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7 )LZ Fukao and Furumoto (1979)<° Schwartz and Ruff (19872~ C 32w MBI O gt
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Fig.1 Comparison between the JMA catalog and the Russian catalog for the aftershocks of the
1958 great Kurile earthquake.
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Fig. 2. Aftershock area within one day
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Fig.3. Rupture area of the
1963 Kurile earthquake. The
small dots are the relocated
aftershocks and the dashed
lines indicate the estimated
aftershock the
October 12, 1963, foreshock
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aftershock. (from Beck and
Ruff, 1987)
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Fig. 4. Source of the tsunami of the October 13 Kurile earthquake.
1 — mareographs;
2 — maximum height of flood in cm;
3 —i1sochrones of tsunami propagation to different points;
4 — doubtful isochrones;
5 — assumed source of the tsunami;

6 — epicenter of the earthquake;

7 — region of aftershocks. (from Solov’ev, 1965)

10




@ %+ Main shock

Tsunomi height
af the coost

€ 0~is"
€ 4~6
g 1.~2
¢ <05

Tsunami source.

200 300KkM
L 1

Fig.5. Geographic distribution of the estimated source areas of tsunamis in the region from
Hokkaido to South Kuriles during the last 76 years (1894 - 1969), classified by the
tsunami height at the coast. (from Hatori, 1971)
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Fig.6. A map near the source area of the 1963 Kurile earthquake. Blue star shows the
epicenter of the 1963 earthquake. Black solid rectangle shows the rupture area of the
earthquake estimated by Kanamori (1970). Blue dotted ellipsoid shows the source area of
the earthquake estimated from arrival times of observed tsunami (Hatori, 1971). Green
dotted rectangle shows the tsunami source area of the 2006 Kurile earthquake (Fujii and
Satake, 2008). Red triangles show the tide gauge stations near Japan used in the

tsunami waveform inversion. A depth contour interval is 1000 m.
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Fig.7. The tsunami computed area. A star shows the epicenter of the 1963 Kurile earthquake.
Triangles show the tide gauge stations used in the tsunami waveform inversion. A rectangle
shows the area of Figure 1. A depth contour interval is 3000 m.
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Fig.8. Comparison of original waveform (blue) and tsunami waveform removing tide gauge
from original waveform (black) at each station. Horizontal axis is time (min) from the

origin time of the earthquake and vertical axis is amplitude (cm).
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Fig.9. A map showing location of subfaults used for the tsunami waveform inversion. Solid
small rectangles show the 15 subfaults subdivided the rupture area estimated by Kanamori
(1970). Dotted small rectangles show the added 9 subfaults to investigate the size of source
area of the 1963 Kurile earthquake. A Solid large rectangle shows the tsunami source area of
the 2006 Kurile earthquake (Fujii and Satake, 2008). Blue star shows the epicenter of the
1963 Kurile earthquake. A depth contour interval is 1000 m.
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LERIND,

BRI A F T 5720, 1Z0HIC Okada D (Okada, 1985) % FVNTH-/ N Cf S HE
WA AL, —RICEKHBEOWEET L OGE, WENEOESICHRCTHEFITRKEN
T O AR R A B L, bR T DN TED, AW IR A S A
R ELWEREL, HEOEMEFEEITI, EEOBEFEIL, MERBGEURE RSy T —R
¥t EDOZEZE TR FiEE W2 (B Satake, 2007),

A O E R E I IER) SR AL E G O XA WD, B ORE 4 3KkIE d kTR
FWWD, REEHRARTIENTED, F-EEOKE d 1TIRIE h (I THYREWD, —
WATHRIEE L CTIRD Z LD TED, ZOWA R R EIC L iES) =X

oV

e gVh (2)
EEREND, ZOWE ¢ TR, V IIKEFMOES, g 1ITENINEEEZZNENET (Fig. 10),
HEORT

oh

—=-V-(dVv 3
p (dV) 3)
ERIND,
Fig. 10. Vertical section of the sea.
m V' horizontal velocity
d: water depth
h: water height
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Vit A0 =V, (0] = == IO 0 =001 = £V, (0 (11
Lt a0V, 0)]=— L they + Ay)—h(y)l+ £V, (1) (12)
AT Y Ay *

L%, [AERIZLT (10) R
Ait[h(t+At)—h(t)]=—d&{\/x(x+AX)—Vx}+%{\/y(y+Ay)—Vy(y)}} (13)

LD, LFTCIE x FrodEs U &y FROKES V 2768525 %2, UV, h 78 Bigo
7-#1 %5 staggered grid system #3932 (Fig. 11),

i-1 i i+1
j—l Fig. 11. Staggered grid system.
§ PY ® : water height ( 4)
_]'1 1 [ : water depth ( d)
o J mm : velocity ( V&)
o - o - o I velocity ( V)
J
¢ Jj+1
j+ ®
i-1 i i+1

(1D, 12), 13) RzBNT, t=IAt, x=mAx (I, m: B ) L35L

1 1 1
i{uk—u Imz}=—i{h' —h' 1}—fvnﬂ2 (14)

AX m+= m->
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At

i 1 1
L R R VR RTI
At m+> m+> X

LB, Tl hORTIE m & m+12,1-1/2 & 1 ZRIEEICHHIZEINTELZD,
m=m+1/2 =i, [-12=]1=1, [+12=2 &0, (15),(16), 17 Kix

U(i,2)=U(,1)- g%[h(i,l)—h(i ~1,D)]- fV(i,DAt

V(i,z):V(i,l)—gi—;[h(i,l)—h(i ~1L,)]+ fU(i, DAt

h(i,2)=h(i,1)—dAtB{U(i +1,2)—U(i,2)}+%{\/(i +1,2)—V(i,2)}}

LD, ZNHORE W TEIER EAE1T,
BERSAFIZHOWTUE, Bbigs DB R ClE e T 5t

U(i,2)=0
9%, RIS OB TS S

h(x+Ax,t+At)—h(x+Ax,t) Aty gd

h(x,t)—h(x+Ax,t)

0

AX

h(i,2) = h(i,1)+%\/g_d[h(i ~1,1)=h(i,1)]

i %, ZHORIT Satake (2007) #5511,

7-4) WBEIVA 2=V a Lk

(15)

(16)

17)

(18)

19)

(20)

21)

(22)

B NI CHERR OFE A AT, FHEIEE 2 Green BAEEL TAL =T a iz, B
WAL R —=2ar ATV, B/ DT XD EZRDT-, SHIZT XD EDHENAIZRBRNE
IR KM A G2 T, BRI WA "=V ar DB, | 2T 2, 2 MO
T, A BRFEEEOT —%, x T _0&E, B 28O T —4LT 5L,

Aij(t)xj:bi(t)
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LROBIL, HOHRZAITOITANL

Ay AL o AL A B,
Ay Ay, o Ay AL X B, (24)
Ay A, o Asi A X, B,
A A A ALy X B.,
Ay Al A j-1 Ai—lj X B.,
A A, . i j-1 Aij B

E72D, ZOFRRERL LI E /g ToT D ERRDHND (Satake, 2007),

T ROBEDOFEEE RO D012, Jackknife method (ex. Tichelaar and Ruff, 1989) % Hu /=,
ZOFETT — 25T H NOGREOA R —Var BT FIEE RIS L2k, REEZRDDL
DTohD, ARETIEIRT —2# 1185 OHFNbLT —## 500 ZMVERE, A /3—Ta% 50 [
IR CRAZEA R 7=, Jackknife method DOFXAZLLTIZRT, n 1I75—4%%, X ¥757—%

DIELFHE, T X 1T

A n

X = X (25)

S|~

i=1

LEEND, KIS, EERE o 1T
1
A 1 n A ) 2
G{HZ(xi ~X) } (26)
i=1

L2 D, j TR =T — 2%, k mk=n—j , p Z/\KWEOEK, O %

Q-(*=2) 6)
n-k
CIRETHE, A2 E X
E-0-Q 27)

LROOHND,
ALN=Ta NV HER T T — 21X IR T, ORI F7213 58 I TRV,
AL NR—=D NNV I T — 2D, FET o R O#iH%E Fig. 13 1277,
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T-5) RER

RBOBEER AL N—Var Ot R4 Fig. 12 & Table 2 (T, KOO T _OESAG
X, /N 14 £ 20 DT ERREHRES, T0EF 2.8 m EHEESNE,  E HERO
R OTRS LR OGFTO /N8 O3 R0 B3 I K E W &M DD -7, Kanamori (1970) XV
KOO WIEET VL, IOIAHT LN O3 D&, /g 15 & 23 TR
<, AR IAL R DIED RNV INHHZ DI -T2, Lo T, TROESMANGLRD LW ED
FE&X300km ThHD, HFE OB LH RO LKRE Fig. 13 17T, HIE ORI,
FACBIRE T L LL<AD. BRI B ARORFT OF R IXBRIEE 20 R L TWD, WIlEREE
4.0 X 1010N/m2 HEETHE, HEE—AMNE 2.4 x 1022 Nm (Mw= 8.2) HHfEESN,

N o

J

~  Okhotsk Sea

Etorofu Is. /0"
\; w y “\\

!
|

[ [ TT Slip (m)

g9 1 2 3

Fig.12. The slip distribution of the 1963 Kurile earthquake estimated from the tsunami

waveform inversion using 24 subfaults. A large rectangle shows the tsunami source area of
the 2006 Kurile earthquake (Fujii and Satake, 2008). A depth contour interval is 1000 m.
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Table 2. The location of each subfault and results of the tsunami waveform inversion for the
1963 Kurile earthquake. Locations (latitude and longitude) indicate the east corner of each
subfault.

Subfault Longitude Latitude Depth Slip Error
number ¢ B ¢ N) (m) (m) (m)
1 149°52 44°41' 34.9 0.4 0.47
2 150°18' 44°58' 34.9 0.0 0.49
3 150°44' 45°15' 34.9 2.3 0.67
4 151°11" 45°33' 34.9 0.0 0.29
5 151°37' 45°50' 34.9 0.0 0.08
6 152°03' 46°08' 34.9 1.0 0.40
7 152°26' 46°26' 34.9 0.3 0.22
8 152°56' 46°55' 34.9 0.4 0.41
9 150°13' 44°23' 19.5 0.3 0.29
10 150°40' 44°471" 19.5 1.5 0.39
11 151°07 44°59' 19.5 1.2 0.45
12 151°33 45°16' 19.5 1.4 0.56
13 152°00' 45°34' 19.5 1.6 0.39
14 152°26' 45°52" 19.5 2.8 0.49
15 152°52' 46°10' 19.5 0.6 0.13
16 153°22' 46°39' 19.5 0.2 0.29
17 150°35' 44°05' 4.0 0.4 0.26
18 151°02' 44°23' 4.0 0.7 0.33
19 151°29' 44°41' 4.0 1.7 0.44
20 151°56' 44°59' 4.0 2.8 0.53
21 152°23' 45°17 4.0 2.0 0.46
22 152°50' 45°35' 4.0 1.2 0.39
23 153°17' 45°53' 4.0 1.4 0.16
24 153°47 46°22' 4.0 0.0 0.24
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Fig.13. Comparison of observed (black) and synthetic (red) tsunami waveforms at each
station used in the inversion. Horizontal axis is time (min) from the origin time of the
earthquake and vertical axis is amplitude (cm). Arrows show the time windows used for

the tsunami waveform inversion.
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T-6) BE

REOHW I IEA L N —ar DEROLNTET RO ESALY, B0 R H ORI LW
AT /INETIE DR B LI RN b7, $72,1963 FHUE B iR 307a2<Et3o
DT ARV T 4 PNIFAET HEV) Ruff and Kanamori (1983), Beck and Ruff (1987), Schwarts
and Ruff (1987) ([ZEDFERLLEBT DL, TRVEFAIVZOT AT AT TRV EN 2.0 m
UL EThoT/ Mg 8, 14, 20 TS5, T X0ESMLROLNTWIEOES = 300 km
I% Kikuchi and Fukao (1987) KRzl EsE—#3 %, £7= Kanamori (1970)
JokoonikrEgo ks = 250 km JVHEDLEWV, LL 1.5 m UL EOT ROERHEESN-
1%, Kanamori (1970) LVROOLIAERLIZE BT 5, ZDIED> Soloviev (1965)
& Hatori (1971) (L5 OB N OROON W E O R IID D LIS, 0 &
ETRDVEBEOMELALKTLE, TRVEDN 0.5 m UL FO/NEITEZELREOMERY
resolution [XZHEVRNA, T DENR1Im UL EO/NEOLGE, MEOELID T EDfEN
BEAICRELARDDTTROENIm LU EORESIE M 2355,

1963 FHRUE SR L 2006 4T 5 R OMIEEA LT 2L, 1963 S£DOHIFE T 2006 4
DOHIFEDIEFITITWGET CHALTDS, 1963 DR ORI L 2006 40D R Ol &
BIILTHELT, FoZEAMBFELRNZ LN D) -7-(Fig.12),

AL =V ar 0RO LN ET— A MNE 2.4 X 102 Nm (Mw=8.2) £720, Zo
fi 1L Kanamori (1970) LVROLNHEET—AR 7.5 x 1021 Nm (Mw = 8.5) X° Abe
(1979) LvRwonT-H~/ =F 2—R M= 8.4 LW/h&W, L)L Beck and Ruff (1987) X
DROLNIZMFEE—AN 2.5 X102 Nm (Mw= 8.2), Kikuchi and Fukao (1987) LV:Reb
N7-HEET—AF 2.3 X102 Nm My = 8.2) HEIERIUfEE 272,

4) 1963 EHIRTHBRARBOBBE A L —T 3 2 & 2 BIFBEMFT (BE)

A-1) LI

1963 410 H 20 H 09 Kf 53 73 11 ¥, PUEEM D 44.7°N, 150.7°E, & =10km T 1963
FEIRPE SRR DI KRR AL, Wig X7 A—41% Schwarts and Ruff (1987) LV #E1T
= 225", R = 15", 706 = 90" LHEESIV TS, MBI IAE & bl 32 LR O -
a5, FEVERNCALE TS (Fukao, 1979) (Fig. 14),

ZOMERIZEVHB ORI LR TIEFICREREPE DR AEL, KEESCH R —Y 2 B8
L7z, HEROFESIE, vy 10 ~ 15m, RiEE 7 ~ 8 m, H#%E 0.5m, HEE 0.7
~ 0.8 m ZFtEk L7z, N ICRITDEEOR KE2ERIL 50 cm (4, 1998) Th-o7z, H
FOBEIIIKFBINIARBEDOESD 0.4 FThHoT-, BIZIX, BVT7HV=T12 Té{iﬁz@mé
AKEOYG 70 cm, &RAREOYH 30 cm %uaﬁbﬂ\é L2l EBEIRAHE CIEIER 1T
ZREE B S, VLT B TIEREOYA 5 m TholDIzkL, RARRETIE 10~
15 m EIEDMICKREN -T2, *ﬂaﬁﬂFﬁTnﬂﬁéﬂt{%{ﬂi{&%@%ﬂ@jﬁ D, HE ORI R DS
7= (Solov'ev, 1965 and Hatori, 1971), Solovev (1965) & Hatori (1971) DAL I Ik 4
ZNEI Fig. 15 & Fig. 5 [T, FEREBERO LG, BT 100 km X 60 km &
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ﬂ%&b%nk (Fukao 1979) (Fig. 14),

H IR L BT DRk 4 72 IE, HIEOBRKODOITHELEFR DR IERICELS, KA
DHIE {EZ75>§E{E'J§?L5_E (Kanamori, 1972) <°, HEEENLROLNIZHIETE— AR,
R PEPORDONIZHE T — A MDDV NS FAFELHNHZE (Ward, 1982) 728 NZE1T 5
N5, £z, BHRHEORRIIMO 7L — Mg R R ORIR IV &S, MEICIERFITIWIGETC
%EL IRWEIPEROHEFE Y 21D <Dk T 2 (Wiens, 1989), Satake and Tanioka (1999)

, RSHEDVEELV TRAEL-HER, $o<KDIENET D, HIEW O KR
@Jﬁdﬁ%« LI A b S AV IR LT D LR R T,

1963 AR 5 iR D i KRR O R A IR I SHRR R A i 475 &, BRI DODVIC
FEFE NSO TR BEHIS 7= (Fukao, 1979), [RARIZEHE I OIRIEDDVIZETH RKE/REK
2334 L7z (Kanamori, 1972 and Abe, 1981), Abe (1979) LR ON TN~/ =F 2—FK
M: = 7.9 IXERE T LV RO ONI-HIFEE— A D 0.6X1020 Nm (Mw = 7.1) (Wiens, 1989)
SRR MM LV RD ST HET— A b 0.7X1020 Nm (Mw = 7.2) (Furumoto, 1979) 2kt
NTO0.5 LLERES, BEHMETHHES 2D, Abe (1981) LhROONIZRE WK~ =F 2—F
LHEM ~ 7 =F 2 —FORRE Fig.16 1257, £72, Fukao (1979) KVZOMIFEIE, HIFROKR
DDV ELRFEOR A EL, WEMITO®RWGFT TP o0 YRR AEL--O I iEL
7pol iR RBTND,

A E CITE BT AL N —Ta0280, RRAREOERIRBREHEE T 5L, R RBREN
EER B LTS T B 2D,

Mainshock Oct.13

it Aftershock Oct.20 .

149 150 151 152 153°E
Fig.14. Aftershock areas for the largest foreshock (Oct. 12), the mainshock (Oct. 13), and the
largest aftershock (Oct. 20) of the great Kurile earthquake of 1963. Open circles denote the

earthquakes which occurred during the interval of the largest foreshock and the mainshock.

Crosses represent the earthquakes which occurred within 3 days after the largest aftershock.
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(from Fukao, 1979)
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Fig. 15. Map of the tsunami of October 20.

1 — mareographs;
2 — maximum height of flood in c¢m;
3 —isochrones of tsunami propagation to different points;
4 — uncertain isochrones;
5 — epicenter of the shock of October 20;
6 — region of aftershocks of the principal earthquake;
7 — assumed source of the tsunami of October 20;
8 — foot of the Vityaz’ range;
9 — axis of the deep — water Kurile — Kamchatka trench. (from Solov’ev, 1965)
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A-2) BEEEHT—F LBBTT

oL 7 O EREk 2.5 (Kurilsk, Matua) & ONU A B2 8 KEPED B 2 TO R FLERS S
(Nawiliwili, Hilo, Honolulu, Christmas Island, Wake Island) ®&t7 SO Citdks
TR T — 2L TR, IO T —X1X, Rk 21 FEEICT VXM bEEEL, #1774
EZ T TW5, FREIFTONEE Fig. 17 127, £z, ZNENORIET CrigkIni-7 —%
&, W IEZIT T2 DR % Fig. 18 ITR7, WiBET LD T A—2TELT = 2257,
R = 15", WM =90° LL7, A RD L7912, Solovev (1965) & Hatori (1971)
FORD LN EE OP IR 110 km X 45 km <2, Fukao (1979) LV:RDSI -k 100 km
X 60 km, Beck and Ruff (1987) XvsRebS /-4 5 IO/ \rE % 9 EECE L7, /N
JEDYAR1% 50 km X 50 km &L7-, WifE@ET /LD E% Fig. 19 (R T, BIRIIWEET LD
e Chirg 8) 124 5(Fig. 19),

BB B L ORI TG A 8 —2 3 COFEIT FERARBOMT & FETH L, LvL,
SRR L B U CIE R R T 2 ZE 2B E L THAYR VY, 100 #0E 200 B2/ 32—
ROV THEH R A IR,

A-3) BEREFEA v —Ta VORER

HER TG A =V ar OfE LU T, B R FE 25 100 B O SA& 0+ <0 &5 (Fig. 20),
W7 P E R 28 200 DDA DT &S (Fig. 21) &/R7,

I OB R LSRR A 5L (Fig. 22), Wi M R 28 200 B O34 DIFH A% 100
BOGEIZH AR AR EOREOWE N AL, BRIEE LI G >T0D, HE OB
FHREOFED RMS I3WTE RS 100 BO%E 5.7 cm , 200 BOYE 4.6 cm &72
Y, FAZED/ NSV RS 200 B0 5 8 KRR Rble o 7o, ZORRDBRKRIE
TS D oKD T R TN LD,

Wi P EL RE [ 28 100 B & 200 B DGE DT RN E5AE g3 5L, T _VED /X — K
JRENTIZRICZEDS, 100 BOBA DIFHHIWE OTRS TRV AT CRE R T EN OIS, B
JEFER IR Y 200 P OGE, T XOVENELREWVIGINI/NE 9 £720, KT VET 3.9
m CHEES Iz, ZDIEHVNETE 4,7, 8 TTV&E 2.1m,20m, 2.1 m &7g-o7-, MIPEs%
4.0 X 101°N/m2 HRETHE, HET—AMNE 1.2 X 1022 Nm (Mw= 8.0) LHEESNT-,

A-4) BE

W IEA L =2 a RO LT T RO ESAA LY, EEEIXT <V &) 2.0 m LLEO/N
WikgiX 4, 7,8,9 L7220, HOWEFTICERL CODEIENTD -T2, LL, KEDA L R—V g
(2 U7 B B 21 Kurilsk DAL, BBIRO FANIALEL TR 0, B SAAIRY 385720,
A% B AROHPI I LS A INEEL, BT TO LD B D,

R A L N—=Var KR O HIEET— A MT 1.2 X 1022 Nm (Mw = 8.0) &£720, Zd
FE R T E R AT L RO SN - BT — A 0.6X1020 Nm (Myw =7.2) (Wiens, 1989) <°, %
AT LR ONT-HIEET— A 0.7X102° Nm (Mw =7.2) (Furumoto, 1979) H~_TIHE
WICKRE @ Ll o7, ZORERITIARRRRENRRME CHLILZWEEICRTLOLEE I LN
Do
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Fig.17. The tsunami computed area of the 1963 largest aftershock. Blue star shows the
epicenter of the 1963 largest aftershock. Red triangles show the tide gauge stations used in
the tsunami waveform inversion of the 1963 largest aftershocks. A depth contour interval is
3000 m.
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Fig.18. Comparison of original waveform (blue) and tsunami waveform removing tide gauge

from original waveform (black) at each station. Horizontal axis is time (min) from the origin

time of the earthquake and vertical axis is amplitude (cm).
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Okhotsk Sea

Pacific Ocean

150° 155°

Fig.19. A map showing location of subfaults used for the tsunami waveform inversion of the
1963 largest aftershock. Small rectangles of 9 subfaults were located to investigate the size of
source area of the 1963 largest aftershock. Blue star shows the epicenter of the 1963 largest
aftershock. A depth contour interval is 1000 m.
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Fig.20. The slip distribution of the 1963 largest aftershock estimated from the tsunami
waveform inversion using 9 subfaults for rise time of 100 s. A depth contour interval is 1000

m.
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Fig.21. The slip distribution of the 1963 largest aftershock estimated from the tsunami

waveform inversion using 9 subfaults for rise time of 200 s. A depth contour interval is 1000

m.
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Fig.22 Comparison of observed (black) and synthetic (red) tsunami waveforms at each station

used in the inversion of the 1963 largest aftershock; rise time of 100 s (left) and rise time of

200 s (right). Horizontal axis is time (min) from the origin time of the earthquake and vertical

axis is amplitude (cm). Arrows show the time windows used for the tsunami waveform

inversion.
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(d) #hEam7e HNCA % OFRE

FEREAEF RIS X DA 3 — 3 UEFTIC LD 1963 IR E R HIE (Mw8.2) @
TR ENMEHTE LTz, mRKTNYEFE2.8m Tlm U EOT R EQRHEE IN-F#HIIE S
300km (2, 2006 F-H T BHIEOEBHIKO T HEEMIZEL TWDL Z ENpnote, DFED,
2006 1 T F HIER X 1963 A= PRI 1 HIFE O AL BRI CHRAE L Z DOICZE AR TEAE L 72 2 & 03
ST o, TROBSHNSFHRSNAN—ZLOMETE— A M 2.4 x 1021 Nm (Mw= 8.2)
L7289, Beck and Ruff (1987) 2SmHiSEAR LOHEE L - HIEBE— AN 2.5 X1021 Nm (Mw=
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