTHIZONTH
[FRR IS, BRI WE RSN TR EROTHREPE L. oBIc >V THZE (HE)
SOMGHE (ERME) BRSNS, 0.1ppm 2 TRIZEE TS, BREAETIIRNWEBZ I LD,
ookl (KEIL) TREE VSRR EROTAERALNDL R, ZhiE, Fig2(b) THR
b5 X HICEDKLOT<HEICH D GEONET0867 (I ARATAICE X 000K X 2%
FEER LTl DITEL T DR EELZLND.

2. HERID VT A5

2011 A H AL 5 KO- LB FE AR AT CHER 24T 5 7o o, HUERTOHIBREEH IOV T b fil
Tk, Fig. 2 LM (o, c e) ICHIBERTOKFEEMHES I L OOT s ES 2R3, HIEH
DAbiEE DEALHESS (Fig. 2(a)) 13, TEMBETOKREET L — b DWLHATITHED TL—1
MEEPXEATH D, 7 L— MUEFETH 2 ALl S @2 - T, BELS XD HIThT
TORFEERT 19 - 29 mm/yr DHFEZ LD, Z OEBNINERICH D 9 1GEN TR A IT/NES LR 5.
Fiz, MENEDOILE T, B E A & O/ S RBAEE (~ Immlyr) ZRT. EEERO
EELERITIXIEE A LEZ T2 (~ 2 mm/yr).

EAHES P O EH L LEEOT AR L OFEOTAROSH (Fig. 2(c)) 1, EEMERVTE
RECAETE — ARG M OEES 2R T, T H RENEER TIE, HEHRICH 2BREDRRY &
Ffo TREREMEA DAL, F£io, FAIFRHEGEEEEL THO0K & WERFEA R T
x5 (WG 0.2-03ppm/yr). REHETIE, KV KEWRAHAREHOTHBEL TV,
—5 T, NEVWEE (801 ppm/yr) TIiEH 523 mEEERIXALIE 279, A ERILJEZ T 2000 4
DEKDEEZI Y B < TeDIC R OBRIS 2 AL TWRWAS, IUE (LR35 M 0 84
BARON, KINEBOFELZIY BRE SN TOWARWAREERD S, #N 5 E/INRIZ»TTO
IR - PR OO A8 — 0%, ZOfIcd 5 GEONET0141 (AE) 23EH X v b8 S iz
BALEED NS WIDICEL b D TH D EEZLND. SO AOSM (Fig. 2(e)) &, b
HIE Hh U 2 BT (SR ) 2 G THRL L D bR O T AEEA R E V. £, Fig 2(c) TRT
BINZ R EWOT HERTHFTTIE, FRRICHHOTAb KEVEIICH 5.
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Fig. 2. Velocity, displacement and strain distribution during interseismic period (November 1998 - October 2001;
left side) and postseismic period (March 2011 - March 2012; right side). (a)Horizontal velocity distribution
during inter seismic period with respect to GEONET0503 (Yubetsu), as shown as Ref. (b)Horizontal
displacement for one year after the 2011 earthquake. (c)Dilatation strain (color) and principal strain axis
distribution in the interseismic period. (d) Dilatation strain (color) and principal strain axis distribution in the
postseismic period. (e)Shear strain distribution (color) and their direction and scale of right lateral component
at each grid (bar) in the interseismic period. (f) Shear strain distribution color) and their direction and scale of
right lateral component at each grid (bar) in the postseismic period.
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3. HERDOVTHE

2011 AL 5 R IFEPEI U E# 1 F M OEALH 5 X OO T 25046 % Fig. 2 04l (b, d, ) 1
FNEIRT. HER 1 EROENY (Fig 2(b) 226, REVEFCHE S AT HBIEE Th 5
TG0 D. HER L RIS, dLHEERTEEIEREKIC 2y, GEONET0023 (#ART) Tix 1l
R T 8.6 cm DFEIFIHR F I ~DE Z2Rd. & OEITHIERRE O ZELL DK 40% 1CH2 35, AL
YEE-FEEESOZEMI20em AL TWD, 20X S ICHEEER HALEIC AT CodbiEE
PRI, Fig. 2(a) (R THUBM OEEY L BMLONY — U PR E SRR S, LR -t
HAOEMBR B, HER L D O0dbm & O ARV, HIEREML OS5 & 13—
. HEOKEERFEE T, IS HREICOT T, 1EBTH 2em OKEREMBR LN,
R L FIRRE OB & 2R 925, #5200 HICHT TiE, HEBMORF LD SEMA/NE N,
Fig. 2(d) OEBEOTAB I OEOTAOSAMAIE, ILHEER T 2RV URIENFEZ R L, H
B L FRE oL — E R I 2 R0, 2ANICHBEMO O FAREE LR rZN LY
HRORKENWEDICRAD. FEHEEIE, RAEEHICHE S JLILvE —mrE R A S - B R O R A3
KEV, 20 b JEITOMHE—RZIED /% — o 1 [E - R e o #Fea s, S047 ASE & Fie -
THEEHANEML TWEEDICEL LD THD EEZLND. Fig 2() 1TRTHEOT 4
X, EEMNICHERMORBELY b 2 HEU EREROT RS ERT. e, MEOMEEYEE
X, ORI THRIND X5 ICRNEFHED OFHRBKRE N,

E=3 SO
V. &= i

1. WEROMBESHLHMBETIVICL SERE L DLLE

W7 — & % 7z 2011 R HALH G AOEFEMP IR O BRI E & 7 V1L, B d o 7o g4
EOMBEEEIE 2R L <FHHFAL TWD (B 21E, Ozawa et al., 2011; Nishimura et al., 2011;
linuma et al., 2013) b D@, HILH G TOEMBAKE L, TOWMAPEEIND 2, JLifE
ZONTHEMm SN TS b DT LA LR, £ T, BFOMEET VT ENIEEIbmE
DHIEIRF O HHE T 33 S D I OWTHEH T 2.

Z ZTliX, Nishimura et al. (2011) & Iinuma et al. (2013) OEJRWIEE T A OHEE Iz
PREGE & BIAME & O #2147 9. Nishimura et al. (2011) (2 EREE HIEEVE T O ER W TE
OEFNC L > THIEROLM ZHEL TR Y, 2011 FER b5 KR ME D% ICHE L K
XR2O05KRE CEFRMM4, 201143 H 11 A 06:08 ; P M7.6, 201143 H 11 A
06:15, W4 b GPS time) IZOWTHEXICEEL T4, linuma et al. (2012) V&, {BEH
BEET — 2 b & LT OHEREEN G2 5, RIGET R ZHEL TET /ML EFT > T D,

Fig. 312/ E TNV bR I HRE & SAME & ok 273, Fig 3(a) - (¢), Fig. 3(d) - @),
Fig. 3(g) - () X% # 1 Nishimura et al. (2011) OAE L XEOHEEWE (54%), Nishimura
et al. (2011) OARBOALOWIE (340, linuma et al. (2012) (Z X 5WiEET V& OBLHIE &
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HEmfE O (Fig. 3(a), (d), (g)), RfiofHEort (BlME / B (Fig. 3(b), (), (),
HERE R EBEOT 2B L OFEOT A0 (Fig.3(), (B, () 277, WIhoETLICL
Th, BRAMEEMRR RHENTND 2 B0 5. BEED» LN SILERIC OV T, Him

a4

42°

-04 -02 0.0

44°

42°

-0.4

-0.2 0.0

a4°

42°

-04 -02 00 02 04
ppm

Fig. 3. (a) Comparison of observed coseismic displacements (gray) and theoretical displacements (white) estimated
by Nishimura et al. (2011). This model includes two large aftershocks. (b)Ratio of norm of displacement (OBS/
CAL). (c)Dilatational strain and principal strain distribution calculated from theoretical displacement field.
(e), (Dand(g) same as(a), (b)and(c), respectively. But theoretical displacement is estimated only coseismic
faults of Nishimura et al. (2011). (g), (h)and(i) as same as(a), (b)and(c), respectively. But theoretical
displacement is estimated from Iinuma et al. (2012).
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ERELHBEREZLEL TWRWET AV THD2HIC, T I THREITI RETEARWADLL
nign, OFHBGITONT, Fig 1(c) OBRED T HoAM L T 5 &, INSVETED 5723,
I COEBOT HAONT =03 80, Eio, HTIEHILE OTT /LS BN TIEERIE D J7 A3
FMEE D b REWA, OF A TEIHEGRMEDO S BB LY b EmBE O3 A0 UHE, JLvE— R I5m
SOFEMEOT HBRKEV, BB OEMAROIER FICH Y, HEIND TR OAGIT &Y L
BN — BB DB TH D20, TLOHEEEETWVALOBICED L HICEETHHNT
HESNIBERVRELRLIOTERVREEZZLND.

AREBRICEFRMPTHRELZ3FHICRKEWRBOERIL, ALfEEtS 0L IC LD 0FE
DRBISEDOTIEZVWLETFHELD, TOWEEE L Fig3@-c), £V Fig 3d-e) &%
T 5L, HFOEEHDL SO0, ZEAok (Fig.3Mb), () ZRTH 925 L5, K&
IRIEWTRV, — 5T, linuma et al. (2013) OFT RO SHPLFHE L ZEAGIE, 20 b0
M LOHETEM N Y — o ROBMDORKE SBRRD, ZOET VIR 25t gt & LT
WoTew, TOIMUTH DALER S DT —Z BHHTERVWRbH D LEZLND.

LD Z &2 6, drifiE OMERHIERZE)E, BRICHRE S TW 2 &R £ 7 /1 THERF
FRETH DL Z BN h 5. TIZL, Bom BEOESEM AT — v DEWVWSED LD Z &b,
INSOHAZRASD Z T, KVBIENLRMERT XY SMOHENTE DAEENRD S,

2. HEM L HEZROMBRESIHOLLE

Fig. 2 T/RT X O, HMUBRMOEES L #HERE | FREMGIIFRFICHEMTRE S RRDS., 2o
Higk <X, HIERITIE L A CHUEBEE SR SN TWieho e hd, MERITEE T, £, %
DB NS = FHER L LSBTV D Z D, RUALFHOZENLENTH S Z &30 Hh
5. HHTRAHEBOFEL KFET L — b OPGGEBNCHE S ZEINER Y, #MEMOREXY
b EITHEB L T D, T L— MGG A~ OB O AT BN ET CHUERM, HiER
HickEL, UHIPBHEINTND L9 RIBEWHO T L — MNEEHE (] 21X Hashimoto et al.,
2009) ZHIES LKL TWD Z ENTREND. —J, JIENLE 20 bl TEEIVIE W
DL, BRANEFHZOLOINS NI LTz, 2003 FEI2FAEL +BHiE Mws0) 12X5
7 L— NEERE OB S, RIZICEEBEEL TWRWZD TERNWrREEZ LS.

Fig. 2(d) ©OFAG54 TIE, #EHM (Fig 2(c) &LEANT, BAWCOTHRPRE <D
MR ALND, AU, 2 B CEAES L A - 2 L ic X v =R fgEERm L, 7
M7 HEREBE PSSOl EZbND, LrL—FT, BEMICEE/ED 5 AHOFEHE
DEPGRD T, BBEPKE L, ZORBEPKMES N TNWD T &V O FIRE S GE TE 20,

WTRICHE &, HEAER T, EH50HICEBN T HOBREDIRNY 28> TTL—|
KW Th LA — R M~OEMERADND, £, HEHZOOT Z#HE X 0.4 ppm/yr %
B2 DERdHY, ChBEYTHLETDE, MEMORELD LRIV LICRD., Z0
FIROERL, TEHEHETOT L— MNAFEBZEDO AR ST, HMTOREEREICHES OFAEF D



106 KA FHT

—ODODHERNELEZLNTND (KE - &iF, 2011, BIKILECH Y, Fiize L~ v b
ADBED LY VAR LT W TG 28> T b 729 (Bl 21F, Wang and Zhzo, 2009; A% -
fih, 2011), RENEEBOREMEEME L TEREENED LY KX <D EELEV. £72M2 T,
Z OMUEIE, % 100 FE D S HIZ M6 7 T ADOHHIBMES 4L HAL TREY  FLIRE XK
ZH, 1985), oMl L X THIEBIEBNER TH D, - T, FL— MNEERE, NEDORFT
AR, REEBOEENRMEEZITO 2D, 5% b 0T AGORMEIICONWTITERL T
BAVLERDD.

3. AERICLHLEBERILTRE L-HEL DX

AR L7z L9, #BEBROVTAGFIE, RFMICOTAPKES S R2MBARLND
(Fig. 2(d)). —J5T, 2011 FoHER, AbiEiE O NEE TIIHEIETMNEFIC 72 o 725 b F1E
T5 (—M - fih, 2012). 7€->T, ZHbOHEIHENCEE L 72//Rtey O A2 234 U Tz vl ke
b dh D,

2T, HEZOOTHAORMZE L2 XV EFEMICIEEL, MERE L OxR LR~ 5 70, H
E%SH% (20114E3H 16 H) 725505 H# (201247 H 28 H) £°T, 100 H 9 >& g%
BHL, OFARGERDZ. ZB3Rik 4 A 259 A OB EBEREOZEPGRD, Fig.2 &
LT WESIC 1 FEZ L0 fiE EE) ICE Lz, EEE, 28T holyghr bk
FolBBMOFIMREM NS, 0k, HIFNICREROZEHRISIOT V7 FOoRMIMTbi
7B ENEFEET S (ELHERE, http://terras.gsi.go.jp/jangs_gsi_hosyuwhtml). L5 D HICD
WTIE, ORI THEERRINCHL 22Xy v THEL TW LGSR L 2. £k,
JRENEARHATEH 2 2350 5 2N ERE R BAL 2R T ROV TS BRI 72,

Fig. 4 ICHIFE% 100 A Z L ICHEE SN LHHEL & 2N HEE L IZHE O T AHE & 0T R
WEDODA2RT. OFT HOKICIE, OIS 30 km LIk TRA L 72 M3 LLEOHIFE (K
T —e LB, B XV 100 km LIEOHEICOWT, K[BITHRD7Z CMT fFEOBIRA 1 =X
2 (http://www.seisvol kishou.go.jp/eq/mech/cmt/top.htm]) Z—F&IZ 77y L TW5,

HWETEEREEL THhDE, FERIOKE L & D ICHERORNEEC: 5 EEH R~ /NS
Ko TNBHZ DG 5, LL7eRn, 405-505 H LY (Fig.4(e)) TH EEHK 6cm/
yr OFEFRA~OEMDPEL TRV, ETOMEITHERM Fig 2() LT 2 LEFNICKE L,
RRRNEBDRENTND Z B0 5. OFTHEEDRAIT/NS S RBBEMCH DL L OITR A
%735, 205-305 H#% (Fig. 4(f)), 305-405 H% (Fig. 4(h)) TREFTHICKE ROT HIGHHE
TS, ZORMEIAFEEATHI2HM TH L7, BMEFOHEBICL 2 ANTOERIEL
TNLDOTIEERVWREZEZLND,

BUED & 25, BRHGA L OTHOREMZ & OBIRITARICIZR 22\, 72721, 105-205
BT OE DT = (I TR AR A L 7o B 0 BRI O B Tk, JRFTHIC H PG 7 17 O 4
DHERTE % (Fig. 4(d). AL OB R O FEEIRRERS| > GHBERFD R T v TR o Tc L 9 #
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005-105days i 005-105days
a) b
( ) \ ., Sites: 176 ( 1)4 °\ CONT.
80mm/yr == : <> EXT.

0.5ppm/yr

66km  67km 57km B .
Mw51 Mwd.9 Mws.a 144 146

% © 205-305days

140° 146°

Fig. 4. (a) Horizontal velocity estimated from displacement of 5-105 days (March 16, 2011-June 24, 2011)
after the mainshock. Error ellipsoids indicate 30% confidence level. (b) Dilatation and principal strain rate
estimated from displacement of 5-105 days after the mainshock. Circles are epicenter from JMA catalogue,
which occurred shallower than 30 km and larger than M3 in this period. The CMT solutions shallower than
100 km are also plotted. (c)and(d) Same as (a)and(b), respectively, but displacement is estimated from 105-
205 days (June 24, 2011-October 2, 2011) after the mainshock. (e)and (f) Same as (a)and(b), respectively,
but displacement is estimated from 205-305 days (October 2, 2011-January 10, 2012) after the mainshock.
(g)and (h) Same as (a)and(b), respectively, but displacement is estimated from 305-405 days (January 10,
2012-April 19, 2012) after the mainshock. (i)and (j) Same as (a)and (b), respectively, but displacement is
estimated from 405-505 days (April 19, 2012-July 28, 2012) after the mainshock.
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Fig. 4. (continued)
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