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Abstract

In the present paper, we study the characteristics of the tsunami of the Hokkaido-Nansei-
Oki earthquake of July 12, 1993 (Myys 7.8). The fault parameters were estimated from the
distribution of aftershocks, crustal movement of Okusiri Island and tidal records of Iwanai and
Esashi stations. The event consisted of motions of two faults: one in the sea north of Okusiri
Island, and the other southwest of the island. It was found that the southern fault with high west
downward angle satisfies the condition of crustal movement of Okusiri-Island. We conducted a
numerical calculation of the tsunami in the sea region near the tsunami source using the estimated
fault parameters. It was found that in the sea south of Okusiri Island the initial tsunami wave was
curved in the shallow water off the southern tip of the island, and that it was focused toward the
coast of Hatsumatsumae village, where almost all the houses were swept away. The result also
shows that the second wave, which caused serious damage to the main residential area of Aonae
village, was induced by the proper oscillation trapped in shallow water off the southern tip of the
island.
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Fig. 1. Aftershock distribution of the Hokkaido-Nansei-
Oki Earthquake from July 17 to August 24. The
hypocenters were determined by the Faculty of Science,
Hokkaido University. The location of the main shock is
shown by a star ().




42 IR - WEREE

2.3 HUFREE

AHIER A%, EHMBEE #BEERTKEE, EAMBEDRR, JLREERT S
ko> THREEBICB I 3 R SRIE s v,

BIEMEZDOSDRBINV—TIL->TELEEETH A, RO2[IBVWTEBBLR
HBLTVWBEEEZ S, 12B3BEREESEIChE > THIOCecm BEOHEKETHBEL TV
32&. b5 1213, BEFFEESILMICRNTCIHBRENLARESVWI L, TH 3.

CNODHEEERBENTES &, ZOEHWLHER, BoltimoMEES v &
20cm BBE O, EOREMHEHEIEN O TI370cm BEORMTH 3 L¥Mish 3, 3&
TRREMBEROHEE T INSDEERAV .

%7z, JLHBEAESROMBRLET Bl Ti’, EXHEROFARECX-T, AErSE
T s TKERIB AT AR, BEicd U CHRMET 3om BE, BT
Tlem BB L TVBZ EPHEIRTVSE BAD, 1993). k7L, AHETH,
Z Ot EA BRI OHIFRES OFI, Wi/ 5 2 — 5 2R 2 OIIBHERA LG - 7.

F 7z, LT AROMBRER A T, EMEER I GPS BHlIC X - TKEH [ DMl
BMEHORE ST, Fhuck s &, BASEN LIEEEEREDOZLE, Judhe
DOIKEIEEED1.5m ~2.0m U TV /2 & VWO MG L St T O IE18964E~19124F
VS HEVWEROAE LB LAETHE I LRIFETRETHS. Lrl, TO0bik
DT, SRV > TRERHBALEL DT, TOKEEMBFIEFEASHTH
ASEOHBI L 5D LBEELTORERBOBBWVTH A5, 2T, UTOWEE
FOWEDHETIZ, BREESILEEARLRICA L THEAREICLTm OB L
T EMAHBI L > THEULEREL.

24 FBROH LB

AHBIC & » TE U BBEOM ESHAEVL DI/ V—TIL X » TiTb iz, Fig.2
BEREIS (1993) itk » TITbO L BFOBWS 2 I LTiTbh i BRE, kUit
ErRATEE OB OM LS ERT.

() JtiEARLA

JLEEARBR TR, ARETLULS S BHRNE TTIR 6mBiEOM LS TH 5 DITxt L
T, BEARTLIE TR 2m AR TH 5. KK DOFEA6.6m ~8.6m T, Z DFICALET
ZHEGET2.6m 755, ZhLETERBEEREE2mEiRTHY, TOHH BERED
BEPEETEIEREL-TVE, THbE, BB >V ->TIIHHD EHIC
El TRt T LSS/ 3BEEC T - TVE EFER 3.

2) HRBHER

RICBABIZCOVWTRTA 5, HRABOHERE T, 2FMICIm 28225457
MEEEZRLTWE, ZORTdbEOIRAOFREMX, Rl BENHIXE L T3
H b, INRRABOWEBED S B, BAKBLEREN» SHEHICW/2BERE, W
R o BOBILIF I W BEERR T, BOWSOAHMERSEARICFEVWTWS T E
PERTH B EEZONS, BESHRAEL ZRETHESSEVOIE LT, #HE
BV TV ARETREEENED, EWHEELD, BFEOHEHBEDBRAIE
RABMAETREELOTH-712EEZABTHS).

£, FOEREDI L THRICEORMER BV TH EEITFVERE LTRO2 K
BEZONE, —0 R, BABEFOHFRTIIZOEDILEL XD L DL




TbAmE rE PR O W B & AR D FFE 43

East coast of Okusiri.l
» S N
v
"
w
b4
2 _
s
. g
: }
: 8.5 8 p———s
¥ uty ——
: st o
. i —
: ————
. %22 Naluta = seeesee s o rasspedes seesd .
; S 21T Balkatey . cocem s
: - tanasses
: Futoro —
- o g oo}
™ 3 i‘," Raruishi v —
Dm'?:hlf' - HOKKA100
11, 6.6-79 bOta oo
= gramt 6.9 gt
) KudoSS. 6.6-8.5 ¢ e merermremm..
68-27 si:s
34 A
18 0.9n....,
83-13.2 Hatsumatsumae v
nse
N usd
w
e
w3
]
1
1]
13-
1+
n
-
o
o
24
o
-
o]
2
:
]
mN; s

West coast of Okusiri [

Fig.2. Tsunami run up heights measured by TSUII ef al. (1993).
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Fig. 3. Two faults assumed from the distribution of
aftershocks. The northern fault is assumed to

have a length of 81 km and width of 25 km,

f dipping downward to the west at an angle of 30

el degrees, strike direction 186 degrees, upper sur-

'&3&“ _A/ face 5 km below the sea bed, and slip angle 86
'\ degrees. The south fault has length 35 km and
\,@ L N width 25 km, with the center of the fault of
A% T 42°00°N 139°17’E, and the upper surface 1 km
/Ei below the sea bed. The strike, dip, and slip
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angles, and the amount of dislocation are esti-
mated from crustal motion data and tsunami
° records at Esashi and Iwanai stations to be strike
direction 140°, dip angle 50°, slip angle 90°, and
i Y 1§ e slip 6 meters.
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Figs.4-a,b, ¢, d. Diagrams for searching for optimum conditions including strike direction,
dip angle, rake angle and southern fault dislocation. See the text for details.
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Fig. 5. - Theareaof the tsunami calculation which covers the
sea area 224 km north-south and 170 km east-west. The
grid size is 2 km, and the time interval of one calculation
step is 1.5 seconds.
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Figs. 6-a, b, c. Tide gauge record with the astronomical components removed at Esashi
station (upper). The lower three figures show three checking characteristics of the
calculated tsunami waves for determining optimum parameters of the southern faults.

EEOBRETIR6.05TH » 7o, & T OBISFNNEIC & 2 BEMED < A F 21
GEFE) e 75 i (i) hooRokEEs, EFLLKEETARLTY
BPEIPERIRETH B, LWVHIENTES.

(2) MEB1HEO 7S XORRIED, FIXHEE 1HEO~ A F AFRIEICHT 5
(Fig.6-b), THbb, #LKOFIEEES X HOFRIETE - 73l KEROBIRIE
T OBIE2TTH -T2 T OREFHNIEC X ZEEMED T 7 AIROBKEO
<4 F ZMOBAMEITT HEABLIZRML TV S, ZDBOEBDDEH TDKE
DEHRCE > - EOHEERB LTS, VAKX VERTRIELVS ILIRES
D.

(3) MBI NFKLBEANCTA F A0S T 5 AR BRI LRI T 7 A5




AL ERPE R DM E R & i oKk 51

VA FANEHEY BRI DZE, S 0E 1 BHOILO L o /KA ok, T2
TR s n - T, < OBEREBEEROERARO Y 4 XKML TV,
Fig. 6 {Z/R L2 ERIKAL T, 101324530 & 7 0 TEEKN (¥ ) ot
KHBETIRBBSTLEBIRROIIC DM > TV EH, KFETIEZ DL ORI T
TIAPSTAF R ABAERIL, TTIWIERIEETINE L.

CCT, EFVORYHERIET 5 DIBEOE 1 ARSE TLAZRICANL D -
B, BEOTSIINERTORN, & 20K ENEE OB TORERTH
NIB2HPR T, BERTORERH ERE L KIE 7V c 3 HEOBRIEE )
BEZIHHINMIAWEEZ OGNS DT 2,

FRIOWIE DFER &1 0 HELIAOMEE, RifiE cioRoEEES. BEllokE
ER B L OO HRNZOWTIE, E[%E S5%AIC 0°~90° K 1F270° ~360° O &ifH TZ
fbxd, ZLT, BOARIZIOCH]ATIO ~140° I BRELTHB Itk »>T, &3
BXU=MBEY O — RO TREFHEET > 2. HETRE > T ZRBATO
B COWT, b0 F v 79 3E30DEAEM L. Fig.7-a~Fig.7-c
i3, ZOEESLBAMETRD 1 ETE - - HARRLTh 5. % ER, Hihs
BOFEELTVS, BRzBWVT, HAs 1IGE W CEEERSEREE IR & O
5C&icis, UTF, 320F =y 7B 2&X%2RTT<.

Y, & O, FIEFEBIBEOBROHEEMNES B - BRI EMLES 1 OB
BRPEHL B ERRIOECO VTR TS5, BEFAD GERF°~180°) BV TH
OEDS 1K FRC XL ABRT 27 V4252 25EM « 180 HRBE FOERIE T D
FIACER0° ~140° OEFHIC 3 LT\ 3 (Fig. 7 -a).

7, WTFHDDEF NV GERRT0°~360°) KBTI}, HEIEAT ZEFH 2 5
OFRITREE L THHL TV 5B, \

DEIT, (2) OF FHH 1 OWE & LI | HOKE O HLOKIHED 1> W
TRTA% (Fig.7-b). BIADDEFVIEHVTE, LFHBEHEB D - CoFEsE
ROFBRE ., EE180°, 1§D F5E140° T i< MR I BURAME 12 Wl 2 7R 3 Rk s
b5,

e, HIFBODOEFVIZBOLTIE, (1) EBBLESI, 2RKDEELE LTEDLA

TWB LI R 2ODHEARTINE 3.
(3) BHIO=RAF AP O TS5 AEEUBRANERIIDO TS 26 <4 F X At 28
HOEICSDVWTRTHS (Fig.7-c). AFBDDEFAMICBVTIR, FRIAKT S
EFNVEBZ BB (D) LFEICES Ica0FEEELTWT, £FR°~120°TIIBD
J5TE110°, E[]120° 5> 5 140° T3 » F[[40° ~100° & HEIC A T 2 &M% i 72461
BARRICOH LTV 3,

FHETBYDEFVIBWTIR, ERHRT°~310°7T, B0 HRS1200HkD D=
AR DRRIBERSY &, EF270° THR O AE40° ICHE % 0, EM360° TH b HH140° 1%
S LD 2 OMHEESRM(3) EiTHEIKE L TEET 3.

YU ERiRi@ e 58 oh 5 3 oMK Y, HREHED 5185 h 2 EHMERANIIT
HU LT, ROXH>BEnERENS, 9, FFi0oZRLOBVBIIOVTE, K
DT EMVZ B,

L JtlOMETIIB VBRI 4mBELREBL A B30I LT, ElloOkE<TIZE




# IR - #REIHE
Time interval between first trough to first crest
( calculated | observed (6.0 min) ) (rate)
(deg) e
120
o
)
£ 90 ]
o
o
o
-4 60 .
0 (a) 90 180 270 360
Direectlon of the Strike of the Southern Fault (deg)
(first crest) / (first trough)
( calculated | observed (2.7) ) (rate)
£120 -
E
< 90 -
L4
<
&
60 -
o (b) 90 180 270 360

Direction of the Strike of the Southern Fault (deg)

Time interval between first zero-cross to second zero-cross
( calculated | observed (7.3 min) )

n
o

Rake Angle

0 {c) 90 180 270 350
Direction of the Strike of the Southern Fault (deg)

Figs. 7-a, b, c. Diagrams for determining the optimum south fault parameters. See the text
for details.
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Fig. 8. Distribution of the vertical component of crustal
motion of the seabed. Numbers are vertical displacements
in meters.
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Figs. 9-a, b. Observed tide gauge records (broken line) and
calculated sea level changes (solid line) at Esashi (upper)
and Iwanai (lower) stations.
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Fig. 10. Calculated tsunami arrival time. Contour line inter-
val is one minute. The tsunami arrival time is defined as
the time when the sea surface rises 10 centimeters.
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Fig. I'1. Distribution of calculated tsunami maximum heights up to 30
minutes after the main shock.
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Fig. 12. Comparison of calculated maximum sea level heights (solid
line) with measured tsunami run-up heights (circles) along the
coasts of the Hokkaido mainland and Okushiri Island.

B~ TEESEWC &, EROMBEHX OBEOSSBEW T EREXISEHES
nTV3, LH» LEREToRcIERcEVHE LS LW RS BEATE R
WV, % b2 bAGEMSIEIEE RO BIEE T T > TV B 1%, KEIHAIRIFD
RESPBWRTEBVE S BHFTE C OREEIEMUR CREENH 2L VI T b
EZoN03, FREREF v v S EBEORH TGS N/30.6m &V S BKOFEE I,
B EOROCABATOIGKSRICE 2 50T, OB EbDTRMINLEMED» HE
Uz d, T TOBEFETCHEERTEAY,
RICBRABORBRICOVTRTA 5. HHlid SHIMATIC W\ R OMR B L VIR
HEZ oMM EVWE EES I CHAES L TVS, CORREEROHEE TORIK
DIRBVOFMIc>VWTE, REITHT ST LIcT 3.
Fig. 13(3 Fig. 120 BB % Byt mEiltictl-> TIEFRRTER LD TH 5.
BHRICODWTHTA S E, BEOBVWEFRGSEEICRRTEIILFOTH 5. K
B 5 MR BRI HD > L EBEOREELS S 5D LEHFD Th-ch, H5VIEF
HIOWED & St DDA DEBOBIAZID o ehOVWTNLTHAS. T/, B
BOL ST, BESBICAVWEBFTRESSEVORY LT, LicmWIHEETIRE



60 g« JWEHEE

Cape of Aonee

Maximum wave height along the cast coast of Okusiri 1

Fig. 13. Calculated maximum wave heights along
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Fine line .... Inundation height by the second wave
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Fig. 14. Calculated maximum heights of the first (fine line)
and the second waves along the southern part of Okushiri
Island.
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Formation of second wave

Fig. 15. Seasurface change (left figures) and flow vector distributions in the searegion around the southern
tip of Okushiri Island 6, 7, 15, and 16 minutes after the main shock.
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Island.
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Fig. 17-a, b, ¢. Rays of tsunami waves radiated from the
source region to the southern coast of Okushiri Island for
three cases with assumed radiation angles 66°, 76°, and
90° (angle measured north to east), respectively. Notice
that tsunami wave energy is concentrated at the same
point (at Hatsumatsumae Village) in all three cases.
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