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Long-term slow slip events with the recurrence period of about 10-30 years have been observed
beneath Lake Hamana in the Tokai district where historically great interplate earthquakes occurred
repeatedly. We intend to simulate the recurrent slow slip events before the occurrence of cyclic great
earthquakes using a three-dimensional earthquake cycle model based on the rate- and state-dependent

friction law with heterogeneous friction parameters on the plate interface.

In our model we can

simulate recurring slow slip events with the period of about 30—40 years near beneath Lake Hamana,
by applying small negative values to frictional parameter (¢—b0) and small values to characteristic
distance L for the western region of the Tokai district, and large values to L for the regions off Tokai
district where seismic structure surveys reveal the existence of a subducting ridge.
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TR EATIE, 74 YV EVESL— bEOF L — b
Wt L THER 2~6 cm D & TURILPE S RN A A A
TW3 [Heki and Miyazaki (2001)]. 7 4 Y € g7
L — b DIAIAHITHED, BRI « B b 5 7RV TIE,
EARHES B L% 100~150 FEHPE TEEHMEE & 75 <
HELTBY [P, HEREEWEHEERTHERES
B4 (2001)], StHfcdic b2 oFERkBBEES SN TV S,
BRI <13, BIElD 1854 FLEERE - FEiEHIE
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FBHETT N0 E- 2B, WoW 3 EEHEEIE
ELT WoORELTOAERETERTVWEVDR TV S
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- FEEHIRIC NS LR ERSARE L T B o,
EREBEPHREHERIC DV TIRE LS D> TV DH
Bikch 2 [H121F, 220k (1999)].
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E AT, HEHITTPERZIKE T Ik ESEISEA —
F—OEMHH Ao -2 v 71X [Hirose et al.
(1999), Ozawa et al. (2001, 2002), Ohta et al. (2004),
Miyazaki et al. (2006), E 3Gz (2006)] »FAEL T
WA, S OTEERRILIC D VLTI, TR GPS #llEE I
K- THERCIHEEINTEBD, PIZTHERAD — X
Yoy 74 X v b, 2000 FEiEEA 5 2005 FEHILEE T
DH 5 FEfEkEE L, FRI6~10cm DIV EE B,
BREnEBEEE -2 v b oHE SN AHIEREIR
My, T1 2B EBbh>TWVE [E-HEEE
(2006)]. I 5ICTDA NV F DIz d GRS VH
b Lngwyy) FERROTEEDS, #10~30 FFHcEE
W HAELFEL T WA T &0, JIEREE R « 1L
(1998)], fEFIZEALB X OBy NIEEE OERE(L (B KR}
SERATZEET (2004)], BINIZAL U « F5H (2004)] %
kEERIE (A (2007)] OB SHEES N TV S,
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—F, 20— v FARVIFEHEYI 2L —V 3
VIEEDHELES ET BV O DHELS B [FIA
W&, DR - S (1999), Kato (2008), Shibazaki and Tio
(2003), Kuroki et al. (2004), Mitsui and Hirahara
( 06)]. JiE « SEEE (1999) 12, 7L — MERE FicE

RS EER L, B o x—%aB
ivb@2®ﬁ 2) B #HWT, a-b<0 THHS T

ENBTARY F 4 HERES 10~20, BX U 28~32
km iz, £72, a-b>0 TR T o NALET N %
BRE 20~28 km IC&E L, MRIIZIEHERT <D %
2RTLEFNTHELK., 22T, ab<0 3EEFHLD
PEREs 2 TR 700, REET N BFAET B NELM:
ThHY, a-b>0 (THEERCOBEBEEEEL 3D, ZETN
D FAET B, Kato (2003) 13, HE o IRREIKIFEEIERE
AN B EE Ve E WS35 2 — 2 2EA L, HIEHR
A JE D BEERIER AR 0 BR fE TIEHIEME I~ b SRR I
HEFAET 2 2R F VAR L. 7V — MERHE
DT ROEED Ve L O/NS VSR TN EEDHE
e & SICEFIRRBOBEEEHN D L, X0 #HED
v%i@ﬁ%mEAiﬁxbﬁW&&@u HIREED EE
BRI 5. Kato (2003) D€ F VT I3EE « k
BEARIE IR R R ORI T RO B L 283 cm DI kTR
JEMIEME 9 N0 13584 L h - 2. Shibazaki and lio
(2003) 13, H v A 7HE v, BELP 0 ZEBAL, TF
IRAE D EEIEIR S Kato (2003) E[EREDIR 2 VAT 5
EEEEBAIZHAWT, EBETAR—XY v 7 XV}
M2 EFRAEL, PoBESRICHEEIT 2 E 7V AR
L7z, Kurokietal. (2004) 1%, 7" L — b IERZEERDEE

RS AR E DT X0 E L (=15 cm)
DEZE—FfIc 52, HUEHIED 450~500 01 7 v
THERAET BRI, 60 FHPOEHHIRAD -2 » 7
A XY IR EGEEIEZT LR v 7 GEFTTRD))
FES D 3R ETNVEEK LI, 7L, ZOET N
TIFEZFE [Matsumura (1997)] @8t d 21w — 2
Vo ZBFEELTLEY, FWEESHMMETHRENT
W3 EWIEE [Ozawa et al. (2002), Mivazaki et al.
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ElEZ

(2006), E+HFER (2006)] BEELTWV., F,
Kurokiet al. (2004) &, fE#IA 15° OF@EF N THE
FRICFEOEDOESICRKER L A5A Ty 2L —
Va VETokEIA HIEDS, HBEHVIERAT—X

Yy FOHDHREDIESTHK I TH ST EERL, L DZE
HIREEEE 7L — NERASHIETH 2 2 & OmEOD)
By, HiEEEWRAe—2 Y v FOEBRICZSLERT
RTH B EFER L #-. Mitsui and Hirahara (2006) 3,
SERTHELTOAENZ 0 -2 ) » ARy b %
AN, zhold7 v — MERBPHIOFHEE TR C 0

5 T HRGE AR P FSREIRIE 7 L — b OEEIE A E D
FEELBEEVI ML AR L. o AED
BHY 5729, ERIAEZRAEZBELTHEY I 2 Lb— Y2
Y EIT o TAER, ERAEDL S SELNE 2 0 —
2y FEBFATE, S5ITX 547 HEICELEE
Z5LERBOBRLPIBAHTIVEEICRT -2 v 7
DHEN, o ERTL— b DERB L ERAN
)y 7B T A LTCERER T /54— LB T
ERRLTWVS,

Kato (2003) 13, ZHFFETH Wz slip law [Beeler et
al. (1994)] % ELHERD Bl /s BEERERAI T 13, HIESR
HERBOFESEESROESH O 0 —21) v F7E2HET
TRV ELT, EBERELEA L CBEEMBEE] A H O
fo. ThiLkD, REETNYPEREE (1078m/s,
GPS f@thhr DHEE S NAcBIN 20 -2 ) » A4 RV
DT NDEE) T GEREIRNIC ZET D E15
NN B0, 20— ) » ZBROR LA U DPT
{172 %. Shibazaki and Iio (2003) & [EBEDZNE A0 -
TR A VT WA, 2L, CDXHNIRAE
WITERS EORGBSIEE 2 H - s AERTAON S
bDT, BicLTIOX I BEEBERANT L — MER
OB HHEHATE2DONITOVTIFAETH 5.

AR T, BEHEEPSD v b 7 EEEZEA LW
T & A2 Bl AT o IREBKFEEERERL A [Dieterich
(1979, 1981), Ruina (1983)] 2\, 3KILD 7 L — b
SRR PR ¥ 5 A — 4 15 K D ERI A E 2 EA L

a—2

Fig. 1.
(2001)], (c, e) friction parameter (a—b), and (d,

Spatial distribution of (a) computational cells, (b) plate convergence rates [Heki and Miyazaki
f) characteristic distance L. Broken blue lines denote

iso-depth contours of the Philippine Sea plate interface [Hirose et al. (2007)]. Areas enclosed by blue
or purple, and green lines represent the expected source region [the Central Disaster Management
Council (2001)] and the estimated locked zone [Matsumura (1997)] of the Tokai earthquake,
respectively. Broken pink lines in (b) denote the Tokai slow slip rate (cm/y) on the plate interface at
periods of 2001-2005 [Geographical Survey Institute (2007)]. Areas enclosed by broken orange and
blue lines in (f) denote the slip deficit rate (2 cm/y) distribution on GPS analysis by Ohta et al. (2004)
and Miyazaki et al. (2006), respectively. See Figure 2 for broken lines A-D in (c, e), Figures 3 and 5 for
blue and red dots in (a), and Figure 7 for black line in (a), respectively.
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70 ' LIRS - HTHE . -

THEY Y 2L —Ya v aITH LT, EERBHED
JERAR T & RIS T EE LBl s hTw 2 BRI =
H—2 )y I N P ORERRT S I LA
MWERTHRU =N TV SZ  OMEEE 7T — 5 235 L1E
LEMETI/NT X =y BB oNE, BERBHER
DYV ) A%EEFEZ B ETHENBFESPO EEAS. 13
B, RmXTRFFICHSBWRD, 2o—21) 5 7&E
AP EE~ 10 FORZR e -2 ) v 7D &%
89

§2. BTFESLURENNSA—%F

VR R A e 3 kT o HE 7 v — R
EREL, 7L — NEREAE 4458 [HO—AN B L Z 5
km =0 VT LLTYIaL—va i
1T- 72 (Fig. 1(a). #EAOBVEVERHICL S 7L —
MEARTm EOTAWIEZ, HIE GEETND) BoH
BEBSICX 25 AT ORE%%E K L T [Rice
(1993)],

N

TERENSE., TTT, t3EAMIGS, K3 BHD &
VDTN B i BHDO VDT XY HERELK Vv
7L — b~ OWEIHERE, ¢ 3R, «w 3T N0E, Gl
MR, B I3 SEHEE, i BLU ) REVESEEhENE
T TNDIGER K, 3, 7Y — VBRI E S wTE
BN oLTERERXERAVWTES NS [Mura
(1987), Kuroki et al. (2002), g (FLE)].

—%, 7L — FERE OB, HE - RERE
FE{ERERLAI [Dieterich (1979, 1981), Ruina (1983)] % F
W, PIFTDXdicksnh s,

xu<=g?>=uv+&+aﬂn<jl>
Ti Vo

a6 _ Vil . .. Vi
= Li<@f+a1n Vo> @)

T T, u BB, ¢ 3EEINS, ¢ dBEIEGRIE,
wo SEIEEERIREY, O (2IRAEZ S [Nakatani (2001)], V
3N EE, Vo ldRET XD HEE, o bIFEE S
x—%, L 3E#HT~0BETNENRT. K@ O
% 2 i3, slip law EFFIEL 5 [Beeler ef al. (1994)]. 2
BlESn v A 7EEAEALTVT, TEALETH
fS BRI TR —2 ) » A RN OBEEAE g
LTW3BZ&EE, SEfTHZED Kuroki et al. (2004) 1%
slip law ZHW\WTEB D, ZDOWELEDHHNLEETH S
TEEEEL, AT sliplaw Wz, ARG
T EBEBENDBEFRINCEID &5 SREL, (1) & (2)
oBEH N AWM HERE 5RO Runge-Kutta

(1)

%635 2011

[N

[Press et al. (1992)] %W TEERIICE V., D&
X, BeALDTRYHEIET L — F OEHEE A E
EL, CAWGHOEAHOAEEL, T0ICL Bk
BICOEE ZEE L. 5B, X)) »SHOhEmE
T, WRBEFHND 7 L — FREIOEEFERRERZ, v — ¢
HELRILESTEEIT N ZELTVSET & 2RO
IBIREL TS,

7 U — MEROIRBHEOREHR IRk X BEEL

HZBEEZ LN B - fh(2008)). KBFETR, 3

WH e fh (2007) D7 L — PEROERAE B W (Fig. 1
(). 5k, DD b €757 4 —fEiFick-T, 74
EViER S 7OMBRICHINT 2 &b 2 ESE km
DIE Vs = 18 Vy/ Vs B~ INICE B EFICOH T
LT EEBHOCL, TOLEE T 4 VE VBRSO
tHEE LT, AMBAEEO 7L — M ERORERD
7z, COERE, WEREO HEE S L — NEBERE L
b [FIAE, B (1996), =1F « A8 (2004)] 1TH-,
B km & 8-> TV A, FHEMEEL, HigiEOM
EREIE [hRph KA (2001)] &%, FE 10~30
km MHIEFAE [Hyndman et al. (1995)] £ 755 X 9,
R NS A — % ab BT DRSS OEFHTEIZEREL £
(Table 1, Fig. 1 (c, e), Fig. 2 (a)). 7 L — b IGERE 1Z
Heki and Miyazaki (2001) icE—2 %, B (1.5 cm/y) »
575 (4.8 cm/y) MRAICKEL LB LS5 A 12 (Fig.
1(b)).Heki and Miyazaki (2001) (ZHE/EBI D _Figs 7
L= MERE L TIThNIHETH 570, TDER%E
ohil « fth 2007) D7 v — M ERICZ D EHEAHT 5 &
BEENAE L BM, AFE TR, BN ZERNR o -2
)y 74Xy FOFREAEBNELTED, 2 20FKRD
B A7 L — NERmMTIND 252 70 & & ofiRmin
BEOEIODVWTORESERZENE LTIV,
COBEEACITRERT S, FEAT~NVEL 3EA
EBRTRHum 04 — 5= LEFEINTVSE [FlZI,
Dieterich (1979)] 7%, EROWIEBRTIFE cm O 4 —
¥ — EHEES N T B [Guatteri et al. (2001)] Z &»
5, ABFZETIZ 0.056~0.1 m DEAEA L7 (Table 1,
Fig. 1(4, 1), Fig. 2 (b)). 748, B/ 5 X — % a 32
T0.001 &BA 7. Zofh, FIEERE 30 GPa, S HH#E
13 3.75 km/s, BHETRYEEEZ 1.0 um/s & LGS
DEMEEEREIZ 06 & L. 158, BBKTEOFEL
EE L, BEEIET 513 (o0wgz TEZTZ. o, 35 A
TET 2.8X10°kg/m?, p, RKOEET 1.0X10%kg/
mé g ZEIMEE T8 m/s? & L, z dFESEET.
Table 1 i3, AR THZ LEHE S5 * — 5 OD—EER
3. Casel ZfBHEE 7, Case2 2/¥7 x — ¥ NHE
£ 5, Caseb ZILAALEEET 7V, Case 7 % 5MH)
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and (b) characteristic distance L along broken

Table 1 Parameters® assumed in simulations and results.
C Regi b L Vol [om Pore pressur Tokai earthquake Slow slip event
ase cglon) & [m] | Vpl [em/y] Ofe pressure M | Period [y] | Center of location |Period [y] | Number®
1 (Standard) All |-0.00025| 0.05| 1.5-4.8° Hydrostatic 8.2 220 near Lake Hamana 40 2
2 East | -0.0005| 0.1 b .
(Heterogeneity)| West |-0.00025| 0.05 1.5-4.8 Hydrostatic 8.3 300 near Lake Hamana| 30-40
3-1 -0.0005| 0.1 8.4 210 34.6N, 137.1E - 1
3-2 East -0.0005| 0.2 8.4 195 34.5N, 137.5E 40 2
3-3 -0.0005] 0.3] 4.0 Hydrostatic 8.3 185 34.5N, 137.5E 40 2
3-4 -0.001] 0.2 8.5 300 34.5N, 137.2E 50 4
3-1~3-4 West | -0.00025| 0.05
4-1 -0.00025| 0.05 8.3 150 34.5N, 137.1E - 1
4-2 All -0.0005 0.1 4.0 Hydrostatic 8.5 275 349N, 138.2E 50 2
4-3 -0.001] 0.2 8.6 490 35.0N, 138.3E 60 2
5 Ridge 0.3
(Subducting | East | -0.0005] 0.1 1.5-4.8° Hydrostatic 8.4 400 near Lake Hamana| 30-40 7
ridge) West | -0.00025| 0.05
East | -0.0005| 0.1 b Elevated pore
. - - All -
6 West | -0.00025| 0.05 i (100 MPa in all region) 30
7 East | -0.0005] 0.1 b Elevated pore
(Elevated pore) | West | -0.00025| 0.05 1.5-4.8 (100 MPa only Lake Hamana®) B2 220 near Lale Hamana 0 2

®Here a-b is frictional parameter and peak value for the seismogenic zone, L is characteristic displacement for the seismogenic zone, Vpl is
relative velocity of plate motion. See Fig. 1(c-f) and Fig.2 about depth changes of a-b and L.

®See Fig. 1(b).

“Number of slow slip event(s) including a preslip during one cycle of the Tokai earthquake.

4See Fig. 13(a).
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Fig. 3. Time evolution of the cumulative displacement (top panels) and slip velocity (bottom panels) at
(a) the locked zone [Matsumura (1997)] (blue dot in Figure 1(a)) and (b) beneath Lake Hamana (red
dot in Figure 1(a)) in Case 1. Numerals 1 to 2 denote sequence numbers of long-term slow slip events.

BR7KE € 70 EIEFRY 5. Rice (1993) i ki, &4
4 RICHER T B E L ONRLEWORE L/ NS T 57
WITIE, |IY A X IR (B SSRGS D1
KEEBICEFHNTHRE L, P08 TH AEHR 1 XI1T5E
5 ERLET D HBIET B, T DL = OWELE
BEREIES) DOH A X XL D b/NEL RTINS
BV, ( BED MBI B /¥, (bi—a)/LK; TE
FHICE O NS, AR THWI NS A =5 itk b &
h/W*¥EERTH 0.24 TH A. Liuand Rice (2005) i3,
SEEE F VBT /DS 0.25 & 0.125 D Z R Ehi
DVWTYIalb—va VETY, MEDTNHEPLTN
DRI ABH BTN EEESID TS, Lt
DBoT, KFEDOY I aL—va vicBFEELH A X
ICHER T 2 RNLEHEDORE /NS W ST 5.

§3. #& R

Table1 @ Case 1 (BE¥EEFI) D/¥5 4 — % (Fig. 1
(c, d), Fig. 2)ZHELTY I ab—Va VE[T- g
R, M8.2 OFEHEN IR 34.7°, BX 138° L&k
EBAMAE E L TR 220 4F D 4 7 v CHR AT BRI,

GPSh ol EaNntcxw — 2 Y o 78 [FE-- s
(2006)] fHIETR O =21 » 7H 2 [EIFEAET B € FIH
Bohi (Fig. 8,4). T, 0.1 m/s Pl ED 4~ fEE
AMEEIE L EEL, HWEDE— 2 ¥ b Mo [Nm] %K
¥, log My=1.5M+9.1[Kanamori (1977)] 2> SHIED
M Z2koi. 2EIHORa =X ) » 7idd DN
WE B EBCIRL, ERIMMCT LRy 7EBDEH
WHIEOREICE S, 20—2 Y v 7EFE» SEAF
T BEEFA N (Fig. 4), % OEAIE Mivazaki et
al. (2006) R E--H1FEEE (2006) O GPS T OfEE &
ETd 5.

LA LSS, §1 Tlizk i, Eillh 513 2000
FErREED 5 2005 FEHPEEE TO R T — 2 ) » TOMIT D
RN E Wb L uds) [EEEOTEENDS, #9510~
B0FEAMTBEICOMEIREL TVWE EIEHSNT
W3 KRR < (LPY (1998), B KBIEEARIFFERET (2004),
/B - FH (2004), BEA (2007)] 2%, Casel (fEHEE
F) BINSHEIOFRELBFRTETHWEW, 22T
BER/ N5 A — & DEPZERID T & S THRAICERE L e
FER, IO MmICZERINEENEL 5 X9 ICmVEE
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HAEMBOER R0 —2 1) v 74 XY FBLUHEY A 7 VOBEHOEKA 73

138°

137° n 137°

10g1oV/Vp n———

-2.0 -1.0 0.0 0.3

Fig. 4. Snapshots of spatial distribution of slip velocity on the Philippine Sea plate interface in Case 1.
The numeral at the top of each panel represents the lapse time from the beginning of calculation in
year. Dot in lower right panel denotes the starting point (>0.1 m/s) of the simulated Tokai
earthquake. Other symbols are the same as those in Figure 1.

RRTMEE GR7 2 F 1) LEHVESE A E T RE
FETARY T 1) ZRETNERV EBbr o7, B
RET i, HIBFAEE O MRS AR T AR 7 4 & L
T (ab) D¥—2%—0.0005L % 0.1 m & L, PEHIFAE
AT RANY F 4 & LT (a-b) DE—2 %—0.00025, L
2006mé&L7Case 2 O35 2 — % RBEEE T,
Fig. 1 (e, ), Fig. 2) T, M8.3 ORiEHIEI L IE T
EHHEERRIA SR & L THIS00 DY A 7 VTHET A
i, EEMESCHEETAPN30~40F DA r — X
Vo B4 EFRET B ETAVNBEL N (Fig. b). 4[4
HBozo—2Y v 73 FNDHMBINE S &L,
BRINCT LAY v 7 GTTRD) &g RiEMED
FEEICE R, IREZME FicBi) 5 Fig6 D3>0 20—
2y FOE—=7 DFTROFEER, FL— NEEED
15~3ET48~96 cm/y &1 -7z, THIFELHIE
B (2006) 25 GPS figffr» & 2000 FEOEBR o — 2 Y v
TOTRNODBIZODVWTHELHS~10cm/y &B &
ZF—HLTWE, £, Ro0—=X Y vy TDE—A VK
L—hiE, #55X10M Nm/s EHEEShTEY [E+
HEER: (2006)], ¥ al—va kB9 N0 EES
log(V/ V)20 OfffE 2 m —2 ) » 7 & LT, 20

FEHoE -2 v - EREEL-ET A, 10U~
102 Nm/s DA =4 —TIbobBIZ—HLTVES,
L LEAFETELON R T — 2 ) » 7 Ok
10~20 4EF2EE T, 2000 A 5 2005 FrhtEE TD
KB ERRGE L THEIRlS ez o -2 ) v Ttk 3
E2~4 fERW,

VIalb—vag vEERICENE, BEEEEOE
BRlG AT IRZ B &7, COMITIERI3EDR o —
2 oy TIMEIET AMEEALTOH B, B 3EDR D —
Z Wy T & - THEEE [Matsumura (1997)] D fhgIC
HAMIS DA BB L & WWmA, 4EEHO =
0—2 Yy PREISENCENKREDDOZR - v T
ThH-lcicw, EERESHAUINT, RV R
Vo 7PEE - THBICE - EFEZL N5,

=+ H#IFERE (2006) O/KEERIE T X 11iE, M 5 mm
OENETHNERRLS I U CRIBTIBERRL Sk LT
% (Fig. 7T o). vIav—vavTiEohiz 1 #
By 7 vdc B SIS B HRTIE O B O B
Zhofl & LT, STERERD O OB 680 £
5 1010 FF cofifli o b Fig. 7 1xd. HETEO
OB, HE (BEERRERTH 680 FicA) & 200
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Fig. 5. Time evolution of the cumulative displacement (top panels) and slip velocity (bottom panels) at

(a) the locked zone [Matsumura (1997)] (b

lue dot in Figure 1(a)) and (b) beneath Lake Hamana (red

dot in Figure 1(a)) in Case 2. Numerals 1 to 4 denote sequence numbers of long-term slow slip events.

FRE 1.5 mm/y, D% 3.0mm/y EEEILTW3,
TR R O IEE DB &SR TIEZ oD id, BIEOHIE
TTNRY, EEOPET LEEAEEE B L2720
&%‘71 5NB. 1217, VIal—¥Ya ryToEONTEE
HE ORER G FRIE [ELHEERE (2006)] D¥AIEET
Upis <, TERANC ZTEE BEHIER O EEE 8 ORI 28
EI{BHETZETICRE->TOR,

§4. & i

4.1 SEITHIR & DEbE:

Kurokiet al. (2004) i, 7" — b IBEREFEEOIWE DR
SRR E AT ROE L (=15 cm) DfE
R—RRicE A, HIBHIED 450~500 DYV 41 7 IV TH
A4 AR, 60 ERHOEM X0 =2 » 74N
viA5E GEERS LR YT FET S 3IKRITE
FERLER Lic. —05, AT, Kuroki er al
(2004) DX H 1T A — & DARYEAFHTE L5 Case
1 (EEEFL) Th, AB—XY » 74y NIFEL
7o. AWgE & Kurokietal. (2004) & TlE, 7 v — IR
P77V — MEGEEOE VD E T, HIEROE D KWy

DR E B> TW5B, Kurokietal. (2004) (35BS
HIFg D 2%, MBI IZE ANIGT & EEE D0 &0
OREELS DTEIEL, HBRFICT N B 8K & ISR T
EE2DH O UOEET 557 [Tse and Rice (1986)] =

CEALTVS. ZOEET, Kuroki ef al. (2004) @ v

Yalb—va vTlR, HWERESOESR RS TRAER
BISHORTERA LG, —T, KR TIIHIERIC

NBEHE NI TEZEE ST, SANIRT & EET
DEO B VEREL TWAB o, RERLIGTDSH I
ALNIEV, 2T, HERKICTNSEKE TR T=
ZEE LS WA OF LT, Kurokietal. (2004) A3 2
Vo FPEFEEISEEENTERLETNVERLES
V= MERBEIUCEL/ 5 A - 2HVTEHELLEC
A, 2B =)y ANV FIFEELLEDL -7z (HAO
FURY) oy FIREL). coEM S, Kuroki et al
(2004) TRO =R ) v A XY NBRE LD, LD
RGBT 1 T35 < BRI OHIBIT & 2 RERITIGSIHH
DBRESEELTVWEEEZEZOND. DX, I
7t & Kuroki et al. (2004) & IZHIEROE O oA H35E
8B, MEDERNEE s/ EEZONE. 12T,

a—2X
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Fig. 6. Snapshots of spatial ﬁistribution of slip velocity on the Philippine Sea plate interface in Case 2.

The numeral at the top of each panel represents the lapse time from the beginning of calculation in
yvear. Dot in lower right panel denotes the starting point (>0.1 m/s) of the simulated Tokai
earthquake. Other symbols are the same as those in Figure 1.

- 275 =



RGN FEFTHAN Bt

%635 2011

76 ' ohHRACS - BIHE - SILEZ

-y
(=]

Elevation [m]

0.5

T T

700 800 900 1000
Time [year]

Fig. 7. Subsidence of Omaezaki relative to
Kakegawa obtained by the simulation (solid
bold line) in Case 2 for the base line shown
as a black line in Figure 1(a). Data are plotted
for the period of one seismic cycle from just
after an earthquake to the next one. Broken
line denotes the observed subsidence rate of
5mm/year from leveling by Geographical
Survey Institute (2006).

HIBRF OB O T\ A ED X 5 BFETITO OBRVLHIC
DVTRERORIN DY, SBOTEE Lz,

42 ZAO0—RY o TEREOEGEETL— MUEEE

DEHE

AT, 7 v — MEEREZED, SPRICRZ 1K
% < [Heki and Miyazaki (2001)] L7z EFVAEHL
fo. 7 — M GGERE EETRiE ek T—E PR,
Senoetal. (1993) ® 4.0cm/y] it L, Case2 (/Y5 A —
YAREEEFN) LEL/YT 4 — 4 (Fig. 1(e, ) T
S al—VYa YEIT-EE Case 3-1), 1EIHD R
O—2 ) o THREOFE LR v LT, HE
Eof, —7, Case 2 DHEMOWEBT X< 5 4 H,D (a—
b) <0 DHEER L 2B X0 TaRkE WA,
Fig.2 ® C @ 2~3 f£, Case 3-2~3-4) I, o —
2y FREOHEMT I~3EFEEL, 2~4EHD X
0—2 )y P THIBHIEOREICE S EFVE/ETE
7o, BEEED (a-b)<0 DHEE RE T 5 &0, H
BROISHETEEZAKE L, FAMGIOERICHM
DB EIHEE L, FRLERELTEIEE, T
NI T BEEOETRENS L, RLETND
FRILILSFTEIECHEET A 70bb, AHC
E~EEREBIEO®R T X )Y 7 4 fEETARLETND
TRIITRHFEZEO S AEGEEA I LD, A —2X
)y FEFERICRES B B DI hBRENFTH S &
WZ A, #LT, 2uv—21 v 7OFEEKICR, 7
L= P EREE OEFEOZEA LT L SMETIEN T &
DBowsd, 58, BRKETOEINAD -2 v 7

FH LT\ B [Hirose et al. (1999), Ozawa et al. (2001)]
B, 7 L— MGREE IR TAON B IEED L T
ZEFEIO#E VTV [Heki and Miyazaki (2001)]
b b, TU— MYFEEOEGESEOED F49 L
b2 =2 PREOMKBELEITEBVWEEZL LN
5.

—75, U= MCREEAEL ST ICREL L
fcETNDEE, EERBHIEOCHAIFRICB T SEA
WT IS 7 D B FE R A3 () R IR I8 o PR fEEk It~ TR 72
b, PEERETRET 2R 0 -2 » Fic X BEAWIG
TIOHENNT & - THRMASIL S TICRBALET D %=
LTS WIRIRER B, Tk b~k aic, =
a—2 Yy ZOEHFNCRE LT OREEEISEEE L
BN5E. O EMD, 7 L— MUEEEERFEO LK
TV EMHEETHNE, BEFHEHE O PERIE T
AT =2y TORELPTVEEL L -TVEEE
o5,

483 Tl — MEROBIKOMRE

7L — FEROIR [RAHE « fh (2007)] 28> 3 2 L —
VaViERIKEDX S ICEEEBZ A0FHET A D
i, v — MGREEOZEMA % 4 cm/y T—EIC
L, HEFRLEELEO @-b) & L 2%hEh Case 4-1
(—0.00025, 0.05 m), Case 4-2 (—0.0005, 0.1 m), B
OF Case 4-3(—0.001,02m) D 3% —» (T T T, (a—
DHELDOHE—E ELEBST VWT Y 2L —
Va vER[Toto, Z DR, Cased-1 Tz 7 L — MER)
AOEVEITAROTERT, o< DFXY (FL R
Uy ) BFEEL, FBHIEICE - 2 Fig. 8). —7H,
Case 4-2 B LU Case 4-3 T3 7 L — MERIA D2 [H
El [Matsumura (1997)] DM TR o =21 » 7h3 2
B QEHEF LAY v 7)) FEL K (Fig.8(b). T
Lid, - VEROERPEHBEER, @b L
DIEICE Y 20 =21 » FURFRET EANBERIEDLL &
%R L TW5A, Mitsui and Hirahara (2006) Tid, EEE
SR =B BEBOTTET L — MERESEL S
R CHEET 5 2 D DFmDO5E, ERAI/ NS WIHD
28— 5 THEFEELPTOEVSEREEB TS,
UL, 77— MEESERERES R, SEREEN
BEHR NS X — 5 DFE T K - THEMICEILL, BFL
IR 7L — MERIBOEWIZT TR - » 7
DI DRTIMNPE ST VEREEARE L T W5,

4.4 EFHATEEDHE

Case 2 T3, Kurokietal (2004)D¥ I 2L —¥ 3
VT H LN EEE [Matsumura (1997)] & T D 2
o0—2Y oy FRERFEELEVEDOD, 2a—2Y v T
=D SRS TOMEEE, SS5KEAD NS
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Fig. 8. Snapshots of spatial distribution of slip velocity on the Philippine Sea plate interface in (a)

Case 4-1 and (b) Case 4-3

36

35°

34

Fig. 9. Spatial distribution of characteristic
distance L in Case 5. We set large value (0.3
m) of L in the region of the assumed
subducting ridge [Kodaira et al. (2004), Ueda
(2005)].

7 BHANCIEAS - TV B (Fig. 6). —HEAKER T, GPS
BUASEEE FICFR S0, B0 SRRV SRl 1
51 HOWEIRTE WA, 2000 FhtEh S5 % - 725
WA T =2y FA Ny QT T BT
TH->T, b 78FTICE TELTVAEGIEA SN
0 [ELHEERE (2006)]. - T, YIab—Ya T
5o NI BT DIFFER S T ZHIEIT 5 12
13, WSy S OB ICHERT B0 5O REE
WOFEEEZ B NEND 5. ER, EEHOREHITE,
x 7 4 ¥ [Kodaira et al. (2004)) R EHER [HEH
(2005)] 5, hAIAALIBEDEREDSRBEEIN TV 5,
F7c, 1944 FEIFFEREEE T, BRI SILEH
B ~NBHE AR L 72 [Ichinose et al. (2003), Kikuchi et
al. (2003)178, % OWHEENIEAAA 12 BB O TR T1E
IELTWB T EnD s, hARAAR BRI AN
Bl 2N 7 LTEO A TREEASIER S 0B, A
ATBEPERELTWA ECADT L— NEREIZ, B
RN FERRPKREHOEE A2 T ENTE S [Kod-
airaetal. (2004)]. —7, FEHTNDEL FTXOHE
OIS EEBITREL DI ENEBRmDPSRENTVS
[Dieterich (1979, 1981)]. £ T, Z DIk AIAA K MR
OEAEPHEE SN AT L OKRXE (0.8 m) 252
TH7z (Case 5 IAALUBEEE 7V, Fig. 9). Ok
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Fig. 10. Snapshots of spatial distribution of slip velocity on the Philippine Sea plate interface for the
modified model having large L value in Case 5 shown in Figure 9. See Figure 4 for the notation. Slow
slip is suppressed around the ridge.

B, 20-219 570 b5 7~ OEER FHIH S 1, mONSWVEEEZ IZEEE, Ao -2 5 7OFTRY
BesicBRES N B & & &75 - 72 (Fig. 10). 5B HId b 5 7iiHE E TIEA D, Y 7 & LTORRIZK
B (M84, BHERAA IR Fig. 10 BR) OFREMENK ot IO EPD, 2o—2Y o F7HEIET S 7
400 F LR, TOEEBECRT -2 ) » FOFEE DiIc@ ) THEEEZRO L OREZEEHEET S C
BB A 7o (Fig. 11). 758, LAAAZHEED L1 0.1 EORNRITH D, Fh¥iic, IhHIAAKHEETIEIL M
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Fig. 11. Time evolution of the slip velocity at

the plate interface just beneath Lake Hamana
(red dot in Fig. 1(a)) in Case 5. Numerals 1 to
7 denote sequence numbers of long-term
slow slip events.
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Fig. 12. Depth distribution of lithostatic

normal stress (broken line), pore pressure
(dotted lines), and effective normal stress
(solid lines). Two types of pore pressure and
corresponding effective normal stress are
shown: hydrostatic model (gray lines) and
elevated pore pressure model (bold lines).
Effective normal stress is obtained by
subtracting pore pressure from lithostatic
pressure.

FhAic i b KEWABEEA S 2 T L2 RB LTV
5. '

4.5 BWMERICTOME

HEHEESR b 5 7 I DB AR AL 2 5 THIFE O &Kk
VI, IR - FEDSMICHE » TR T 3 BRICKB DK
EH T A EDHER & T\ B [Hacker et al.
(2003)]. T DBIKEIGIC X © BHE S I KOEER, 7
L — MEROMBIUKEZ FR S H, FhRERHICERNE
PRI ETSE 32 &2E%KL, By ) VBT
L= bEIDH T Y INERD BBEET S EEA S

N5, AFETEEBKEE L TEKEEZREL, B
ERIGEERS & & SICEFIEins T a0, 1k
Bilck s k& Sns54, Fig 121nRlickd
75 SR T £ 7V Rice (1992) 124k » TIRZEINT
W3, 2T, BENERISTOBES % Fig. 12 05
MIBKEEFVICEEL, o5 4 —4 1F Case 2
(Table 1, Fig. 1 (e, ), Fig. 2) &[F U ETEHE L 145 H
(Case 6), HIEMET N XL FELET, (@-b)<0 2l
TR —RY w74 N DA B0 FRFITRAE L
fo. WiEd N0 O&E « NEEWDOIERL LT, HEH
TROERLITHDOT RN T 1+ DEFER 7 (=
GL/b-a)T) EEBED T A ) 7 1 D¥EFr EDHr/r.
BLELIERwSNE [FlZ21E, Kato(2004)]. Case 2
Dy 359 17 km, Case 6 D 1, 35960 km TH 5. 7/7.
>1 OEARMBHT~NY, r/r.<l OBEREET
0, r/re~1 OBEICERE R0 =2 vy 7&K 5
MBKEEFVEABER L, BEREIeHET LT
ET, 1. WRELIRD, r/r. <1 &1 - oo FEIEE
DLEET D EELEEZLNRSE, O EI—F
T, BRERICIERRICERL D b T 5 &T,
20—y FEBRICRESEE S EaREL T
W5, Matsubara et al. (2008) i3, PHEIHA N OIER
HEREAREL, 25 7OKICK BIKOEEERT
B Vy/ViBRERIN AT -2 1) »w 74 v DEERK
PR HIE « #F) & OZERIR S HRBAR S A S B T &b
5, INLDA XY MRFKITE > The b S hioEi
BENRRTREL TV EIERHLTWVWE. 22T, &
ZIE T OEMELIGSI7 % 100 MPa ic T, 24
DA OB ES & & bicEns ¥ (Fig. 13(a)), % Dfth
D/¥F A — %13 Case 2 (Table 1, Fig. 1 (e, f), Fig. 2) &
[E CfETEtE A A 72 (Case 7: BEF/KEEF V), %
DFER, EZBTETRIRENEREINEEL b b/h&
BEEDBBERINET L, B EET N BED
7z (Fig. 13 (c)). Z D =D EF D AWIS DML, 4
IR OFHE T Id C OIS IO & FaAH D 5 DLET
NOICRBIEIEMESMH 5 Eicky, FRrIIZA
00— 2y AL (Fig. 13(d). 72720, BXhiERR
BTN E W ET, RBHE (M 8.2) DI IERIE A
(EHBAREET) HEOBEEN /NS 135 DHE
HEBOFRENREF D, 2a—2 Y v 7OREROEET]
DEEAZFFT L THIERREL TL Z - 72 (Fig. 13
(b)) ZDtd, B 2o -2 » 7OBERRITEE
ote, TOFREEFEUHRET, S5IkAT—RY v 7
R EIRICRE S ¥ 512id, #Z 13 Shibazaki (2005)
% Mitsui and Hirahara (2007) D& 51T, ¥4 5%~
v — ETEEENIC X B RERRKE DR AZE L D% R % B
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Fig. 13. (a) Distribution of effective normal stress on the plate interface for the model with small value
(100 MPa) for limited area near beneath Lake Hamana in Case 7. (b) Time evolution of the slip
velocity beneath Lake Hamana (red dot in Figure 1(a)). (c) Snapshots of spatial distribution of slip
velocity on the plate interface at about middle of the cycle. (d) Same as (¢) but at the slow slip event
time. See Figure 4 for the notation.
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HEHIEHOEMN A D =2 ) » A XV b BIUHEY A4 7 VOBHOHEA 81

D AN TEERIENCEERIZE L E 545 Z E8ERT
HEorb LN, EEKOHEIFEOFE I X 5BWE
KRS DWERE - 2R 2 La & o o F IS T Ic D L
T, 5BOFEELWV,

4.6 FEEERAOHMR

§1 T~/ Xk 91z, Kato (2003) % Shibazaki and
lio (2003) 1F, BEESLH v b4 7HEEZEBAL, 5
WD ERCZSE TR & 75 DRERNE N B BRI
FHWTRe -2 Y v 7EHEBELTVS, —F, K%
THWERT NORICEET D LIRBR LD A
NTWIE VOB RS (slip law) T, BBET
28 =2y TR LUHET AR IEFE T E .
DT &R, BREECH v b 7EREEREA L EER
W2V THEVIRT 2 -2 ) v 7OHHIZ
HEETH AT EERLTV S,

4.7 T L — MEIOEERKR
AFETHRELLEFTVORT, XDHEITHT VR
o—2 1)y 7EEET3EFNVE, BEEREOERIE
WERT AR T 4, AMEFTIR) 74 &L, A
A HESE A ZE LT Case BDEFNVTH B, Case 5D
TV, RAOEEDH <, MRl o EE 155
WEFIVE > TWVWBD, DY > W TER
%. Matsumura (1997) (318 E RHFHIE O EEEEE 2 5
T O NIEIEE B L O PO L OHEE L 2. RO
HeE L BEE B E AR TET AR 7 1 & LIcfiigo
MERRIEIBLE L TVWA, Fi, Fig 1()Iicid,
Ohta et al. (2004) A3 1997 4F 4 H~2000 4E 4 H, Miy-
azaki et al. (2006) % 1996 4F 4 H~1999 R D AR D
GPS 77— 9 % f#th L TB SN/ 2 cm/y DT XY KRIE
BEzhehRrLTWa, B SIENRAICT L — MY
HHE AKX < 78 - TV 5 [Heki and Miyazaki (2001)]
fod, iR EE LTV BRI N KB IR
MEEZZDIRZHICEAL. L LEMs, Ohta el
al. (2004) % Miyazaki et al. (2006) DETFETIE,
PR DU T TN RIBEW/NE 155 & 5 EH»E
SNB7cw, BRSO GEEEEREEM) 0ED
TR REBRIAFTH 5. —75, Ohtaetal. (2004) %
Miyazaki et al. (2006) & 0 FEHIT/EOFEERIZO W T
I L 72/ » fth (2007) % Ozawa and Sagiva (2008)
DIERZE A5 &, KFFEOENT IR T icd 2 5=
BREELE~BEE AP~ ER CEE NI &
WESNTVWEH00D, AFETTL— A 7Y v
JIggOE LIcEoh v 7Y v 7 i TR IzES
WEWHFER LB s TV, Lich - T, BMyNbE
TEE D O EERFEORAOEZSHEV & LAVRE S
NTWs 600, HIFLETIRGPS ¥ — 9 OffFiERE

BT LHEAN TRV, 5%0S LR BHFICE -
T, KA THEELLREARIDO/NT £ — 5 DRTED
HHBHEBIF SN ETHAD.

4.8 SEDFEE

AKFED Y I 2ab—va VT, 2a—21 5 7Ok
BRI S AIICHEL D b 2~4 FEEL L - TV 3,
Liu and Rice (2005) i, H#HIT <D B L ¥ 7I13H%
BRI A TS 2 &, BREICE T 25RO EREERE
DELC A ML TWA, AFFE TS Liu and Rice
(2005) D& H T L F R EBNFRG12T T 5 & T,
P SERABET 2 20— 2 Y v 7 DIEIFEE A 3D,
WL E T EnTE LI b LKW, ik,
et 2RI OBEE I HE L D b/hawv, &
NRIYIav—va itk 28IOEBERESREL D
bR, FERMCEN N 2 HFTIE OIS IREL b
bELB-TVWBEEZ LN, BEEFHELREHRT 2 a-0<
0 DFENHEL D SEMICERESNTVWLOE LT
O, APFETIET « ) EViBR T T OERE 5L -
M (2007)] I - TEEIE NS X — 4 BRTEL TV B,
2T T DR a-b DEERPE LTV BEE « 5
IREEDSEBRIC I RO TR & I3RS - TV 2R &
bb. Lich-1T, EI~HFIET D a-b<0 D5 %
B L D &S GBRD BRETNE, BIhckd a1
AE OIS EE2HETE2LEIONEM, b
DVTRESHOBFEE L,

SEDY I ab—Ya yTR, FTEEECHH» SR
BXRBER OGS EELEMIE TULARETE T,
SRR O P (T 2HEFEEIED 7 2 )Y 7 1 68
WEEDBLIENTERP -1, Dk, 1) H»5
BSOS & 9IS, WREBL VD7 L — b EOHES
KB, LV — bHELIFUHES TERIANDEZLELT
WEIEEBEOIBIERELTEY, REOKRKAEIE
LARMTETWIEWIESEZOLNS. Ldi-T,
O ENRA =R oy TOFEDY I 2L — Vg Vi
RIcHEERE LTV AAEEEOBEETER YL, FHicx
o —2 1)y ZOFESEFPERFNOBEEE S SlTRX
b oTWVEEEZONDH, SEIOWEE TIREEMI
Wl onmw., HRMEHOTEANDILRIEISHEORET
»H 5.

§5. % i

KR, BEY 2 —vs vARWT, BHiGH
BWTREL TOAEMNGTEHNZ o -2 Y » 74 Xy
M EARHBOR YKL OFHRERA . DT, Boh
e EIEREERT 5.

. SETNDERCEET D LR AR AN
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TWIEWEHETS slip law 1T & 2 BEEERAZHV, £
fo, BHYENS A — S ICHREAMONEGEESA 5L
T, M8.3~8.4 OHHEHIENH 300~400 FFDH A 7 b
THRAET DM, EAESUHEE TG 30~40 £
DRO—2Y 5 THERDELFEET ZEFVEERL
fo. BBEORT =2 o FIEINE BT E K - TR

L, 5l=F =B mssA L (Case 2, B).

2. ThARAARZBEOEENSHEE SN TV SHIKT,
BHNT~NDEL 2RO RKRESERET S &
X0, 28 =2 v FESUEEILE TIES 5 @R %
Wikl 5 & &3 TE 72 (Case 5).

3. EEHfECERNR e —2Y v FEERT Ak
WITlE, 7 L— NEROMBUKED R LA % IKEST
L ERCE->THARETH S (Case 7) D8, RO —RY v
7 aEIANICSE & B B i3, TERRKEE O A2
(b2 U s ¥ 5k s OMEER%Z S ERICANIHT:
1€ FIMMEBHBETH 5.

4. 7V — MEESEMES I, ISTEREENE
oS X =g OEWNICE > THEHIEI/LL, B LB
SR L — MERIEOEWIS T TR o — XY 5 7O
R HPTINRE S OAGER: 2R L T\ 5 (Case
4).

&t i3

BlEY I 2r—va VBT, SETORBERER
O7ass sEFEHLE L NEHNZKEELOE
LB2ADOIEFERKE I A AW EE L, 77,
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& 3 GMT [Wessel and Smith (1991)] 2R L £ L 7-.
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