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Consideration on the 2011 Tohoku & the 2004 Sumatra earthquakes

— Review —

Consideration on the 2011 off the Pacific Coast of Tohoku Earthquake
and the 2004 Sumatra Earthquake

Keisuke Ariyoshi'", Toru Matsuzawa’, Yasuo Yabe?, Naoyuki Kato®, Ryota Hino?, Akira Hasegawa?, and Yoshiyuki Kaneda'

We review previous numerical simulations of interaction between fault segments on a plate interface based on a friction law,
comparing combined events with single events on the amount of coseismic and preseismic slip. We find out the characteristics of
combined event: (i) In case of multiple fault segments nearby enough to have short delay time of rupturing, coseismic slip is increased
nearly in proportion to the size of combined fault segment while preseismic slip is almost the same as single event. (ii) In case of those
distant enough to have long delay time of rupturing, seismic moment magnitude is almost the same as single event while preseismic
slip is significantly increased by several tens percents. We discuss several combined earthquakes in Sumatra with short-term and long-
term delay times and the possibility of megathrust earthquakes following the 2011 off the Pacific Coast of Tohoku Earthquake
occurring off Kanto and off Sanriku with long-term delay time in the near future. We point out that seafloor observation of crustal

deformation and seismicity off Kanto, Sanriku and Tokachi is necessary to enhance the detection ability of preseismic changes.
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Fig. 1. (a) Map of epicenters and (b) time series for giant earthquakes
(M>8.6) revised from Global Significant Earthquake Database
(National Geophysical Data Center, 2011). ¥ represents tsunami
earthquakes around (red color) and apart from (black color) Japan,
while O represents earthquakes without tsunami.
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Fig. 2. Summary rupture scenario for the 2004 Sumatra Andaman
earthquake. Three divided fault segments ruptured from Sumatra to
Andaman. This is a reprint figure from “Lay, T., H. Kanamori, C.J.
Ammon, M. Nettles, S.N. Ward, R.C. Aster, S.L. Beck, S.L. Bilek, M.R.
Brudzinski, R. Butler, H.R. DeShon, G. Ekstrom, K. Satake, S. Sipkin
(2005), The great Sumatra-Andaman earthquake of 26 December 2004,
Science, 308, 1127-1133”. Permission was obtained from AAAS.
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Fig. 3. Relation between surface rupture length (corresponding to fault
length, L) and average displacement (corresponding to slip, D).
Regression line shows all-slip-type relationship. Short dashed lines
indicate 95% confidence interval. This is a reprint figure from “Wells,
D. L. and K. J. Coppersmith (1994), New Empirical Relationships
among Magnitude, Rupture Length, Rupture Width, Rupture Area, and
Surface Displacement, Bull. Seism. Soc. Am., 84(4), 974-1002".
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Fig. 4. Slip distribution along the North Anatolian fault. This result
appears to be independent of fault length. This figure reprints from
“Kondo, H., Y. Awata, O. Emre, A. Dogan, S. Ozalp, F. Tokay, C.
Yildirim, T. Yoshioka, and K. Okumura (2005), Slip Distribution, Fault
Geometry, and Fault Segmentation of the 1944 Bolu-Gerede Earthquake
Rupture, North Anatolian Fault, Turkey, Bull. Seism. Soc. Am., 95,
1234-1249”.
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Yoshioka, and K. Okumura (2005), Slip Distribution, Fault Geometry,
and Fault Segmentation of the 1944 Bolu-Gerede Earthquake Rupture,
North Anatolian Fault, Turkey, Bull. Seism. Soc. Am., 95, 1234-1249 @
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Fig. 5. Map showing the ruptured areas (ellipses) in the 1968 Tokachi-
oki and the 1994 Sanriku-haruka-oki earthquake as inferred by Nagai et
al. (2001) and their epicenters (dots). The rectangle shows the fault
plane used in the numerical simulation performed by Kato (2008).

5. 1968 SE1 BT HhFE & 1994 4E =l % Aol bR OBl (R

(a) (b)
250 250
200 200
. EQ1 .
£ 150 £ 150
= =
>100 >100
50 50
0 - . 0 . - — . ]
0 50 100 150 200 250 0 50 100 150 200 250
x (km) X (km)

Fig. 6. Spatial distribution of coseismic slip for single event (EQ1) and
doubling event (EQ4) modified from Kato (2008). Coseismic slip is
defined as slip with its velocity greater than 0.01 m/sec.
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Fig. 7. Time history of preseismic moment release for 7 days just
before the occurrence of EQ1 (broken line) and EQ4 (solid line) showed
by Kato (2008).
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Fig. 8. A 2-D model of a subduction zone modified from Ariyoshi et al.
(2009). The two thick lines indicate seismogenic segments. The plate
interface deeper than 103 km is assumed to slip at a constant velocity
relatively between the continental and oceanic plates (10 cm/year).
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Fig. 9. Spatiotemporal (y: depth as shown in Fig. 8) slip evolution on
the plate boundary (Ariyoshi et al., 2009). Pre-seismic slip is defined as
the total slip from 100 days before to the onset of co-seismic slip;
co-seismic slip as slilp faster than 1 cm/sec; and post-seismic slip as the
total slip from onset to 100 days after. White arrows represent
hypocenters (rupture initiation points).
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v HOEBFIHEIIE AT EBET VDD, T~
VIR A Y PTIIRRS D T LA v IR, 1941 4F
OHAHEE (Bilhametal,, 2005) £ V) b BEREERE AT 5 &
EZ BN, FEIMRHIDEETE > 722 O B HiL e v,

Table 1. Summary of slip components for the three segments (Fig. 2)
ruptured by the 2004 Sumatra earthquake. Transit time represents time
elapsed from the origin time of the 2004 Sumatra earthquake. D, ;, and
D
component, respectively (Lay et al., 2005). Dy, represents coseismic

dows TEPresents slip amounts for coseismic and aseismic (slow)
slip amount for single event based on previous researches (Bilham et
al., 2005).

F1. 2004FEAT LI EMMEDSI OO T AL b (Fig. 2) 12
BT AT XY RS, Transit time (S EEISAEERL] 2 5 OB ERRH]
Dy, Dyo, 1&, Layetal. (2005) (2 & o T S 7oz - 9
WEME (Wo<h) OFRYBPSFEEDT. Dype 1&, Bilham et
al. (2005) 12 & - CTHEE SN FH2 384 L - AR I BT %
WEET ) EEREDT.

Segment Dgeis Dyow Dgingle
(Transit time) (Transit time)
Sumatra 7m not resolved not known
(0-50 sec)
Nicobar S5m Sm 2.740.3 m
(230-350 sec) (230-3500+ sec)
Andaman <2m om 23m

(350-600 sec) (600-3500+ sec)
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3.2. 2005%E=7 A RSHGE - 2007 4ER A < b T HIR DB
A% b T EITTCIZ20044F 12 BISHE S, 200543 Hi2=
7 AT My 86 (Fig. 1 TIEM87), 200749 HIZ A< b
7 BRI C My 8.5 OHIEDFEE L7 (Fig 10). Thd
DOHFEIZDOWT b HEERIE KB OB SRS % &,
BN A D B BAEL NIV ERE W72, BTN
DEETUAYUCEIE L LFHEINS. LIFTIE, Bl
RIZHEDNT, TOZYEETND.
WEOBBIZOWTHEOWRE L ENL L, =T ABT
1861 4FIZMB.S DHbFEAH 1) (Briggs etal,, 2006), 200540
LOLIFIFFEL &b, MAY N THEIZOWTIE, Fig
HHTRT LI, BEINE- AV IEPLHFESR
LHBEOMBEITEE TE 5T, #EOME & HATHH
AWNSWZ Ls, BENRII o728 E R bNS.
AT RN TIRE D) BDIES ) D ? 20054FE =7 A 5
BISHERD S 9 7 HHMO453 <) (Fig. 12) A5 &,05
m ZHEZ B EH L 723 SEEI AL TR L, r R
TIR) EAVNSWEHEDSASNS (Fig 12 128175 “27
I, GPS DIMRFEDMERN 72D I THRHNT & Ze o 725l & &
N5, GPSEHILMELEZ WARY, = 2720 R
WZRBEDMER N T E 212V, 2, derEflclid A

Fig. 10. Tectonic overview of the Sunda subduction zone. This is a
reprint figure from “Wiseman, K. and R. Biirgmann (2011), Stress and
Seismicity Changes on the Sunda Megathrust Preceding the 2007
M, 8.4 Earthquake, Bull. Seism. Soc. Am., 101(1), 313-326".

10. AV FOLIAART BT HHEES). Wiseman, K. and
R. Biirgmann (2011), Stress and Seismicity Changes on the Sunda
Megathrust Preceding the 2007 M,, 8.4 Earthquake, Bull. Seism. Soc.
Am., 101(1), 313-326 O SCHk % KIE H T 5457 & Hiu il
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~ N TR L o TR IR S 72— HT, B
NS L 72 IRREDSEV T 2 7280 (Fig. 11 T0° LLR),
Wl I N EZ 5D,

Fig. 1212B W T =7 A B EE R IR 2 & Wi A (2 16
PoTImaBR 5T PEBL TW525, Tiuds
BT R OARFEAE A RIERIE ] O T
728 (Ariyoshi et al., 2007) TH V), [FFEOIGRIL+rp
HE T H B S 7z (Miyazaki et al, 2004). F 72, BiE
EAFIHITIRAR2T <7 A2 P L) /& VD
13, A< b BEMHEE =7 2 BIEO B EEANTITH
LTI TRMENNITAH 722 L h
5, ST RYIHED ISTJERLOKFS = T R B HhEEE
B OEE LT XHDPTOIER ENT 720 EZS
n5s.

BIERAY 22 25112 DWTHE, 20074E A< b T #HIEE DB

— M, =84
2007 — M, = 7.9
=== M, =84plusM, =79

=
o
I

e

?

i

Sumatra—Andaman
2004

Moment per half degree of latitude (102" N m)
N

2

Do
Latitude

Fig. 11. Comparison of the moment released in the 2007 Southern
Sumatra earthquake with the moment deficit accumulated (purple) since
the 1797 and 1833 earthquakes. Light gray curves are the upper and
lower bounds of estimated moment release for the 1833 and 1797
earthquakes, and orange and green curves are the moment released in
the 2004 Sumatra and the 2005 Nias earthquakes, respectively. This is a
reprint figure from Konca, A. O., J. Avouac, A. Sladen, A. J. Meltzner,
K. Sieh, P. Fang, Z. Li, J. Galetzka, J. Genrich, M. Chlieh, D. H.
Natawidjaja, Y. Bock, E. J. Fielding, C. Ji, and D. V. Helmberger
(2008), Partial rupture of a locked patch of the Sumatra megathrust
during the 2007 earthquake sequence, Nature, 456, 631-635.
Permission was obtained from Nature.

1. BA~ M FHE (2007, 1833, 17974 BT, 2004 4E A
< b BMHE (), 20054E=7 ABME (FE) 12X-T
s n/ize— A v baEe, EERI»OHEESNIERI N
E— AV MR (RE) O 17974F & 1833 OIS
WU, HEEMHO TR - FBREM %K T/R L T\ 5. Konca,
A. O., J. Avouac, A. Sladen, A. J. Meltzner, K. Sieh, P. Fang, Z. Li, J.
Galetzka, J. Genrich, M. Chlieh, D. H. Natawidjaja, Y. Bock, E. J.
Fielding, C. Ji, and D. V. Helmberger (2008), Partial rupture of a locked
patch of the Sumatra megathrust during the 2007 earthquake sequence,
Nature, 456, 631-635 DLk % F 1 F v — bRt & 5 THEHL.
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2SI L WERBIOZALAAR S 1L & OIRE (Wiseman
and Biirgmann, 2011) 2%V, 7L A v TR E Tz
TR D 5.

INOOBIIRERE, FEETRYEETVERINRD
DTHDHH, HRHNCT LAY » THHEE L 720989 )
FCHRFERTHIEIIELVOPHIRTH L. Fig 11128
W, BRE— AV MRIE (BR) ICHRTEEOHET
LS NIZE— A Y FEAVNE WD, =T ABEMAY
F T OB (2°~0f3) CTEARMEAZAT 5 T REMEA
5 EDIERE (Koncaetal,2008) 72635 &, JEiEM+
RO OFFLIENTE, SROBEELREE 25,

4N

3N

2'N

. ® Earthquakes
1N before 03/28/05

o Earthquakes
after 03/28/05

p°| Postsaismic

Postseismic slip (m)
1"Sloo 05 10

i
94'E 95°E 968'E 87E 98°E 99°E 100°E

Fig. 12. Compilation of inferred coseismic (white contours at intervals
of 2 m) and postseismic slip (color scale) during the 9 months after the
2005 Nias earthquake. Black and red vectors indicate observed and
predicted GPS observations, respectively. White and red stars are
epicenters of 2004 Sumatra-Andaman and 2005 Nias earthquakes,
respectively. Pink and green dots denote earthquakes with m, > 4.5
before and after the 2005 Nias earthquake. Question mark (?) means
undetectable region for postseismic slip due to lack of sparse GPS
observation points. This is a reprint figure from “Hsu, Y., M. Simons, J.
Avouac, J. Galetzka, K. Sieh, M. Chlieh, D. Natawidjaja, L.
Prawirodirdjo, and Y. Bock (2006), Frictional afterslip following the
2005 Nias-Simeulue earthquake, Sumatra, Science, 312, 1921-1926”.
Permission was obtained from AAAS.

B12. 20054F =7 A BHERTXD (H#C2 mMWE) &g
FEAEHZPD9 r HEHORFTRY) (BT =7 —)V) OFERE
b BEFRO KN GPS BT T OBUAME & llfE, B
DREFENL20044E A~ b7 BlHFE & 2005 4F =7 AMEOE %
Feb¥. MARERE~ 7 =F 22— F45D EOMEIZOWT,
2005 F =7 AMEDIEATI KR (B - &) ZRT. FTAFa v
~ =71, GPS DFRBEAMR N 72D IZHRHIT & % 2o 72 IS & 7R
$. Hsu, Y., M. Simons, J. Avouac, J. Galetzka, K. Sieh, M. Chlieh, D.
Natawidjaja, L. Prawirodirdjo, and Y. Bock (2006), Frictional afterslip
following the 2005 Nias-Simeulue earthquake, Sumatra, Science, 312,
1921-1926 OILEkE 7 A U A BHERELT 23 0 & 754 & 15 THRR

4. SEHROF-TEMR2 S S 4 1% O Ml PE

FULH G AR RO E K, EL IR (2011) %
SN2 E 5 TET Y A EGPS 2 SERII S L TB Y (Fig.
13), B S AL ATNARTE L TV A EAA A S NS.
—5T, FIEMS Y S AOERMEE LT, ezt
B hiE (Fig 5), FMIC 16774F - BEAEEMHE (Fig
15) ORFEDH L. ZNoOBHIHEER, ST AF
PEMHIER I Fit LT M8 7 T ADE KHIEA S 5 T RE
PR L, T2 OB T i T 2705 125> Tw b (72
& Z LR, 2011).

ZZTARETIE, 2B TRINZEFIR)EBET IV
DOF L, 38 Tl L7220044E A< b T BRI
HE) L -FERHEOB A B E 2T, KFRCBI A
L th OB E K RO I L HRIRMOMEE E 2 5.

4.1. =FEZ 5 200 - PBMR O E L

=R D 20 - TR ORISR (Fig. 5) O
HIRIE Fig. 30 OHET L L, 7L— MEREOTRY
FENEZTEAARFIANZAIITIT { 7 > TV B HEAA S

42° 1 1 1 L o — 1

’
! .
[ o x'r P
i = = A SRR R L
i i ; i P
= I ; -
= CR AN ﬂ/f?’\' ! PR
o’
! .
o LR B T A
i i f i ia'""
g i* e
]

40°

36°

35°

T f T > T T
138° 138° 140° 141 142° 143° 144° 145%

Fig. 13. Slip distribution on the plate interface after the 20011 off the
Pacific coast of Tohoku Earthquake (preliminary result) estimated by
Geospatial Information Authority of Japan (2011). Red broken curve
represents northeastern edge of Philippine Sea plate (Miura et al.,
2008).

13, 2011 SESRALH TR R R 0 7L — PRSI L5

N0 oA (E-LHFREE, 2011) &, RBEHIE 7 ErilET L —
P OILER (Miura et al., 2008) % F 472X
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%, ZiUE, HAMED SILAADUEET L — MIGIED
LNTT L — MERETIEIEMAICT o TWwab 720, 4
L QBB CIIEZREAE L TV AERICH D L E X
bNb. 2T, Fig 13 THE SNG4 T~ A3 B9
5 el bl 19945EO =R A 2 ERERR (Fig 5 O
Asperity S) A FANHED &b, ZOERTRY )
T - SRR A RO EB IR LT | SR T &
1275 E3UE, ThETOFEGRNO LTED L) RS
DPHESINLDIEA ) I ?

F9, BERCEBINITRDEEMEL CA L.
COMEDT L — b OILHGEEE L 8~ 10 cm/year D728
(FEET, 2005) , 1994 4E =13 2 bR ORI (Fig. 5
Asperity S) Tld, 9 (cm/year) x 165 (years) = 1.5m, 1968
AR DR 72 1T M FEIRE 12 97X 5 72 Asperity N T,
9 (cm/year) x43.0 (years) = 39m&7%eb. —J, 7
7 (2001) 12 & o THESE SNz =REiE 5 200 - HihbE
(Asperity N) OFEFIRIZHB T BT &i340m £ 93
mTHb. EoT, ZFENT25m, HHEITS4m DTN
DS HICERSTIUL, FOMENETLEEZ N
5.

Fig. 50 Asperity NIZ2\W T, 19944E =[R2 it
BOWELZITTHDHIETTH D, Yagietal (2003) Ofif
AR LU, ZREIE 2 20 bR 100 H BI04 37X
DITBFHOZIZEEICREL, ZORITEIICET S
Asperity NIE[EZE L72F £ D728, Asperity N (2 B1) 5 EH
TR EAHET S LIIESHTIE R VDS, 2Tl Fig
412DV TIHER 2R A S,

1994 4E = P13 2 H I HIE O e K ATE B2 IR T T,
RE - RABERFOT ) EHZNEN05m, 04m, 43
I _DEA1OMD7ZO, AT 1ImIRo72Z LI
k. ZAUL, ZREIEZDMHEORKT ) E 40m O
FErcdh b, 22T RIS MIMHETRATNY &
o7 HiEiA S Asperity N E TOREEL, AR
FCOHBEOR 2L o T D, HE- T, HilED 25
ST 5 & LT, Asperity N TERE S 729X &1 4.0
mDVARET e hH 1.0mIEE L LTS 5RO TH
L9, ZoWmE, TR CHEZD SR TOICLERT
N ‘I, 44me ), ZRFEELZO 25mIZHARTK
Ev F 7, WL ACTEN RO TR, T
MEDHNZEMORREL LI L E2HE2 DL, HR
MO SWENPFAT D EFHEIND. )% b L
U Asperity N TI RO DSEHESNDL Z L2250 Ut
W5 AR AR & = REIE B R ORI A ) &
EFNVHRDY O LTI, 22F T & ) IZART
AN ISR SN Z EATHENS, KI5
EEN72HE, 44m % EES 50 mDTRD DY Asperity N
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TER SN, 19684+ iR D X 9 2 mE T HEE A5
B LR 5.

=T, FRT RN BOIRS =L D 20 OREF (b
A0 FEME) ClhE->TLEH &, BATRVEET IV
12X DIIERN RIS T A 720, 199D EFE L X 9IS
Asperity S THANHIENSEET 20, HBHWVIL19314FED L
912 Asperity N CHMHIEE DA 5 (72 & 2L, 7k HIAH,
2001) TTREIEDSE E 5.

W2, B BEEORIGER) DS ZiZonwT, BEF
FTROFEETNE LCHE) LB EIIED W TELET 5.
Ariyoshi et al. (2009) Tl&, HIFEH v 7 ¥ 7% (EHEHR)
AWNEVIZEEFMEOFESREL 2D, LAY v T
DB IR TV eI L7z, Z oM Fig 912b %

142° 143° 144°

£ £ g
Ne & & & ,LQ‘E-({\
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40"

|The Largest After-shock|
[ 3 T 1
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39°

Fig. 14. Slip distribution for main-shock (gray line), post-seismic slip
(solid line), and the largest after-shock (dotted line) of the 1994
Sanriku-haruka-oki earthquake. The contour intervals for co-seismic
slip and post-seismic slip are 0.5 m and 0.2 m, respectively. The depth
contour interval is 10 km. This is a reprint figure from “Yagi, Y., M.
Kikuchi, T. Nishimura (2003), Co-seismic slip, post-seismic slip, and
largest aftershock associated with the 1994 Sanriku-hiruka-oki, Japan,
carthquake, Geophys. Res. Lett., 30(22),2177.”

14, 19944 =B 2 AR OARE (REM), KT (R
TR, ARAE (B OF )54 30 mEHEHEO
MR, A% 0.5 m, flld 02 m (Yagi et al,, 2003). 7L — h
5 P O RARE 10 km [HIFE. Yagi, Y., M. Kikuchi, T. Nishimura
(2003) , Co-seismic slip, post-seismic slip, and largest aftershock
associated with the 1994 Sanriku-hiruka-oki, Japan, earthquake,
Geophys. Res. Lett., 30(22), 2177 O3CHk & V) KEHERYFLF L7 6
R,
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DILTWT, By T Y TEROEBWETTIE, T Ay
TS SEE ST, BHIEORGS (R 1
EIFHRTEZBILEN TV LD, 71y 7)) v ZEOENE
Tk, TLAY) v TOEELE IIEROMEDA X b
IR 5 T0h, F72, ARhT 0 ASEE S 2 EIRIC
BWT, FEITY) ORI D SHIEEAEGT 5 2 & A53
KICIhAAAR T L — NEFRHOMEY I 2L —2 a v b
RENTS  (Ariyoshi etal., 2007a).

ZREMOMESY v 7)) v TEE, BERICA S L 3EFE
JEEEZ 5N T\5 (Pacheco etal, 1993). ZDH v 7
¥ ZEOFIE 2011 R AR AR 138 S
NTORWAS, LITO3SOIHIZ L - T, 3EFE W
IENH Y T v TFRFZ R OEREE KL TnWb L
Zz 55, (1) 2011 SERALH AP HIER O3 XD
AARHS, b 39.5° LI C, ZREEMNIZIE R ATV 2V (E
THERRE, 2011). () =REMHEEBOMRES D TlE, 18964F
DOUE=FEME (M80) - 1933FD=FEHE (M82) A%
REETBY, FEBESHT9EMICTEIEEL TWE (hE
FIAHFGCHEAAEARTR, 2000) &2, ZORNIE FREM
e lERR D) HBOEHECIER. o) By 7)) v
TEPSEILL EOHHERE AR TIE, E&E HEE) Hh
SHHEADE T 5 b OAMEE L 7 DA H 1L (Kato and
Seno, 2003), —=FEILZ D MOENE (Fig.5) 635 &, K
Wy ) Y TEPTRIE S NS,

fit->T, WIS 2 =FEIE A M HENEA ) &
T E L CHEE) L 723A, B AR R O A3
NN AL LT B Z LI K o THIS SN A BIEDBHAE HASHT
I\ (Fig.5) &0 dEENCEF LMD D 0, wilblOEE
fED SHEEAME T AL ) SHEOFESR T L L
RHELTBLLELRD S,

4.2. PRI D55

16774F - BEAs - Eim g (Fig 15 OE@ER) 1Z M8
FADHETH ), ZOBEOMBEDOEREY L LTT
N)EEAmEETHE, T4V EVETL— RO T
LAAGISTTET L — b O EEIHEAS 4.8 cm/year, Hb
By 7)) v TEDH) 50 % (Uchida et al., 2009) & 75T
BY, ZNOEFHRE L72GA, 2004F DL ke L 7B,
HEAF SR TOICUED LOTX) &2 e fi s
TwpEEz o5, (EE xE) & BR7TL—1K
FETL— MEICH B 720, HEEHE L 9 cm/year £
D70, $)EOERIISSITREW)

Fig. 13O3 ) 5 THFia A5 L, 30 HIANLHE
MEIIR>TEY, FEIHIPNTNEZ L2 h5b. F
72, FRHERRCRLIZ7 4 ) ¥ VifET L — b OABR (Miura et
al,, 2008) FFAEIZBNT, ST EAVFATAIICKE <

o TWAERAASLINSL, ZHUET7 4 ) EVifETL— b
MR T L — N ERFEET L — FORICA Y IAATWT,
KFEETL— 7 4) Vil L — EOEEHTHN
(Uchida et al., 2009) = &5, REAEFHREEDSHRV & 2 A5
FIV & CANOBRIGCH 7257 14 ) ¥ VLIRSS
W, ATy MEE s N zop b ey, E72 74
VEVHETL—FOMEAIZE T, dLkTL—MZkoT
KVET L — N RIEHS 2 BRI 2SRPTHI AR L
%o TVADOBERD—D7b LItk

—HZ, AT R IIEREHUCI 2T &R ET
HATHET 5 LS TS (Ariyoshi et al., 2007b).
WoT, GBI TRO D7 1) EvilE7L— MERIZ
o CHEREMANCFERE L T3 2556, € OMER FI247:

N 119*E 140" 14" 142*
37 T e 71 -
" /Nov 5-30, 1938
f / T0:77/0=1
‘,"I 7 7L ,nfl !
W A Fhe=~ 1\
Jan 91896 )| 1 N -
T340, 0 | "R, Jan 16 196
\ '.J' 1} _~O jesre |
36°|- Aol - il gn . §
=~ Joly 23, 1982"
..O_! ro/ [
- = g
3 / : of 754 A
—pelov 4. 1677
4+ BD/35 1
%A
/[ 8 %% bl ]
JTaug1® 1927

:—-,69 -1 5
FAAT

W #—-Mgrh-j_ ;BC‘?

Dec.31, 1703 .°% $N 28 %3 00
b 8 (. Yoa XA LR
| 02/ SR G K N 26,1953
. ¥ 25 - a:?
’ GMiyokels 5{1:- 9.1984¢ (}1 -
4 s/ N34 "D T
S Y "
% s
% L L.
3 4 - ©
= .,-,,/'“““'{% -
PACIFIC OCE AN i ¢ 3 S :
' [ [\ Feb23 19722
\ _pecnigon’ \ N\ E 09 a
25N \ = Dec 4,1972 -
3y ; ¥, 7871 2
- E
] 100 hm g ,_

Fig. 15. Location of the source areas of the Kanto and Boso-Oki
tsunamis. Dates, earthquake and tsunami magnitudes, M/m, are
indicated. Red broken curve represents northeastern edge of Philippine
Sea plate same as Fig. 13. Yellow colored region corresponds to the
1677 off Boso Peninsula earthquake. Monochrome part of this figure is
a reprint from “Hatori, T. (2003), Irregular Height Deviation of the 1677
Enpo Boso-Oki Tsunami, Eastean Japan, Historical Earthquake, 19,
1-7”. Permission was obtained from The Society of Historical
Earthquake Studies.

15, B - FARIIIC BT 2 @0 WG, AR T 1
VY YilETL— bOJLR (Fig. 13 ERL), WL 16774
BACERBMHEY R, £/ 20O OoWTE, TR R
HE (2003) , 1677 FEFE B E R O W BT E, FLEHE, 19,
1-7 OITHK & 0 HE S EB W82 O 7756 & 15 TR

JAMSTEC Rep. Res. Dev., Volume 13, September 2011, 17-33 27



HALH A AT HE - A~ b T BPHEOEE
Consideration on the 2011 Tohoku & the 2004 Sumatra earthquakes

516774 - B BT HIEDSEAHEE TV O/NY —
THEIT LU REED D D EEZ HND.

EBITIER O 1953 SO BARITHIEE (M 7.4) 12D\ T,
KT L — NERCRA L IEREROMEE £ 2 Sh
T2 (HERAEUIZEHEEARTES, 2000). 20720, Kfb
TIRARZHEBTIHE L LT OTid% <, ACFSZ%ED
BlED SRR T ALEDNDH Y (72 2L, Toda et al,
2010), SHOMEE 5.

5. akmmil T

5.1 BECRHEY £ 2 LT OURIZING T

2EE TR BRI R ORH & LT, Wit A XLl
ETNTIIHEOHEAKRE {22125 b5T, T A
oy FIEHEAMME S ZIZR L E L. —HT, BHETRY
BEFVTCIHEOHBEILIZZFR U202, FLAY v
RS NG 728, RIS L3 Lt 72,
BLH AR T, B Rl — 5 % AR
0TI, TVAY L HHFRAEENE, S0k 2 AKH
HEEL NV & SND My 65 2 TS & ENTW 5 (HET
HIEAESY, 2011). 2L, HALMAIMT~M8 7 7 AD
T AN T A DEET S TWA I DD, HHOT AR
) 4 DG A X EBIE T IAIE - TR TRidE L 72
ZEIZEY, TLAY Yy THMI T T ADOENNINE o
TeOMB N\, ZOWE, BRI WIERBIHC 3R
IR 7L A v T C 72T RESEATR ST 5.

TV A THNEL oo E LCid, 3k
MOTARY) T4 HBREEHLEET b2 EbEZ LN
L. BAMIZO—FIE LTHSN, TANRY) T 1 HERH
PO L TV B 72012, FULHT KT EE A 5845
BT E TR 5.5 4E RIS T M49REEE D HITEANF Ui Tl
DKL T/ Uchidaetal (2007) Tl, &5IZFHMZ M
BRAATV, MA8 DT A1) T 4 NIZ M3 HifaD 7 A%
VT A DEBEET L2 R RE D 2o,
M9 2 FADT AN T A DTN MT~8 Y T ADT AN
)T A DHET B & E 2 H5ND LI AR HIED 3
ZF 2 TN T B 2 LR ERST BO0 BN,
Hori and Miyazaki (2010) T, 5 OFHFIZHEDONT,
My 4.9 OHFBIEHEEERIS A Z 37 AR T 1 EIANC
FEBI 3RO EA ORI A RS A 2 LT, My 3.4 O
HIEABHTAISER Y, ZD 34851212 My 4.9 DIEDTY
/TR b & AT T AR T 4 SEA R R B HE
YA 7NV FHRT LI L (Fig 16).

IOV Ial—a YRR 2ETHERZ2ODET IV
DHIL, EHLHIZHTIIFEFLD7ZA) D ? Fig. 16a £ 1,

28 JAMSTEC Rep. Res. Dev., Volume 13, September 2011, 17-33

T/ NHLE & HIBHED 7 AR T 4 4 XD HFRIT 1/6,
Fig. 16d & 0, HHBHEE)SE X 7oy b E RSN
OFH T EIEB L Z 03 m, Fig 16c & V) /N HED
A L 72RO BRI O TR | IEB L £ 005m &
%oTW5D (oS, HHEMTERIFEA THER$ X
0 w72 L IIC A7 LT, 2.1 BTHNT L 72 M,
WiE34/49 2D & M, I 11178, 2 2 CHiB ok
3136 &0, WERT) =TS £7%5) 720,
PR EE & ) L 7o NS R RIS O IR R ) =
(&, WY A ARG TV CIE B H T 5 2 LT E
HEWZD.

GEMEMED) LAY v FELENTYIZDOWTIE,
W/ NHEEEZFI OSME] (Fig. 16e point C) Tld, HHFE
BRI O EE DN L 58 % 2 TR S NS DS,
Ml (point B) CTlXHHBIEHIERIINATE 72EE L T\ 472
O, BTSN TWEZ EDnhb. iz se, 7
AN T A PEEEZEIN CHEN TR WEIZE, 7L
AN v T FNTR) OEIESIRE, REEE b oI L&
BT L. F72, WiE A ZLBE TV EEATR)
FICBIT B, 7 AR T4 MO - B0 (L&
V) EERHEET A 7201208, B - ARias iR
BRAR EORELERT HUELRD ), SHROMET
5.

DY Ial—varTlE, FHEHEOTLRAY) v T
AWNEWHRZFIHT 2 D OTIE AW, REELEE: <5
IHHL S22 LT, FHTE 200Nk ik
R HIE DWW, M9 OERIKIEHNIZ M7
~M8DT AN T 4 BPEL T2 & T, 10004F121
FERREE . B MR A 7 WA X 72700 &) e 5
By I 2 L= a b 0MEEY & SIS L L
BHsI).

5.2. R B

Ltk HEIRIMEOBIEE T ILISERS 2—T, #
O OREZFEEME~EH L 25 &, a2 BN % EE
ERCYA YNV

—fZ, TLAY v TNE, FOTA) A RSO
ANEADPWLRDS TR HEAHE T S (728 2L, Kato
and Hirasawa, 1999) {#[1A3A HALEAS, ZFIUTK L TA%D
FTAD U, BRI S TR IAILAT) S S, T
AR HEEE D ERE L T B (7oL Z21L, Ariyoshi et al,,
2007a) EEZBNL. EIAHN, Fig 13 A bE, $T
WCHENT R FHEDPRDIICRE S o TnE I &R
5, INETVLAY v TERZ LR T0d 1L, 4
DEZAH, T4)EVETL— MERBAHT TR A3k
MRL7ZzZ&IZ2WT, Bl L72KFEETL—bh - 741



K. Ariyoshi et al.,

Vo7 L — FETHEZEDTI E V) % 2 (Uchida et al,
2009) DA, IFD LD RERIEZ 515,

(@) 7L — M EO/MED IR L HIFEEIANEFE D720, T
XY OEREEIICKTL— b - 74 ) ilET L — MEIC
HATHIGAIZA 72\ (Uchida etal., 2009).

O BTN T4V lETL— N ERFETL— b
MICETRAZELTYH, W, VFEIEET, 7, /76 1
HEVHEERED D, EEMITRDME T b DIEiiac
Lo THERL ST % (Uchidaetal., 2009) 723, 7L A1) v
TR T L) BEEALERTIE 2,

() MEDOFERHEIZB T, B E & 72525 D
& CAMERR I T WA\ (Fig. 15, HGZFRAAT e ARER

(e}

Wicroear thouake

Mw=14

<08 oo 08 [km] s

(b) (d}

Noderate

a8
(a-b)as, [MPu]
shipim|

&

=
bbidowsaa

b

0% oo o8 o - -

Noderate sarthouske
= point A [ —

— -~ point B
= point C | wigronsrthauske
0"|

Cumulative slip [m]

Fig. 16. A hierarchical asperity model performed by Hori and
Miyazaki (2010). Spatial distribution of (a) characteristic distance, (b)
frictional stability (positive: stable, negative; unstable), coseismic slips
for (c) micro earthquake, and (d) moderate earthquake. (e) Temporal
variation of slip at the center of the microasperity (A), at the center of
the hyper - asperity (B) and near the edge of the conditional asperity
(C). The locations of A ~ C are shown in Figure 16a.

[X116. Hori and Miyazaki (2010) (2 & o TG S N7zFikg 7 A
V74TV, BETNVEMGAE LT, () BT NYE, (b)
FEg e (IF  BSRETT 23 535, & BERLET
W L EF LD IKT), (o) Ui L (d) PHBLHLEE O MR IR
TN EEZNEFNEDT. (o) Fig. 16a [IRENT, A~C TO
AT D JERE.

(2009)).

7272, IO EEENRHAIGEEY, ERR LN
JAZIZ B ATV, Fig 17013, 7N D 3K L HIZE O fEAT
POHEEEN2T Y EE T L — ORI S D1
FEPHB L7200 TH L. BAMTALNDS L) IHE
A T NHSERE LG, AR E BRI 2 T
£, M5 % (Igarashi et a,, 2003). ¥12, T
DF v v THRE KBTI, HLH R
BEZOENTNIZE ST, KRELTRY DI L
fREMIEI LRI UL, M87 T ADMENFERENT
Wi o7z (WEFANIZEHEAEARLS, 2000). 6 OB
HRERE S, FhT T Td, Fy v TR T
NSV IRV Z, TS DOIETER S N3 DH S
NLHEEZLND. LML, ZNDN16774 - Bt
WECTTEMEINLO, BERRHETEZDRONS
VAR 1 RIAREECI A B b G A AR O &
) RBERKHE TRV ERE L SN ewod, GEEHE)
Wo ) TARDIZL - THIIITIEIR Z S ) HICHEHE
ENFZLDRDD, HDHCINEDY KL HEOFEI LS
/NG (Ariyoshi et al., 2007a) A3 LTV 2 255D T HE
PIZDNWT, 4oL 2 A/ERHT A 2 LIdES TIE R,

ENHENALTDI V) BIZHES Z L, 2011
EFUCH G AT A & 211 F COMRICH L TFE
BT Fig. 17 & RO 25 BFEd si-F v v 7
&, MBI TSN TRD ' E ORI, K
INERETEDPD D Z L THA,. L, Hh—HT5LHT
HIUZL, TR IAEOWED S F v v TOFIHANE DL 2
ERERL, KWL D Y v THRIB - 12 LErBVE
AEEMTIE, BIBIERIEMS 79 AOMECTRE IS
) PRIOETEMER 12D %. 72720, R
WEOEFISS7 4 ) ¥ ilE7 L — MugEX Y EilicE T
ADIAATVD 7280 (Fig.15), ZOEFEIILAT L —
FOETIZH LD, KFETL— FOE RIZHLDO)%
DD D L DR TH 5.

CORMBEIZT A H % S SIZHEE 725 L DIZT 570
121%, RO (@) — (o) \xHn LT, BT OX A sy
5Nb.

(@ 714 ) EXilET L — MU IECTO/NMED K L #iED
BUANEREE 7 [T 5720, WRICHER 2 BRI L, 47X
NEZFIZL > THIREEIND T LAY v TOHEN LT
WX IZ, 16774 - AR BT HE RIS LI BT,
R DR RIS RRR T 5.

(b) MERCE DB E12 Xk - T, & 2 A THEBIKED
B, ARSI 7 o TV ATAE T, 439X
DASEE LR U &9 1SRt L TR LR 3K e b LB 2
SNA. FD8, 74T L — MEBESENIC B

JAMSTEC Rep. Res. Dev., Volume 13, September 2011, 17-33 29



HALH A AT HE - A~ b T BPHEOEE
Consideration on the 2011 Tohoku & the 2004 Sumatra earthquakes

W, PRI AREEREE AT, 7L — MNERE oW
TR AT R M ET 5.

() FWOFLFER b L F A - HEEHRE 2 & CifEE S
ToEESEHIE 12OV C, 10004F DL a2 12 & TR S
M O#FHZ AT 5.

FCHIROERTMANCIE, LAY v FIThE D HZss)
Oz D, WA X2 hOTEFAL (Ariyoshi et al., 2011)
e ENHIES I, SANGBLE» SHET 5 RETH L.

a
( ) 139"
38

fill

a7+

36"

R LY

(b)

60 1

40 1

T —

Cumulative slip (cm)

20 1

0 T
1992 1994

T R [ | T T
1998 2000 2002 2004 2006 2008
Time (Year)

I
1996

Fig. 17. (a) Spatial distribution of slip rate (color) for the period from
1992-2007. Black dots denote locations of small repeating earthquake
groups and dashed line off Kanto represents northeastern limit of
Philippine Sea plate. (b) Cumulative slip of small repeating earthquakes
averaged over each region labeled A to D. Red and blue colored straight
lines denote plate convergence rates for North American - Pacific plate
boundary (NA-PA) and Philippine Sea - Pacific plate boundary (PH-
PA), respectively (Uchida et al., 2009).

BI17. (a) 1992 ~20074F 12 BT 53X MEEDZEM 534, B AT
T/ R LR ORI, R oRZIbk 7L — F oduiR %
RT. (b) A-DFHIRAN CIL S 7/ 0 o L B AT 12D
CHEETRY OFSRE. REFOEME, dLRTL— b - KFE
TL— b HETAVEVHBETL— b - KFEET L — MHONOGRHE
FEA SRS N AR T XD Z/R$ (Uchida et al., 2009)

30 JAMSTEC Rep. Res. Dev., Volume 13, September 2011, 17-33

INHDOEHDIZOIZD,
FEEDEINS.
FBEIZDWTIE, 4.1 F T Asperity S O HAMHTEAY
|39 Asperity N ~NOFEK TR 7 2 A L Ciggan & o
72, ZHUZOWT Y, BT A Wiz, BERE
HEDEEISHEY I AL —Y 3 VICEDWTERN
ZEHIli9 2 & &N A, MEEHRENC & o Tl A
OEZEFHBINT 22 L CREMELED L Z L5, EH)
RIS OV REME R R 2 e T 5 L CUEE A 9.

BB B\ CHREETHIO

5.3. FlE—BEM b5 7 b5 7iI0OBERMEY 4 2
PO, HACH AR E R U & ) R
AR Z BREED H B DAS, HivE— BT b5 7120 -

0 100 200km
,J\ 1 Shikoku Muroto
Pt.
.g_( Oma'ezaki
A B C \ \ E' ,&(g
o
e __—’h"%\l&@%
_-" Nankai tTausd
[Hakuho 684 e e e
203 newly confirmed
Nin'na QY7 —— e
209
Eicho
Kowa [ === 1099 mm e e « e | ()9 ) e e e
- _Rossible? _ _heh .
newly found
Ko'an 136 | m—— e
137
Meio S 1498
107 tsunami
i a’a’a’a’a%ay NAANAANANN
Keicho ~ 1605 earthg.
Ho'ei 1707
147
Ansei 1854 '0 1854
Showa 1946 ¢ 1944 gap
Nankai earthpuake  Tokai earthpuake

Fig. 18. Historical activity of megathrust earthquakes along the
Nankai-Suruga trough (Hori, 2006). Roman and italic numerals indicate
earthquake occurrence years and time intervals between two successive
series, respectively. Thick solid, thick broken, and thin broken lines
show certain, probable, and possible rupture zones, respectively. Thin
dotted lines mean unknown.

18. (a) FEE-BRIT b 5 7902 BT 2 EETE A HE 015 )
J&RE (Hori, 2006). T —<Hrs HWERAERLOES, 5y
7S HEOHERMEZ R, REMR - KO - #OmR -
WL, BEMEOECERDL, TN, EFE - THEEOE
Vo TTREED S B - FEROD o TR WHIEIEE 2 R,



K. Ariyoshi et al.,

7~ R~ O BRI E T S (Fig. 18). Fig.
IbD ) B, 1707FEFRHE (Fig. 18) 2SEEITIE A HE
WML EEZLNTVED (HEREIEHEARES,
2001), HOEHLEEADS 1854 LIRS A L T Z & 2 E 2
b &, FAMEELLE) Y — - BECEAHED A
TR S 5.

HUTE, BilE b 7 70V — 7OV SERiE S T
W % @ ¥, DONET (Dense Oceanfloor Network system for
Earthquake and Tsunamis) |2 & 2 HEHE &, ARITIZ X
DHUEMIZIR S T2 720, BB 3 % sy i
BEOFERMRMZIOWTIIHIN=TETWERW, ZFIT,
DONET 71 ¥ = 7 b & L CHREME2 & FFifEf~ & eh
L, EEEBERHER 2 7B A2 52 L1,
SO FALH A R Tl R 20 A2 o 72 R F IS
V) C, iR EZRE LA Tl 2 R T RETH 5.

o &F

A H HitE JAMSTECR #RtEZLRE, /NP FH—IK, B &
e KA 518, R~z md o cHEF L2 &
LTI L 9. Kk Kl fREEZE 2 5 240 E
LA SO THRIL, AR O TRHRARL T S
PUET L ECREAFTLE. BEYI2L—Yaro
—iE, FALRFEAN—F A Ak F—DA—/ 85—
DAY= =12k BbDTHLH. AWML [HEELE
KIEOFHRTHAAES] % Ed 5 BHA S FCE & 05 - Bk
MBI OFBMGE ] GETFHIZEB) OBHRO—HBTH D,
BN 7 7R OHEHFEIIE KIS DOVWCid, DONET D
FZER R ED VT S,

5% 3k

Ariyoshi, K., T. Matsuzawa, R. Hino, and A. Hasegawa
(2007a), Triggered non-similar slip events on repeating
earthquake asperities: Results from 3D numerical
simulations based on a friction law, Geophys. Res. Lett.,
34, doi:10.1029/2006GL028323.

Ariyoshi, K., T. Matsuzawa, and A. Hasegawa (2007b), The
key frictional parameters controlling spatial variations in
the speed of postseismic slip propagation on a subduction
plate boundary, Earth Planet. Sci. Lett., 256, 136-146,
doi:10.1016/.epsl.2007.01.019.

Ariyoshi, K., T. Matsuzawa, Y. Yabe, N. Kato, R. Hino, A.
Hasegawa, Y. Kaneda (2009), Character of slip and stress

due to interaction between fault segments along the dip
direction of a subduction zone, J. Geodyn., 48, 55-67,
doi:10.1016/j.jog.2009.06.001.

Ariyoshi, K., T. Matsuzawa, J.-P. Ampuero, R. Nakata, T. Hori, Y.
Kaneda, R. Hino, A. Hasegawa (2011), Migration process
of very low-frequency events based on a chain-reaction
model and its application to the detection of preseismic
slip for megathrust earthquakes, Earth Planets Space,
doi:10.5047/eps.2010.09.003, (in press).

SEHRR (2004) |, IGEWTRE 2> 5 5643 2 ML O Tl
TR B RlRTE, A ARG IY, 46,163-167.

Bilham, R., R. Engdahl, N. Feldl, and S. P. Satyabala (2005),
Partial and complete rupture of the Indo-Andaman plate
boundary 1847-2004, Seismo. Res. Lett., 76(3),299-311.

Briggs, R. W., K. Sieh, A. J. Meltzner, D. Natawidjaja, J.
Galetzka, B. Suwargadi, Y. Hsu, M. Simons, N. Hananto,
1. Suprihanto, D. Prayudi, J. Avouac, L. Prawirodirdjo, and
Y. Bock (2006), Deformation and slip along the Sunda
megathrust in the great 2005, Nias—Simeulue earthquake,
Science, 311,1897-1901.

Dieterich, J. H. (1979), Modeling of rock friction, 1, Experimental
results and constitutive equations, J. Geophys. Res., 84,
2161-2168.

I FEORER (2003) , 1677 AR IES BRI HEREEB O 55
(R, L, 19,1-7.

Hori, T., (2006), Mechanisms of separation of rupture area and
variation in time interval and size of great earthquakes
along the Nankai Trough, southwest Japan, J. Earth Sim.,
5,8-19.

Hsu, Y., M. Simons, J. Avouac, J. Galetzka, K. Siech, M. Chlieh,
D. Natawidjaja, L. Prawirodirdjo, and Y. Bock (2006),
Frictional afterslip following the 2005 Nias-Simeulue
earthquake, Sumatra, Science, 312, 1921-1926.

Igarashi T., T. Matsuzawa and A. Hasegawa, (2003), Repeating
earthquakes and interplate aseismic slip in the northeastern
Japan subduction zone, J. Geophys. Res., 108, 2249,
doi:10.1029/2002JB001920.

Ishii, M., P.M. Shearer, H. Houston, J.E. Vidale (2005), Extent,
duration and speed of the 2004 Sumatra-Andaman
earthquake imaged by the Hi-Net array, Nature, 435, 933-
936, doi:10.1038/nature03675.

H R AT SR HE A (2001) , BEVE b T T OHFED
£ W1 5F il 12 2 v T, <http:/Awww jishin.go.jp/main/
chousa/0lsep nankai>.

AN FEHEEATS (2003) |, EIRIEIMIHLE O RHIET
fiii, <http://www jishin.go.jp/main/chousa/00nov4/miyagi.

JAMSTEC Rep. Res. Dev., Volume 13, September 2011, 17-33 31



HALH A AT HE - A~ b T BPHEOEE
Consideration on the 2011 Tohoku & the 2004 Sumatra earthquakes

htm>.

HEEFIARFEAEAEARES (2009) , ZFEMA & AR A
J COHEFB O RHEHlO—HUETIZONW T, <
http://www jishin.go.jp/main/chousa/09mar_sanriku>.

P HERE 2 (2011) , AL AT R I B3 %
KRGS, 45 190 0] FE- A% ik FAFZE , <http://cais.
gs1.go.jp/YOCHIREN/activity/190/190.htm[>.

Kanamori, H. and D. L. Anderson (1975), Theoretical basis of
some empirical relations in seismology, Bull. Seism. Soc.
Am., 65,1073-1095.

Kato, N. (2008), Numerical simulation of recurrence of asperity
rupture in the Sanriku region, northeastern Japan, J.
Geophys. Res., 113,B06302, doi:10.1029/2007JB005515.

Kato, N. and T. Hirasawa (1999), A model for possible crustal
deformation prior to a coming large interplate earthquake
in the Tokai distinct, Central Japan, Bull. Seism. Soc.
Amer., 89, 1401-1417.

Kato, N. and T. Seno (2003), Hypocenter depths of large
interplate earthquakes and their relation to seismic
coupling, Earth Planet. Sci. Lett., 210, 53-63.

Kato, N. and T. E. Tullis (2001), A composite rate- and state-
dependent law for rock friction, Geophys. Res. Lett., 28,
1103-1106.

Kawakatsu, H. and T. Seno (1983), Triple seismic zone and
regional variation of seismicity along the northern Honshu
arc, J. Geophys. Res., 88, 4215-4230.

ST (2011) , [PPRE234E (20114F) HUILHL A
HWiE | OHWEIZOWT (BE15H) |, <http/www.jma.
go.jp/jma/press/1103/13b/201103131255.html >.

Bl HERBE (2011) |, BT (GPSMLHBiie) 7 —
YIRATIC & B R GRDOEB L) HAET IV (Y
7€) , <http://www.gsi.go.jp/cais/topic1103 14-index html>.

Konca, A. O., J. Avouac, A. Sladen, A. J. Meltzner, K. Sieh,
P. Fang, Z. Li, J. Galetzka, J. Genrich, M. Chlieh, D. H.
Natawidjaja, Y. Bock, E. J. Fielding, C. Ji, and D. V.
Helmberger (2008), Partial rupture of a locked patch of the
Sumatra megathrust during the 2007 earthquake sequence,
Nature, 456, 631-635.

Kondo, H., Y. Awata, O. Emre, A. Dogan, S. Ozalp, F. Tokay,
C. Yildirim, T. Yoshioka, and K. Okumura (2005), Slip
Distribution, Fault Geometry, and Fault Segmentation
of the 1944 Bolu-Gerede Earthquake Rupture, North
Anatolian Fault, Turkey, Bull. Seism. Soc. Am., 95, 1234-
1249.

Lay, T., H. Kanamori, C.J. Ammon, M. Nettles, S.N. Ward,
R.C. Aster, S.L. Beck, S.L. Bilek, M.R. Brudzinski, R.

32 JAMSTEC Rep. Res. Dev., Volume 13, September 2011, 17-33

Butler, H.R. DeShon, G. Ekstrom, K. Satake, S. Sipkin
(2005), The great Sumatra-Andaman earthquake of 26
December 2004, Science, 308, 1127-1133, doi:10.1126/
science.1112250.

Leonard, M. (2010), Earthquake Fault Scaling: Self-
Consistent Relating of Rupture Length, Width, Average
Displacement, and Moment Release, Bull. Seism. Soc. Am.
100(54), 1971-1988, doi:10.1785/0120090189.

Miura, S., N. Takahashi, T. No, S. Uraki, K. Takizawa, S.
Kodaira, Y. Fukao, K. Nozaki, and Kanto Asperity Project
(2008), MCS study off Boso to understand the seismogenic
process in complex subduction system beneath Kanto
region, 7th General Assembly of Asian Seismological
Commision and Seismological Society of Japan, 2008 Fall
meeting, B22-10.

Miyazaki, S., P. Segall, J. Fukuda, T. Kato (2004), Space time
distribution of afterslip following the 2003 Tokachi-
oki earthquake: Implications for variations in fault zone
frictional properties, Geophys. Res. Lett., 31, L06623,
doi:10.1029/2003GL019410.

kI B - 5 S - rp A (2001) |, =REMNC BT
% PR AR HE DR FRALO ML — 1968 41
RO HLEE & 1994 4F =R 2 2R O LER, #EE,
54,267-280.

National Geophysical Data Center (2011), Global Significant
Earthquake Database, <http://www.ngdc.noaa.gov/hazard/
earthgk.shtml>.

R 2256 (2011) , SALHT AR IZ DWW T () |
<http://www.bosai.go.jp/news/oshirase/20110323 01.
pdf>.

Pacheco, J. F., L. R. Sykes, and C. H. Scholz (1993), Nature of
seismic coupling along simple plate boundaries of the
subduction type, J. Geophys. Res., 98, 14133-14159.

Romanowicz, B. (1992), Strike-slip earthquakes on quasi-vertical
transcurrent faults: inferences for general scaling relations,
Geophys. Res. Lett., 19,481-484.

Ruina, A. L. (1983), Slip instability and state variable friction
laws, J. Geophys. Res., 88, 10359-10370.

Scholz, C. H. (1982), Scaling laws for large earthquakes;
consequences for physical models, Bull. Seism. Soc. Am.
72, 1-14.

WEEF = (2005) , R DTV — NEE), M5,
114(3),350-366.

Sieh, K. (1996), The repetition of large-earthquake ruptures,
Proc. Natl. Acad. Sci., 93,3764-3771.

HH EHK (2004) , WiEL2 7 22 POSERIEE 27—



K. Ariyoshi et al.,

V) ¥ A, HHIHERGSE, 46,168-174.

Toda, S., R. Stein, J. Lin, and V. Sevilgen (2010), Coulomb 3
stress change modeling software, <http://earthquake.usgs.
gov/research/modeling/coulomb>.

Uchida, N., T. Matsuzawa, W. L. Ellsworth, K. Imanishi, T.
Okada, A. Hasegawa (2007), Source parameters of a M4.8
and its accompanying repeating earthquakes off Kamaishi,
NE Japan: Implications for the hierarchical structure of
asperities and earthquake cycle, Geophys. Res. Lett., 34,
120313, doi:10.1029/2007GL031263.

Uchida, N., J. Nakajima, A. Hasegawa, T. Matsuzawa (2009),
What controls interplate coupling?: Evidence for abrupt
change in coupling across a border between two overlying
plates in the NE Japan subduction zone, Earth Planet. Sci.
Lett,, 283, 111-121.

USGS (2004), Magnitude 9.1 - OFF THE WEST COAST OF
NORTHERN SUMATRA, <http://earthquake.usgs.gov/
earthquakes/eqinthenews/2004/us2004slav>.

Wells, D. L. and K. J. Coppersmith (1994), New Empirical
Relationships among Magnitude, Rupture Length, Rupture
Width, Rupture Area, and Surface Displacement, Bull.
Seism. Soc. Am., 84(4), 974-1002.

Wiseman, K. and R. Biirgmann (2011), Stress and Seismicity
Changes on the Sunda Megathrust Preceding the 2007 Mw
8.4 Earthquake, Bull. Seism. Soc. Am., 101(1),313-326.

Yagi, Y., M. Kikuchi, T. Nishimura (2003), Co-seismic slip, post-
seismic slip, and largest aftershock associated with the
1994 Sanriku-hiruka-oki, Japan, earthquake, Geophys. Res.
Lett., 30(22),2177, doi: 10.1029/2003GL018189.

JAMSTEC Rep. Res. Dev., Volume 13, September 2011, 17-33

33



	東北地方太平洋沖地震・スマトラ島沖地震における連動型地震の考察

	Consideration on the 2011 off the Pacific Coast of Tohoku Earthquake and the 2004 Sumatra Earthquake

	1. はじめに

	1.1. 連動型巨大地震の特徴

	1.2. 断層サイズ比例モデル

	1.3. 固有すべり量モデル

	1.4. 本研究の目的


	2. 数値シミュレーションに基づく検討

	2.1. 隣接する破壊域で発生した連動型地震

	2.2. 時間遅れを伴った連動型地震


	3. スマトラ島沖地震への適用

	3.1. 2004年スマトラ島沖地震の断層セグメント間の考察

	3.2. 2005年ニアス島地震・2007年南スマトラ地震の考察


	4. 東北地方太平洋沖地震に伴う今後の連動性

	4.1. 三陸はるか沖・十勝沖地震の考察

	4.2. 房総半島沖地震の考察


	5. 議論とまとめ

	5.1. 超巨大地震サイクルのモデル化に向けて

	5.2. 海底観測の重要性

	5.3. 南海－駿河トラフトラフ沿いの巨大地震サイクル


	謝辞

	参考文献





