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FPE O BifEs, DA, B, RRIER ., =INEATH Y . ZhE Al FH I
(eI - 2HE (EEniR) - S0 (Eeni) - e Fnaklik) - Kk (=&
) 72 EOWREROB~DEY HLIZE > THKEhTWD (Bl 21, M - 1,
1989 ; #21L, 1990 ; & 1EA>, 1999) o Z AL 5 ORI IT ISR O T KER m OfF
IR &AM IC L > TBESN D, b T ZRTEICH » TR FBE L Hnikixz o
& A320~30 kmPh BIZEE L, FEIMKPNICIE N T 7 802 AT 72 2 5% 001 JECTE W g 23 i L
TV Z WS TRY (Pl - #%EE 2010 ; FHEIEDN, 2011 ; [¥2-1) . 24U,
FALHG KV O B AR E CIXMINERH D HEL TORNWI & EXTRNTH 5,

F7o. BEIRHTIIAIMARICBARER BRSNS (AXOK 1) , ZiudicrmEiE il
FIOILE LR OWFIL AL AIAATEB TH D EFE 2 B TE Y (Yamazaki and Okamura,
1989) | MBI HEREEEE NS LIFILOFENHER SN TS (Kodaira et al.,
2000) , ZOIENIZE, FMEHE N T ZEEMG TOILM - T AEES T ZALEE o
L EWEILFIEREICB N T, TNENDOEE D OILHIABDIER L 728 NGB 23 ]
FHEIZ b5,

S HAZ, AR - EFER - SR - I - R - IR O JE Tl Mg BE AN
ELTWAI ERMLNTED (FiZ, 1988) | RO & 7 L — NSRRI
TGWTIE & OBIR Em STV D (B %1, Yonekura, 1975 ; fiiZs, 1999, 2001, 2006 ;
KH /YD, 1994) , 72, ZROOIROEDTIE, F3E H2f/ F2HTETD
K OIC, mME N T 7 THRAET HHIEICIE S Pk, M O EAMER I TWD,
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2) BKEEE

FAYE N T 7 IV ONMEER S OWRAEIZIE, b T 7l e T A K D IS HoE
M EMEICRE L TR Y, A OIRMEIERTER S L TiEeRARE ShTw
2 (B2, FELEDy, 1998 5 HEHIE W BT TR, 1999), 1k Z 6O, fF
MERDOERAT A el aEReE LT L — MERMNOO, JIRELTZbo LT, 7
L— MERTOT RV ILES QIR Z2IEBI2NVERmEICHE L TV D EEX b T
7= (Bl X, Yonekura, 1975),

VAR, MBEE B O B fRRESE T — & 615 b v e MBI O SLAR A 22 FE
%\ﬁiﬁﬁ%@i@#ﬁ@?yﬁyﬁﬁﬁbﬂéiﬁ @of%k(¢m-%%
2010 ; ¥ 2-1), 2D X 51T U CRRIE I AT EHIE DO EGE PN O RFEMER 8 b |
WO FME - PR ORI & OXHER R ST D, FEIED (2011) X, FEifE
k Z 72 AT B U ETE W XA T O ik iE ke < . 7L — FEERME OB
(CHRIEICA U BT S T 5 LHRf L T\ 5, 72, )N~ e B #E~ fL gt KGE I )
(T OREEMSMZILTEBER T 2 rIRENE (8n7K, 2010) X0, =PI XV 18O el o
P A XA — PE A R O G BT AV IRTE W A3 38 L T\ D 2 & E b iR s
TWa (FHEIED, 2011),

DIED>, K BRI VA FEEECTI, R B ORI B G-3 DVIETE kT8 O 7
fﬂhﬁén TL— "ERDLOSIEMIE E LRt bnTnsd (FliE, B,
1980), #ilziE, R EBOEMNARELOBREICIIFILEROFEREENREE LT
EEBEZHNTEY (WA, 1990), F 72 EFEIHJE T B M HOIREE 2 HEE S 4L,
1946 EHRFIFEEHIE & OBIfR (Kato, 1983) OB/ & ORIMR (A4S, 1988 ;
KH - /NEY), 1994) 2R SILTW D, ZAUbHIE, Wi s B TERd 5 0 Tl
<. 7b— MERHERICHE S BIRIZR2IEE) &L A7 ST D

(2) HhTHEE

1) FL— 0%

T4 VBT L— M, BASIEOREANCAIE L, N T 7 Ml N T 7, Ml
HEIEE, 7 4 ) RS, < ) 7 g, O NE RIS ISR S DWE T L — B
Thod, 74 VBT L— ML, MEilENT 7 TiE, WE ST - VR B ARD i
PEAAA TN D, BT, Bl OUN - S5 MRS 7o suis (58 W i) 8
WEDT7 4V BT L— ME, BUEORRWE LS A LR (M) & LT 15 Ma £T
PEREZFT TN EZZ2 N TEY (BlxIX, Okino et al, 1999), JELHEE & T
BT L — EBWBHIAL TV D BB RERFFETH D (KXOK 1), T, FErEHEA
DEECrWE b7 7 EEOWITIX, 7 4 UV BT L — NEAGARIIHE ) ERHIE
DA T =ALDOERAZFHAIE LTokk 2 2 BB TONTETEHY, LMk
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HUBIREO M FREE ORI 50272 0 5o H 5, LA T, SIS S 202>
T&E 72 Z OB OH FREE DRI OWTRHEICE L D,

FAYE b 7 7 S0 OWEHE I RERT TR 2 TS A A L TR Y . T OREERIFHMAY,
WEETLE KRR ORI O 7 A b () FEROBAS, SRR ERERA N F
—YOJRKE 72D S HAEEENTER I TWD (B2 IE, 1L, 1990 ; Wells et al.,
2003) . HEHEIZI T DR e THEE DO—o & LT, ILOLABABRDET 5N D,
EHII%#O)j:@E%Eza (Kodaira et al., 2000) <CHEEFE#Y (Nakanishi et al., 2002) J&

B HNTHELZ HWEEEREORE R, 216 Ok FIZiX, thAiateyil &
FE%D%L%.’)%JE@E%Z»%%) ZEDBHLMNI T, F ‘ﬂl‘l%ﬁﬁ ZIX TERUNEsE) &R
XD WL O O BAFTET D23, BT FICIX AU HES Dy R0/ 0 I Lk A
AATWD (Kodaira et al., 2004) , —75, ?%HWEIWEF ZiX, BHE R ER R Ao Mk
DFIET 572 (Honda and Kono, 2005) | MEHEAORER, Z OB E I ITHIE R
NEIER T2 BBELRAEONTFET D Z AR INT (Kodaira et al., 2006) .
R E, BREHE - EilEEO R S A FERE L TUIE ST SN TWAEFTTH

V. ZOMERE L ORBGRBIER SITW5, EEEA T, MEREOMI, 19444
WAFN B R M HIEE O IR NI 7 L — N BERIETIE 2 5 0 %) @m%ﬂﬁfﬁé G
Mo T (Park et al., 2002) , HEHERE KM AR 3T 5 Ay IkWE D5 E)E
SEEECHE O THIICEECTH 5,

ek, VErEE HAR FIZWAiATe 7 4 U BT L — D OALE - TR, Bk I T 2
BISB) DM E S THEE S v Tune (B2, iR - KM, 1985) . LarL, W
FAARDRER T L— e 74 VBT L— FOBERECTRAET HHETD RN TED
BREINTWEET VTR Z<RONTZHBEDOET MIZE EE o> TWe, —H,
ISR E OB RN DILAAT 7 L — F ONENHEE STV, — R
AN > 72 “IRIT 7R RO AT > 7=, Baba et al. (2002) TiL, <o
BECTH LN SR ZZMICHRT 2 & &b, BRoMEES O MEHE L. 7«
U EUHMET L — b EROSERIX ZER L TV 5, 72, Hashimoto et al. (2004) I&
EHE & HERTEE 6 7' L — MEIRET VOREELIT > T 5, i%ﬂ%é#%m
U7z T3 - SREGIE - RV OB EREAGATZE ) CERR20~244F ) T OREIEMAFAT D
FERDD | B D UEPIZONT ThAATe 7 ¢ U BT L— M, WUEMH 0@
W OWRPEHTR S | Y EFEMERS D DERAR ] 2R TN« X T A D=V His~

EELLTND Z ENHBMNI R o7 (FFEIEDy, 2011 ; M2-278), Z DEBH O VE
L1968 A iR (Mw7.5 : MWWZE— A > b~ =F 22— ) OFT D Ik i &
—EHLTWD (K2-24), E7=. UM « _Z AEREAHTIE, BRI A THIUE R O
B < 7 L— MRS OFRRNE WV D FHA R LTV D, 2D OFFI7RER
TRERICESE, BIE, 7L — MERETLVOUGTHRED SN TS (BIZIE, hEE
7>, 2012),
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F 72, FEEIC B WL, AR R OB T — Z & O T SR 2R AT A3
nT%ko;®%f@ﬁwﬁﬂﬁfﬁgnkfw&%mmKVVWA%ﬁ%ﬁwmz
Shiomi et al., 2008) CHIEIZHEE NE 27 T 7 4 fEAT (5] 21F. Hirose et al., 2008)

R LY . HEiENT 7Bk RATe T 0 U BT L— ME BRICE AT TR
RTHDZ LD #ot(lzao_nif@%ﬁ LRI NT=ET LM
HIZEWIE S o0, KEMIIZIEFEL TV,

_®i9@7v%bkk@ﬁ%@QMk\@ﬁb?7f%i¢éﬁﬁmﬁk%%®
SRR, BOBRRH 5 EEX DN T WD, FRC, BEHE & BEE O BRI
DAL NTAR Y 3 2 W2 D AP AGEFLIC BT 5 7 L— MERIZ OV TR, il
X Ide et al. (2010) (2L > TF L — MR OEERN SN D2 L, BEL#ERSALTY
%o ZOHIRIZIIT HEEMZR T L — MR, FEVE N T IRV OMER B RHIE O R
RAZWET 5 ECTHETH LN, FLEHDITHHA SN LITFEAT, 5B bEANZR
A - BB LI TH D,

2) b 7EBMRUSIEFBMETOBERAIGER

FEME N7 7 DT, BeA EEEERAIGHE (I0DP) o—BRE LT, 1944 4 HFEifE
= ORI C b HREEFHEEN T, RBEE b T T R AR O EIRAI S Th T E T,
TR, b T ERE NS I RE  (Park et al., 2002) T TOHRENICEVELR
T RERANZ DWW TR A

IODP%316 UL - mvE & 7 7 MRS AR R T, HIERGESH A (HXw

1LY | R BRI TG D Jedin e O N T 7 #ic kT B 7 L — MBS S |
ﬂT%ﬁﬁ?é;k;W%Lko%@37’aiﬂfwéﬁ%%®ﬂwg B3 25
MraA1T o TR, T2 EERICH) 400°C, £ 300°C % THREED A3 - I IEBR 0S89
S, ZOEBNT. 2 TICE ENHWE TOMBIED BT 0 (CLE ) BEEREEI K
THIERZENZEEZ SN TWD (Sakaguchi et al., 201la; ¥ 2-4, ¥ 2-5), =
DOREFRERCTHEATRE AL, M7 7T 0 7 L — MERETE Crd 3= 0 O
@ﬁ%ht,faé TR EOEE(LIIRE R OO, IRE EFIROEAFAT 57

i, B moT RO BERMNETHDLEORFELH D, ZOPFEMERLE, 2011 FH
%%ﬁk¥¢@% EORMC HARYHE T, YT E © RS 50 m AREKFEBE L
7= (Fujiwara et al., 2011) Z & C, HMEXLV BWEKZLT-L L2 2 EETD
N %ﬁ%?7f%$¢ékﬁ%"wf% N7 7EfEE CRERTRONBAELD

ZEITk Y, BEROEEL EOBIE AL L D AREMEN D D,
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3.

RS

(1) BEDRHMEIZDONT

1) BEREHEDOHLHME

BNIZER DS & > T- RERIZFEIK A+ B CHA L7- Rt HEE 1348 CH GRS % ST
WD, E7. BOWIER R YA DI bk X ARSI A 2 1, Eﬁ#
F DOPEERRSE e EQ LN TR 4, ATl b 0 IR LB IS IR 7[5 A HisE &
REINTE (Bl 21X, Ando, 1975),

JESFLERIC IS &L 684 LIRS, FAVEHUERIXHEHIEE & ORI A S E 0 T, 684
FHE CRR) #EEZFED D72 G 9ROMEY A 7 ANBNAE U NS 5 (R
DX 2) . Fio, HfEHE CREHHELZ S T) 13, Ml & ORRRAE S Z O T,
ZDFRAEDHEFIF ST D 887 A FNHIFE LIRS, 1096 ok B HiFHIE e &b 7e < &
H 8EIOHIEY A 7 VB ECTWREMERH D (KD 2)

684 fE R CREL) HuEE. 887 AR FnHhiE. 1361 EIEFHIEE, 1707 FEFE K HFE, 1854
BT, 1946 EREFIHIEE O MR X, TEOKRBE O HLl 5B O TR,
EHIRSEOFHE 72 EH@ T 2 REA R 65, 1099 FFEFIHIEIL Z ORI KIT
AN, 1096 4F 7K & B S O RIEI S 1707 AEEKHIE & [FIBIC, FfEE O £ T
KA TR LB 2 B, D &b 11 &b 0 ICHEEIENRE L Z Lk
RSN TND, MEIEOREIE T, EFHE & SAMBEOR &, ORI E
DT 2 MEFMHELSMNE, 200 FREEZDOHRE TRIMES VKL TS L IR A2,

FEHIE O A RIR & T 2RI, I RTIEED © 00 < 72 5 72 D FRER D IR
TRV OO, EFFEEEOHENH L IZRIFFCEAEL TR Y, AEHE, EF
WEE, 1498 AEBGHIEE, FOKHUE, ZEME, BMRMtENEIEAE S TWE, Z0)
B EAKHUERITHE - B0 G O ﬁﬂ##f_ﬁﬁbt_&#%%f(Mﬁ&ﬁ,
2mm W b7 7B AL ERKBROETH S5, BB CRE) Hi5E, (o

. IETEHUE S FOKHIUE & [FERIC M7 ORI —EICE L - B ThH D & S, K
Eﬂau%%mﬂ%ﬁ#%é(ﬁﬁ,wwu

WEDRKMEICONT, H KL OE DO —EBkET OO % & LiZrEilE 7 7
WD KMETH L0 E D, £ 7 7DV ORBEOAITIE, Z ORER)N & 2
DANTHONWTDORBEMEHITH Tz o TE, HOERRICE L TIEEIC A1 (1999) | A1 (2002) |
FEE (2003) | FEHLABIZFAEE (2003) | Ishibashi (2004) | kA (2012) 72 &
EHBIC LT, £, FHEO~ T =Fa2— K M) OMEITFE (1999) Z28HHT5Z
Ll Ui, 22U, mRBLAIDMTOID K 91272572 1885 4F L D AifDfEIZ, 1885 LA
BeD b DITHAMEHENEN S B Z & DD | 1884 AR LIRT D M OIS HEMEDME Y & I L,
INEMO T, I~ S =F 2 — 8 (Mt BEE, 1999) Z#0fFc. 2T L& LTz,

FEVE N7 7 THAE LT ATREMEDS & 2 KHUE I, 1498 FLIFRIZ DWW TIE, 5 EIDHIEE
A 7 ABMENTND, ZH5OHEIZOWTIE, RIS e 4 B
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F 2, EEOEI K OBEDOSHNBLRE Lz, BEICE L T, BESMDO/NRE—
IEITOTHEE (05R55) NHIEFIC B> TVWD ZENRMLNTNAHZ LIZHEREL
7=

1498 FEOMIE X VRIS b7 7 CRA LR & D B gL, BAEFEHH
BERFEIN TV 2N DO EDTARIOHES A 7 BB TS, 72721, 1361 4
K OAIOHEBEIZONTIE, BEORRBICEDMEORE L L ERMEENENT &
D6, HEFR A O RIRRE T S Wl Lz, 2o, Z ORI OHIEIZ
DT, MARE SN TWD S DR TRl L 7=,

AR TIHFHMEOXIG & LctiED 5 b, AR (M) HE, Sf (M) #HE, k&
(ﬁﬁ)%: FEfn (FEvE) HUZR, IE°F (FvE) HUEE. BUSHMEHIER, BRHE, FK
MRS, ZBORME - LB . WSRO . AT R VMR O 25 IR O FRE L D
T, AFIZH LWIIRICEEM A R & & bla, BIRICHILE £ L DT,

1944~1946 4EOHIE (BAFI S EEIEIIEE . AP Fn e g EE

B R R RERAORE R IS 3842 U7 1944 45 12 A 7 H BEF0 SRS v 5= [ OF 1946 4 12
A 21 BEEFIRGHEERIE. §0 D@ TORER Ol A, H R 20,
HEFE 72 EOWHEE O W BRHEIC K& WEEL 75 L,

R RO PR C U, HEE S, AP B VEE s D BRSO K R R 2R -7 (X
3-1) , O/ S, RS EETNFET6~9nIZELE (P, 1974) , BESH
FRY LA L & 70 o 72 HPHIT . S )7 oo — 80, fo O BE A O i SRR R IR £ TR
BWChHN, EE MY EE o HiFIL, S HEIRSEMIEOR S, WEHEL
RERHILTND (KRBT, 1968 ; X 3-8) ., ZOMUEIL, #%ib3 2 ZCBORMEHIE & b
i L CREEDORE WP | B O @ S bR o 7o & STV 5, ABE B R X
WA B P Y LS C I 2 B R D BRIk D — 358 L 2l U 22 o 7o 72 d | BlEMEA
FWENERVEE D E LTEESNTZLOTH D,

WAFNFAVEHIEE T, B IUN D D R B O KRR EE B2 (K 3-2) o
DU ] Je OS2 8 O REVEIR =TI, B Om Sid4 ~6miZE L. CPE, 1974 ; 8K
M, 1977 ; g BORZTTKIEEES, 1948) o BREE 5 59404 DL B & g o 7= &R I, JuH o—HE,
DUEREHES - BOH, AL R OWE - hE - T O — I RN ([ERJT, 1968) |
JAHIEICEE 6 594 LA L 2o i b b oTe (HREGE, 1946 5 X 3-9)

WA 0 SR R T S N ORI HE R I DWW TR, 565 1 RIS 72 K 9 I, sz Eh o
W, HERIET —% 2 HWicflic ORIRET VOHEERTOI TS (K3-16, X 3-
17),

AR DEE OB O /34 . HUB A B OH I O FLERIZED W CHERE ST

BRI A OERET L (K 3-14~ 3-17) WONCHEE SNz M 2B E 2. 1944 F RO
1946 FOMIFEIT, LA EFURFFHIEE (FEC & DA 2 s U O 2 o 7o KHE ;
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1944 FEREFIBEMEMEE) | FEIEHE (KA & BAHEZ2HDIC LT Z o 72 KHE -
1946 FFIRFIFEHIES) TH D ERESNZ, (KXDK2)

LLUTFIZiR A~ 2 FE R K O\ R OFREIZ R Cid, R SR e v 8 & B Fn e v
HERIZBT 2 E OFSRCBENME T OE L E Lz, 72721, Mo mME L, 25
M ERCLBFEEHIE L0 S NS W EEBEX BN TNWD 2 Enh, kil 5 1854
FEORBOWHIEIZIB T 5 ORSRSEESM LI THL & L,

1854 FOMIE (LBREIIEE, Z2BrE S

1854 4F 12 A 23 B (LBOULAE 11 A 4 B ; ZEORGEHE) K O%) 30 REfEfE O RIE 12
H248 (F5H ; ZEAEERE) ICKHMERS -7, AT, BHERETOo T i
N THETHEK T 270 L, ST RN EZ I,

23 HORMHIE T, WEHE) O FERY-EE CTORFIER AR E S 7223,
W 5B (BmR) £ CTORE T, TOEIONHMITY 7 A2 R
IR R O L2 D (K3-3) , ZEHEO—H TITEHEOS EI1X 10 il
B L7 (B, PSS, 1980b) , BB 5 9944 DL RiT/e o7z L HEE STV D HiPAIE
Fofa . iy R O KRSy, ROBEEMG O—ETH Y | EE 6 NIL6
%m%’@okk%EéMTwéﬁliwﬁ%%% HIR) | HPEsHT O NBED .
K OBRIE IR I Y, NS TR E TS IC o et b b 5 & ST
% (F£2E, 2003 ; ¥ 3-10)

24 HOMHIE TIL, JUNEEA 6072 < & bR I E TOREFERFE L
WS 72 (FIZIE, PR, 1980b ;5 Zeds, ALPEE AR L RIZHOWTIE, 23 H
OHEBIZ L D28 EXKBRRETHY | 2 ZTHEEIRENTWRNWT LIZER) (X 3-
4) , B O S0 E O KRR B L OSHIRATT LAE O R Bin Tl 4 ~8m i
LI EHEINTWD, BELHHEYLL EIZRo 7z EHEE STV D EIFRIL, WEA
HULMZ U B2 D R EHT | TS T OFEECTH 0 | EIE 6 TIT 6 5954 L 72 o7z
EHEE STV D HIPAIE, M, 185, L, LS ROMERRETHD (FHE,
1989 ; [ 3-11) .

TR D EEE O BEORAR DK QR EE 54T, HER ORI ES W THEE S o BRSO O
%ﬁ%TW(.&B)\W NCHEE SN MIC LY, 23 HOMEITHEE (ZBOR
WEHIER) | 24 H OMUEIIFMWEHE (ZBIEE) Th 2 LRE S, i TIRmEk
E bIRIERIEAERIK & 22 o7 LB 2 b7z (Ando, 1975; FHH, 1981b ; Ishibashi,
1981) (KX 2, X3-18) .

7pB. REMEEHEIT, R EIC X POE R OGS COE O & SN E
Mool b BEEETR O COREIN N2 LA B D | FEERO I O BESE P XX 3-
IR ENTE DD IV IR T mBBMENH D Z L ITHEENMETH 5.
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1707 AE DR (EkME

1707 4210 A 28 H (£K 4410 A 4 H) IZHIEDNH o7, BALHG RS HIE O
FAEFTIE, ENTRAE LR ERAKBEOMECTH 72,

Z OHIER T, B IR LAV CIX R R R L 0 B 5Nz L TN B RS
B (BmR) £ COHEMTIL., Z0m S OO ITZBURIEHIE kﬁ@ﬂ%f&é LI

IUED DB EAEE (FHR) ORWEHTE S 5n L RIZEL, KfEEORET (=
FEIR) OFLTIE8~10nIlETLHEIAbbolc fEESNTWD (B2 X, P,
1980b, Af FiE7y, 1996 ; X 3-5) . F7z, mAERIR L IUNHGES, WP NEe KBRS <
LB i@&&@mébk%wkmoﬁﬁhﬁé

EE SN B o2 HEE ST SR, TR LLE ClI L B R i S
D%D%Dr% TS & R4 16 (it %) if@%ﬁlf IR BORE R kﬁ@ﬂﬁ%f%é

\ BRIRVE TR OB EIXZBORIBHIE 0 /S, E72, EBE 6 D 6 §9HM4IT/ o
k&%méﬂfwéﬁlihMﬁ%ﬁ&%ﬁﬁﬁ RkES (K 3-12) 723, B 7MY
725 T AIREME D & D ST L2 BRI IR 0 e < WNEEF O —3D A Th 5 (FATH,
2012)

IR o> e D BRI OVEFE /3 A . HER D FEERIC %6mfﬁiémt%%@&w
ERET L (M3-12, M3-19) | WNCTHEES NI XD | FEEHE & RO
%ﬂﬁ*ﬁh@@bt@ﬁE??f@@%h%ﬁﬁm®ﬂ‘(i%% %) LRRELT
(KD 2) , 7272 L, AR TR R DI e & 44 LR CLBORIEHIE
& HIFR S B DARME N R0 5 2 &(Mﬁ&ﬂzmn TER D BRI TS TEI T OB /3T (1

AT, FHEZE, 2003) ITITERICE LILEEIE TRA LEHEBIC LI 2 EBIRALT
W B EDHBILTRY %WEi OHIFEDEFIR Tl noTz L HfEE SN D
72 & BT ZBORE - FEfEO 2 HUEE O BRIRISS — BEITHREE L 7o B TIE RV 2 & 234
S TWD (RREIED, 20105 FATH, mm) L7233 - C, FEifE b7 7 ClLREAHE

TIER < RO KHEN ALV IR L TE LR A 20BN H D &Il S
N5,

ek, NG OB m A2 FB T 2720, FHH (1981b) 1XFEIEA OVE -5 OEJRO
TR BAEMOFEILOMFICERE LTV DA, SRS LT o B e 2k o 58 b B
Lot 5G5S (Furumura et al., 2011 ; [3-19) , Z D=8, K7 T A
DOHIFE L U CHMBROER G EZRET 20 D & L7,

1605 FEDOHMIFE (B EHIGE

160542 A 3 H (BRI9H 12 H 16 H) IZHHEHENH -7,

Z OB IUE D S HHEO AR R 2B R IRE SR A WEL CE o T
(R, 1975) , LA « FHKE (1995) 1L W /RSN EEOS (1K 3-6) 72 & HUEHT
S MERERIIMD TR ON TN D, FEJFIHEL CIX, B o®m S 10 2T
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LHEZAEBboTLINTND, Eo, JUNFEETIC L HE AR L7z AlietE b o5 & &
TS, IHIT, ANEOHEHEITGETE RN E INTWD ((FFEED, 2005)
LirL, BEORFBEREOS DT R Y7570 (Bl IX, A8, 1983 ; [LIA « #KJH,
1995 ; 524235, 2003) , E£7-BIH e & TOAKEE S HIZ OIFA & OIS VENRRN R
MBI X 28T d o 72 & UCHLBORME - SEEIEHIEECE K MR . RIS rE 1 - i
HEBIZH AT THroTo L 9 Th D,

BERHIE O EDOIRRIL, BEOLEN RN L0 N T 7 TRA L
BHUE - ZE 2 b TE 7 (B2, HUEMAEZBS, 2001b), UL, RRE (THER)
DD IUNICHE D RE LN B, BENC X 28F TRV b, Bl b7 7 LIS Tf
ELTEHE, HOWITEMER THL AL EETE RV, Szeliga et al. (2022)
X B NERVRE CTRA LB O MR AR L T\ D, 207, I RED
ZO—EKET ORI HT- > T, FEME N7 7omEOMEL LT, BREHEZ ST
BEBERWEEOMFEZET L L L L,

1498 FE O HIE (WS AR

1498 49 H 20 H (7 LIV A =2V U AETIZ9H 11 B (BLF, RRIZE
#H) ) (BHIG7HE8H 25 H) ICHBENRD 72, TNE TR TH - -iELHN, =
OHE LI IS THUITHE SN, KK ERSTZ ERELTHD,

T OHIERIZHE O BEE, AATHEE MO EREE (THER) OnFEazln, SEEER
EAWERD CrdroTz CHE, 1975) o F£7z, il (1981) TR VTV D D53
T—4 (¥ 3-6) IZESTIE, T—FEIVRnb oD, HEOES OSHITREEND
BB E COMPTIIRAEEGEHE L FAREDO LD Tholt LHEIND, BE
SyARIEL WD 5 44 F C OFPH CIXERI R HLE SRR TH D (B - K
FREHAMTR RS, 1994 5 X 3-13) , 72720, BE LY IZ OV TR Otk
72< (fHH, 198la) . ZDHRDOAMETHW T X 220,

R D HEERE DB A3AT B OFREE 5347 ¢&®Eﬁ CESWTHEE S L2 E ﬁﬁ&o
%ﬁ%TW(I&B) WNCHEE SN MIZ KD, RilEtETH S LRE L., fHiK

WY NE ﬁ@k@otk%zt(ﬁi@lz ¥ 3-19) @MEI%M)OEE\ﬁ
HIRFFETE 20 H OO, 1498 FEHIZ, PR RA L W o afRBERm W & &
TV (I, 1997) .

B IR TIIALE D & R 5 B CHEE A E S KON, BB C O HER 1T 5 A HIE
BREXDREW, FEROT7 4 VAT L— OB LWILAHIAR D L7225 Th A )
MoOESy @ELED, 1998) ZEFHE L TRAELZMETHDL L5652 BIIE, H
K5, 1975 5 FHH, 1981a) 23H V. ZOHENLT L H W10 5 IR TlTiav etk
Hd D,
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136148 H3 H (7H26H) (EF¥164:6H 24 H) IZHIENH 72,

ZOMETIE, EEIIEE, SRR E. KR E2E- TRy (Bl 2X, Tk,
2003) | FEEHIEECH A H LHESHL TV,

Fo, 13614E8H 1 H (74 24 H) AIRICHEAEL TWDHGE (BAEHBAH) 2K
MR (EFEREHE) Th o & ofah (A - 1277, 1998) &1 . Z DI A
BN B o T2 FHEMEDS B, FIRR LR D AR T O MR A B &0, WIRAHI COBHTE ot
A OFETIX, EMEBO B MERFRGRIZ X 2 FERBIEIC L - T, 1361 FITxt
TE2HENHEE SN TN D CRAIEA, 2008 ; fRNZED, 2011) .

1361 4F LV miOHE

6844FE 11 H29H (11 H26 H) (KEX134£10 A 14 H) . 88748 A 26 H (8 A

22H) (CR34ETHB30H) | 1096412 4 17TH (12 A 11 H) GER3 kE1)
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. TN ENEEEME T B E SR LT TR & o T2 & ORFFERUR AR £ S

hfb\éo

T OHERI, FE TR T R R REMENSH D LIl STz, 7ds. Yi%il
BHZBWT, 2 OHELIMZ G | ﬁ{ﬂifﬂ&—eﬂ THEHIE SR A LT B ATREMELS
WTCTIE, BRI TRNZ EBIRETL TR,

ZOXINT, HEVRLNBESHS TS ESNTEXmmifENT7 7OMETH - T
b, EAKHE - ZEME - BRHED 3 EOMEY A 7L X 0 RTOMEICE LT, fF
(ZEND DI < 72 5 FIEHERICE L a3 L b EE O IR 2 RS 3 i E L T
W, AR 100 FERRETEA S TND DI TH, fEF U ¥ A T OHENRHA LT
WHDITTHRW, o, FAMBLED 3ENZOWT Y, #EZOREIZER R > T
Do SHIT, WBRIHEE - FEEO 2 MERIT 86 6 b2 LRNCHRAE L p v E 3R
@m%kw&fﬁﬁﬁmév\%woﬁﬁ@ﬁMfm%Ltﬁﬁﬁﬁ P VEHIER X
B EN K E <, MEEO 2 ARRICITEERZ VIS M7 DL EOHER AL TV D
FK HUE iﬁ}F'4:%0)%@/437%%@.(*/\&(@@*&753# T NENWNTZT2D, EOD
B ENPRKE DTz, BFIIEWEROEOMEL &I LB IR L ) KX <
B ANEBF O LR O HFE S LEEHIRE L 0 IR 72 2 ERERIN DD, TR
IHRISCHEVRITIRT 72 & CIT LB R HIER O L 5 7P OFELE /e < | BRI BRI - FeifE
i HER D IR AN ) L 72 b O TIEZR Y (FATH, 2012), B A ICITE L LE AT T M6. 5
REOHENEA L, 1 A% ?tM@iﬂﬂﬁkﬂ%ﬁibfco

FAE N T 7 THRAE LI HIE CEE 5 994 L EIZ o 72 EHEE STV S HaPH X
B D IUNE TOIRWEIFHCTH D, 7o, BE 6O 6 53FHSIC R EHEES
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TN D FEPHIEILM BT 2> B BB IR E TOXREERITH Y | %ﬁﬁﬁﬁ@ﬁﬁw
TR Z BRI R RE O 1 NS IO CIEEE T Y IR oo LHEE SN D,
EOMEDOREE pACENE BER L2 5| FIEHE & R HE CREEE %a@)@
BRI, R (B 0 E B)IN0 (R L E CofiHEEHE IS,
FAE N7 7 CRAE LB HEO h CERMBOERE OHMENRRKTHY . T ORI
i, N D ROV 5 O A& ETCTHSH (FHH, 1981a, b) . RO HHIZ
DUNTIE, LRBORYEHIEE CIXBENE £ ¢, WS BEHEE CI3gr Bt £ T & Lol retk
N5 (MEFHAEZES, 2001b) .

JEE SR FEERIC KX 2 HIER O BB IR DO K & Sk, Sk B3 2 gE IR 2 o
FE EBRENOHERI SN S, LI IR R OB & OB X 5 8E 00
R0, HE O EHEED A 72 E0D o HIREDOHEENFHE T H 503, TR %
HEBIEFITDA L BICHRICE LTI OE O N2 ERITHIE S NAE LIRS
nfwéo:@kb\@%ﬁ%ﬁ%miéﬁﬁﬁ%mﬁ@ﬁﬁﬁw\%ﬁ@ﬁ%f%%

DOHEERBRIIIHIBREOIEL2ENH 5, £, BEFEOFMRFHI LV | EFEkE
NREISNEHESLH D, Bz X, #8H (1999) 1 1185 FFOTRHIE %@@h77@
HETHD L L, FEIl (2000) 12XV HAULEBEIZ /A3 2 B vE =@ o
B B S0 LA VR BN K 5 S FERE S AL, BEEIETE TR HIER AN D T hEa X
BT 28RN E5N TS (Kaneda et al., 2008 ; MEFHAEZE S, 2009a) , F£7-.
BEREHEITHEEHETH D L SN TVDHA (B2, MEREZES, 2001b) | =H
B Cho- et bk D,

TR BENGEERO B D HIEEIL, 90~262 FEORNE (LEEOBEEHELZ RV ESHA) T
FELTHEY, ZOMBIIZELENKREN, £o, BIRBOLNVIZONTE, —
TEDARMEFEMIIE LN FNENOMBIZ L > CTHRPHN R/ D, ZOZ &G, FEilE T
T Tl A TR —  DHENIEAEL DD ERBLBILD,

PR A ARNEEOHZEANOHEIEENCEE T2 & WMEDOHE N7 7V ORKHED
AT (B % 1F 30 =[S0 50 4R M) L EfR (B2 0F 9 RIS 10 42 [) IR E O MIE T
PEHESHEML TV D & D FFE (B2 13, Utsuy, 1974 ; Shimazaki, 1976 ; Seno, 1979 ;
Mogi, 1981 ; Hori and Oike, 1996) 73 %, HIZ, BHENF & 2D EIZIIT DA HIE
BI¥AS, RIRROMAZ R LTV D EWHRFGE (B, 1996) Hd D, M7REELL Eo
EIL. 1860~1900 4FDF) 40 I TIX 2B TH o 7= b DAY, WEF0H FE v S M R RO Fe
ﬁﬂ%@pm#ﬂﬁﬁﬁﬂ%&%%ﬁﬁ)LBET%okoik\M7EEML@ﬂ§
1%, 1854 FE DL BUAMEHIEE & OV B i IR O [EL1% 6 AT 1944~1946 DI
B F v MR S OV RN RS M HIEE D14 6 4RI ZET%OKO_@iO VB RT 7D
KHBEOFIZIZTER B ANEO METFEI AR L2 ERMLNTE Y, ITHFEOH
EIRBOFM S, BAEIIRETE b7 7 O KHERTOTEEHIIC A - TV 5 alREME A FE T
XN TWA (Hori and Oike, 1996) .
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2) Hifg - MEFHFERICIVEEINIHE

JEE SR ERERIZ AR N DRSS, MU I O BURIC DU TIEHITE - HUE PR TFIEIC
LA & FITHHE R D BT\ 5,

i) EIRMEEY

UM H D BB BRI 23T T 5o Hisk CJRE SUEE 2 5 20405, 0004 R LARE
DHRHERED DRI N TV D (K3-20~[X3-22) ,

B0 BIUNEEN G (FRIR) B O EHIE T, 823, 5004/ D
KOBENRTRONTND, ZhbH D9 HREOFEMML T, ki%Smmm%m#
D72 &b 7T~ 8BOEEHREY AR IN TRV, EAMEOEHN & FREEOK
IR 1X, 300~ 350FREEEDREIFE CHRAE L TV D EHEE I TS (Okamura and
Matsuoka, 2012 ; [43-20) . & BT, RO, MOFA BT, 92, 0004FTOHE
WHEREM ISR < | Bk HEE A E [R5 B C o - 72 Al REME MR ST D (Rl - fi A,
2011 ; X3-21) 23, AR ERTHLARENELH Y . ZOMEREE N7 712815
K7 7 AOHELERT LIRS0 (”3-21) .

VO HGER 2 B EEE £ TOREIRMIZ IS T 2504 Tk, i %4, 000~5, 0004 D
MR DIBIESHEE S, BN (ZEHIRR) Tid4, 500~5, 000FRTO LRI D72 < &b
9[E] (EEJ400~5004F-[HfR) D= OEME A HIEIZFiEk S5 (Fujino et al.,
2012 5 [X13-22) , EINEEIR ORI CIE, 7 HERC LIRS 0D R Sh SR i 2 LI HERE )
N ENTWD (Komatsubara et al., 2008 ; BEEIE2D>, 2012)

F OB OB TlX, B D 7o DI HEREY) (HEE ) OIFED R S
TN 5D, HEAOBEERIL, TADICHET AW LI L - T, 12~1414d
E1T~18YHL (BZ 5 EKHE) THY ., TOMFEN 400~600FHfFTH D Z & A
HEE SN TIED, 2011 ; RAIED, 2011) , S HICENS OB AIX1T0T4E K
HERF LV BBEO KRS WERICK > GEf SN2 ERRE 72 (Namegaya et al.,
2022)

ZO XD ITTEOHEHERE M RAE OMERIC L JERRE U CE S RO (K
B2 5 2) 13, 300~6004EMFETE L TWD Z EBPHNTRY S5ob 5, JHITES
FRERICFE D OIREIRE L W RV, Lol e CIIENRIEDREL H S -
D, FFEDA N M ERITRT D Z S IFEE LV,

i) BERVBEOEESIE
JEFBIRSC, SR, I K OVEVRTIRAS O JE30 Tk, e b7 7 TR0 IR LRA L2
BROJEL OWFIEIEWIE OTEENCHE S LB 2 BND, ME oA BERE R & ok
R O L~ L TRl S D,
B Z X, SRR CIIAEYE B O X > T EKIS, 00045121, 0004EFLE o [ bFE
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T (A4S, 1988) | F AL RIERIXIE 556, 0004FH11Z400 ~6004-F5 F o [ b ¢ idk

VIR LR L7 (GRAIEAY, 2008 ; [X3-23) LHEESNTW5,

ST 256, 0004E[E] 121, 000~2, 0004FEZ 1 [MlDEIA TR 2K UEDIL T 2
AL TEY, 1HIOEIEIZ2 ~4niik & SNTWD, ZHVUTHEICBEE L 7= KT
IR A RET D LIRS NTVWDR, ZOERFKE LTI L— MEROT XY
IZ X DR CIEe < BEHIZ T W ETEHTE A3 1, 000~2, 0004F O fElfE CIEEN 25 Z &
IZE D WRRE ECEE AN RENICKERLE L b o LHEESNTWD (Fi4, 2001 ;
X13-24)

TR L TIEA 72 b ARIOBERZ R T EEX LN MROHER R b b,
ZAVHE MR & [FERIC, FRHUZUTY TS WTE 231, 5004FERREE ORIfR CIEEh L7z 2 & %
RTEHEESN TN D (EEIED, 2005 ; Fujiwvara et al., 2010) ,

— 05 BRSBTS 7 R Tl kORI OMR Y IR L 2R T L EX bNDIE
J& &g O BENEER S (RIFEIZA, 2007 ; /MAJFIEDY, 2007) | BRI b 7 7 OifF
TR & F LI O W g sy & oEB O FREME D IEf S T\ s (MEREZES,
2010) .

LLED X 91z, HFR B ORI D C S D BIED HIE, Fe s Rp U > CTravE k
T 7 HDHNNIEDON TRIENREYIKLBEAEL TSI EE2RLTWDA, HkiC
Lo TEBEEARZR Y | F2WT ORISR HIEOTREIRIE L v, 2k
W= DB HIE ORI I 7 L — b W@&V%ﬁ@@ﬁ@#%ﬁbfmék@k%m
SNTERY (FIE, 1992) | M N7 7 OMEBORRICSHEMERH D Z L EZREB LT
Do

/NI E2 R Nl ’~‘/\of%ﬁiﬁz@i@ﬂ%m@ﬁiﬁb\fiém ZI D ORIk~ T
LI MG, ThDIEMEE N T 7D (T & 7o MR O ZERME & AT & 2~ D BfR
NHDHENIFERbHD (FHIZN, 2011)0

i) FEEEDMEY

VIR HERE U 7RI HERE ) 23 . HIUE - HE - A7 U K A BB TRAE L
IREIC L > TR E CEIEINTHE L2bD0E2 ¥ — XA FEFES, ¥ —E XA
N OFEAEFERNIRHIE D A TV, BB O vl REMED B WIGE IR, LSRR O H
EBIBREOMIIC & > THARERE 70D, BARMHRGIZI T 2 HEISE) O R HRHb
(HUEFAEZ B, 2003) 2BV T, WRATFNIORWERRIZB T 54— 44 FO
HEREAEARIT I W T, KR O F A M RR-C I TG BN R ] 2 HEGE L | 9ok O HUE 38 AL e =R
DOHEEP TN TN D, mEilE N7 70Tk, M, RBEFEE, =ik Ty —E
XA NrDHEE @%Eﬁhﬂﬁméﬂfwé

EINEE CIE. o O/NEIZB W TR ES, 000EM OHEREM D HER SN TS (i
JiL, 2001 ; B43-25) , T B O/NERITEEMNICHE < ER R ¥ —Ev XA FOE
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KIS B2 EDREFHIR b D TH D & 1FB 2T\, 7o, BRI 709 5 2
Wikg (EIL1Z2>, 1998) IZHiNWZ &Enb, TNHLDX —E XA M3pEiE b T 7 3O
T U— MERHMEICK > THERE L2 AlREER mWV & ST b, BIEIZE W Tl K R
(CHERE U7 i PR EE OHERERE N —E CTH D EIRET H L. ZD0O/NERIZBIT S
Z—E XA N OHEFREFERITAILI04ERT, 360~3704FHT, 570~5904R1, 730~T604FHi,
790~8204E ([, A ONTH0~604ERT, 380~4204ER], 470~5404ERH], 510~6004Ef] (ks
PEER R FINARCIZ L D PEEF19504E7 & OAER) & S, K3, 0004k IT 52—
H A N OHERERIRITKT0~6004ETH 5 EHEE STV 5,

R (1999) 1%, AEEF b 7 ZALE CHRIRE N a7 O ic kS &, #—E4 A D
HEFEMIRR A3 150~6004FF2 L & #EE L T D,

K EIORINE L 5 7 BRI FI A ET 5 EEE T, 3URDZ—E XA 1535 5
= CEED, 2004) , lEtEA FLE O YCIIE D> & 2R PEVETE OHERSH T 2 FH5 L.
e b LICHEE Lo — B4 A FOHERIFUT, BSHE, B (FE%) HE, B
FAVEHIEE 72 & OJE L HIERSC, RN AL O DMEEME 72 E B HEE STV L e s g
xS Tns, —F, CRHEE AE (RR) #EICxtbEh 2 2 —e &1 M3k
ST 20,

T, HIBRTEERIRAM (D& w 9 1 12X D 7 L— MERN S O IEETE DOHREI 23T H
n\ﬁﬂ@Xﬁcr:;6£ﬁﬁﬁﬁﬁﬁ&@m%é$ﬁ%ﬁﬂ%Aﬁﬁgmﬁﬁﬁ%
IHEE ST 5 (Sakaguchi et al., 2011b) . HEAIGRBFICIE, MBIKEIE OUEA H
BICK DN TSN HE (vy R7 Ly Fv) BiERIhi,

<y R7 Ly Fxid mEEEO HEAICEONDDIZx L, TERANCIZIZE A LR
HavZewy (K3-26, [X3-27) , —RBYICHWTE Tk, &0 HEROHMERNEE TH
D, HEBIZCLXAHED FRAUCETT L2200, v 7T Uy T vk, DlEEEOE
(RS BN LV R S, TORBOIREIRZ Rt EEZDND
MEL%M®:YTHEE@%®@E&)mmE%K9ﬁ<t%5E®7nyv
v F X BRED B, I EALE ORI AS 2°Pb AARHEIZ L 0 P 1950 4F (£20) @
FRERT LD, ZOIEKIEIIRAEMEEHEIC L VIFE L E X T
Do
ST, HWvy RT Ly F X OFRRFERIT, CHERICESE, K 3,500 FFi kO
K1 HHERTESNTEY, vy R7 Ly Fy i I D 2 05kl E OIS B R
X BREENLH SN TWAETE R T 7 OERMBEICHSNTEV, ZHICHOWTIEL,
BAEEED LU R&E R HBIZHEWEKR SNTZBHER~Y Yy T Ly Fx ZRNT, #HiLn
TEENC LS HBENC L W VB O~ v K7 Lo T2 BNIAT 25 alREtESC, 43I ke
DEAIEEN T 2 D TIXAR W ATREMED M FE i S 41T % (Sakaguchi et al, 2011b) .
ORI BIFRFR T, F—EX A MYy R Ly F vy DT —FZBREATND
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T LR, HERGRRI R SR Tl 2 ATRERE, AR RS (GFERBUEHD FIHERI D FTHEME
N U P — SPROMIE R &) 72 X ORIBEN 6575, VEIBEIC B 2HRIE, HIE
DITIE DR - HFED FAEMIROHERE - HIEBID A3 Y AHHRT 5 723 A 40 T
BLEZHNTNS,

(2) EEOHEFEE
1) R EE
1923 £ 5 2024 FEDOFGHE b 7 7O MBIRENC SW T, KRITOERA X v 7\
XD M5.0 L EDHTE DR/ A (X 3-28 (2, BFZEH /Al & %] 3-29 (Z~d, [X] 3-28
HOZ AN T, R EHEE & OV iR DA O B 22 TR BN, B o MRS E)
& 2004 FFOACLF B I O HIETEBI O TH 5, 7035, 2024 8 H 8 HD 16 Ff 42
SICHA LT AmEoE M7.1) 72X, BREECIINT. 0 2 A 5 K 9 iR 10~
20 A2 1 [EIFRFEERA L TN D,
mmi@ﬁﬁ#%ﬁﬁ@@ﬁ SIRENT 9 H 5 A 19 1 07 43I 364E L2 M7, 1 O i)
DIAE D 23 B 57 3T MT. 4 O KHIENFRAE L TV D, FO%OIEENINET I HE=
L\m&%ﬁié%&iﬂ$mﬂuhi%ibfmﬁmo_@ﬂ X740 Vet
L— MBI TRELTZEEZEZ LN TN D,
¥ 3-28 DL MAAIENTO, M-T (w7 =F = — F—IFf) X & OHERSA RIS H
X %X 3-30 (o~ BEOHERA L — NI - MiEERELRTEIZIERLC T
HDTEWTIND,

1995 FITHA LT - IRIE KRR K LIL, AARBEE XSG L L mEE > m o

BE7e MR i S 7 (Okada et al., 2004), Z L5 OBLAKEDEH I LT
F A ARTIX, W@ OHRIGE) & (387 Dk 4 RIREEESHBRS NI E L b
Z DFHEORRNZ DV T ORI HED B TE 7,

PR AA FICiEAAe 7 4 UE LT L— R EEMIT L — h & OFEROBES 30 kn
ka%éﬁéﬂmﬁﬁ®§wﬁ%&%@i FERIPER SR D, & 2 WITHLIS
TRERBEJE B 58 & MEIE 5 (Obara, 2002), HEEE B BN LR BF IR & B 1% /KiE
ORI CTHRAL, TORE %Aﬁi@%mﬁkma®aﬁﬁk&él%W@T@
FIYS 3% (X 3-31 FLAD), Z OMENEEYNE, PUEFER-CRG B EE ., 2R & Cif
HTHDHDITK L, FEECROKE CIEIEF IR TH 5 (5 213, Obara and Hirose,
2006), Z D & 9 el = & OIFE LAV EARPLE L C, MENEEh DR 7 A v b (FEIR)
%HﬁT*f%@ BT A L NTEIZ3~ 60 HEMTCIREINERLT D, TEBIANERS
L L7ZBRIZIE, BT 287 A baEd CERPBEITAZ N5, i, %k
?5@%%xu~z)y74ﬁv4\6%)®?m@ﬁ®%kpﬁw\ﬁ%#%£én
TWHZEICERT 72O THD Z LA, ENRSAR OFEM LR 7 6 R ST
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% (Obara et al., 2011),

DRI JERE R 23 58 248 L TV D BRI T, TS B 2815 5L D BRI H@zm@’
B U 72 RSB E I R N R AE LTV D (K 3-31 ARVEFD) . Z O MR XK A4
TIDFE R 2 R U, W OB 2 7 L— b OfRHA & I3E— ﬁ#é;k#%\
BERIX T U— MESTTIIET 5 EE X6 TWD (Tto et al., 2007), ZDIED,
DREAR A e T 8 & A L CL kel A Th 2 EHIR A r—2R Y v 7 A X
I~ (SSE) 23T 5 Z L33, BREIPOT A2 V2B KV B ST g (F
ZIX. Obara et al., 2004), B S 7-HEREET — X OWFEN TG, Z O SSE 1%,
T4 VLT L— FERIZBIT D Mwb. 5~6. 0 FLE O g9 0 & U CHER AN AT HE
TH Y Z OWr & XK E IS ET S & 1 EIFE— 235 (213, Hirose and Obara,
2005) ,

— 77, BRAKESCHIEMT D7 4 U BT L — RS T, B H B EFITD
7o o TR Mfkfe T 2 B WII 72 SSE BAFAET 5 Z &3, GNSS Blill7e 1T X v e
nTnsd BlziX, Hirose et al., 1999; Ozawa et al., 2002), My TiZ 2000
FEEE D D IR R0 TR SSE S RAE LTz, T OB, AW OETREN X, SSE
OIEFFHE R L THE LR T L7z 2 ER3HE ST D (Iakf, 2005), 4% KIE T,
1997 4, 2003 4F & 2009 FRIZERDH 05 1Rk 5 SSE 2334 L7z, Hirose
et al. (2010) 1. D 7a< &1 2003 A & 2009 40D SSE DIEAE &[RRI AHBAL 4
B & AR HENE R L TV D Z E AR AL TRY , Mg TN S 71—
FRESIREE CTHBEE 52 5T R BB AEL COCrRERER S TV 5,

R TE OWET O mYE N 7 78 Tlix, X 3-31 1RGSR TRT L 5 72
Hitds A 10 FPIC BB U 72 BAEE 70 2 i A bk 3 2 iR EREAR R LR 23 AE L T D
(Ishihara, 2003), ZOHEORFIIIEFIZHES . OS0m A O WM EE O R R

EARTZEND, MIMENETTRAELEHMETHDL EEZ LN TS (Tto and Obara,
2006), —J7. MEEHEFZ AW RAL O TIE, 2D OHEN 7 L — MR &N
TRAELTWAAREELIERM SN TEBY (Sugioka et al., 2012), b T Z#iffITCTE
HHNCRAT D RS I ER S & 7 L — MEERIEE O E B IREE & ORERIZ O
Tl B%OMFERETH 5,

2) MR EE

[ - HiEEBE D GNSS B, ¥ EARZT e O i R O Mg M 2 Bh N X 5 /KF
JF I DWLIIERGRE 2% 3-32 12, [ -HIBEBE GNSS BUANC X 5 BT 5 oS54 A
W 2 X 3-33 12T,

ASEIF [ O M A8 8 (1K 3-32) 1ZhE, BEWIE & WUE, K3 IRISH D2 JR\WEiFH T,
7L b DIRFGAFITAE D EAEIC L D ALTE 2 D FEILTE T OB S R b D, Y
BAEBBLIOFR TS, B HEF T T 2 ~ 5 en/FRREOTEALTE 7MDK
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WIS MBS LTEY (M ERZLT, 2012 ; Tadokoro et al., 2012), [Eigo>
GNSS B F L REAENTH 5,

A (X3-33) Tl R OEFETR, B, S0 2RI C 5 mm/ AR
DOWFED R B, ZORMAITIE, WEN OGS, GHEEEEICNT T 1 en/FF2
FEDORERLN O TWD,

T EIERNT, [E - HERRE o K HER T X S MR R TE - B VEREE A 5 A TS S I E
BDOEMH7: ETFEBORRIINZ K 3-34 1R T, RET &AL U CIRfIREELL
ATEIERE L OV A IS RIS P> TR Im BRIEE L. Z DF1E 6 mm/4EFRE O E T
BUEE THBED L L T D Z e D, £z, AR TS 1976 ELAE, 8 mm/4FF2
FEOLRENEZ B TR Y . GNSS Bl & a5 (E HHBERTE, 2012a), 27 IH
T 1947 FLIFRICBII STV DR RIS, BB T46 en 22 T 0 . BRI EHIE
\ZfE > THEUTBE RO LRI YT 5,

(3) TL— MEBEDESHK

FEE R T 7T, T4 VEET L— EATERBARDOKET L — Mok LI~
PEAEPE T NS TR BRIA A TV D, 71— SR OARHE X ~ 7 7 O (ERTR )
WZEEATHEER BRI 258 1 em/FFERELSRD T ENHMBILTEY | EF I TR
6 ~7cn/fF-Td 5D (Miyazaki and Heki, 2001; DeMets et al., 2010), 7=72L. 7L
— MR O XHES) O — LR L OMEHE 7 L — NNE O WRE 7 BB AT H -
TR, BTHEHE 7 7 THRE SN TWAS DT TR, Bro, oL v b
TR G B OE R EOFEIZ L - T, MHHEEEE IR 2 ~ 5 en/4F (Heki and
Miyazaki, 2001; Nishimura, 2011) & O#fZELH V. FEE N7 7INWICRAET 2 H5E
DHLFEAERIFRIZEZE L TW D RN H D,

UTAED ONSS BN FE DS < MR A BT — X I bHEE SN D 7 L— MEOEE S (K
3-35, [ 3-36) ICk D&, EFBMENS RIEMTEO T L— FERTIX, 7 L— 1
BOMHEEB D 5> HOFHE L TERML TV HEEZFT 0 KEHED 6 cm/4F
UETHY ., 7 L— MO EERE (7L — MEHEBNRE IS 2T XK
BHEOEIE) 28 L0V EERZbND, FEREKITIT L— MEROERER 10~20
km TR E2RD . ZREVEBTIIINESL 2o THES 40 kn TIXIFIF 0S5 LHETE
X5 (Loveless and Meade, 2010; Hok et al., 2011), ¥, b+ 7 ZEhfTicBir
L7 b— MHEE X, BURDIR O NS T — 2 DR SHEET 5 2 & 13
LWZ EIZHEET HMEND D, [K3-35, X 3-36 OHEERFTIX N7 7@fHimo3 <
D R ONEEAREEAS—EE 2 RO T/ S WA, HEEREO SRR & IR [E v CixiEiE
FERICEE L TWAD EWIIZE Wallace et al., 2009) ©HV . kT 7HTEE COWEF
JEHB AR BB B E 4 D,

FAHERLABE O HIFEIC X 5 KHIFROHEE T~V & (Ando, 1975) &F&AERIRA D FHE
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SENDRHIRRWE DT HEIL, 94 ~8em/E LRV, 7L — MEHEE K OH
TEOTRY RPHEE L FJE L TWRWEEB X BV, HEFI G ORI R O B R
1 (51 z21¥. Sagiya and Thatcher, 1999) [ZE/EDME AR (X 3-35, X 3-36) IZ& %
NTWND DS, SRR LTS BTl LRI I T FAEIZEE LTV 5 EHEE S5 037
FIOHE TITIE ORI Il B U | FRRIEAET 2 KHUE TR, 2 b Ok s =i
L2 D AREED B D,

B ARTESCE G, BT 07 L— MR CRAET 2 RN SSE X, EICES
20~30 km FRIE DEERED 1 25 0~ BB T 2 CTHRAE L, OT HO— 2RI
LTW5 (K3-37), LML, X0 EEFBAMBAEZIET 2L OO CTERET
HZETOOTHEMBPLTND LIRS TET, 2 b OB RO KHIE O EIR
B E ENDATREME E RBT RV 2 EOIHBEMET RV IC L > TOTHBIFEH S LD
EWH MG DORREMEN DD, 7L — MEOREE SN (B 3-35, [X3-36) OHEEIZHW
SIT-BIHT — 2 OB ITE LN SSE 2N A L- L B2 S, EH SSE 12X
2 ONT B OFRf5 2 IR U 72 AR 72 B BRI HEE ST 5, SSE FEAETEIDIZ & A
ETCHEAERENZOISEL  BITED & 2 A, OTHOEMMPETL TVDE LI TR0,
LU, WHEFEEHO L IR EE 2 R~ b o5 2 EXWMEICERE L-O0T
O WTIIARB D720, RO KRR OEIIBICE E 5 AR S B ETE 220,
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4. Bl ~I7DOMEDORITME DA
(1) FHERBEHIZDONT

AR CRHMEOXI G &3 HiE 7 7 OFEBIC DWW TIASL TR LT, LN T, £
OREIRE xR L LT AR A T,
@ 5t - & ) IR O oAb
T~ SRR pE AT I~y - MR~ N T T o L2 ERE DR
PRI Z B N D RIS IFAET 2 ATREMEDN & D 23, BRI ED RLOULE - BEHL N BLRE STl
Aty LTSN D, 2O, R TIE, BB R T 70 ~ 7 ZHins 5 E )13 0k
Jeg s A A S A O & UTe, BRI A TJE R IS D\ T, Y N T 7 OHE &)
LAREMNRH D, LIS TVWDEZ LY (MEFHEZES, 2010), EFKICED
7o Atk BTl SRR O B BE 925 8 L OV A S 72 R TR U CR
PTG 2 ET T D DR B D,
@55« BTN« T AVERE D L AA T HiLR
1707 AR ME O BRHERY 72 & O T 5 720l R FEIRHLLVE D A [A)ifi
BOFRGERIKE o7 L350 b &5 (Furumura et al., 2011 ;X 3-19) , £/,
T4 VML — NOHBEOEI N, TN - T AR O RS IATEL TR E < 21k
T5 (fFEIEDy, 2011 ; X 2-2) & &bIZ, FL— FNOBELFOREHZ(LL TR
(Takahashi et al. 2012), ZOHIKTT L — FOEENRZILL TND Z ERREE
b, 2%, 74V E LMW L — N OWWHIAFIIFENE b T 7 > 5 rE v i SIS D720
STWD, L LI « 73T AU O A A BT K0 V8 O FE VERE B HEE TS VO TR
BT DK TADOT L— FEERMESC, Mg N7 706/ G BHEE ORIk bz
%7 L— MEFHIERICOW T, REFHmIC SHEZ2 B FR E1 L OIEE - BB BURE 51 C
ARt s D, LEER- T, 2 b OEOREMEFHEIZ W TIX, 4%, #Hit
TR RSOT — X DL - A D Z L2k ZOFHMERFARE L MBI S D IZE T2
RERCERT 2 Z &I LT,
Oﬁﬁ#‘a : FEYE N T 7
—ROFAM (MEHAEZES, 2001b) T, WHHEMIDIS N 2ER-SEL 2 &
@T%&wk@k%@#«@%t T LTV Les, oW Y T
RN T B IXERR 23 FEEALH T KRR R ORI S 5y TH D (Fujiwara et al.,
2011), ¥£7=, mMilE b7 7IZBWTH, WEEEM (&9 5 ) ICK28END, &
WZBEWTHEET RO BN o722 L A2RmBT R G 5TV (Sakaguchi et al.,
2011a) Z &G, BRI OMEIL F T 7HiETE LT,
Oitfﬁé VRG] e P 36 AR dak T BR A 3T
—RROFHME (MUEHAEZEZ, 2001b) TlX, 74 U E#T L — FDOIRAHIAIIZ
&9Ek% S CRENE & DHEIE. ILAIAT 7 4 U LS L— b RIOZES A 30
km FREEETE L7, LA L, 7L— MERO XD EHR T, EEHEE R ME AL L T

38



WA ZEMHBNIR 5T (B2 I1E, Obara, 2002), % 7=VEEMEE M MEIA T, &
A —2 Y » T EMEINDP- D ELETRYBEETNEI EL 0o TE
7= (Bl% X, Obara et al, 2004), L2L., HEHHAET—RY v 72X > TZOMEK
fﬁﬁénéﬁ&f®ofﬁﬁ%%én1mébifi&w(%mmeuﬂ 2010),
D HHED OB KMENSE X 25512, 2O 5 & T O TOT HRR
BEnsZtbbHsEx, F%ﬁﬂ&ﬁ@%éﬁ?@ﬁk FEATE e S Rt D b
[RE L7z,

(2) ABFSITRET HIRMBEDOSHMEICONT

1) BRFthED M

ARIXDK 2 TR LIz Lk 51T, FELFERD bR E STV 2 HGERIZI, FEifE

e (/) MRS R IR X 5 (MR EEIT5) %E\EE#FEJ%%%I/\TE%FZ) (Hn
ESEE L2V B BREABRENE CETAIGALZELRVWREANH L7 L,
FAVE N 7 7 THAE L7 KRR OB B IR D IR 0 IXZERIEICE ATV D,

FEHIE &m0 B - FEEEYIC BT 5 ZARMEICBI L TR O TV S Fn LR
To®wH TH 5D,

RO HE L ZEOMBEITIEER), FAROMBILEEITHD Z LR o TV D,

- IR OMERIL, BRI TR E TWA Z LR L b, £72. miEiRo

i, FIRFENCHE S A LI AletE s mun & SuTun a0y (B8J1, 1997), EE)
THOEZNE I MMTHL N TR,

< B () ORI, MR CE X VWA 2 L idmsE L Bbn s, BEiEgo
R, BB OMED 2 BRNCEES 2 EERE W ERX s TER (A
& - v, 1998),

HIEE OYEE MBI, FHEOBFIRO LMD SR> TE TV D, iz
1854 FELZ B ARG . 1854 A2 BU IR . 1944 FIIFI SR HIER . 1946 4RI FN R
HBEOBEZ T 5L, LLFO LI IZEIPOENRRLND (M 3-8~I[X 3-11),

« BRI B R Y R U ) D BRI Z ) TV MER (BE 6 LLE) AL T

Y,

- RHHUE TIIAGEE TRV ENDRH E D Ao,

- WERD P v 5R C BT ST O 5 ISR W ER LD L B 20 2 USRS © Tvg iy,
ZDIE, FEAMBEORE S (K 3-12) 7 HIXLBOREHE & O BRI AR
D MR A B EE) L7272 T < MR OB 722 > TV vTRe AN Fa T
INTWD (B2IX, AIED, 20105 #AVH, 2012), F7o. KRo3 R OFEARM TEIKH

FRACLE O B HERE N oD o722 L n (ANZAY, 2006), Fok HIER OO P63 22 B
FAYEHIEE K 0 PEIZIAD > TV D AfEME MRS S v D (Furumura et al., 2011), 2
DRI, FEAMEBEUEDOEITO 3 HIEL R THE& % ODHEDOREITIR > TV D,
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FAHE LV ATOHEBIZOWNTIE, BEIOE, L HIZHDHDOT, HEINLTWDHE
IR D LD VIZHDONWTIE S D ENKRE VR, BRI DO ZEEMEIZ OV THIVE TR A O R
ENDEOHDOZ EBHLNITRSoTETVD,

- 684 FFER CRIX) HUGELDARE ., FEAPHL CHEIHERS ) D3 HERS 9~ 2 Hul 03 36 4 L 7= iR
(KGR, 1361 FF1EF (Fik) iR, AE (KR) HE) &% 5 TRVLHIEN R
XT3,

- HERHEREY DIEBR S Lo o T IR IX, oo TV RWHIERIZHEAR T, Ae &
b FE S P CHEE O N K E o7 B2 BLD,

- SR ERFRIC I W T b FEM I TEEHERE ) DRI B 2 HUE S E TR Y | lE
3,500 Rl & D & FKHIEE & [AIFLHE ORI Z2 H I 1% 300~400 FfHfR CH4 L
TWDEWI@nd s (FERHED, 2011),

« FOR LR ERARET 12 & 2 44 BB LS O R O MUEIE R OFREIC L 0 | BB ERKRO=E
KHBIZ K DR B2 D HFEOFENHFE L EHEE SN TS (Namegaya et
al., 2022),

- FeGHE B I AEEBOFA L D . 400~600 AFEHEIE TR E < Pk 3 5 HiE
DEZX TV EHESNTWD CRAIED, 2008),

AR O o O HEREM OFRA LV . K 2, 000 AEATICE X 72 Hul OB 4
FTCBEERREEDON TV EAMEL D b REWVAEEL RS TS (i
FiZay, 2011),

- S IRSCHEIATIR AT Tl 1, 000~2, 000 4R 12—, MRk s R E - L Bbhd
AEHLAS D> TR, Zbid 7 L— MER TR E-HEICHEY o TR, kE
HUZ TV TS W 3R B L 72 2 ST fE O i AB 2K L T b LHEES LT
% (4, 2001 ; &HFEIEHy, 2005 ; Fujiwara et al., 2010),

WHEP (2012) VIR OHVE PRI ZRGEILN S | FME B 7 7RV Tl 2 2 IR 12DV T
TODXEATRHY | K x OERFIITHAR T, o TWRWNE W FLAFEE LTV
bo ZOMTIXODHA T DOIEITE # A 300~400 FD#h 0 K LA &2 > T\ 5
ELTWD, —FHN, BRIEmEEE - BREEnESCEAMELZ S0 X447, b —
N ZBCRIEHE - B HE A B2 A4 7 Th b,

ULED XDz, Ml N7 7V TR & 2 HIERIZZEEDSEMETH D | FH— RO T
B U 72 U S ORI 0D 4% % 0D RIS CHUER 203 & 1A | %é#ékwoﬁﬁ@lﬁﬁ%
T NVTIEBARODRNZ R o TE T, L LBIRER T, MY N 7 7z
fL 2 5 SRR D DOBEHEZR HIUE DI AR A LT DR B D WITW BT 7 L A3
MENTWRY, 207, RICKEZ 2MEORFEZHET 5 2 SI3IEFICHETH
Do
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2) BEINDERE
iVERKY S ADOERSE

B IRE O O—HUGETOFAN T, M7 7 TRAETLIMBEORKY 7 ADE
BIkE LTAXD 2. KOO 4. (1) TORLULEHEHEEZE % 5, REFEEIL, BIE,
A E S 27 — 2 03D H#HN LN AT ) 2 L D TE Z i KRROFHMZ R~ 6D
THhY, ’ODmI%ﬁZT BIREDNAND 2 BET D HDOTIERW, 5%, Fiice
T PEONTGEITIE, KT T AOBRFISAEET ZMLEREL S,

i) BESNDE ﬁu

FiRo X oz, wicEE 2 MEOERFEEAHET S Z IR TH D, Lo, M
PG AEE 2 S O ORI EI L, ZOMAE L L CROHEOEIFRIK & 72 2 nRENE
Do HEMETRTZ EIXTE S,

FE N7 7 ORI 5 R e i i, mrlifEs & R cd 2 (1K 1-2, AL
DE 1) . FUbiE, MENS B, TGRS, BFEA. RIS, =INEAT
HY . ENEIEFFIR CEIEI) - 2 (REi) - IR (EEnIR) - e Rk
W) - KER (Z&ER) 2 EOWEROBE~OEY HLIZE>ThHlrsivTnsg (fl
ZAE, SEH - A1, 1989 ; A2, 1990 ; AIEA, 1999) , & OREERIRHEAS, i E
KHEOEIFI O 7 A > b (H) RO LR ERMER A7 — - DA
L0 O D EREME R S LTV D (B AIX, i, 1990 5 Wells et al., 2003) Z &
DD, FAD OREERVRBIC S AT H M GREE A M) ZLLFD 687 A MIoT
77
¢ AR ~
o IR I ~ =27
o 25~
VIR~ K EIRF
s R F M ~{E Rl
: FEVRITIRY ~ & L)1

@m O O @ » N

F7o, P b— bOWLHIAT F AN, FHlREEREZ LT D 387 A MIZITTH
Z 717,

D T T DIk O RS AT B (7L — M REOEREAK 10 km) |

FALH T AOFPEHHIE TR E S TR EEX LN TV AHEK T, fEkiZ7L— b

M OREAENRTHNEE X LTV,

SHRED  DARGOS DRSS AEGEEL & 5 2 b C & 7= EEL (Hyndman et al., 1995) , %

TR OVE D —ERSET OFHMB T L7 7L — MERET LTI, M (ki) K&

Ot (F¥) 13X, 7 L— b LEOWREDH 10 km L O¥I 25 km (2395, 7L

— MEDOEE TR,
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S Ot s~ W N

SURED - e O MR ARSI T (7L — b _EEOEEAK 25 km) A S IEEBKE B

RN ORI B e I & AL 2 RE I IR BN B G 3 36 A L T 2 fEs D AL i

UL EEBE 2| 8RO O—ESET OFHmZ 38\ CTAE T 2 BRIk & o —
Bla2 41187, 7B, 22 ORTHEOHBIL, %4 OBFRIEAHE SN & &
OHIEOKUE Mw) OFEKRIMEZNENF (2011) BV Mw & HEED A 77— v 7]
WHHE LD THD (K 4-1),
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F4-1 E SN DRI D 4]

1
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Hhtgh i En
Es
HE—=

iSEL

o

8.8

RER

iSEL

a

90"

RER

tho

a

9.0

RER

tho

a

91"

RER

tho

a

8.7

RER

tho

o

89

RER

tho

o

8.8

RER

tho

o

3.0

RER

tho
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(8) MBFSITRIZRET HARMEIZDONT

LIFClX, mE N7 7 TRIZHET 5 KHEORAEMRIC OV TOMMNEITH, BL
RLERE V. FEME N T 7 TIE 684 O R (R HIERLIKE, M8 kD ERHIEEAY 100~
200 FEMIIR CREV IR LRAEL TV Z ENDh-> TS, ZNETHEEENT 7 Cld, ™
W & AR CHUE 2N 0 IR Uil & TR0 | TR O MBS EE T 2555 & | KEfHE
ZEBWTHRATIHEENDH D Z ENRMOINTWND, 7275 L, WHUIS O HIFE AR 222
BWTRATLZHATYH, WK TR X 2 ERAEDORRZEIX, ZhETRETH 24
FRRETH Y, BV LEHO 100~200 FI2 D &Iy, & 2 CH A,
Z O—FRLET OFHMTIL, FE N 7 7DV Z 2 HiE 4| rEifEk & Bk ok X
LHEZGOET1I 20O & U THIERAEMEOFMAZIT 5, myERk & 6 g
T%ibtﬂ SOFAERFH N R 2581 XME OFEEEZ WD Z & & L,

FT. BRI X 7RO I A MR O & FIH L s %iﬁé@ﬁﬁ_owfﬁ
45, *E@*%&ﬂ?i/ﬁ%@wtﬁ ROV AR, AREEEZEANTDH T LT
T, HE %$%4®T%%$%ﬁﬁfﬁﬁbto%@%u\Bm¢E¥(%ﬁ)%
DRENE, BRI ORBICLVHELZ K E L TWH AR S D72 L &®Tm£é
DRI TWA T, B (%) HiE ;Dm%awé%é&abﬁw%é B R 1l
BhEODHGEE L EDRNBEEREEROT— 2ty FEAER L THE T 77,
BT, FAEMRBICINZ THIEROBE LRI L BB AR OFHE IOV TH T
%, FHE R T 7 TR E ZHEICOWTL, % 3EOHEITHE S EEET — % (BF
#%%ﬁ@@@%&@HL®ﬁME@%@tgq&ﬁ@g@7~&)@ﬂmﬁ%f%@
ZOF—HRNERE 2, WOHEE TOREREAETOMEOREIKTT 5 L0
D WHLRFE A ML AR A A T2 T L W T E Il 24T - 72,

1) REMBRBOAZFAT H5E

i) BEICAVWSHE

FATE b 7 7 IS & B KHEEIL, 684 4EDOHITE £ Tl > THERR SN T-HFZER N &
Do ARXDK 21XE DRI EE L OO THD, HEDOMEY & LUJEHIL 1361 4
DB OHIETITH 100 F£TH DN, T LD ETOHETIZR 200 FELEV, ZiUdE
BRICHED IR LUBEHINZ DS T-mEtE b S50, L LAREIORRIZE Y | HiFEEZ K &
LCWDATBEMED @, B2, A0 O I 23T T O AT O- B T 1096 4
KRR HITR « 1099 FEFERBIEHIR & 1B (FRZ) HUBROM O 12~13 A2 Y45
BARAIE R L2225 TR Y | FEilE N7 7 CRMFEN I X 72 7] H @@h%énfwé(%
JIL 1997), LanL, HEFTIRZAIUCKHET 258828 2o Ty, Z D72

T OV O—EREGT OFEAM T a?ﬁﬁx#é%&rj:Lbe\iﬁb\o%%ODﬂﬁ\me§0>E§miﬁiﬁ>£%
ROMBENEENTWD AR & 5, BRHIET, RETCIXZEALEETHY (A
&, 1983 ; #BW], 1994 ; LA « FKJFE, 1995), RE - KR CTHMWEILIZREDNT &
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16
17
18
19
20
21
22
23
24

25

VYD FEERIT RN BRI D AR S0 M 2> D & FEI E C LA VERPH CHEEIE IS X
DHENRESNTND (BRI, A« FKIFR, 1995), ULEDZ Ene | BRGRIT
HEHETH D RSN TEBY B2, #55], 1994), MOmMEHE 7 7V TR
To RS L B N R2 D AN B D, £ 2 CTHIEORAMREZFHE T L, LLFO
50D —AZDOWTHAEMELFE LT,

(1) 684 FLIBFIZHAE L2 T X TOMEL AL 7 — A

(1) Zr—A 125 1605 FEBERMEZER 27— A

(I #EORK L LW e Bbh b 1361 AELIRICHA L-fEE2 WD r—2

(IV) Zr—AMH>5 1605 FEERHIE 2 R\ o 7 — A

(V) HUGEEET — & 2 5D 3 HIE A AWz r—2
72720, 1361 L VFIOMBEAH WD —A T LTMICOWTFHEORE L LRd
HAMREMEREWE B X bND T2, 2F L LTORMEICE ED D,
KA2ITHW =T =5ty FERT,

42 WEFFRIHEN T 2 #EOMEE

4 H5E I (0| |IV|V
684.9 HE (Rf) #E | O | O

887. 7 FHE OO0

1098.1 | FEFn » K EHIE OO

1361.6 | B (%) #iE |O| O[O | O
1498. 7 BH S HI R OlO|0O|O
1605. 1 B R HE O O

1707.8 | EAKHE O|lO0|O|O0|O
1855.0 | ZCBHIE OlO|O|0O|0O
1946.0 | WEFnHIE O|lO|O0|0O]|0O

HBEL LR ¥ —AEIREOY TR,

i) HEEETIL

HEORAMREAEZRITHAETT /L E L TIXBPT (Brownian Passage Time) 43A4h &4t
Wi (LR, BPTE7 V) MWD, ZHTHEMRAEZES (2001a) T, HIEDOIEAEM
BRAME D HatorAn & LT BPT 20, HEER AT, T o~mfi, VA T m Kk O
FEE A & LRBRET U . BRI S Bl L SO0 U & D REISE ) D BPT oA 28 H
LT ZENRY Ll Le 2 L 2B L T2,

BPT 7341 O R EERIEIE. UTO L I ICFERTE 2,

_ 2
fmwm=/m£%¢m{_%ﬂﬁ} (t>0,u>0,a>0) (1)
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Ot = W N =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

pE @ EENEIFR L IEMRAL L TN BT A — 5 T SN 7R R ARG & 53 0
EboEOKESEET,

HIE D RARIEAE (1) TR IND BPT TS L B2 5 & BFICHAE L HiE
ORAEREE T — 2 & LT, REBRE T2 2 Lo k0, Rilifep & a w5k D
LNTED, nfHOREMRT = (T, .., T,) BN TNDRE, LHERISIL,

Laln = [rTiwa
i=1

LEED, MEFAELZES (2001a) TiX, ZOLEOMEE RKILT DRbEICE->T
RT A= (4, @) DIAAEZ RD 2 k%, BN TFEE LTERALTWS,
7ok, ERLOBY T, SAEBIRE ) O R R F THIUE A L T e
DS THHRIT LRI AV STy, HIEROFARRO X 512, FIFATRER T —#
BHRRONLSGE, 20X 9 2R AMM OF# A LERBICHIZAT T 7 a —F 1,
HEDOLBIZRN D ZENbH D MBEMRELZES, 2001a), FEMREA ¢ £ TICHIEEAR
T DMEE qtlpa) &T 5 L BRFNEBIRE A O PGS £ THIE A L T
WERIHED T CTOXERIEIL,
Le(u, alT,t) ={1 — q(tlu, @)}L(w, a|T) (2)

EERE D, SEIO—EUET TIL, T OFRMA & BERHE VT, IRETCTHIT 51
AHEFEIZ L T, NT A= (n,a) DFERIGERD D,

i) HEEFE
a) N XHEE
INETOEYRHMIICBW T, N7 A—FHEIITEICHRLESHVLONTE
(MR AEZ B4, 2001a), HeOER, BT — 2 2 &b L<HAT 537 A= Dl
WEMEEZ G DA 2FETH LT, —RICBRAEOD 72 B OFARFED K5
72T — 2R LT, EEDRRLZEIT /R D 0T, N T A — X ORMEMEZ I T /e
WEOHIFKIN G D, & Z THRIO—ELET Tlx, HERETT VDT X —ZHEE R
ZDARFEFEVERHM OPEHA & LT, XA AHEFEZEAT L (MERELZAS, 2025),
N RHEEIX, ST A—Z BT D FRTE (FR1A6) 2. BT — 2660
HIE®R (BERE) Lo THHL, T A =X OFRN MRS (Fkofmh) 248
H9 2R OV A TH D, D7 F o —F T, BEEOHFFER ELHE M ZE 0 m
REWS - HRERZ FAIOMAE L TRT A= HEEICRIAD LT, FRT —%
BHRBR SN DRI F THHEENLE LT WRIER S 5, 512, X ZHEE O EE R
R D—DIZ, NI A—F OARfRESRZFZNME L TEERBTE 2013 H 5, 21
R fHlx DNRTA=ZDOREFWAZTMTE 272 TR, ZNb AN TRIES
DR DMBE DI AFERITONWT S, £ DORHEMZ DI E R LFEMN 2 FTRE & 72
Do
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TR LTEHERET VBT 537 A—% (u,a) DFEZRDAAIL, A XOFEHLY

p(u, alT,t) « L.(u, alT, t) X n(y, @) (3)

ERED, 22T n(ua) TN T A—% (u,a) DFERIHGATH D, ZDOFERDGAITHED
INT A =5 (u, @) DMAEDEEBIEHFEIC > TEHEHAE L, ERENONRT A—4
Ty b (U, ap) I2OWT, HIEBORAEMEE P, (k=12,..,N) ZitFH+T5, 2O Lo L
THONIZZBOMREDES (P, Py, ..., Py} 1. FEFERZD L DOMRS M (Fk
D) BT T Do T OFAEMERDOFEZNANG, F OMFHEE HIXE 253 5.

b) FHIHMDIRE

R REFICBT DERIAIE. RT A — X T D BRI RS L LCE
KM L7 b DT, FEROMOEHIIAFT R TH D, T OFEFIDAORPIL, FRICHIH AT
BT — X HMRRONDRM FICBW L, HERBRICRE B E2 525, Ogata
(2002) Tl HHERHEOMBERAEETT MIOWT B/EO A ZEA LT Y  Nomura
et al. (2011) Tix, WNEEIGWTEOHBEIRA T T M DONT, EEOFERISAR R4
BERRET L TV B,

BPT BT /L D/XT A—H (u,a) \ZxFT 2040 & LT, S RIO—EekET TIERE D
FAMERZ IR ARE L2 WEERFERIOME A WD Z L2 ARG #E L, RERE
HHRFERIDAADO—D2THLHY =7 U —XFHRFiH5A (Jeffreys, 1961) ZHHT 5, V=
7 U = XEFIAE, BT AVORERBRFOME (7 4 v ¥y —FRE) ITES5VnT
FBNCEDOBEBIENEE D LWV I FIEEFD, FHZBPT ET LVOHE, TDT =7 Y
— REFIOANTENTHNEH ATRECH 0 | SR BISIE Ch 2 b d 2 L AT
FEOMRTRENTWS (BI1Z21F Chaubey er al., 2021), Z OMEIL, BPT EF /LD
PRI A—=FREEIZRT DEBELHE EORY FNCT S &M S5 ECIERFICH
HThDH (MEREZLZES, 2025),

iv) EFHE#ER

BPT &7 V& AWTHE M L, AElS (2025451 A 1 H) 25 30 4ERICHIE %
AT HME (LU, 30 FF:fER) 2, ML — Ao\ THE 43 12E LD, il
WD LY | A RHEE Z WA B O—HSET Tk, LR O L 7225 BPT 54D
IRT A= (u, @) WEZRGANNE - ThEX Tefifid & D70 BRSNS EMEAKRD
—ODE TR ERSMAE LTHELND, TDH, R A-3ITITET—AD 30 Fhf
FITONWT, T0%ERXHE (RmEEXE) & 8MHE CESME) 20t L, BARm7R
DHTARD—fFl & LT, r—AMOEGEEK 4-2 1277, 723, O, KAk
L DRAEME, BT Vi WESKMICE LTI U F AICRET D EE) Ik D
HWAEME LB E L TRPITR L,
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1 FA4-3 LT 7 CRICHAET 2 KHEOR AR BPT 7 /L)
p . A% 30 RN HIEE A AET D
b ot R — PR
FEEEEEED 1005 ;ﬁﬁ?aﬁ} i | F7 7 [aafgﬂgggm
I 160.2 | 0.39 8%~20% (20%F2) ZS?figf 20%FREE | 10%~30% (20%F2E)
i} 182.7 | 0.36 1%~10% (10%F2RE) 18?§i§§ 20%FREE | 4%~20% (10%FREE)
I 117.4 | 0.20 20%~50% (40%F2EE) 48?%%55 20%FREE | 40%~70% (SO%FREE)
\Y% 151.4 | 0.34 4%~30% (20%F& ) %&?ﬁiﬁf 20%FEEE | 9%~30% (20%FEEE)
Y 133.2 | 0.34 6%~40% (30%F2/) f&?ﬁiﬁf 20%FREE | 10%~60% (40%F2E/E)
2 A ZHETEIC L DREERIT. T0%1E XM Z TIR% ~ ER% OIAT, HIFRHEE OWNIZRT,
3 BELLTIRIY r—AERODIEFTRT,
4
5 B I 30 BRI, F— AT Ko THAR %, FEIREA TO 30 FFiERIL, ik HIK
6 W —ZNT1%~10%E725—F, &bmW\r—AMTIE 20%~50%IZET 578 &,
7 BHT 7=y ML o TRERERNEOND, Z OFRAEMEOE T, £7—
8 ATHERE ST BPT ETADRT A—4 Flebbu & a OFHRIAOE DS EHN
9 RIRR & o TWN D,
10 FA-3IUI, BB L L THT—ATHRLN 4 & a OFHDAAOMHE (F%FE5)
11 HARL TS, BRI, puRaPREWVIZE, BEMRRIES EHSAEAIICHY |
12 £ A3 DFRERIZIZ OBMR LA TH D, B2, 7—A T KO TlE, HED /%K &
13 LEGLAREEOH D ARERRT—4 2y hEHWS7=H, Bt EORAERBNE
14 7R FERELTp b aPlcRELHEESND, F—AN LRIV TIL, BRMES
15 T—XYy bOERA LT Z & THIRHIE O ERMEE TCORWEIN —ROFA
16 kg & LCfibh b 7o, AfkCu & a BREHEESND, —JF, F—AV T, &
17 MIT 27 —=2N32LDETHLIED, RTA—FHEORHEINEDMD S — R LD
18 R L., B SN DHEROEMIXE SRR 2R o5,
19 F 7o, FHlRESIZEB T D 30 RO KR E I EZMAAICFEM T 5 720, # 4-3 (2138
20 T BN RS HHEAAZ KRR & LCHE L 30 EME LB E LTHILE, 2R
21 AR R OfER & i35 & W OFEE 7 — A ZB W T H i ORI < |
22 TOERXKEIC S = OE RV PR OND, 20 &k, MEilfE b7 7 IR RICB D
23 T, BRICIROMBE~DER Z 08T 5B MEICH D 2 & 2R LT\ D,
24 U EOBEOFTAM r — A DG ARIO—ERETICB T 2 ASE TERT 5%k
25 g r—AL LT, r—AMEHMT 5 (AXDEK2-2), ZOBERT, 7—FD%ER
26 PEEZBRE LoD, FIHARERIERERERIER T2 & W5 FEHIh -7 b D TH D, &
27 —AMCTIEIEREMELZEE N7 7 OHERINCE D TWDHH, fIROMEY | Z OHIE
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fOFEYE N7 7 OHIGE LIRS R S R bR S Twb, Ll SlElo—
HEET ORI CHEE T REBIFIKDOZEMEDO — DL LTEDDLZ LN TE D LB L
k@kﬁb ﬁ%m CERHEED M N T 7 OHEERY| & ITERR TH 5 2 & IS
ol AT, RMEZERA L= — AIVOFES L @ & 2 5 REME b S h

TW5%,

B%IC, RFEr—2E LI —XIUCHOWT, BBRHUED S ORRBGEICEE 5 30 48
RO 2 ] 4-3 1T, KD, FHMRE AL 30 e R 23 e fll ekl & L2 K& <
T2 BRI A>TV . 30 EfEROLIFRHE K OME X O 575 EFBIZH S 2
EDRDND,

2) REMREHWEORELZIRAT 554

WEFEZES (2001b) T, FEHE N7 7 CRAETLHE (MEME, HENE)
OHUEF TR A2 EMET S, B PHIE5 /L (Shimazaki and Nakata, 1980) % £
LT3, FETPIIE T /L ClE, RO HIER & ¢ o Ry R R AN AR O HE O IS ©C
BT 5, ZHIETL— FEEIZR SIC LY HERIC EOEE TOTHNERL TV
L MRFMEICE LI E Z A THENREA L, EOBEICE C-BO 0T R3S
HENIBZFHIZESL, MBICKVHHINTZOTHAOEITME LoT <) &Ik
BT 5, ZOFET SO THIBIOHBEOHEL (T &) ndH, IROMEE TOR
AMBEA TR TESZ L L0, R TRIET V) LN D, Bl T 71280 T
2 3 EIOMEIC LD EEBOBRLZENMBNISNTBY ., BEEEKROHE if@%
ARPRICHBIBR RO DD Z e D, Z O EICK U TR FIE T L% A
HRETH A L SN TZ 7~ (Shimazaki and Nakata, 1980), & L C., HERAMBOIE

(ZHE e T L 2R AT 50756 & LTk, IROHEER A £ C oW 2 e -3
ETMCEoTRD, EEA () TREID BPT 504 O PR3 A kg w (IR L CEE
B2 L0 ) RS 2 PN RA S C& - MEBREEZES, 2001a,b), —J7
T, 2O XD Y #uid, %%@ﬁﬁﬁ*i?%é’&%%ﬁk?éEW%?W@
TR DPSHAE IV T LHES LW ENFERH S TE Y (Hashimoto, 2022) .

(2, BPT &7 /b & R FIE 7 /1 & O BN +-431C i%é%vcw@w\kbv>£%£%;
ELTEFLND,

Z 2T, ARO—EekET Tk, [0 Bi&7FE (Slip-Size-Dependent) BPT €T /L (LA
T, SSD-BPT EF/V) | #H7-IZ8-HT 5 (Ogata, 2002; Terada, 2025; MIEFHELE
23, 2025), SSD-BPT 7 /L%, BPT &5 /LA HIEE D L & 38 2 IR oD BIAR M & hnik L 7=
JEBRET LV TH Y | BPT 9AA D /3T A — 2 RHEEORARBRT T/ < AiEloOED
B BT T 5, ZOMEBEOHELL LT, Al L7-SEBOMEE &2 FAW25 2 &3
ECTH D,

7e7E L, R, FKHEICRT 2 REEOMEERICE L Tk, 2 ORI L 7o o 7 sk
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DIKGEGLERDIFFRICEB O N EER PG, #R e L THREEDOHEMIZRE
MEAAEUHS Z EBNER SN TV D FBAIED, 2024a), — 5T, 25 SENOMRIR %
Koo TUE, Sk B2 LF 5 FITAIEGR kL L Cas 0 (R H - BilRF, 20245 fEAIZD,
2024b; 4EH « HH, 2025), BIREACCIIHE 7 AARIZIZE > Ty, LavL, Sk
MHERFHNDT — X, FLERCIROBBETEL D —EORENINEEND Z &1T

Z OEEHRHEZ LU L TH B,

DX REFNG | ARIO—EET TIX I D BE O TSI Z FERRET L, € 2
MOELNDMEEET —# DR OREEMEZ LD TERL LT, O Hz-> L, E
KR DI 72 & ZBHUECHE IR IZ B9 2 5odk b 3T RGE L7z, 2405 Ok

FMEEBR LA EERT —F 2 om e U TERIL L, SSD-BPT E7 /L& - i

BAAREROFHEIHASANT, BT NO/RT A—2HEEICIE, 1) LREEIC<A XHE
Exif U, IR s &7 — 2 PHIE 3R LR O TR Y, hhofilx D7 —
A NBHERAMEINE B2 2B E X FRIOAOREICOWNT S TERMRF 21T

272,

i) FRICAVSHELREES
a) BREFICE D EEET 2 DEE

FOKHE

FARHBICBIT 2EEEOKEEE L LT, HIERHEAEZES (2001b) TiX, Shimazaki
and Nakata (1980) |Z X 2ZHEEM 1.8 m ZERMA L TX 7o, Lo LirfE, LRGSR
LR EDO RN SRR SV TERY ., %ﬁﬁ#(mmm‘ﬁm\L4m#%24mk
WHTED & 5 BN IRE ST\ 5, A RIO—HWET TlE, ZOEOH 5 EEEON
RE . ZAPEKILT D B OIFEFRICHOW T, SRR 21T - 72,

FARHMBIZBIT 2REEOBEENGFONLIHEEOER O L LT, [AREFEE)
& THZER] DD (5F, 1930a,b; 5RH, 2017; Z8H, 2024; #EAIED, 2024a),
IAAREFFICTE ) 13, ILF RIS BB OBRR 25D TWICARBE RISk L, FF
IZE > TIRE SN TEBEEOBESLRIORMTH D (IR & FE S AR %7
70,

FT TARBEZECE] OFRH» 5L, HEREOEREOKENHE TS, IHITE
DENOHEBERFOEEEZHE TE 5, BARIE) (2024a) 25BI2T 5L, HIEICH
WADREDIROBENMCED, L.7n2vb 1L.I9n T L 4m»b 1.5 m o 3@ OHIEE
DO D, HORITEFE G ZEDPHNLNTL T2 DT, F_OMRITH T2
FaHEL LD THD, 7o, RNEB ORI IR A £ 72 THEE L7272
ZTNENOMEICIEN D 5, AT (2024a) X, WIWIC L DWINLOIE DS & LHIER-
ZEHEFZEEL.0.3m~0.5mEZFRAEDHEIE Uiz, 200 OEROFE R, AR ZCE
NHIE, 1.7m~1.9 m &820.5m & 1.4m~1.5m BEZE0.3 m) &\WH @YD
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Pefl EOEMNEE HEND,

—J7. THZER] 1Tt AR 2.1 n~2.4m W) BEENTHENTVWELHD
O, THHMERHEHRTH D LIRS TS (SEH, 2017; %M, 2024), L2L, Z
NHRIRHROBIEFLER TH D M A BE L, A B O—HMUGET TlE TAREZECGE) 615
B AL 2R ERICFHARR DA R A AR OB OFRICEN T 2, 2ok
D&, THER] OFRBNHEEHEINIEEEOMRNE LT, FH—-0bDi, 2.1 n~
2.4 miZxf L, TARBZEE ] O ZFEMPRICESREDHLZ TH S 0.5 m&
BHAT2HOTHD FERELT2In~2.4m E%E0.5m), 5 _ -0ObDiE, [AGEE
FXE| OMITZEMRE THERL) ©2.1 n~2.4 m (2 L CHEEs 1.7 n~1.9
m OFPAIHE L, Z OBBEI 3 L CHG 2 S RIC RS BEEDHZ THH 0.3
EHMABEDEDLLOTHD FERELTLT m~19m #2£0.3 m), 2D DOOfiF
WA, THAER) »oEXHENs EEAREEOERE /25,

U EOBFIZRET D &, EARMBICE T 2 EBHEBEOREEOFEMME LT, TALK%
BFIE] AN D L4 n~15 nt0.3 mé 1.7 m~1.9 m*+0.5 mD _J@Y ., &
O THZER) OFIRASE NS 1.7 m~1.9 m+t0.3 m& 2.1 m~2.4 m+0.5 mD
WY, Ait4EY EEIND,

B S
MBI 2 REHEROBREZ 506 U2l i TARBEFGE) L0 T+
Ve BIRHIER AR TRk B RW AN Beks F) BRRFHIEMEAT, 1987 BAF,
M) IcRlshd (5hF, 1930b; #BH], 1988 HaAIZAY, 2024a), [ALREFZ
XE O PR LW 5T L2 mOEEENEESND —F, [HER] 12X
(=R LBBENTEY, ZHE0.9m»n5 1.2 m OFPHTOREE &R L=,
LnL, 2RHOHEEHZOW T, B EKMEBEOL S L Bpy | BRI NERES
et LT AT DN 720N T2 D, ZDRREIIARBTh 5, & Z THEIO—HET TlE, &
ENANHR LB MEORELEICR L, [ U SEHI RS < BB ORR 27
B, AN S 2 ZEMCRAED D &V O BUEH S | FKHMIE DM BHEE Thist
SNTREFHFHORKETHS 0.5 mzEHAT L & & L,

U EOBEZERET D & REHIEICK T 2 BEEOMEROFEMME S LT, TA
REFZECE] ORRNSHEIND 1.2 nt0.5m, KO T HERB] OFRICES< 0.9 m
~1.2m*0.5 mD @Y NEEEIND,

]

HE %

WEFIHIER I 31T D S EEE DR &I OV T, AU OBRIFEER S H FTRE T
oD, ZHIHITEIT, WHF (1953) 7 B X D261 2 MUER TR O 2T —Z & |
Satake (1993) < Sagiva and Thatcher (1999) 73 &2 L B/KENET —ZIZKBIE
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%o ZIUD OEHEBIINCIES BB, BRI S TR EBICm W EEEZ H 55
EEZLND, L, 2RO T =200 XV BEOESWELEZSH7-0I121E, F
DD RIZHOWTHIEEZET 5, F—10, 7 —XIFILT L b EHEEOREFRATH LN
7T2b DO TIEARW=D BN EOZERICET 2 MIENSLE L 25, 5 12, AEMIZIE
HIEERELASN O M A B (1] 2 1%, HIERRT O RHIRY e BB HES O RVEE) NEEN
7570, 2o ZEBRETDHMEL RO DINLD, SRIO—HMSEET T, T b OKFEAR
IE & ZHUTHE D RREZ TSR LTz, 728, LIS R A KT — X 123t d 2% BRI 72
FIEME OB K OFRZERH O k1L, PERIZA (2025) 12H5<,

FTHUERTZ OWIN ZET — Z IOV TiE, RA (1953) IS X 2 %A 1. 16 m (HES
WTOHE) ZHHIES L7, ZOfElX, Shimazaki and Nakata (1980) ZiXU®. %
< DFATHIERCR MR (MUEFIAEZBS, 2001b) THM I TE 72REMZ2E
Thd, ZOYPIMEICH L, EEBE~OAMEMIE (-66.5 mm*+27.8 mm) . HIFE 8 » A#%
DOHIE (Hashimoto, 2022) Th D Z & ZBfE L7z il ORDEEBMIE (N ZFh+2.7
mm } 5.4 mm), & 512 Hashimoto (2022) OFRFHIZIES < MW AHIE (50 mm=£50 mm)
ZEH L7245 R, 103.6 em®5.7 em TN 102.9 ecm=®5.7 cm &9 il Y DR ENE
Lbivd,

WIZARHER &7 — Z 1o\ Cid, B HHPRRE (1954) & Satake (1993) OfERIZES
< KHER 5143 TOMEARE 90.5 cm+3.7 cem ZHIHME L Lz, ZAUSALEMIE (-27.3
mm+27.8 mm) ZHEL., EHICIOMEICEENLEHIM (MEM 1743 » A, HE% 1
3 H) OHEAESE) & RNEB ORI L, WVET — & L [RIfkD 38 Y OZEIE
(ENZNAT4 mm~+148 mm L O+147. 8 mm O IER) ZEMH L7z, 26 ORIEDRE
B, KUYERET — 207513 95.2 em~102.6 cm*4.6 cm 2V 102.6 cm*4.6 cm &9
THEYOERENFGLND,

UL EOWIN 2T — 2 L OVKHERIE T — 2 hHEp N EL & 20T 25 L. B
BRICBT 2R OBEEOREMME LT, BhET — 20 bH#ESNS 103.6 cm
+5.7 cm & 102.9 em*5.7 cm, MOVKMEHIET =20 OHEEIND 95.2 cm~102.6
em®4.6 cm & 102.6 cm®4.6 cm, OEFH4EY NEEIND, FFPEET NI E, HHEA
LT DPNEMED, WL ZET — 2 D 115 em, KERET —# D 90.5 cm*=3.7 cm &, %
OBPFIELMME L KE BARZICH00bod, SHEMIE LB ERD L
2RV B2 TS 100 em BiE OfE FRZER em OFPN) (N 5
RN EONDETHD, ZOFRFIL, SEIO—HEET CHEM L2 EFEOZ S s
RET D LRIFEIC, B2 2807 — 2 s b BN - O HEEME G 0 7 S IZ I
F£5 LT, BERHERICBIT 5 REBEOEREOME R 100 cn FRETH 7= &0 )
FHEOEEEEm O D B D TH D,

I FETHARTE - EAME, ZEBHE, K OWEFHEICSIT 5 EEEO ML &2
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20
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23
24

THEDOBEME, RO NCEFDOREFEEEZ R 44 12E D5, UBROEHTIZ. 2 b
DA BT — 2 DR OREEME MR oM E LCERbL L, HUBREMEETT VI
FLIRAT FIEIZ DWW TR D,

F4-4 FME DT T OHEICET HREEOKEET — ¥

= = RN il =n {53 A RA i
= 7 — 2 T TUEAE (m) AR 72 (m) N(m, o2 A Mix(m. o)
IREZE I EHD 1.7~1.9 +0.5 N(1.8,0.512) 1/4
MREZE L EHQ 1.4~1.5 +0.3 N(1.45,0.32) 1/4
FokHIE Mix(1.83,0.512)
B FO 2.1~2.4 +0.5 N(2.25,0.522) 1/4
Y 0 1.7~1.9 +0.3 N(1.8,0.322) 1/4
DR R E 1.2 +0.5 N(1.2,0.52) 1/2
HBHIE Mix(1.13,0.522)
] 0.9~1.2 +0.5 N(1.05,0.522) 1/2
W 2D 1. 036 +0.057 | N(1.04,0.06%) 1/4
WL AQ 1. 029 +0.057 | N(1.03,0.06%) 1/4
AR HE D 1026 +0.046 | N(0.99,0.06%) 1/4
FRAER Q) 1.026 +0.046 | N(1.03,0.05%) 1/4

KPOTXTOMERSMIL, BEENSOULEZRD XS 0 TEMEIBIESNL D,

b) BEET—FDEENMIZLIERE

A CHI L - R HBOREET — X ICHOWT, AHiCIIIN O AR S E LT
ERALT 5 Fikz T, @FIaJiste LT, £, lx OBEEOFEMEICT L, &
DARFEFEME A ZE LT R oM 2 I ERT 5, KIS, 2 b ORISR LT
WIROFNECEEE IS U EAZ M L, AHEZRET 28— O B iEE o
BENDDIRESE LTRBLT 5,

Pl &7 — 2123610 2 R EMEO T

% OREEET —Z ZERN0ME LTREATDITHIY , FTE 44 ITRSN%
T =X DFRHE, FRCEORERMEICER T 5, ZORHEINET, FITO)HFHROAER
FRBRUC K- THIEMA & VLR E . Q) RIEISHEORRE, L) Z DM B D,
TR, BiEE RRRRERAO RSN (MIEEO) . #E 2 R RmEEN) G
72) LMY WE Z MRS OMEI KR ST D,

—iiz, BIEME x, & 0% (BHEREo,) BNE 2 b HE. HFHE x, . EHER
75 0, DIEBLIIAI N(xo, 02) IC L > TEL D E A RBITE D, — ., A EIO—FRKET TH
DT —=ZDE T, WEMER—EDIE (xy~x,) ZFfo> TRLINATWDOEEG, TOHL
ER S OBRDMERDMIINED ERRTIENTES, 20L&, 2IROMESAIT, HI
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EMHOWEERTHME ., BEEZRTERIMOBIARL > THELND,

HEME OWE DR BUITIEB A0k A 70 E R — B2 il & 72 %0 RIS I8 2 A%
Y22 0, DIEMOA, RAZEE YR 2 0, DIERIOAG &5 &, BIRIARZL D5 S IE
BT & 720 | REOERERET Jog + 02 L 725 FEIREEO fiic—8), — 7.
g2 —kR A0 & LTcsatr. M RITIE—E0Am L N S 0 & 72 D,

FEHEROX, ARIO—HWETTH D T — X IZB WL, iR HEE ORI T+
FICREWTZD BORBUZE S L OSGMEAEIGE L T BB RMERSMAIIRKE R
WBEH 220 AT, ZOMREOREMN L, EROAMOFE EoFEM (FAEM2
L) RAMICHE L, SRITHEMBOEEZ EHOM TRIT 2 Hitz & 5, BRI
EL MEOFL (0 + x3)/2 Z HIFRHE, MEOFAE (x, — x1)/2 ZAEHERZE &+ 5 1IERA 2
Mg,

ZOT7 TR —FILLoTERINIC, &7 — X OMERSMICET 5 FEE R/ NNT A—
4 (IEHA N(m, 02) 128 2 HIFHE m kO o?) &, #4420 TRT, Zh
O OEBIFE=R A6 2 BT, S HBE A RE T DIk RSB M AT D,

FOKHUE - REOE - MAHEIC BT 2 EEEOME EOEERN T

AR O £ 5 ICEFR SNEBI O BT — % OMERNMGICIRSE | FHE (BX, &
B, B #RET DR - OMEEERERE M, BEAFEIRASME LTERET S, &
DOEE, AAEBIAZEH T 2 EAORENNLIE L 2D,

FPREAMBICEAL QX TARERCE] & 1AL LW D o0 EE Uk
MHELNDIERICKT D EAZ AT 5, [ARIEFEICE ] OMEROKELEKIT,
HIFEFE A S0 50 % L ERIAZRIRIZ D B3 0 . T OB ORNEBLREIICKIT D
THEOEEZEDAREMEIIEE TE 2 (EARIE), 2024a) OO, HEIZHE-S<
EENDEERLIRTH D, —JH, 1 HEF] ORBIMEHERDEERTITIH 508, W
FHDAWIERE AT LS DG H o T AR, IR AEZ OFHR & L COfifE
EEETLE, —EOEEMEEATLIEEXLND (BEH, 2017, 2024), ZhbH D
DOIEHIRO G MBI A2 MBS 21T 5 2 L 3B S TR TH S Ll L, 45
[8] O —¥FERT TIEME B SN D0 MmIcxt L TSR EAZE YT 5, SHIT, TA
TREFFELE] K OENEZ T 5 THER] OFFRICI W TRIE & 722 2 I & o (F
DT 2N IZOWT h, MEFOIEE & L O T 2N R T h o 7]
REMEIZFER S5 (hH - B, 2024) OO, BARBRERTEN RSN TE LT,
WTNOFFRICE A% B < REDRERZBIUC KT 5, L7z > T, ZIUHEDFER
RS 2 R ORfREEE N EICK L Cb SR EAEZEAT 5, BRE LT E
K HIFE DM BRI, 2D ORFHIESE | Aifi T8I Sz 438 Y OB
AT XU EREL LG LEERASME LTERT D,

LHHEIZOWTHEERIC, ZOREEORILL 702 “S>OFELE (TAREFF
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) RO T ) OEFEMEICHMRES TSR L, Z2hehh bEh
DR FE R B H T T D,

WEFIHIERIC DOV T, WAL ZET — & LAKMERIET — & L9 2EFBOBNT —% . &
RENZIICHEA L7 @) OHGREEMIEO WTNOMASDEN LD NS L
DINZOUWNT, B CHEEE A HIWT 3 2 FBIOIRILAZ L, 2070 fRE L THED
N5 48 OFEEDAT XU EREL L5 25 T#HE T 5,

ut®iﬁﬁfﬁﬁ CHSE | KBRS A A LI E K, BB HERO&HE

Bl 2 BEBEOME BRI A K 4-4 1T, £7o, ZTNDOMERSAAOEE T
A—% (RE G Mix(m, 02) 128 1T 2FHE m K OV 0?) &3 4-4 IO CHREL L

o ZOORER. FKHUEE DM BT ITHIFHE 1. 83 m, LBUHUEIZWIFHE 1. 13 m &2
DET DML oo, THOITRFICHEBHI BT 2 RIEE O & OFRED 8% X
B L. WIS FBITILD D ORE WV, FERNRAAATIGIRE B9 5, tIRAYIC, HEFD

MR O Mk B AT XA 1. 02 m Z /s & U TRV IcEF L TR . 2D
IO OEDEAEWE, EARMEBESCLZBEHEDOZ N & g LT, MmEERZE T Mg/ X
VY,

A E O —EREET Tl APl EHEEIZI T 5 RN FEMEZ FEICMET L. 2D 2 g
5L LRI S BT, TORSEE LTE LK E DML & \ﬁmﬁﬁ
il (EAHIEE 1.83 m, ZEME 1. 13 m, WBAHEL02m ICEBTDE, MERESR
B2 (2001b) 72 ECBEICSREIN TE-MAEM (EAME1.8m, ﬁﬁ%&lZm
FEFO#IEE 1. 15 m) (Shimazaki and Nakata, 1980) & K& <IIFEEEL TV 2 L A3HE
wnansd,

i) EETIL

HBEORAMRE RTHEET LV E LTE, 739 B(K(FBPT €7 /L (SSD-BPT &7
V) WS (Ogata, 2002; Terada, 2025; HUEFMAEZEZL, 2025), ZDEF /LI,
BPT E7 VOMBHIE R Th D BEELAME S OF A5 HEE] 2L Loo, T
HOTHOBRFUEDNFIRIOMBERLL (T &) ICHHlTHE VI B HF 2O FER
B &+ %, Bim b, BiE ORI L RO ME £ TORAEBBIZIE, OF SRR
WZBI BRI L DIE S DX 2V R S G IEOBIBERN RSN D, HilgE T 7
TRAT HHEICBWTIL, EREOMREENSHE OIS T 5 & st b, FEEE
(2, HTERCHEPR L 7o Ml i & AERIRR & DBIRITIR, 7 — X O RHEFEMHEITRE NS D
D, WMREDHFIBIRAHRTED (KXLDK5),

SSD-BPT BT /MZHE W T, KL R OHEIAAMILBPT 3 THY | ED/NT A—H
DBWIARGE T 2 MO AR 5, BRI, EomesEEREEnT, X)) cEsh
% BPT 234 OBIBIGIC BN T, T A —% (u,a) %, AiEIOHEOMEE & u & #7723
FA=H(By) EHNTUTOLIICEZHZ I TRIIND,
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y XA BIT 2B OKRE ZERETHRTA—FThb, 775, SSD-BPT

EFILTIE, ROHEF CORARRE. BiRIOMEOMEE u IZK1FE L7=ZBPT 454
fsso-ppr(tlw, B, ¥) = f(t | Bu,{/B/uy) IHED . LIzid> T, ZOET L& HWTfighr
T, BT —ZICHEDSEx, XTI A=K B,y) BHETDHZ LT 5D,

i) HEEFE
a) NA XH#EE

SSD-BPT BT /L D/3T A —HHEFIZBNTH, XA AfEEL AT 5, AIfi CERL
72X 912, SSD-BPT =T /LT HMZ2 BPT T /L D/RT A —H (pa) & Hizip/RT A—
2 (B,y) LRIRIOMBEOEEE u # W TRETHET L THD, ZOD, TOXE
BA%L & FEARIICIZ BPT ©F /0 & RO HSH A TR 42 Z LW A[RETH 5,

LU 6, $NWT%TW®£% DIRT A= HHEENZ DT> T, WL OMD
BT O2RERD D, W2 RET VO TR TE 57— HuL, HiiZe BPT
7L O A — X(WKi# A1 ~1IV) LU CHIE 3[Ry &7 < ofil 4
DT —Z INPERAFEIMEEZ LT HEENPRLZE LTV, T, RNTA—H
(B, y) (kT2 LEBOBEIE, BPT 7 M TEVEETH S, ZNHDHE
KI2so, Hiffize BPT €T VOO CERALIZY =7 U —XFRiIAA O L 5 7B

TEAE R FRT0AT O LR E 720 | FRTERE S S W72 F R 0A6 2 E G
Zo%%f»ibéo

b) FERIDMDRET

LRI, AEIO—#&ET THWS SSD-BPT EF /L D/37 A —4 (B,y) (2T 5 FHi15
Mgk E DIEARNI2E 2 2w, FFAT0A O BARR 228 R /ST A —F R IED
FEMIAAHER A ITREY . 2 2 TIEREoMEE IR D,

B DFHI /AT

NTA=Z BIE, WHEANZIT RIS KT 27— MREEEICER T 2 REH e
BIUE R P O RIET D, B OFRIHA O BT DWW TUE, FrE D AR % fE
FRAIZ S RFT B IERNZ L2, — ki@ U & L CERGMEZSRA Lz, Z0OE
B OB L DM ERET HICHT-0 ., £T 8 O TH D IEEEEORY 15
2 R PH 2 Et U 7o, ABHEME D @O SRR 22 I 7 — & 035 B4 2 OV D #) 100
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FERNTIR S AL, OB S5 ERICIT 7 L — FREIE RS ICEBEER L2 R A Bak
SbEENGD, TNHDOEEZER L., 2 2 TIXEEOBINEI R KFET 5D TIEAR
<, BEAFORIHBLRAIREE L O L — R DI T A0 6 | TEREEREEANER Y 15 5 i K HiH
Z5~18 mm/F LR Lz, Zo#MiE, pICHE TS LB L% 0.056~0.2 4F/mm |2
YT 2,
ABElD—EMETTIE, 20 B O (0.056~0.2 4/mm) NERSMDOE30 (o1
IRHEIRZE) OIRICINE 2 DO L UE L. FRIDAMAOEHERAL 0.024 F/mn &FREL
2o FHRIOAOMFHEIX, ET NVOELEE AR T D &0 D FBIR R RIS X |
0.095 4F/mm (PLREHEICHE LG 10.5 mm/AEITHY) IZRRE LTz,

Y DEFILAG

NI A—=F y I, BEEICBIT 5 EHR R BRI 2B OKRE S A HET
HNTA=Z LRIRESND DN, Z OEZ BN O EHERIFIT 2 Z SI3E LV, LavL,
Y IE BPT DAADIGIRART A—% a LBEL TWDH720, 20 a lZBT 5 MM 725 A
EBEICEFRNMERET DI ENTE D, HlZIX, BEEOIERTE ST P58 TIL,
a 2342 0. 2~0. 4 OFEPAICILE D . ZOGMIIRNBT o~ 54 THELTE 5 2 &L nvd
HEEIN TS (Nomura et al., 2011), MZ T, BROFEHE b7 7 OHEIZBIT 2 Bkl
72 BPT ET A CTORHITH, a DFFL L 0. 2~0. 4 OFFHICHEE SN TN D, Zh
D OB MRS E | ARIO—HUET Ty OFRIOME LT, X0 RITEL
THESy (AaMk) L= o3 ERBRIC )T 5 JEL 5346 O FEE R 2 AT R I a 342 0. 2
~0. 4 DfEiZ L B XD el v~ EHRE LTz,

iv) EFHE#ER

SSD-BPT E7 /L& W CH I L7z, FHiilRER (2025 4F1 A 1 H) 22D D 30 g%
ARXDF2-1 L FKA61T7-T, ZOFHRICHWEHEOT -2y ME, 4207
—AVITHY T 5, SSD-BPT BT /L DA ZHEE TIE, BEHENICIINTA—Z B Ly D
HEDSMADF O DN, BRI BEAE BT D720, £ 4-6 11X 26 OFEZ S
PR LT RARR Y X6 2X a DEZR LT, £ 4-3 SRR, fEERfEE LT
A ZHEED T0%IE X & HFEZ R L TWD, £/2, BTV U BRRIC L 53 4EmER
ORI HEEAORE S S EH & L TRii L,
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L [2025 4 1 H 1 HEEE] [ A3 R 22 1 i
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60%~90%FEE LL - T0%~90%FEE UL |
95.9 0.17 20%FE BE
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ANA ZHETENT K DRI, T0%1E H X &2 T IR% ~ ER% O AT #fHEZ () NITRT,

F4-6 PRI D . SSD-BPT &7 /K-S < FEMiREA T 30 eI, BEICIERIC
BVVVKIEIZE L TV D, Z OFARER O BRI 22 5545 IR & B 4-5 (R T, A RHEE
DOFER L LTELNT ZO0MIE, MEEDN 100%Z 105> D 124 T E ORESREE FE N BN
L. SHED 100%FHEIC/FET 5, MSARIR>72RERE L TWD, 20857
MRS OARIE, RO N7 7 OMBE N NSORELTHLBN L RVWIRETH D
L EBRIBETHHDOTH D,

S BT, IEFnHE #%@ﬁﬁﬁLfﬁﬁwﬁﬁ$®%%%ﬂ4ﬁ:?¢ B 73
£ OIT. HER OIRHE K OME X o NI ool & 3L BR 2kt 25—, EH
IX[E D b [V EA R A CREIZIZIE 100%I22E LTV 5,

3) ZONETILDLE

AETIE. SEO—MSEET CTHW: — SO X EAMERET L, 37205 BPT EF /L &
SSD-BPT &7 /MZ DU\ T, & DWBRANY S0kt 4 FlE UL Bk i 70 e 83T O f kI
DNTIR 5,

T VORI 5

W7 /L OW BRI S O SE A X 4-7 IR T,

BPT 7 /WiE, Wb BEAHEET VAT RE LIEET AV ThD, FRHEET L
%, B CEBOHIEN, —EOOT HEME LRI L > TRV RS D & 9 IREmRY
BREZFESL, Thhbb, OTHAYHIRENS 7L — MNEE R S K> T—ED
HECTEHEL, bORMEEZE 2 72 & ZATHENEAE L TOT AN KRS, O]
%%‘_ﬁékw9%4ﬁw#ﬁb KEND, b LIOWRIZT V& N7 BEN T
AUE, HERITEICHE CHRCRET L 2 &2 D, BPT E7 /WL, ZOREMRNROT
%%ﬁL@ BRI N AL 0 Hh N HLER %%@@@%%%%I CERRERTDEEL (T F A

IH5X) ﬁxbﬂzbé & T, MEBEBRAMBIZIEL SDENELDLIET LV THD, L0
5 & NW%TwiFlﬁ%%Jkwﬁﬁm?%%?w%ﬁﬁmﬁﬁoo\%hmﬁﬁ
EWV ) HERGRINEREZ M =TT IV EMNESITHND,
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—J5. SSD-BPT E7 /WL, £ DOHE KM THIET VA FF2, B TPHIET Vb £/
RERNRET IV CTH LN, EAMEETT VEIIRRY | MBI L > TSNS 07
A (TRbHLHEORE) 13ERE2 VG5, ZORDY, OTHAOEREE & H

BRFRET LRRAOOT AT, BAMEETT VERBRICETH D, TORME, KD
MR F COREMMBRIL, EATOME TR SO A, 37 Bl o iR o

(ZH 2 &0 9 BIRRASER VW ST, SSD-BPT &7 /L%, Z O THIE T L OO g
FEHIEFEIZ BPT £ 7 /L & AR OB ELZ N X 72 fesim) e 7 L CTh 5, B RLJ5 2 37uL
BPT 7 /VICHAEDO HHEZ Y Az, L0 b= T b 525, LN
2T, SSD-BPT &7 /Wi, AT D HIEE DB I U CTIHAMBOIFHEN LD L5 LD T
BT HET V) OWE & BEIC L > TEH DL &V D BPT T 5 /L OME & -l
BETNVEMEDTOND, DI, RITHIE OB EIC—E Th 2 & FUET X
ZDOFT I BPT BTV SIS D Z LD, SSD-BPT £ 5 /LIE BPT £F /L2014 L
TETNESHIZENTED (M4-8),

ET VOGN & IR SGT OFHIIC B D

BPT £ /L& SSD-BPT BT /LD EH 63 miE N 7 7 ORI AmfE 2 L 0 @l E
BLLTWD 0, BIRECIIBARRICHIET 5 2 S 138 L, Bl Sh 2 BB I AE
FIZIE DO ERNEENTRY ., TOHRICHDIFHFET VOZYUEEFEITRIET 5
72DiE, HEEICEL OTF —EZNNEL R0 ThH D, £/, MET L E LEHEOHE
MEZR RS Z W I L L7 b D THDH E VIO RA LA LTV D,

7272 L W7 /VIEZE OW R S R 22 BB SAIAHIE S B 5, [ UBUE O HIFE A
M0 RS2 & ARFICETHR & 4% BPT &7 1125 L, SSD-BPT &7 /L ClIHE D HIE D%
BEZET AVNICHRIIZED TV R THh D, 2O Z i, MO O—HBET
@ﬁﬁ?ﬁﬁéﬂk%@b77@ﬂ§®§ﬁﬁ®%%@%\%$W@wﬁﬁkbf%
DREFEMRE L TS & BEIRTE 5, L L7225, SSD-BPT &7 /L AMEHL T 5 R T
JE TNV DOZBPERTEAMEIC DWW T, WL DO E T R E SR FIT 725 0m S A7
T %, £7. B N7 70V TRAET ZHEO SRR BRI ORHEZ | |EE— RO
fEREOAHTRETEZDLONENIBENRDH D, S HIT, HERFOMEE &R S -
OFTHEICHY T2 E W PEET IS &, HIEBRIZITOTAERIZG LTk
e L, MBI O 2RI 2 2 L1272 503, g&%@%tg# R X5 TR
B (R 11 mm/4F) (X, STEORHBLN SHEE SN DR (5~ 7mm/4F 5 [E+
HFRRE, 1972 ; [X] 3-34 ; [ H#EEE, 2024 ; Nishimura et al., 2018) & IXTERENS A
BNb, 2L, BIEN TV HIRBEHEEXH ETEEDETH Y, 7L— FERD
[ & SN OFER (F TR HEREFN 72 &) b LG5 (Li er al., 2020) 7=, Z
DIEIZOWTIA B OBRNC L DB 2 ERT 20BN H 5,

LU0 — iz, B TRE T L ZE O b OOEEMEIZONWT kA eiEimn d 5, filx
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1%, Shimazaki and Nakata (1980) 2SHERIFHIE T /LD EH ATREM: 27~ L= B, 7
WHIEZ 5D 3B ERENTH D, Fio, /M0 K LHIEEIZ DUV TIARTZHZE D B I,
R TPRIET AP Lo TR EWV IR B STV D (Rubinstein et al.,
2012), FEVE R T 7 OBEOHERINCHSONT S, ABRMEE THL &, FEF VI
DLz e T8 E S H 5 (Scholz, 2002), —F T, FE N7 7O X 5Lk H
BN Z BT TIE, TR L IR D A I = X I L o THb BRI BRI 70 268
DEFNEDLE LY I 2b—3a U%E (Hori et al., 2009) <°, BERMEZHRT
THBMHEE Tl CHRIETADBEIY LTS EWV I BB IN TS (Kumagai,
1996), LA ED X 912, SSD-BPT EF /L DRER A 72 ¢ e FHIE T /L DRLSIMERZ D)
P72 15 BT DWW T, B2 R A Digmm A e N Cas v | BURE U CII AR e fliam 03
TR,

2O LIsima i E 2 AEO—HEET Tk, o 0E T UCER R TIES 2301
HNAHOTIRARWE W L, METT /M XD BERAMRE MG T D 2 & 2 EAS
#e Lz,

FEAEREE D L

BT, WET DD L MR R 2 T 5, £4-3 BPTET V) &K
4%(%&%T%?»)%m@?é&\$WWT%?wmi530$%$@%%ﬁ@Bm
ETADORREID bEWELEL 2D, SBITHED 10%EFEHXMIZER> TWhinZ &
NHERRTX D, ZauX, SSD-BPT BT /L D/RT A — X HEFEIZIB T, EEMR R AE
FlRuCED2E a2y, BPT ET7 MV EH L TUNSSKHEESNTND Z EDFEETH
Do

272U, 29 L7 )V OFHlifE R ORI, FHEHIFIC K-> TZ OB T A3 R
%, ¥ 4-912, BPT EF /L (& —RI) & SSD-BPT EF /LT L5 10, 20, 30, 40, 50 4F
WERDFEER N E AT, TONE, 30 KO 40 FFHEE TIXmET LD T0%1EHX
MR ER > TWRN—T, TNLSD 10 4, 20 4, 50 FfETIIEHAXE S —HE
BLTWDHZ ERNDND, DI LT, BT VORIRBERC 30~40 FE% 2R 5 15
IR 7o fe RIS B W CEERBEW A FF o —F T, XV EHXTEMOFHE CIix%

DR XINT /NS 72 5 WREtEZ R LT D,

WIS LT R &I, E TS K DEREISENIHNE WThORR S
FAYE N 7 712381 2R EIO HEEFHAEOTHAMERBEICIEF IZEmWKEIZSH D Z L 2R L
TWDHRTH D, BPT BT VA REEICE 2 TH | BAEMBITRFFZRE & & BITERICE
FLTEY, SSO-BPT ETVOFERIZIINEZ I LIZED HHFMIEL, Lien-T, &
LHDETNVERMT 20D T, FHERF A (2025 21 H 1 ) THOIZEmHRN
VBRBRECH D LT 5 2 ENTE D,
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B IR O O —ERET OFAG CTld. BURER CF b 2 B PR R 2 I - T
7 CEE DREKT T ADOHEDOERISAHE Lic, Ll FEE 600 FEHETHMD Z &
NTEDERFEERE . 5,000 FaTETHD Z LN TE HHERETIX, K7 7 AD
MBS & 72 3EUT RS> TR, 20720, (ERDFIE TR KT 7 ADHED I
AfERZFHMET 5 Z L3 TE R, 3. (1) 2 THRR7EXH1T, 2,000 FFTIZEK
HiEZ BRI DHEE A L AR Ef STV D 2 &b, K7 7 ADOHIE
Dip bR 2,000 FRITEE TE LT, ZOFREYIIRTHEU L TH D LHEE
Shd, Ml 7 7 ClRE 25 M8 77 ADOKHEDOHAMIAIT 100~200 4, FEAHIE
7 7 ZADBEKHEDFAERMIFA 300~600 F L HEE SN TNWDHDIZH LT, K7 TR
DOHBEOFRAMBIZZNL LY IHUEREWEEZEZ b, BAHEMNMINFRBHELET
HHESZHIENDND, L, RICEZ ZHENRKKZ 7 AOMETH 5 kel
TR TRV EICERDPLETH D,
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5. §RICHIITT

Rk oD & 912, Ot b 7 7 OEO R (HMEFHEZES, 2001b) LU
%uﬁ%éﬂkﬁ%<®ﬁﬁ%ﬁ@7“?i\ﬁﬁﬁ77f%$?éﬁﬁ§@§ﬁ@
MEETHD Z W LMNT LTz, ZOHREMRIZIESE | F L O O—HSET
TlE, [F U TR U Z A 7 OHENEBINCRAET 5 &0 ) BREHEET VIES
B ROEMFMTFLEL RE L, (M N7 70O KBTI SRR TERE TRA &
DT EWHIBRAEEARL L CRHEEZIT> 72,

ZD LT, ABEO—EHEET Tl EEFTI O AIZDON T, EIC=Z 2D R THEHL
koM*C\ﬁﬁ?M%?W%ﬁ$?%’W%Lk?ﬁwiﬁfﬁﬁ%?w($NWT
TTN) BHTACEA L, BAERE T TR MEBEOSBE L BB LG 2 TRElc Lz,
AT, B OME &7 — & DR OIERR 2O A0 I AR % | ﬁé\ﬁkb
T%KWL%TW“ﬁﬁﬁhﬁo%EK\“4Z%EEW5%*%ﬁﬁﬁ%Wﬁ$%%
W5 Z LT, MR RORR S BPT 7 /L & SSD-BPT 7 /L% [A] U FLHE CLL BT
L. ZOfER %2 FE e & LTl L7z,

7272 L, FElE N T 71281 D SSD-BPT E T A D HIZH 7= - T, DR 7k S
NTW5, B RE O O—HEGT OFME Tk, HEOBLZ R EE & L CEEREED
BT — 2 OBz R Lzs, 2T OFEEO fBEH T — Z 125\ T, F DG

FVEOFHIR /T A —FZ OFEFIAN & FBHNTRET 2 2 L BB CIIRETH -
T2l TH D, AH%IT, RO AT SN TR & 72T O BT — & O RHfe SR
RFEFIOAAORF 2D, SSD-BPT BT /L&A L T\ T ENFRELE 72 5,

Fro. X0 R ZREA TR, BRIRO 270 5 F KRB O ERBZE DL DNZEET
HDHAHEELBEICANDLERN DD, TOTDIZIE, 29 LEESHREEZ KRB TE D,
L VBRI L HERAEETT VORI L | ZAUTHES < BN TFIEOMER 72 &
AL At OEE R BIE L 725, 2O 7-OI21E, BN TIE M O M7 O Bl R
EWMOAND E LB, UTOL) RENREHELRBAL TN ZENHEETH
Do

OBEICEE-MEBRZHLNIT E-ODRAEMEDHLE
HIEHERE OFRAE /2 12 L0 . 300~600 EORMMETRE REENREE TWA R L,
@ﬁ%?7f@%éﬂ%@%%ﬁﬁ%%#’ﬁof%fwé Ll Eﬁﬁﬁ%mf
BRSO TV AR STl Y | & TE RO KIS A ITITE, &
EBICARFTTh D, &iJ*ﬁﬁﬁ%éﬁﬁ&%@&Lfﬁ EOIRT — &@W%
ZRERERIITAT O BN B D, BESFLERIC DV TUE, BERE 0 e L BRI SR 4 B
EOWEC LV BRSO AV A 7 VOBERO LR L 2 D ER) (EEE) HtkicE
T HIERIZ T T < A, F/hNOHE L & D - EIRE O 2 7 BT 51
WHIEHT 5 2 &R B D, EEFERIC OV T, Hik Ot 72 0 O
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TEDREEILZ D | RO LR 72 & LR RS LETH D, HONTE
BT — 2 L HEBECHIE DY S 2 L —va VEHAE S D LIC Lo T, HEBRAHL
T D58 (Bl AIX, Furumura et al., 2011) bHEHESTHZ L NEETH D, £z,
FFIED (2011) <° Namegaya et al. (2022) CliZ. E%?Eﬂ%j(kébﬂ’(b\k%ﬂ(f@%
L0 b, RERBEOHR 2 LIEMEOGFEZ REL TND, 2D L) 72,
K7 T ADHBEINFEE t%fwé#&o@®&ﬂ%Lbfw<_&%Mgf%éo

OXMENDEREB LY S PBEBERET 5-ODREHEDHE

SRR 0D H K DN B k2 DN TR REATIC & 3 2 B0 %0 RO UNEE - FEBES S it
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LB 6N MEOHEBRIEICIZRY RH D L0, o< VTRVEDT L —
NERDSDEWEBIEOBINT — 2 6 @0 fFRE CRE L HEET L 2 LIXRET
HHZ LD, BEOBBE CIIMEOREZTMHT LTV 42 DIk ViAte Z &
IR ICREETH D, LIz -> T, @EOMBERAEIRE-CHIETTE)., L& OO H
W BBV EZ < OBIAGER A T JE R < BT D EEHEOmWEERO T U 2L,
EHEHMIICIE L T ZENREETH D,

64



© 00 3 O O B~ W N =

W W W W W W W N DN DNDNDDNDDNDDNDDNDNDDNRFR = =2 2 = = =2 ==
S O A~ W N H O © 0000t A WN O © 0NN 00t W +R O

GIEBEEN

BAERBSE (1999) <58 L& WZ i~ 7 =F = — B Mt ORIE, #E 2, 52, 369-377.

HE 5B (1979) : 1944 FRFEHEREE OWIRET /L, FOLK BRI ZEATHR,
54, 329-341.

FRE 5B (198la) : HEEMIZIS Z o 7o E S OB IR, FUL R HUENT 7 ATR
#H, 56, 367-390.

FHE BB (1981b) : PAMREIH OHGE OBAEIER, HAURFEHMBATZEFTHRHR, 56, 713-
730.

Ando, M. (1975): Source mechanisms and tectonic significance of historical
earthquakes along the Nankai trough, Japan, Tectonophysics, 27, 119-140.

Ando, M. (1982): A fault model of the 1946 Nankaido earthquake derived from
tsunami data, Phys. FEarth Planet. Inter., 28, 320-336.

A FFRE e MATIE - AR - s — (1999) : FEIfE R T 7 L2 o REAIRE O H
BEMEGE N7 ) A4 - fiiil g Ot G E—, ME == —A, 541, 17-24.
Araki, E., D.M. Saffer, A.J. KOPF, L.M. Wallace, T. Kimura, Y. Machida, S. Ide,
and E. Davis (2017): Recurring and triggered slow-slip events near the
trench at the Nankai Trough subduction megathrust, Science, 3b6, 1157-

1160.

Arnulf, A.F., D. Bassett, A.J. Harding, K. Shuichi, S. Kodaira, A. Nakanishi,
and G. Moore (2022): Upper—plate controls on subduction zone geometry,
hydration and earthquake behaviour, Nat. Geosci, 15, 143-148.

RIS - AZIkE— (1989) : FiYiE & T 7MWV OERHIRIC & b 722 9 AT afilE,
HiFE 2, 42, 231-233.

GE Z - KREBF - A)ID0E - a0 H (2005) SRR S 0 55 VU AC 4 1 sk 28 )
(BT OER LB, HIUACHITE, 44, 169-176.

Baba, T., Y. Tanioka, P.R. Cummins, and K. Uhira (2002): The slip distribution
of the 1946 Nankai earthquake estimated from tsunami inversion using a new
plate model, Phys. Earth Planet. Inter., 132, 59-73.

Bassett, D., A. Arnulf, S. Kodaira, A. Nakanishi, A. Harding, and G. Moore
(2022) : Crustal structure of the Nankai subduction zone revealed by two
decades of onshore—offshore and ocean—bottom seismic data: Implications
for the dimensions and slip behavior of the seismogenic zone, J. Geophys.
Res., 127, e2022]JB024992.

Chaubey, Y.P., M. Singh, and D. Sen (2021): Bayesian Inference for Inverse
Gaussian Data with Emphasis on the Coefficient of Variation, Springer

Proceedings in Mathematics & Statistics., 37b, 79-96

65


https://www.science.org/doi/10.1126/science.aan3120#con5
https://www.science.org/doi/10.1126/science.aan3120#con6
https://www.science.org/doi/10.1126/science.aan3120#con8

© 0 1O Tl A W N e

W W W W W W W N DN DNDNDDNDDNDDNDDNDNDDNRFR = =2 2 = = =2 ==
A O A~ W N H O © 0000t WNHEO © 0NN 00t WD+ O

PR GH (1946) @ K[REE, 5568 5, 40-43.

Cummins, P.R. and Y. Kaneda (2000): Possible splay fault slip during the 1946
Nankai earthquake, Geophys. Res. Lett., 217, 2725-2728,
doi: 10.1029/1999GL011139.

DeMets, C., R.G. Gordon, and D.F. Argus (2010): Geologically current plate
motions, Geophys. J. Int., 181, 1-80, doi: 10.1111/j. 1365-
246X. 2009. 04491. x.

Dieterich, J.H. (1979) : Modeling of rock friction: 1. Experimental results and
constitutive equations, J. Geophys. Res., 84, 2162-2168.

Fujino, S., H. Kimura, M. Shishikura, J. Komatsubara, and Y. Namegaya (2012):
Sediment records of historical and pre-historical tsunamis in the last
4000 years in the Tonankai area, western Japan, Fos Trans. AGU, 93(52),
Fall Meet. Suppl., Abstract NH11A-1539.

BRI 1R - EEIEAARC « STHARSE « AMARGRET- < BTERIESE (2007) o F i B TR Iy o I
DFEFHCI FLdR S NV BRBEA TN & #URTLRE, TSI - HURAFIE RS, 7, 91-118.

Fujiwara, 0., K. Hirakawa, T. Irizuki, S. Hasegawa, Y. Hase, J. Uchida, and K.
Abe (2010): Millennium—-scale recurrent uplift inferred from beach deposits
bordering the eastern Nankai Trough, Omaezaki area, central Japan, [Is/and
Are, 19, 374-388.

BRI 16 - B SR - RS - JEA SR - NIRRT - 1B (2012) R A
FE T O K ) THECHE C R S 2 R SRR HER Y, AR UL 2 il 2 B 2R,

Fujiwara, T., S. Kodaira, T. No, Y. Kaiho, N. Takahashi, and Y. Kaneda (2011):
The 2011 Tohoku—Oki Earthquake: Displacement Reaching the Trench Axis,
Science, 334, 6060, 1240, doi:10.1126/science.1211554.

Furumura, T., K. Imai, and T. Maeda (2011): A revised tsunami source model for
the 1707 Hoei earthquake and simulation of tsunami inundation of Ryujin
Lake, Kyushu, Japan, J. Geophys. Res. 116, B02308,
doi: 10.1029/2010JB007918.

JEFER L - HEPSS - FEJI Ok (1998) @ HGEHUIC IR IAATE T 4 U B ilgA T T
DR & HIFRTEE), HOR A HURAFEIT R, 73, 291-304.

Hashimoto, C., K. Fukui, and M. Matsu’ ura (2004): 3-D modelling of plate
interfaces and numerical simulation of long—term crustal deformation in
and around Japan, Pure Appl. Geophys., 161, 2053-2068, doi:10.1007/s00024~
004-2548-8.

Hashimoto, M. (2022): Is the Long - Term Probability of the Occurrence of Large
Earthquakes along the Nankai Trough Inflated? —Scientific Review, Seismol.

66



© 0 3 O O s~ W N =

W W W W W W W N DN DNDNDDNDDNDDNDDNDNDDNRFR = = 2 = = =2 ==
A O A~ W N H O © 00 0 s WN O © OO0 Ot WD +R O

Res. Lett., 93, 2311-2319.

A e NRE— - Iz (2024a) @ ALREPFECEF IS S EHREOME RO
it AARKERS, 42, 387-404.

A o R — - gz (2024b) @ TAPREF S SCETFITE S < EEEO MR &0
Mt (Vol. 42 No. 4) (2K 2 HEK « BIFAZKNALD =3 A MIH LT, H
SRICERLY:, 43, 313-321.

PUSTERER (1974) « HGfE - FIMEEMNIC I 2 KRERH OB — 1944 FHPGE, 1946 4F
e YA VR TR B R D PR G & K+ 2B D B & SRR O HEE —, R 2, 27,
10-24.

PUSTERES (1975) « B 7 48 « BER 9 SR D Bk M OVHUME B ViR HEE OB, HRUK
FHRMFIEFTHE R, 50, 171-185.

PUBTERES (1980a) + KRBRAF « Fndk il R RIS 2 oK « LB EE R O F A,
FORRFE RN FEFT e, 65, 505-535.

PUSBTEORER (1980b)  : 5ok « LB OBIMFIEIC L 2 m O, H PR,
12, 495-503.

PURBTERER (1981) @R P ERIZ 3510 D 50K « BB I O A — AAL - ABF -
TAEFROBE O & —, FRRFHURNIFEATHEHR, 56, 547-570.

PUSTERES (1984) : BN - B ARSI 2 50K « LB OZEH), HK
FHROFIETHE R, 59, 501-518.

PUSTERRS (1985) : JUMNHHENRFIZ IS8T 2 I SUER O BIHIFR AL © 1662 4258 3L + 1769
FEEAFD H RS KUY 1707 SR EIK - 1854 SR BUPE RS, HUR KA MR LTS
#, 60, 439-459.

PURBTERER (1988) WA NIfE - BHEAGEIRFICIS T 25Kk (1707) - ZB (1854)
FFn (1946) PEVEEMHMOZE), HifE 2, 41, 215-221.

PUBTEARRS - M 5B - ailefh— - Afce (1981) - RETHNSH & L2 # oM
A 1944 ESFEIE - 1960 4E T U 38 KON 1854 AR LB, UL KBTS T
#H, 56, 245-263.

PUBTEARRS - FHE B - TR - Bkl (1983) « Fk LGk - JKIC#l B L7
FAMEE AR OFHA 1 1946 FERMEIE T JOVEK « RBEHUEIZOWT, HLRFAHE

FeFTHER, 58, 187-206.

Heki, K. and S. Miyazaki (2001): Plate convergence and long—term crustal
deformation in central Japan, Geophys. Res. Lett., 28, 2313-2316.

Hirose, H., K. Hirahara, F. Kimata, N. Fujii, and S. Miyazaki (1999): A slow
thrust slip event following the two 1996 Hyuganada earthquakes beneath the
Bungo Channel, southwest Japan, Geophys. FKes. Lett., 26, 3237-3240,
doi:10. 1029/1999GL010999.

67



© ® 9 O A W N

W W W W W W W N DN DN DN DN DD DN DNDNDDNDH - B =2 =2 B =B =B = =
A O A~ W N H O © 000t s WN O © N0 Ot WD +R O

Hirose, H. and K. Obara (2005): Repeating short— and long—term slow slip events
with deep tremor activity around the Bungo channel region, southwest Japan,
Farth Planets Space, 5T, 961-972.

Hirose, F., J. Nakajima, and A. Hasegawa (2008): Three—dimensional seismic
velocity structure and configuration of the Philippine Sea slab in
southwestern Japan estimated by double—difference tomography, .J. Geophys.
Res., 113, B09315, doi:10.1029/2007JB005274.

Hirose, H., Y. Asano, K. Obara, T. Kimura, T. Matsuzawa, S. Tanaka, and T.
Maeda (2010): Slow earthquakes linked along dip in the Nankai subduction
zone, Science, 330, 1502, doi: 10.1126/science. 1197102.

Hok, S., E. Fukuyama, and C. Hashimoto (2011): Dynamic rupture scenarios of
anticipated Nankai-Tonankai earthquakes, southwest Japan, J. Geophys. FKes.,
116, B12319, doi:10.1029/2011JB008492

Honda, R. and Y. Kono (2005): Buried large block revealed by gravity anomalies
in the Tonankai and Nankai earthquakes regions, southwestern Japan, Farth
Planets Space, b7, el—e4.

Hori, T. and K. Oike (1996): A statistical model of temporal variation of
seismicity on the inner zone of southwest Japan related to the great
interplate earthquake along the Nankai Trough, J. Phys. Earth, 44, 349-356.

Hori, T., N. Kato, K. Hirahara, T. Baba, and Y. Kaneda (2004): A numerical
simulation of earthquake cycles along the Nankai Trough in southwest Japan:
lateral variation in frictional property due to the slab geometry controls
the nucleation position, FEarth Planet. Sci. Lett., 228, 215-226,

Hori, T., S. Miyazaki, and N. Mitsui (2009) : A model of earthquake generation
cycle with scale dependent frictional property—Preliminary results and
research plan for the project of evaluation for the coming Tokai, To—
nankai and Nankai earthquakes, J. Disaster Res., 4, 111-117

Hyndman, R. D., K. Wang, and M. Yamano (1995) : Thermal constraints on the
seismogenic portion of the southwestern Japan subduction thrust, J. Geophys.
Kes., 100, 15373-15392

Ichinose, G.A., H.K. Thio, P.G. Somerville, T. Sato, and T. Ishii (2003):
Rupture process of the 1944 Tonankai earthquake (¥ 8.1) from the inversion
of teleseismic and regional seismograms, J. Geophys. Kes., 108, ESE13,
doi: 10.1029/2003JB002393

Ide, S., K. Shiomi, K. Mochizuki, T. Tonegawa, and G. Kimura (2010): Split
Philippine Sea plate beneath Japan, Geophys. FKes. Lett., 37, L21304,

68



© o 3 & Ul W b M

Lo Lo WL Lo W W W NN NN NN NN DN DN M
S R ®RO RO ©®© MO0 A WN R O © 0o Ul WN R O

doi:10. 1029/2010GL.044585.

fRAFE (1977) : THEFN 19 4F 12 A 7 A REVEHURORE LRE ), ERRE
K, zzfﬂ/\, 120pp.

b (1981) @ TERIRGCEER ), BMIRPI S SHEMERNS, 2, 119pp.

MR BF (1999) < PRIBIE Y — & A MinDBTFEllE N T 7 IRV O E KRR O JE LR IR
HFIER 54%, 24, 70-75.

MR BF (2001) : VRIEIE Y —E XA AW T 7 B I T D HUE R AR TR
OHERE, HIZFHES, 110, 471-478.

AFBATE (1930a) : BEK PUAFE:- 0O FEiffiE il & KR 70~ 2 HITEAEEh Tk v C, IR ER
1 %, % 2 %, 81-88.

AARTEATE (1930b) : FEVERE KHIERICRT 2 B E 0k, MR 1 8, & 2 &, 326—
328.

ARTEATE (1933) : BVREMKHUEORE, HE 1, 5, 607-626.

Ishibashi, K. (1981): Specification of a soon—too-occur seismic faulting in
the Tokai district, central Japan, based upon seismotectonics, in Simpson,
D. W. & P. G. Richards eds., Farthquake Prediction—An International Review,
Maurice Ewing Ser. IV, AGU, Washington, DC, 297-332.

FARGIEE (1983) : 1605 (BER 9) AU - AR HUR O MR E SR, MRS
Tk, No. 1, 96.

FAIGIEE (1999) @ SUHRE B D B 7 B - P E IR — 1. 14 fHfcATEE T &
H—, HITFHES, 108, 399-423.

E*ﬁﬁr‘? (2002) : 7 4 U ELAMER T TIRIIAL DB GAT & LT ORI - FEif ERHI

— SRR K O —, RUECRZER KA TERTIR SRR & 13K-T &, 1-9.

Ishibashi, K. (2004) : Status of historical seismology in Japan, Ann. Geophys.,
47, 339-368.

FETLE - TR (1998) @ il iR LR DT V— MERERHEEO R ST RO/
BR—RAARFHED 7 L— ik Aid me%a’:ﬂlﬂfm: LC—, HE 2, 50, AU, 1-21.

Ishihara, Y. (2003): Major existence of very low frequency earthquakes in
background seismicity along subduction zone of south-western Japan, EOS
Trans. AGU, 84, Fall Meet. Supl. Abstract, S41C-0107

DHigfi— - #REIEEE - T — (2005) - E%f%jhﬁzﬂ*::fﬁﬂ*7<E3 (1605.2.3) DHEHPED
2 oy TéfﬁEZi@*ﬁpiE JEE S0 Hh 7R, 133-144.

Ito, T., S. Yoshioka, and S. Miyazaki (1999)2 Interplate coupling in southwest
Japan deduced from inversion analysis of GPS data, Phys. Earth Planet.
Inter., 115, 17-34.

Ito, T. and M. Hashimoto (2004), Spatiotemporal distribution of interplate

69



© ® 9 O A W N

W W W W W W W N DN DNDNDDNDDNDDNDDNDNDDNDDNRFR = =2 2 = = =2 =
S Ok~ W N H O © 0N 0 Ok W HO © 0000k W+ O

coupling in southwest Japan from inversion of geodetic data, J. Geophys
Res., 109, B02315, doi:10.1029/2002JB002358.

Ito, Y. and K. Obara (2006): Dynamic deformation of the accretionary prism
excites very low frequency earthquake, Geophys. Res. Lett., 33, L02311,
doi:10. 1029/2005GL025270.

Ito, Y., K. Obara, K. Shiomi, S. Sekine, and H. Hirose (2007): Slow earthquakes
coincident with episodic tremors and slow slip events, Science, 315, 503-
506.

EFEHESR - IR 16 - PUSORRR - EIR 52 - BEANE I - REOKR - IRRARSE - kS H

(2004) = S hRETE & T 7 BRI O SRR K0 15 O AT SR RV & —
B XA F—KRITO5P1 Ofl—, HEFamtE, 58, 137-152.

Jeffreys, H. (1961): Theory of Probability. 3rd Edition, Clarendon Press,
Oxford, 470pp.

HEMAZ B (2001a) @ [TREIARHERAMBEOFOTFEIZOWT] , 46pp.

HEFAEZES (2001b) : [FEHE N7 7 OHEO RHFHEHIZOWT) , 28pp.

HEFEZAS (2003) T HAMEAGREOMRITE) O KWIEHE ) , 62pp.

wEFEZAS (2009a) %%%EF%EW®%@(*%&J)J,WW

EREZ A S (2009b) : [H AR MERTEE—HH HIFR ) © K72 il D Rpf— R 2
hi> 1, 490pp.

i%ﬁﬁéax(mw):F%tmmu%E%@ﬁﬁ(#%&ﬂ)J,mw.
EaAZE RS (2025) @ TREIAZ2HEF AR ORI FIEIC OV T GEA) 1, 27pp.

%ﬁﬁ%ﬁﬁ%ﬁﬂﬁ%%(w%):f(&Jﬁﬁ)E%%@% SIE AR ik
(22T, T4pp.
%EJ:ﬁ%i?f“ (2012) : AL T AR IR AT £ C O S ZE BYBLHIRE S (RHRAT) |
ETIER R SH, 88, 143-149.

ﬁL%ﬁWm%%(w%): THEAN 21 4 pE v R HUTR A A ), S SR T
7, 39pp.

Kanamori, H. and K. Tsumura (1971): Spatial distribution of earthquakes in the
Kii Peninsula, Japan, South of the Median Tectonic Line, Tectonophysics,
12, 327-342.

Kaneda, H., H. Kinoshita, and T. Komatsubara (2008): An 18, 000-year record of
recurrent folding inferred from sediment slices and cores across a blind
segment of the Biwako—seigan fault zone, central Japan. J. Geophys. Res.,
113, B05401, doi:10.1029/2007JB005300.

Kato, T. (1983): High—Angle Reverse Faulting Associated with the 1946 Nankaido
Earthquake, Tectonophysics, 96, 31-44.

70



© 00 =1 O Ul W w b

Lo Lo Lo Lo L W W NN NN NN NN DN DN M
S AR W RDR O ®© 00 a0 TR W R O © 0 a0 U WD H O

HgHIIESE « (LT (2001) : BEARRHUR OfEERFE=7 2~V 7 1 OFE, 1 X E,
5(7),

Kikuchi, M., M. Nakamura, and K. Yoshikawa (2003) : Source rupture processes of
the 1944 Tonankai earthquake and the 1945 Mikawa earthquake derived from
low—gain seismograms, Farth Planets Space, 5b, 159-172.

RGJT (1968) o THUEBLAIFEEE (ZE#R) |, 245pp.

Kodaira, S., N. Takahashi, A. Nakanishi, S. Miura, and Y. Kaneda (2000):
Subducted seamount imaged in the rupture zone of the 1946 Nankaido
earthquake, Science, 289, 104-106.

Kodaira, S., T. Iidaka, A. Kato, J.-0. Park, T. Iwasaki, and Y. Kaneda (2004):
High pore fluid pressure may cause silent slip in the Nankai trough,
Science, 304, 1295-1298.

Kodaira, S., T. Hori, A. Ito, S. Miura, G. Fujie, J.-0. Park, T. Baba, H.
Sakaguchi, and Y. Kaneda (2006): A cause of rupture segmentation and
synchronization in the Nankai trough revealed by seismic imaging and
numerical simulation, J. Geophys. Res. , 111, B09301,
doi:10. 1029/2005JB004030.

= EEBE (1954) @ — S KUERRHIACR RS, [E BB & kL, B3-No.1,

[ EEpE (1972) : WEFGEH#T O EFEBNCOWT, HEPAESH, 7, 45-46.

[E e (2012a) @ GRS O ML E), HERTRUEG S 2, 88, 272-302.

(=] L HEBE (2012b) : HRE - PUEIHSS O GRS E,  HUER T RIEE 23, 87, 438-447.

(= BB (2024) : [E - PUEHOT OGRS, MR RIEGS®, 112, 392-400.

Komatsubara, J., 0. Fujiwara, K. Takada, Y. Sawai, T. T. Aung, and T. Kamataki
(2008) : Historical tsunamis and storms recorded in a coastal lowland,

Shizuoka prefecture, along the Pacific Coast of Japan, Sedimentology, bb,

1703-1716.
IR JE A - RAIERE - FTE (2007) :%%%L%ﬁ%wﬁﬁimmkﬁhﬁ)@@&Eﬁ.?t
JINAT O &y TR, EWTRE - o HUEMFT A, 119-128.

Kumagai, H. (1996): Time sequence and the recurrence models for large
earthquakes along the Nankai trough revisited, Geophys. Kes. Lett., 23,
1139-1142.

REAELZ (1999) < ¥4 10 T O B O KRHIFRIZAE O HIRHERT O A, HIZ2HERE,
108, 424-432.

Li, S., J. Fukuda, and 0. Oncken (2020): Geodetic evidence of time—dependent
viscoelastic interseismic deformation driven by megathrust locking in the

southwest Japan subduction zone. Geophys. Res. Lett., 47, e2019GL085551.

71



© 00 =1 O Ul W W b

W W W W W W W N DN DNDNDDNDDNDDNDDNDNDDNRFR = =2 2 =2 = =2 =
A O A~ W N H O © 0000 WN O © 0NN 00t W= O

Liu, Z.S. Owen, D. Dong, P. Lundgren, F. Webb, E. Hetland, and M. Simons (2010):
Estimation of interplate coupling in the Nankai trough, Japan using GPS
data from 1996 to 2006, Geophys. J. Int., 181, 1313-1328.

Loveless, J.P. and B.J. Meade (2010): Geodetic imaging of plate motions, slip
rates, and partitioning of deformation in Japan, J. Geophys. FKes., 115,
B02410, doi:10.1029/2008]JB006248.

RIS SCE (1988) R AR E L OBEKIE R HIE & et iAo ®h, Hisplse, 43, 234-
240.

ATASER (1992) : PR B ASMT R R OS2 it iR 28, SEIUACHTSE, 31, 285-296.

ATAEDEH (1999) : = FIR O BOI T M O R HHEE S 287 7 ra i RS,
HERSAY, FEEER—IR O ERHIRIC i 2 T—, 24, 76-80.

Maemoku, H. (2000): Late Holocene coseismic uplift deduced from assemblages of
emerged sessile organisms in Cape Muroto, southwestern Japan, Active Fault
Research for the New Millennium, Proceedings of the HOKUDAN International
Symposium and School on Active Faulting, 249-250.

ATZEDEH] (2001) @ BEEATEAD D AMSH CHERDD B = IR O HIEEMEREE 1B 5
FRRRE, HISPHERE, 110, 479-490.

ATZEDEH] (2006) : SR OH AR A B) & R, HAMBE SRR 113 54400

RRTFIATRNE, HEHES, 112, Suppl. 5-5, 17-26.

FARTIE = (2005) : SUHEHUISHEE [E AU F 1 2 HUEIEB O L (4) —iEAHIE
MR RNERS X R, 67, 223-226.

AR E - AT ' (2011) @ VBB B - M OHERY) I L B 1 DRI 2000 AR
DA N b, HEREFFES 2011 2R%, SSS035-P02.

R (2012) : FOKHUER, AAESRSCEDEM, F)I9LSCEE, 217-222.

AT - AT - REERARSS (2010) @ FAMUROFHIES, HAHETFSKFERS

AR« AT e RHEEFEZ (2011) : FOKHUERR OHGRZAEE) « B OHERE T
5L, AAHERFZEEKFREHE THLE,

Miyazaki, S. and K. Heki (2001): Crustal velocity field of southwest Japan:
Subduction and arc—arc collision, J. Geophys. Res., 106, 4305-4326.

Mizoue, M., M. Nakamura, N. Seto, Y. Ishiketa, and T. Yokota (1983): Three-
layered distribution of microearthquakes in relation to focal mechanism
variation in the Kii Peninsula, Southwestern Honshu, Japan, Bull
FEarthqg. Res. Inst., Univ. Tokyo, b8, 287-310

Mogi, K. (1981) : Seismicity in western Japan and long—term earthquake

forecasting, in Maurice Ewing Ser. 4, Earthquake Prediction, 43-51. (edited

72



© 00 3 O O B~ W N =

W W W W W W W N DN DNDNDDNDDNDDNDDNDDNDDNRFR = =2 =2 =2 =R
S O A W N H O © 0000 s WwWN RO © 0NN 0Ot W N+ O

by D. W. Simpson and P.G. Richards, American Geophysical Union, Washington,
D.C.)

Rt BEERXRD - UEEZ - IR - A5E— (1996) : MUEIZIS T 2 M s
I (1605 B - 1707 K - 1854 L) & RO HUfFHIEE OEL & O s, HRK
ERLSE 15, 39-52.

Murotani, S. (2007): Source process of the 1946 Nankai earthquake estimated
from seismic waveforms and leveling data. Doctor Thesis, Univ. Tokyo,
112pp.

SRR - VTS - BEEMELER (2013) (M9 7 T AEKHIED TR &AL Ay —
U7, HUETRNERE SR, 89, 450-452

WD (2011) @ FEllE N 7 7 OERHIEBET MRS TR E D £ &0,

Nakanishi, A, H. Shiobara, R. Hino, K. Mochizuki, T. Sato, J. Kasahara, N.
Takahashi, K. Suyehiro, H. Tokuyama, J. Segawa, M. Shinohara, and H.
Shimamura (2002): Deep crustal structure of the eastern Nankai Trough and
Zenisu Ridge by dense airgun—O0BS seismic profiling, Mar. Geology, 18T, 47—
62.

PPEELT- « NS — - BRI W - RIS ER - SR 55 - IR T - ek i - R
et - MEAERZ - &WFEAT (2011) - FEME N T 7 PSR H AR b ATe T 4 U
YT L — FOIIR, BAHEREREREA 2011 KA TR, SSS035-06.

REPERES « FATILAE « NS — - BAIE RS - |G SS - LRSS 8 - ek i - SR
AT« BB AR - IEREERER « s P& - R OEE] - ARRUHER - iU - 9 R

(2012) : FEIEHUER (1946) FERIUROMELL L LA 7 4 VBT L — RO
AR, B ARHIERRE R FES 2012 2 R THI4E, SSS38-06.
Nakano, H., S. Urakawa, K. Sakamoto, T. Toyoda, Y. Kawakami, and G. Yamanaka
(2023) : Long—term sea—level variability along the coast of Japan during
the 20th century revealed by a 1/10° OGCM. J. Oceanogr., 79, 123-143.

& - RSB (2010) : RBEE N T T OWREISETE 2 ST — 2 B8RS, B
%, 80, 852-857.

TH & RS - EDRA - SRRREL - BRI - TG - BROC 5% - THIERL T
&« PRI < AN (2011) : BT LU IETE X & A T2l b T 7 OHE
%, AAMERBERFHES RS 2011 FFRE TR, SSS035-15.

TH & BIRFE (2024) @ REA - /N < INERSC TAPREF S SCEF T LD < SHEEk
DOFEREORE ) (ZX o5, HRICERS, 43, 307-311.

TG — - BTASSER - SRE IR - BUREHE - KR (2011) « FRRK LR AR AHT A
AL OEBESAAOTRER, HAHBKEER FHEHES 2011 FRSHEHES,
SSS035-12.

73



© ® 9 O A W N

Lo Lo WO Lo W W W NN NN NN NN DN DN M
S AR W RDHR O ©® 00 a0 TR W R O 00U WD H O

Namegava, Y., H. Maemoku, M. Shishikura, and T. Echigo (2022): Evidence from
boulders for extraordinary tsunamis along Nankai Trough, Japan,
Tectonophysics, 842, 229487,

Nishimura, T. (2011): Back-arc spreading of the northern Izu-Ogasawara (Bonin)
Islands arc clarified by GPS data, Tectonophysics, 512, 60-67,
doi:10.1016/]. tecto. 2011. 09. 022.

Nishimura, T., Y. Yokota, K. Tadokoro, and T. Ochi (2018): Strain partitioning
and interplate coupling along the northern margin of the Philippine Sea
plate, estimated from Global Navigation Satellite System and Global
Positioning System—Acoustic data, Geosphere, 14, 535-551.

VEAT e, « EPT 4G - BB R RHFNSE (2025) @ WEFNFEEHIER I AE 5 i W = s
DI EOFMES, HE2, &P

VAR R R - EIRE - (1999) RN T IRV OT L— B vy T Tk
SUMIEE SR OO ) BB DT, HIFE 2, 51, 443-456.

VL= (2000) @ ool AR (1185) IHETHIUERIZ 35 1T 2 nUal s sk oo e E FERE,  JRE SR
HuFE, 16, 163-184.

B Ofi— (1996) : HfEHIR DO 7 0 UV I ABA T TR EWORT 7 h =7 X, #HiE 2
49, 295-325.

Nomura, S., Y. Ogata, F. Komaki, and S. Toda (2011): Bayesian forecasting of
recurrent earthquakes and predictive performance for a small sample size,
J. Geophys. FKes., 116, B04315

Obara, K. (2002): Nonvolcanic deep tremor associated with subduction in
southwest Japan, Science, 296, 1679-1681

INFE—RE (2009) @ 7 4 U B AT L— MEANATIISE D TR A AD A v — IR RO S
R, HIEE 2, 61, S315-S327.

Obara, K. and H. Hirose (2006): Non-volcanic deep low-frequency tremors
accompanying slow slips 1in the southwest Japan subduction zone,
Tectonophysics, 417, 33-51, doi:10.1016/]. tecto. 2005. 04. 013.

Obara, K., H. Hirose, F. Yamamizu, and K. Kasahara (2004): Episodic slow slip
events accompanied by non—-volcanic tremors in southwest Japan subduction
zone, Geophys. Res. Lett., 31, 123602, doi:10.1029/20045GL020848.

Obara, K., T. Matsuzawa, S. Tanaka, T. Kimura, and T. Maeda (2011): Migration
properties of non-volcanic tremor in Shikoku, southwest Japan, Geophys.
Res. Lett., 38, 109311, doi:10.1029/2011GL047110.

Ogata, Y. (2002): Slip-size—dependent renewal processes and Bayesian

inferences for uncertainties, J. Geophys. Res., 107, 2268.

74



© 00 3 O O B~ W N =

W W W W W W W N DN DNDNDDNDDNDDNDDNDNDDNRFR = =2 2 = = = ==
A O s~ W N H O © 0000t s WN O © 000t s W+ O

Ohta, Y., F. Kimata, and T. Sagiya (2004), Reexamination of the interplate
coupling in the Tokai region, central Japan, based on the GPS data in 1997-
2002, Geophys. Kes. Lett., 31, 124604, doi:10.1029/2004GL021404.

FEHAnR (1996) : mUHS & & O DHIMOFREMET -2 -2 (416 F7» 5 1995 4)
2o\, BEHTHE, 12, 61-70.

Okada, Y., K. Kasahara, S. Hori, K. Obara, S. Sekiguchi, H. Fujiwara, and A.
Yamamoto (2004): Recent progress of seismic observation networks in Japan
-Hi-net, F-net, K-NET and KiK-net—, Farth Planets Space, 56, xv-xxviii.

AT I - RAREARSE - THOF - BIERE (2006) X T T EIREEHEHIER O R )E
B, AARHIRAS TR,

[fFr E - @mEK s —7 (2011) B FEifE N T 7 OB KRMEEE T VRS T
o ZEEHE (ZREMEEGE L) http://www. bousai. go. jp/
jishin/chubou/nankai_trough/chukan_matome. pdf.

Okamura, M. and H. Matsuoka (2012): Mega—earthquake recurrences recorded in
lacustrine deposits along the Nankai Trough, AGU Fall Meeting 2012, NH11A-
1540.

RIATATE (1990) : PUE MO EHVEREIE & PR H AT O S I AC IR B, HUE
76, 96, 223-237.

[ B2 Bl « AAE = - 772 E - RFIER (1985) : DU[EES L OVE il o0 BRI 541,
HE 2, 38, 93-103.

Okino, K. and Y. Kato (1995): Geomorphological study on a clastic accretionary
prism: The Nankai Trough, [sland Arec, 4, 182-198.

Okino, K., Y. Ohara, S. Kasuga, and Y. Kato (1999): The Philippine Sea: New
survey results reveal the structure and the history of the marginal basins,
Geophys. Res. Lett., 26, 2287-2290, doi:10.1029/1999GL900537

KHEGT -« /NAUERT- (1994) « HPEBAEHIT OWERLE: & 55 IURL O M A2 dh, =74k
76, 103, 243-267.

Ozawa, T., T. Tabei, and S. Miyazaki (1999): Interplate Coupling along the
Nankai Trough off southwest Japan derived from GPS measurements, Geophys.
Res. Lett., 26, 927-930.

Ozawa, S., M. Murakami, M. Kaidzu, T. Tada, T. Sagiya, Y. Hatanaka, H. Yarai,
and T. Nishimura (2002): Detection and monitoring of ongoing aseismic slip
in the Tokai region, central Japan, Science, 298, 1009 - 1012,
doi:10. 1126/science. 1076780.

Ozawa, S, H. Suito, T. Imakiire, and M. Murakami (2007): Spatiotemporal

evolution of aseismic interplate slip between 1996 and 1998 and between

75



© 00 3 O O B~ W N =

Lo Lo Lo Lo L W W N NN NN NN DN DN DN M
S AR W RDR O ®© 00 a0 TR W R O © 0, U WD H O

2002 and 2004, in Bungo channel, southwest Japan, J. Geophys. FKes., 112,
B05409, doi:10.1029/2006JB004643.

Park, J.-0., T. Tsuru, S. Kodaira, P.R. Cummins, and Y. Kaneda (2002): Splay
fault branching along the Nankai subduction zone, Science, 297, 1157-1160.

Parsons, T., R. Console, G. Falcone, M. Murru, and K. Yamashina (2012):
Comparison of characteristic and Gutenberg-Richter models for time—
dependent # > 7.9 earthquake probability in the Nankai-Tokai subduction
zone, Japan, Geophys. J. Int., 190, 1673-1688, doi: 10.1111/j.1365-
246X. 2012. 05595. x.

Rice, J. R. (1993) : Spatio—temporal complexity of slip on a fault, J.Geophys.
Res., 98, 85-9907.

Rubinstein, J.L., W.L. Ellsworth, K.H. Chen, and N. Uchida (2012): The Time
and Slip—Predictable Models Cannot be Dependably Used to Predict Earthquake
Behavior 1: Repeating Earthquakes, J Geophys. FKes., 117, B02306,
doi:10. 1029/ 2011JB008724

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

Br m (1999) © WEICHRT 2 MR EE 1 71 & 7' L— MM AR, H Tk,
Tk 24, 26-33.

Sagiya, T. (1999): Interplate coupling in the Tokai district, central Japan,
deduced from continuous GPS data, Geophys. Res. Lett., 26, 2315-2318.
Sagiya, T. and W. Thatcher (1999): Coseismic slip resolution along a plate
boundary megathrust: The Nankai Trough, southwest Japan, J. Geophys. FKes.,

104, 1111-1129.

Sakaguchi, A., F. Chester, D. Curewitz, 0. Fabbri, D. Goldsby, G. Kimura, C-
F. Li, Y. Masaki, E. Screaton, A. Tsutsumi, K. Ujiie, and A. Yamaguchi
(2011a) : Seismic slip propagation to the up-dip end of plate boundary
subduction interface faults: Vitrinite reflectance geothermometry on
Integrated Ocean Drilling Program NanTroSEIZE cores, Geology, 39, 395-399,
doi:10.1130/G31642. 1.

Sakaguchi, A., G. Kimura, M. Strasser, E.J. Screaton, D. Curewitz, and M
Murayama (2011b): Episodic seafloor mud brecciation due to great subduction
zone earthquakes, Geology, 39, 919-922, doi:10.1130/G32043. 1.

Z)IE (1997) ¢ TN D KMi— R ARSI OMEEL ), FAEHR, 272pp.

eI B (2004) : EBF TR SO HUBEIRBNC & 2 W HUBEBFEORE, TEWTE -
AR, 1, 287-300.

76



© ® 9 O A W N

O Lo Lo o L W W NN NN NN NN DN DN M
S R W®RO RO ©®© ® SO0 A WN R O © 0o Ul WN R O

Satake, K. (1993): Depth distribution of coseismic slip along the Nankai Trough,
Japan, from joint inversion of geodetic and tsunami data, /. Geophys. FKes.,
98, 4533-4565.
Sato, M., H. Saito, T. Ishikawa, Y. Matsumoto, M. Fujita, M. Mochizuki, and A.
Asada (2011) : Restoration of interpolate locking after the 2005 Off-Miyagi
Prefecture earthquake, detected by GPS/acoustic seafloor geodetic
observation, Geophys. Res. Lett., 38, 101312, doi:10.1029/2010GL045689.
PRI (1953) : Pa T H ASSMA R A O T E) & DU [EdS KOV Ot o MUE, i)
& DEIR, mERFAITE R, 1-46.
Scholz, C.H. (1985): Earthquake Prediction and Seismic Hazard, Farthquake
Prediction Research, 3, 11-23.
Scholz, C.H. (2002): The mechanism of earthquakes and faulting - 2nd edition
—, Cambridge Univ. Press, 47lpp.
BRZEB =R A2 (2018)  TRBIFHEOIKHE R OLEIC ST, 6pp,
https://www. jishin. go. jp/main/seisaku/hokokul8n/kaizen20180723. pdf.
Sekine, S., H. Hirose, and K. Obara (2010): Along - strike variations in short -
term slow slip events in the southwest Japan subduction zone, J. Geophys.
Res., 115, BO0A27, doi:10.1029/2008JB006059.
Seno, T. (1979) : Pattern of intraplate seismicity in southwest Japan before
and after great interplate earthquakes, Tectonophysics, b7, 267-283
WAL= (2012) @ FEUE b 7 7 EERHIERE—2 OREDORRE L 2 ) —XZOWTOH 78
Bx—, HiE?2, 64, 97-116.
el 5z (2017) ¢ 1707 AR5 JK HUGE D MBS AR Bl 2 i 9~ 5 Sk, JRE S MR, 1-17.
Se 75(2024) @ HAED 1707 KB SR [ 525 £J®ﬂ%ﬁ$®Wér;owT,
39, 83-98.

&) ﬁ-¢ﬂf%@m& FEHHEOE MRS L OLEFIEERIC L DR RO
i, JESHIER, 40, 159-172.

Shimazaki, K. (1976) : Intra—plate seismicity and inter—-plate earthquake:

AR

historical activity in southwest Japan, Tectonophysics, 33, 33-42.

B E (1980) : FEFTHEAKE DS & 7' L — FNB L O L — MEHIEE, H Tl
Bk, 2, 17-24.

Shimazaki, K. and T. Nakata (1980): Time—predictable recurrence model for large
earthquakes, Geophys. Res. Lett., T, 279-282.

Shiomi, K., M. Matsubara, Y. Ito, and K. Obara (2008): Simple relationship
between seismic activity along Philippine Sea slab and geometry of oceanic

Moho beneath southwest Japan, Geophys. J. Int., 173, 1018-1029,

77



© ® 9 A W N

Lo W W W W W W NN DN DN DN DNDNDNDNDN R R e e e e
S Ot R W DN O O 0000k WwWNDN O © 0000t e W N+ O

doi:10.1111/j. 1365-246X. 2008. 03786. x.

Shiraishi, K., Y. Nakamura, R. Arai, T. No, Y. Kaiho, R. Miura, A. Nakanishi,
S. Miura, G. Fujie, and S. Kodaira (2025): Topography of the subducting
basement throughout the entire Nankai Trough, Sci. Rep., 1b, 25530.

REIER « BRI - A4S - A 1lnEd (2008) : ALGHEEEEIARIC ORI 2 M
AWEBHEE O S LR N T 7 IV OEBVRIME O JBREE T —, 1EWTE
dHIERMI IR, 8, 267-280.

REIER - AT BB - 776 — - AJFHE (2011) - WIRJE L OHE A &
Ve R DHEE SN D FEME b 7 7 OBV HURERE, B AHIERR R B A
2011 = REFHEFHEE, SSS035-13.

Sugioka, H., T. Okamoto, T. Nakamura, Y. Ishihara, A. Ito, K. Obana, M.
Kinoshita, K. Nakahigashi, M. Shinohara, and Y. Fukao (2012): Tsunamigenic
potential of the shallow subduction plate boundary inferred from slow
seismic slip, MNature Geoscience, b, 414-418, doi:10. 1038/NGE01466.

FE— (1990) : BRI ~m M D A 2E7 7 F =2 X, H15E 2, 43, 439-442.

g ARRRESL (2010) o HHE~ DU EFh O RS ETEBE O A, Bl52, 80, 779-781.

Szeliga, W., R. Reisinger, and B. Maclnnes (2022): Historical tsunami
observability for Izu-Bonin-Mariana sources, Farth Planets Space, T4, 193.

Tadokoro, K., R. Tkuta, T. Watanabe, M. Ando, T. Okuda, S. Nagai, K. Yasuda,
and T. Sakata (2012): Interseismic seafloor crustal deformation
immediately above the source region of anticipated megathrust earthquake
along the Nankai Trough, Japan, Geophys. FRes. Lett., 39, 110306,
doi:10.1029/2012GL051696.

R - VTS - SR - TS — - R - RRERAE— - 0 5R(2002) ¢
F ] UL PG T G T L2 ds U D i NS R AR O I HERE R A, H TIHIER, 24 (10),
736-742.

Takahashi, T., K. Obana, Y. Yamamoto, A. Nakanishi, Y. Kaiho, S. Kodaira, and Y.
Kaneda (2012) Three-dimensional  distribution of random velocity
inhomogeneities at the Nankai trough seismogenic zone, FEos Trans. AGU, 8,
6(52), Fall Meet. Suppl., Abstract T13C-2617.

Tanioka, Y. and K. Satake (200la): Coseismic slip distribution of the 1946
Nankai earthquake and aseismic slips caused by the earthquake, Farth,
Planets and Space, 53, 235-241.

Tanioka, Y. and K. Satake (2001b): Detailed coseismic slip distribution of the
1944 Tonankai earthquake estimated from tsunami waveforms, Geophys. Kes.

Lett., 28, 1075-1078.

78



© 00 3 O O B~ W N =

W W W W W W W N DN DNDNDDNDDNDDNDDNDNDDNDRFR = = 2 = = =2 = =
S O A~ W N H O © 000 s WN RO © OO0 Ot WD+ O

FLFI =88 (1950) : PUE ORI, FrZREEMIFE OTZREIC DN T, KEEER,
HTI 7, 54-82.

Terada, Y. (2025): Slip—size—dependent Brownian passage time model with slip-
size uncertainties, Japan Geoscience Union (JpGU) Meeting 2025, Abstract
STT43-01.

FEIEWTE AT IE S (1999) « THUEIN OWFEERIE ) , SORFHRE, 176pp.

FORRFHIERAISERT (1987) @ DRI AARHIUER SOBE 55 580114 5-2) ,  HURURSGEHUE
WEZERT, 1095pp.

WLZE— 3 JE - AAE— - ILARE LR (1998) - HEPHIEO LB MY, v,
68, 56-5H7.

Tse, S. and J. Rice(1986) : Crustal earthquake instability in relation to the
depth variation of frictional slip properties, J. Geophys. Res., 91, 9452-
9472.

FENZEME (1969)  : HimkZ8 @) ORI & MR OB & DEIFRICOWT,  HIiARES
15, 75-88.

el E (1988) @ WEFEHIE (ZBOTA 11 4 5 H, 1854 « 11 - 24) (TfE 5 WEOHY
MROcE), HESIHNER, 4, 149-156.

el E (1994) S RICHA Lo, H FiHEk, 24, 36-49.

#wElgaE (1999) : [PEFRYGE] 36 L OV T 30GED (B 7o R HR O FLH, BEELMERES,
114, 46-49.

FHEEFER (1989) : LZBORVEHIE (1854-12-23) , LEFMEHGE (1854-12-24) D
BEoyAT, HWERTRUER R, 41, 480-497.

FHEEFER (2003) : THRCHTAR B A E SR RTD ), B RF RS, 605pp.

FHEEFER - RFERAERARASHE (1994) @ ToSEOREEMEORE M - FRE
M, FEEVEN RAREXH S, 647pp.

Utsu, T. (1974) : Space—time pattern of large earthquakes occurring off the
Pacific coast of the Japanese Islands, J. Phys. Earth, 22, 325-342.

Utsu, T. (1984): Estimation of parameters for recurrence models of earthquakes,
Bull. FEarthq. Res. Inst., Univ. Tokyo, 59, 53-66.

IR (1994) - MR- 75l O HIFE, HiEE 2, 47, 93-95.

FHEHAER (1999) ¢ THUERVEENREL) , HOURSAME, 876pp.

Wallace, L.M., S. Ellis, K. Miyao, S. Miura, J. Beavan, and J. Goto (2009):
Enigmatic, highly active left—lateral shear zone in southwest Japan
explained by aseismic ridge collision, Geology, 37, 143 - 146,
doi:10. 1130/G252221A. 1

HnfER (1998) o THAREREGT GE2/) |, BEARFHRE, 238pp.

79



© 00 3 O O B~ W N =

[ T N T N T N T N T N B N R e L S S S R T
S O W N H O O 000t R W N+ O

Wells R.E., R.J. Blakely, Y. Sugiyama, D. W. Scholl and P. A. Dinterman (2003):
Basin—centered asperities in great subduction zone earthquakes: A link
between slip, subsidence, and subduction erosion?, .J. Geophys. Res., 108,
ESE 16, doi:10.1029/2002JB002072.

Yabuki, T. and M. Matsu’ ura (1992): Geodetic data inversion using a Bayesian
Information Criterion for spatial distribution of fault slip, Geophys. J.
Int., 109, 363-375.

g fEF (2006) - FE  — 1 9 4 4EHFFHEHE —, A AMB P2 TR, A019.

AR - BRI (1995) @ BRIVE (—AO0H) + A +NHHIEEIZ OV T—HE -
FAVER O EL R 7, T HEERBRSR IR~ 7 7' e —F GRS RE) , R
AREHRE, pp. 160-251.

IR SCN « R fiL (1985) « HE#ITICRIT 27 4 U B L — MERIAZ DT
R, HiEE 2, 38, 193-201.

Yamazaki, T. and Y. Okamura (1989): Subducting seamounts and deformation of
overriding forearc wedges around Japan, Tectonophysics, 160, 207-229.
Yokota, Y., T. Ishikawa, and S. Watanabe (2016): Seafloor geodetic constraints
on interplate coupling of the Nankai Trough megathrust zone, Nature, 534,

374-31717.

Yonekura, N. (1975): Quaternary tectonic movements in the outer arc of
Southwest Japan with special reference to seismic crustal deformations,
Bull. Dept. Geography, Univ. Tokyo, T, 19-T71.

Yoshioka, S., T. VYabuki, T. Sagiya, T. Tada, and M. Matsu’ ura (1993):
Interplate coupling and relative plate motion in Tokai district, central
Japan, deduced from geodetic data inversion using ABIC, Geophys. J. Int.,
113, 607-621.

80



Nin'na 887

209
Eich
Ko\:ao - ] (00 = - - p—] (JO] ——

newly found
Ko'an 1361 - . ...
137
Meio | == o= - - 1498
107 ]
Keicho N 1605 ", (sunami
102 earthq.
Ho'ei 1707
147
Ansei 1854 90 1854
Showa 1946 1944 gap

Nankai earthquake Tokai earthquake

K1-1 FEdE b7 7 OBEERE (A~E) &7 L— MERHED
724545 (Ishibashi, 2004)

[ .
J stivedlip ukt ,P’rmqseimll A Normel Gt :i \‘:‘ \’J : };
ache 3 FEBE 4 e vokano o't T / "
" rajoe fauk amidne t b
050 100 150 200km [N\ ﬁg@ Rj}m&’; e &

S

LA
——

6

Shichito  Ridge

Shikoku Basin

137 134 136° T38°W
12 R T 7IROOHERES (A~EAY) & RSB Y
HET ARG Wells et al. ,2003)

81



—

137°E 138°E 139°F

131°E 132°E 133°E 134°E

o
34N 2 {34°N

33N 133N

32°N ~ 32N

=1 . —— 4k

B ' — BUTNERE
.\,f  EEEOY » Y
A % R [
131°E 132°E 133°E 134°E

31°N [8

X 2-1 FElfE N T 7 L X ORI OWRIEIEETE O (hH SRRk

= Distance (km)

RHALT 1Y I:°/;§7’l/— b #thR%

- HE#REES | EVHIRER DM/ NS A B5E ay AN T
Elﬁl#ﬁtﬁﬁﬂ : ﬁ5¥'ﬁi‘m5ﬁ®§u FEE%J GDT_T'_ -g OBS (20067 FRE

HIAREAR

- MEH : mE D T iEE R
B OFbimh 1968 FHAH#MEDEY iﬁiﬁ%&—ﬁl

X 2-2 EHENRIE KHEOE G ZBHET 5688 ([hrEiEs, 2011)

82



= W N

30° -
130° 132° 134°

NS 8
Ide et al. (2010)
''''' Hirose et al. (2008)
AEHHE

SRR bR

136° 138°

X 2-3 FEVE N T 70 DibAte 7 4 U LS L— N FIEIRE

(ORRHE (5 R O O —EREGET ORFM)  THWZEREIINEN (2011) 12X %)

83

140°



Ot & W N+~

© 0 9 O

nd
Bnankai
3o (1944)

140FE
|

pth (km) 2.5

3.0 De

45 Depth (km) 4.0

Philippine Sea plate

X 2-4 VEEEREISOME (Sakaguchi et al., 2011a)
A 1944 FORFHEHRE 2 S TemlE 7 7 IV ORI, B« i N7 7 288 5 S
M, WBROALEZ AT, WA THEATZES ML C & D Tacd 3 7 Mgt 1 i 7
&, C: yUrE 2802 a 7A@, D: 7 L— NEREE 2R 5 2 7 ALE K,

C0004: Megasplay fault
(271 m CSF)

Ro (%)
1.0 15 20

Microbreccia g

5 cm

A FF/——FEE
0.2 0.4 06 0.8 L0

C0007: Plate boundary frontal thrust
(438 m CSF)

Intenzaly brecciated
hemipelagic mudstone

Diark layer S

Unbroken hemipelagic B
mudstone

Ro (%)
00 05 1.0 1S

Ro (%)
0.z 04 0.6 0.8 10

X 2-5 a7DEEEE M) FA M (Ro) (Sakaguchi et al., 2011a)
ErUF A PREFERERREWVEE, TOREOHEHMN LY BRICILEIN-Z L E2E
T 5, A: Dl g Ao 7 B: 7L — MEREEH SO 27,

84



W

‘e 2 ™

[X3-1 19444FEIEFIs B OB O/ S (8], 1977 L 0 7ERK)

“/'LJ

X|3-2  19464EREFIrEE IR OEGE OFE S OKEEHES, 1948 ; i, 1977 X 0 1ERR)

85



h 53
pd= | [Im
m '
1
2 X|3-3 18BAEZEHIEMEOHE O S G « 11981, P 519845 X v 1ERL)
JL51
o |
Iy
o 531m i
| Q
TE
) 2m " e
<
Iay
3 O y
4 [X|3-4 185M4FE LB EMEOHIE OFm S (), 1980a ; 1980b ; 1981 ; 1984 ; 1985 ;

1988 : PIEIFAH, 1981 ; 1983 : 2 1 v /ERR)

86



X 3-5 1707 FFEKMEBOHEKR O S (J15, 1980a; 1980b; 1984; 1985; 1988, &
oo, 1996, fEME, 1981 X v {ER%)

3-6 1498 FERHJSOHEGR O | S (B, 1981 ; 5, 1975 X 0 1ERR)

87



3-7

4= °
) \

i AL

N B

5
3
I

1605 FEEERHBEOHB O™ S (A « #KIF, 1995 &0 1ERR)

88




230

/)_T_l,

6

15

J 14

O 3
AR 1 1~2

XI3-8 19444EREFI R R HE R DO EE AR (KRBT, 1968 L 0 1ERR)

89



S Ot s~ W N

230

[X13-9 19464EHAFNrEHEHIEE DB (KGT, 1968 L Y {ERK)
3-8 K OMXI3-9IXIR b 7= BEBMFE R A2 SR L CHEEERESIW-b D, TRITIE, &
MR 7o R /04 b TREZRBPH CRIL L7z, ok, BESHE NS MITEES ERHL, B
FE6 9L RITBE 6 L LRI LTz, /o, UROEERK TRIELL CTHY ., EE6 38
TEDEE 6 55LL EITHY T 5,

90



S Ot W

>
&=
=

N o o FhEbm

18544 RHEGHE ﬁ 3 Fﬂé
0 AL

[

?

Nooaosbd@HNE

[ N X NONGNON RS 2

[X] 3-10 1854 HLZBURMEMEDOERE (FH3 - KFnkEE, 1994 X 0 1ERRL)

18544F RN EIE 4 g

XI3-11 18544E LB mEMEDEE (A% - KA, 1994 X 0 1B
BE VRS BT EEHEE R T vy, RPN R EE R AEE TIEE A OME DR ENE
Eh5,



ooooeocooocoe w

©
B
=
fl

A

[¢]]

ADhOOOON WM
4

0o
bbb

=

K=

A HE (HR

1707.10.28 [E Xk E] M8.6 A

XI3-12 1T0T4EE XK MBEOEE /MMM (Ma#2012 X 0 1EAR)

92



14984F HR[GHEE
A KE ]
4~5 A

4Lk
5~6
5Lkt
6

0000

[X]3-13 14984ERH SR DB
HEIRRELILTWND Z &b, BENMEE CE-HMSADOARFRLTHD, (FHEE - Kfn
VEAY, 1994 0 {ERK)

93



0 25 50 75 100kmﬁ)
N
o LT

-~

Tanioka and Satake(2001)

slip(m)
] o-0s
L] 051 Lawwm
D 1-15
15-2

2-25
25-3
3-35

i @y LIESEARRET IV E LTOERE,

Tanioka&Satake (2001) K UrSatake(1993) 1 #fii & N 7= HIEERF X D i 2 o ik
TRLUTWS, BEDRL TR, BETHMELDZRLTEY, RATD
BEiROHEAHROTOY 7 Thb, TORKEZIX163mEHEETNTVS,
AT T I, EFUVIERICRIE E Nie 7 — 2 ORE%, RUOBdeiE b
57 ORI O, . Q)

[ satake(1993) A% ZEBY + T — A DA A —P32]
[ ] @979 2R iEEER]
[~ 1shibashi(1981) [t 3% 2= 8]

[ 3-14 1944 LRI HE O AR O 45 FRARIRE 70

7 g T

0 25 50 75 100km
[ .

Tanioka and Satake(2001)
// slip(m)

[ 10708 oy m |
|:] 05-1
|:] 1-15
15-2

2-25
25-3
3-35

/

Cummins and Kaneda(2001)

slip(m)
I:l 0-0.1
0.1-1
: 1-2 [Tanioka&Satake(1999)1= &%

2 - 3 #ETF—SERIATHHT,

3-4 splay faultZ AL\ AR AT 2 S HE)

4-5
5-6

Sagiya and Thatcher(1999)
HBRES+ERT 201/ —2ay

[ mmaesn 2 kiE=Es]

[ Kato(1983) 335 25 Bh (k) ]

IS E 7L & LTORIEK. Tanioka and Satake(2001) ¥ Cummins and Kaneda(2000)i [ ] Ando(1982) [#h3% ZEBh + 2 e Sk B 28R ]
9D B GOMKTRU TS, Yabuki and Matsu'ura(1992) 13 HEi & h 7z HiiE 9 <X D &

DEE ESITRLTOS,  (FROBETERHICE> TOD) . Z Yabuki and Matsu'ura(1992) [#h % Z= &} ]
Rl I, T VBRI E N7 — 2 ORES, RO TS R 7 OBINONE.

3-15 1946 ‘EARFN RIS O K FEIRT T L

94



=~ W N~

© 00 3 O Ot

32° -

0 100

132° I 134° 136° 138°

3-16 1946 EMFFIFEHFHIE D9 4540 X (Murotani, 2007)
BRTRXODOE (2.5 m) PLETRoEEEZBY D5 LTZ, XD EO =2 X —[lE
[£0.5 m,

32° -

0 100

132° 134° 136° 138°
B13-17 1944 IR ER DR 0 &34 X
RRTARY ONELUL LT RO A B Y S5 L, 7% &0 = % —RF&I%0. 4m,
%k : Kikuchi et al. (2003), /Kf : Ichinose et al. (2003). #*fa : (Lt (2006) 3
R S, TRYEOEITS A4, 2.2 m, 1.2 m, 1.6 m&7e b,

95



S

5

0 25 50 75 100 km

EESTLEERAMEBET LELTOERE.
FRVREBFENS T OBMBOME,

[ | 1854 E(1981b) (AT +i2 KA ERER]
[ ] 1854RI EH Ando(1975) [ HIEER]
[ 185455 Ishibashi(1981) [k 2 1]
[ ] 1854REEH Ando(1975) (AR T B + 2 A B RER]

3-18 1854 L BURIGHIE K (Y 1854 L BRIEIE DA FERIFE T L

0 25 50 75 100 km
| . -

R

EBDFLEERABEETILELTORRSE.
FRVRISEBNS T DB OME,

[ 117075 5k Aida(1981a,1981b) [k 4k B3]

[ 11707 5k Ando(1975) [tk ZE8) + 522 S B E 8]

[ 17075 5k Furumura et al.(2011) [Hh3¥ 280+ 2l 4 R 5R)
[] 1605B R 5 Aida(1981a) (R AIERER]

[ ] 1498BR 33 Aida(1981a) [RS8

3-19

1498 £EBHISHOEHIER . 1605 4FBE KU K OY 1707 SEE KR O BRI E 7 L

96



N

KNG09-1
0

Core Depth (cm)

A7 DFEE (cm)

BHR . B hORREEY | n—_—

1]

s

i1

I L) )

fRU b

KG0s-2 L.

s BB 012

KNG10-9 KNG1O-11  KNGI0-10
KNGT0-2
KNGD9-6

v #) 2000
’gfﬂﬂ -

ot
[ secvsns
) am (e
B en mme)
) om (ame)
[ sausm
[ mentm

X 3-20 EH3 LD HL HEFEY)
2000 FERTOHERE NE (FFHED, 2011),

F4 (cal.BP)
(FBERE150FZHEL LT, MEFHMIERDLTLS )
YNZ YNZ YNZ  YNZ  YNZ YNZ YNZ
o 05-02 05-05 05-03 05-04 06-01 06-03 06-05 5000 4000 3000 2000 1000 0
T !
! — NZO5-D2  —— YNZGG-01 |
I =2 —— YNZ05-03  —— YNZG6-03 —_
= —_ YNZOEu!M — YNZ(6-05 | —
B BRI 1707 FK ? ]
199 = (1950-1707=243) I
B @6 e
- 2Rz 1361 EF?—0
Bk (1950-1361=589)
2001 ! = @D
; :j:w
] BES L 68 KR 22— |
(1950-684=1266) oo
300 — [
— B4 1600 ey
] (300)!
= BES 1900 o
= 700) ,,e:r
400 % —
B BEE 2600
I T @
- BE7 3000
» = o G00) (#R YR LRERR)
wme 3300
(RREIET T YNZOS-02 DRBEIHHHZ)
600 - - kK L
— JER

X 3-21 Ry BAARTHRERRMIZEED G 5 HRlHERE Y (A 1E2>, 2011)

97



= W N

300 200
I |

Distance from shoreline

(m ASL)

1.0 — seaward
05 _ I Ground surface
s ] e ] [l
-0.5 ] : 1
A 525-470 (AD 1425-1480)
L | 1060-30 (AD 890-1020)
-1.0 — {26079
(AD 990-1160) ;
B 8% em 11390-1290 (AD 560-660)
; 1420-1300 ! 3
1170-960 C (AD 540-650)' ol
-1.5 (AD 780-990) % | Eksgnﬁwozao
2T '1400-1290
! 1530-1350 ' (AD 550
2200-2010 [ ‘ARA0e00)
(260-60 BO) | 1700-1520 (AD 250-420)
-2.0 —
E 2000-1860 + ——
—_—
12490-2340 2500-2340
-2.5
F
-3.0 - | T =1 141903980
S . I </
& | 5
B
_3.5 | e
LEGEND black or dark-brown,
4.0 peaty silt or peat
i | 1060-930 radio carbon age (cal yr BP, 2 sigma)
” b . brown, organic-rich silt
radio carbon age
®525-470 (by Komatsubara and Okamura, 2007)
-4.5 — Al gastropod shells grey silt
T bivalve shells
sand
-5.0 4 - wood fragments
Uy burrows artificial fill
l rootlet
5.5 - A _
mottled silt

3-22 = EIEGEEIKH TR S - Btk HERE Y
(Fujino et al., 2012 1232V TERR)
ANG T D9 JEDORYE DN 400-500 AR CTHERE L T\ 5,

98



= W DN+

W B | (5400-4500 cal yBP)
4 4K 11 (3000-1700 cal yBP)
| BN (1700 cal yBP-AD1361)
B EHEIV (AD1361 LUFS) 2837:2720
35 ‘ HFIFRE 14C 4K (cal yBP, 2 0). 5441-5290
= 194-4895
= Y1975-1823 S 1884-1726
= g Jy 4839-4663
o 4676-4444
e 736-2556
e
o2 ‘ 1559-1402
=
i ‘ 1300-1185
B 15 (AD650-765) — )
T - 277-137
i ‘ g 01335743 1673-1813) 598-1426
1 | EDBMI184) ZHRIE LT 1 271-134
11928 ~ 1947 FTHH 3
KAEOEH )
(1944 FEHEH, 1946 g =
05 | EEMREOESEAT) =i .,
- == 249-69 -
‘ e (AD1701-1891) B T %= _ (AD1599 1885) o
- == invalid for - 3
o I . calibration (387 £22) Sins iSRS SN|
O Eﬁ W o 2 mm W X 8
il B [ o] me B B o 10km
*® -] & 8 —
\\ Y N e P A
[ 3-23 ﬁﬁﬁ%%@i%mﬁ%ﬁﬁ#% (RAIEH, 2008)
D Ll 4 OD VLV ORHENHER T, 1 DOREEIT 400~600 £ TR STV

60:ﬂﬁﬁ%ﬁ@ﬁ'%*?64NVFﬁmw&mﬁﬁ@?ibf%é:k%%?o

m
9
18
7
6
5
4
3
2
1
Fem 7 0 MSL
5000 4000 3000 2000 1000
yrBP
coseismic uplift
(=abrupt drop f‘:,frelan‘ve sea level) 1946 Nankai
A e
o A —— <<0.25m
a %‘/ - (cumulative uplift)
=1 & g >
7] = i / "
w a £ 5 interseismic subsidence
=| & AN I
E %’ ™ postseismic subsidence
'Eé 4 app. 120 years
TIME o

%] 3-24 FREBITRT D et B % Zs 8 (Fif4s, 2001)
é%miﬁﬁmﬁﬁ&mﬁm%ﬁf 100~150 4EfEFE T U % #hE O I 22 8 I 757,
1000~2000 AR TR E RBEENHRETHA4 X RBRA T TWS,

99




GH97-310 GH97-311
00— —— silivels 0 —
] _’I"r:_”l‘ '“I’-" g J e HIRE
||||||| El st ;
] silty elay ] ﬁlllyjc b 2020250
[ — 3102 sl i fLiels  ggp4g0
— _ - 113 il
| e 210-3 sil ] 11-4 ¢ silt-v.[s.
T enninn| 310-4 ¢ sile 1 Mj 2115 ¢ sile
T i 220 sie = g 316 sl
7 (slumped) ]
1 —_ silty clay 1 —_ IIRRAR 3127 e sile-v.£s
e ) 310-6 ¢, silt-v.Ls e I 311-Bsil
| 310-7 silt —
1770£70 3119 e siltv.fs.
- ] L g 250
- silty clay - sily elay
B TN 7 vt o g
| I = 10-9 site ] silty clay
.......... 310-10 sile i
2—_ 3:“}‘Hu'? 2700460 2= s 311-11 e silt
N 3]D-Jlsilt“—J 2940+60 1 PG 3112 v s
— o 310-12 silt 2620100 — silty clay
10 iz Pt
— 2660550 — 311-13 c. silt-v fs.
I 10-13 silt 2720+ 40
= =1 silty clay
— o 31014 cosile - 2920250 —
- ‘:F 2800£50 —
b [ T— 3}0-].’: v.[s, (graded) =
3 3060+50 3 —
- LI siltyclay -
(m) (m)

4 3-25 FEifE T 7IRWNICEIT DX — XA ORI () EHFTEREEEI ORI

=W N

S OB A FL B A P T2 R PR SR AR
HRH TNy FaoF eflinnZ—e 24 b, AREEIE

(6130?ﬁE$ﬁ) ) (s, 2001)
T H R HERS U 72 Fam PR,

:ﬁ N e C0004
=== 008 A
N T = e C0008B
;t -complex = _—“ 3
b1 e = =3

= Aocl‘e'ltion ary.

-

Depth (km)

Philippine Sea plate

B 3-26  TEUFEHREI LA OBEZE (Sakaguchi et al., 2011b)
A 1 1944 FE ORI E 2 S TemiiE b T 7 IRV ORREERL, B @ BllE b T 7 2R 5 RO
M, BRRONLEZ AT, WA CTHAZE X C TRy Mg ENm o E, ¢ a7
AL,

100



S Ot s~ W N

Cooo4 Cooos
T schematic ¥-LT  Schematic

Fa._ Image  column = image  column
=] e
£ ] g
- P o
g L& (=
- ’ ~
] Lo 2 - H R
] gl 82| 3 T
- =3 L]
E ereatl b= m _
0.1 — i o o
i T i "
_ & =
. -"".C"_"‘ o
. h i :'.'tw.
. : [~ g
| - B F
.2 — .. =
] '.""-ﬁ“ - L
. i = I
__ L. H _,p/.-““""'
] - IR o e
E ey s = a .
0.3 — )
] P
] §
] .
] . ~
h il &
04— A .
] -
] iE| 2
] o 5 &
i o
] =
] -]
2.5 AR ie | 2
] s 2
. o) wa
] =
] R
] -
— ] o,
06— ) | it
- - =
] o
; = £
] | R B
] i I
0.7 .
] E ° |:| Stratified unit ‘ e chast
] Rk I g |:| B
N Mud=zmecoa ure 7" BRTONN
] Ji}.‘l" Liwas T by W "
B o] martr s
0.8 — |l:"|

327 TRWEIE =7 0O X # CT if% & fi##RX (Sakaguchi et al., 2011b)
BRI g o gl =277 0004 1213 7e< &b 5 @D~y R7 Ly F ¥ (Breccia Unit)
FBH HILD DI L, FHMID =7 C0008 (21X~ v R7 Ly F ¥ i8S 7, 27 DL
B %X 3-26 |29,

101



s~ W N

1919 01 01 00:00 —-- 2024 12 31 24:00

o]
o

L100km N=1122
o P o 3 : .
KT 1] S — o ‘geo .......... S W 48 = - % = A At Gé%---'
° i o é: 8 @ : %--..- ..,-':E . o]
1968ME4)§1EI o | = ' R
7.5 O o
[\ s B o
1984%8?75 o; b 0% B p o
. le) f v '
° N9 ; SR o O O :
34° Nk ST 2 A5 OO@@ -0 B0
PR\ s o % O R
Bp A _ O@’ooa0 ” ®o . 90 @&
0T AOE A Y 0 B g 3558 0y . °
7.2 2 . Qg0 ¢ |200459A5H
2024£888A| P i o © = 23655793 M7.4
M7. 1 © 20045E985H
32N XORRSE T N 19850743 M7. 1
1944512878 °
o ; M7.9
° : 19465128218 1948548188
) : M8. 0 M7.0
2°E 134°E 136°E 138°E
1961%28278| ">
M7.0 193111828
M7.1

3-28 FEYE N T 7 L DOEOERS (RBRITIER)
19194 1 H 1 H~20244F 12 H 31 HDO M5. 0 LL 227 & 0~60km O A+,

FRITTHTARES (AXOR 1 23 8)

102

©
oX

W
2020305



do
oi0 100km
o o
& o olp s
0]
oY o
o
o
a ® o
°®
O
o OO o 0o
o oo
o a
o d
o
o;
o
o
o
g H
H (o}
o] 5 . w o) o o
(o} : o
o) (o] o : ]
g)c i o0 Q 9 0 d ocpc;.0
%0 U% P9 b5 6 LGS 0 a
o o i o @8 (@ D¥eg o
5 2 oo B° & 005990@0 o sd °o
B [ © Pag 8 © °7{ °8i o j° |«
] |||||||||i||||||ll| lllllllllilllllllll |||||||||i||||||||| FERRRRRRnnererreeryeervrernryeerrverveyeen’ty

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

3-29 FEVE b T 7 L ZFOJENOMBEEE ORZERNAN  (KETF1ER)
HEE S 13X 3-28 & [AlBk, F£7-. X 3-28 T OHEMNOHIEIZ DV CHEH,

103



N=408

M 500
8 - _—400
— 300
_—200
[ 100
T ||I |||‘| T
1 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
2 X 3-30 ME kT 7 OHETEBNO M-T X R BRI (KRITIER)
REISRRI3X 3-28 L ARk, F72. X 3-28 POFHNOHIFRIZ OV THlE
e . « NIED Hi-net station et
i....; Short-term slow slip event Contour of Philippine Sea plate boundary
* Deep very low frequency earthquake -
o Deep low frequency tremor
H Long -term slow slip event
(—j\_c:a Seismogenic zone
A 134E “136°E T3sE
5 X 3-31 VHEE HARICEIT DA —HEREOG (NE, 2009)

104



2 AT o
! Sc:ln,_"‘f'r
’ — ETFE#R (EL#=EERE, MR - 2005/10/01 - 2009/12/31)
— MWEEER (GELHZFT, WA - 2006 - 2011/01)
— WERER (AEEXS, MR- 2004 - 2011)
a0

Fh—AFL— TS

T
1307

T T T T
1327 1347 1367 138°

HEBEEES (SLEET) ORME. TEEEOITRFO0OEREITRFOGI-ERL . BTERS (HERE £ T=W) OHA2E (ITRF2005) ENATHEL =,

FEEERS (ESEAY) OREE. ITRF000OEEETR005-ERL, BRTERS (=W ORE (ITFF2005) EMATHELE.
*EER: =& (950388) EtihER - BLHEET - EHEXE

X 3-32 VHF HARD BN LSS hv (KFE)

EAEXAM - 2005/10/01 - 2006,03,/31
ELRHAR - 2008/10/01 - 2009,03/31

[F3:#iafz]
[F3:@miaaR)

(

00 km

3674

3474

3274

(om)

T .f -1.0 0.5 0.0 0.5 1.0
O Icm,;vr
a0 T T T T T
130° 132" 1347 136° 138"
HEER : B (950368) E LR
X 3-33 VW HARD BN LSS v (ETF)

105



I I BN

I*ﬂg #5163 (BMRTETR) HHEF 18065

T T T
—a— 5141 —e— 5151
== k== 5140  =e<n-- 5121 [
=ewe== 0137 —k— 5155

+— 5144 t 5158
‘-\1 —— 5148 =aace= 5121
-_____'\. memam G131 H
s \\'»
o,
\.\ d \'\-_%
Rt - T
/ K -~ ‘ﬁ‘\\a -~ o. .
— e \‘*'-i;:_;.b_ Betemg
-q__q_ux H‘“I _-— ““xi - | —
T -] T £
- — !
_________S (}H‘-u-*_ ‘\.__ ____Hk A
. S T—
—_— F— F— S H-— —:‘tq.
B e Ik g i T e st
=t * xx-r
‘ [+ et
. . e, X |
P >4 J(_x
Xt o X
0.2 I, T
-
0.3 1946/12 *L
/ HI009E (EFEMMBOH) 2, 0REOMMEE EFEEEIZNE
0.4 RBInFEhRE (M8 0) HOE (EFMRBOH) 1, 00EOMMEE EEEEIZNE
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1980 2000 2010 (&)
E L Hh

3-34 =EFIRICIEIT B 1896 4ELLE DK UE S F RS &

¢. Coupling fraction

™ - N )

3-35 [ GNSS T — X M HHEE L= L — MM OFE BRI
(Loveless and Meade, 2010). T — % OHAREIIZ 1997 4 1 H ~2000 45 H .,

106



Ot & W N

(wy) A Buoje souelsia

o Distance along X (km)
3-36 [ EGNSS T— 2 BHEE L2 L— FMEOT Y KE#HE (Hok et al., 2011)
BLAIT — 2 OHIMNE 1996~2000 4, T~ KEHE 2 H O KL ORE (forward slip) D%
fEd (AERRRIREAER 2 cm), 74 U E LT L — b EHEOES 280 O5ER (SR

f@ 10 km) T,

107



B KERAOHETL—FRTAUSHEBRREE—AF

#EFL—FRF Y ST HETAYDERE—A
16
q4-_1996/04/01 - 1998/11/24 x10° Nm [FATM (950404) FELE]
g W ST 8000 Nw/_ 2
“dm { IR E
) AR A 6000 /_/ w71
&5 u 4000 AT |wero
! ‘%} ; . 2000
Ehb ! mb = :
. I‘ ‘;;Ef 99 0
132° 134° 1996 I 1997 I 1998 I 1999
19GSE10A19BE (M6 9) . 12A3B M6 T BEmEOHEIZHES
FAY EBESTH 1
. 2002/01/04 - 2004/11/14 x10 Nm [FEN (950404) BIE]
3 . I D AT vy 8000 Nw7. 2

~-{Mw?_ 1

Nw? O

1" 2002 2003 2004 2005

16
44+ 2009/01/01 - 2011/03/10 a0 10 M [=m (ss0m0) EE]
. ey IR T i T 1 2011/03/10% < |2
L FET
T g . 6000 1 Mw?. 1
= EANL 4000 | Nw7. 0
‘ - 2000 4
0._,—’,/
132 . 134° 2009 2010 2011 2012
B+ #h3E

3-37 BRHAKETHRVIERLEATHIEHMMAT—RY v 7O 454 &
HWEET— AL (Ozawa et al., 2007; [E+HIFPRE, 2012b)

108



N

6 7 8 9
106 g [ | M L
| @) 20048 R o
10° 4 1957722 Kio0057)
: f 7\ 2011 ERALH
107 4 5245 77 l_\?v‘/‘;ij]

‘ )28 i
— PORFE (2011) RS g
— BEY5 v (5HBETE 3MPa) |

AR IR PRI (km?)
(@]

@

?

)
N
!
o
S
T

| ‘ ‘ O_Murotarwietal.(ZOOS) i
° o} $omerv|le etali.(1999)—

1017 1618 1(;19 1620 1621 1022 1623 ]024

MEE— A F(Nm)

4-1 F— FNERMEOMEmE S MET— A NORF—Y T
(BLIED, 2013 OXIZHNEE)

109



Ot = W N

© 00 I O

10
11

0.04

0.03
{{m o
¥ ] |
5 0.02 |

- -

0.01 +

0.00

0 20 40

60

|

80

S1E30FR (CHIENRLE T DHEER (%)

4-2 A% 30 FERNCHEHE b T 7 CRHMENS AT HMEROFER S (BPT, 77— A1)
MRS (2025451 H 1 H) (2815 30 MR D FR M, IREOIZRRIT 70%(5 XM,

IREORGFTIFRHE CPE) 2R,

100

100 A

80

60

153040 (CHIEN R S BHER (%)

0

1950 2000 2050

2100
B ()

2150

2200

4-3 A1k 30 FERICEE T 7 CRHMBES AT D MR ORFEHERE (BPT, - — X 1I)
10%15 X O A KA, EIRE TIRZ BOEHR TR, BAOSIITIHAHEDOHER 27~
T R EOMMUITFIERE A (2025421 A 1 H) 2757, 2k, P OMERRERIIRHMFR AT

BONTRT A—=F DFER A,

110




A Ot~ W DN

1.0 L Il L L Il L - Il

--- ER>—%|

1.5 20 25 3.0 35

! 1 ! ! ! L

— BHE
--- @YIF—5 |

00 05 10 15 20 25 3.0 35

0.5 1.0
= FEEDIERE (m) EFEBEDIEREZE (m)
7 — BBFNHhE 7 — EKME |
6 - @RIF—5 | 6 — wHE |
| | — mAE |
i il
{33 4 A {33 4
2 BVSREN 2
“ Y A
0 e” RSN 0L . x . ; ; .
0.8 0.9 1.0 1.1 1.2 1.3 00 05 10 15 20 25 3.0 35
EFEBDERIE (M) EFEBDIEIE (M)
X 4-4 5FEME N7 7 OHERIZE T 2 EEEO M &7 — % ORS00

FK, BB, B”%D@%%{’ﬂ%77@f@
&5 D Sl « BT — 2 12 F-S < 4.

IATH S,

fé%&%@%ig@%i\ﬁ%rﬁ RIS

111

ﬁi%h%%ﬁ
B, ETOHAIE. MEMICEEENEOEEZ E LD

LB HBDONRE LM TH D,
LHREBREL, 0 TEMEINT LT



Ot = W DN

© 0 3 o

0.06
0.05 -
g 0.04 -
1 0.031
% 0,02
0.01 -

0.00 - ) - . . . . .
0 20 40 60 80 100

SEI0FRHICHENFEET DX (%)
X 4-5 A% 30 ERNCFE b 7 7 CRMBNRAT SRR OFEK 4T (SSD-BPT)
AR (2025 481 A 1 H) ITH10 5 30 FHER O FEIAM, AREOFRIL T0%15 1 XH,
REDHAMIHIFHE CPH) 2R,

100 A

80

60

153040 (CHIEN R S BHER (%)

0

1950 2000 2050 2100 2150 2200
P (4F)

[ 4-6 4 30 ERICHNE b5 7 TAMEER AT B HEEORIMER (SSD-BPT)
10% (2K ORETR A IR, IR L FIRE BB TR, B0 M EO 1S % 7
T+, ORI S (2025451 0 1 B) &, 7285, B OMSIER AT
BERT AT A ORI HES

112



= W N

© 00 3 O Ut

10
11

HRROETI

___________________________________________________________________________________

—_ —_— v
BPTEFIL SSD-BPTEF ) !
(ALWST—4 : B4 ORERME) (AWBT—% : B4 ORERME+EIRET—2) |
UgH REMIE (—E+E5OF) 0T FAEME (HOMEDIMSC R + 1 $5DE) |
— !
ey o UdH oTH
PRFE RFE
i
(— !
+HEOS !
FNJ’ :
1
RS [E7] :

"fffffffffffffffffTIEﬁ??é%%?i?é@@@@?é%fffffffffffffffffffffffffi]?i@@@é%@%é@ﬁé@ié?%
A
BEitEETI BREFHNETI |
(ANWET—4  BaORERMR) (AWET—% ; BaOREEMB+ELET—4) 1
(e FEAERIRE (—10) UvTH FERAPR (RUCOMNER DA Hefdll) |
HERE ) !
o~ UTH o~ [
PRFE REE |
1
1
— :
1

+RED S
i MBS W |
UF B |
) BRS
RERBET I

X 4-7 HIEIRAETT LOYERTY 5

SSD-BPTE 7 /L
fssp—spr(t|w, B,¥)

BPTE T /L
f (tlw, a)

[X] 4-8  SSD-BPT £ /L & BPT =5 /L D%
SSD-BPT E7 /L & BPT &7 /LD RAMGRM: 2R AKX (X)), SSD-BPT 7 /L%, HIFED
BUBE (0 &) BEIC—EL R 2R EICBPT BT L L EMi L /20 | BPT £ L%
BETHEY b7 1rE L TURSNTVD,

113



Ot & W N =

BPT 5/ (r—XM)

o.08 HL!
o
w 0:06[ |11
B 0.04 + {lm!
|5 i
0.00 ‘ ! . ‘ :
0 20 40 60 80 100
SEI0FERICHENRE T DME (%)
0.04
0.03 -
B
[ 1
i 0.02
0.01 1
0.00 : | ‘ ;
0 40 60 80 100
SE20EMCHEIRET DHE (%)
0.04 T
0.03 :
%
4 N
i 002
-5
. 'm —H_H_H_H_hﬁ-»\
0.00 : | ‘ T
0 20 40 60 80 100
SHE30EMICHIEN e T BHE (%)
0.04
0.03 4
&
5 |
i 0.02
0.00 T T T T T 4 T
0 20 40 60 80 100
SRAVFRICIENTEE T DR (%)
0.04
0.03 4 3
{?ﬂ i
fad i ]
5 0.02 ;
= i
- Mmﬂﬂﬂm | hﬁ
0.00 ‘ | ‘ L |
0 20 40 60 80 100

SERSOFHCHENFET SHEE (%)

SSD-BPT 5l

0.04
0.031
# 0.02-

0.01

0.00

0.04

20 40 60 80 100
SERI0FHECHRDFEEY DEE (%)

0.03

0.02

PEEE

" O T

0

20 40 60 80 100
SH0FMICHESRL S DEE (%)

0.06
0.05
0.04
0.03
0.02

e

0.12

. 7~v—v—v—v—ﬂ_7_\“-‘_|_|_m_“_r|_r|-|_ﬂ_ﬂ_|“4lr
0.00
0

T T T T

20 40 60 80 100
SHEIVFHCHEFRET SHEE (%)

0.10 +
0.08 +
0.06
0.04
0.02 +

TR R

|

0.00

20 40 60 80 100
SHAVFRMCHIBNFE T DR (%)

0.20

0.15

0.10 A

TR

0.05 1

0.00

20 40 60 80
SESOFERICHENTET SHE (%)

4-9 BPT EF /L & SSD-BPT &7 /AT & % R e 0O $ed 5347 O HL:
FEMRER (2025 451 H 1 H) 72541 10, 20, 30, 40, 50 FERNCHIEN AT DHEROH
%o Ai, FEMSBPT £F L (7 — &), A{IA SSD-BPT &7 /U L DA RS, &0
BT, REOERIT T0%EMKE, FROOMGRIIHEL CEOE) 2577

114



© 00 3 O O B~ W N =

W W W W W W W DN DN DN DN DN DD DN DN DN DN HE e e e
A O R W N H O © 00O WNH O O OO WD - O

{182 A : SSD-BPT ETILIZCEITB/INSA—F (B, v) DERIDHDHRTE
KA TlE, SSD-BPT =T NVERET H/X3T7 A =X Th D B IV y ODFERIDAIZONT,
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