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A Numerical Simulation of the 1993 East Sea Tsunami
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Abstract (1On July 12, 1993 at 22:17 local time (—9h, KST), an earthquake of surface magnitude
(Ms) 7.6 occurred on the west coast of the Hokkaido and small offshore island of Okushiri in
the East Sea. A major tsumani was generated and within 2 to 5 minutes, extremely large tsunami
waves engulfed the Okushiri coastal area and the central west coast of the Hokkaido. This tsunami
caused tremendous casualities and damage. A giant tsunami runup of more than 30 m in height
was recorded. The tsunami crossed the East Sea and feeled at 27 sites of the eastern Korean coast
during the survey on 17~19, July, 1993. The observed tsunami runup at southern part of the eastern
Korean coast were generally weaker than the 1993 Japan Sea Central Earthquake tsunami and varied
from 08 m to 26 m. The present paper intends to understand the propagation on this tsunami with

the aid of numerical computation model andd computer graphic aided video animation.

1. #&

=

1993 78 120 228% 17% BE JLiEHE miE
bk 42°47, Hxp 139°12") ¥ 34 km Bifel Al
gt MRS 1983%F 5A 26R 128% A& KMEER
2 HERE VRl A BT SRR HiER el o]
10T 43 HWEEE M78)2R HiFdl4
A3 #ES 7 Bl Aelsdch M HE
s ojgt gEE HA AR ¥3 ohs)
BHel R, Russia migM BE7HA A=
0 AR 2 BEHEC @Esidon £ Ba
Bl BIRES 3$ 18549 S EY} #asisdck
BE Higee #Ble Nk A HifE s 185K

4 F oL

509~ 25haigk el LEGHEPY 6418 el 24w
7b skl #EEE Ao BH IMHE FRHE
HoR MEYSEN BH Fhi Skl iR ZHot
= ek PR EHHEARS] TURE Bk
fatell Aabd fingt 33%oE oF 2(8YU9) WE
#eEzE @stadck o] 2ujulel o fEvet B
#ifte] ol WEER - B TR 2uv)
FAEN(1994)9] HTEA B #EEE A

& PRl A= 1983F R 2un|E ok fiiEle
PG SF 4, 1993)0l] o]o] 19931 s )w]o] (HUE:H
Be B o BB AR tEEEeE RRshe
=g gfErAlel] o3 v2lve} Bigh 2ol o] %l
L A= TRAEA ek

*RESEE KB T A +ATERL (Department of Civil Engineering, Sung Kyun Kwan University, Suwon Science

Campus, Suwon, Korea)

) Ao} BB HEMRIEMTLAT (Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod,

Russia).

404



1993% i 2vivle) B/ 405

Fig. 1. The source regions of large earthquakes in the East
Sea in this century. They are. from north. the 1971
Sakhalin. the 1940 Shakotan-oki, the 1993 Hok-
kaido, the 1983 Japan Sea, and the 1964 Oga-oki
carthquakes. Dotted line indicates the possible
boundary between the Eurasian and the North
American plates (after Tsuji. 1994).

2. BEHE 3 BEGRE

19934 71 121 228F 174 Jvieit BRVTHR(IbRE
42°47', 47 139°12") UK 34 km HBhel A #L%
ol ¥l M-S Okusiri 8% fim 2 it of 150 km,
digh oF 50 km2 Eifgo] #Es(shear modulus: Har-
vard University CMT #8 HH)E 222 [Uks
109 %Iud 83 gk e, 647 Yol 7lcHER Mk,
40%. Absiet PRy Mo [d) -3 BIEHE Lol Al Bk
sl AR HEHEIcHFig 1 2.

e &4 u=3.7me} Ho] 100km, 1i¥] 50
kme] Eige] uvhe] #UH FeS $1stel EAEA
i=d] Table 1o A ol fRIFS Big (R
=

»ujulel g RS EESl STV K
Hro) (AR M) w558 o BT o%

Table 1. Fault parameters of the 1993 Hokkaido earth-

quake
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Fig. 2. Estimated fault dislocation (a) based on Havard
University CMT solution with schematized sea-bed
displacement (b) and corresponding initial sea level
motion (c).
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Fig. 3. Modeled area for tsunami simulation.
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Fig. 4. Computed tsunami heights along the coast from model of region O (a), subregion A (b). subregion B (c).
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Fig. 5. Computed maximum and minimum elevation of
the tsunami.
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Fig. 6. Computed tsunami heights along the coast from
I'X1" grid model.
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Fig. 7. A series of computed surface elevation contours
at 0.5, 1.5, 20, and 3.0 hours after generation.
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Fig. 9. Observed tsunami runup height along east Korean
coast.

Table 2. Observed tsunami runup height
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runup height (m)
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Fig. 10. Runup height distribution on east Korean coast
for tsunami 12 July 1993,
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Fig. 11. Distribution function of runup height for tsunami
12 July 1993.

Distance L(km)

Observed runup
Height R(m)

Calculated Amplitudes
of Tsunami H(m)

Number Name of Point from Coast to h=70m
1 Geojin Port 40
2 Ayajin Port 45
3 Sajin Port 4.5
4 Sokcho Port 50
5 Daepo Port 40
6 Osan Port 50
7 Susan Port 55
8 Gisamun 7.0
9 Namae Port 7.0
10 Jumunjin Port 7.0
11 Sachunjin Port 6.0
12 Gangmun 53
13 Jungdongjin 30
14 Gumjin Port 6.0
15 Daejin Port 5.5
16 Mukho Port 6.0
17 Donghae Port 40
18 Chuam Beach 35
19 Samchuk Beach 30
20 Samchuk Port 50
21 Obunri 50
22 Gungchon Beach 50
23 Jangho Port 10.0
24 Imwon Port ) 10.0
25 Hosan Port o 80
26 Bugu o 8.0
27 Junkbyun Port . = CA0

0.81 0.2
1.39 033
222 0.53
091 0.2
1.63 041
1.26 0.28
1.85 04
2.26 043
1.26 024
1.46 0.28
1.46 0.3
1.87 041
201 0.58
1.17 0.24
1.56 0.34
1.99 041
1.76 044
1.77 0.46
2.15 0.63
1.86 042
1.1 0.25
1.74 0.39
141 022
2.39 0.38
1.38 0.25
2.57 0.46
143 0.:
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Fig. 12. Runup height distribution on Korea coast.
(—: Tsunami of 12 July 1993). (+ + +: Tsunami
of 26 May 1983).

Table 3. Calculated tsunami amplitudes for open sea

Runup Height Runup Height

Number Name of Point (m) (m)
120793 26.05.83
1 Geojin Port 0.81
2 Ayajin Port 1.39
3 Sajin Port 222
4 Sokcho Port 091 1.56
5  Daepo Port 1.63 1.8
6  Osan Port 1.26
7  Susan Port 1.85 1.1
8  Gisamun 2.26
9  Namae Port 1.26
10 Jumunjin Port 1.46 09
11 Sachunjin Port 1.46
12 Gangmun 1.87 1.6
13 Jungdongjin 201
14  Gumjin Port 1.17
15  Daejin Port 1.56
16  Mukho Port 1.99 4
17 Donghae Port 1.76
18  Chuam Beach 1.77
19 Samchuk Beach 2.15
20 Samchuk Port 1.86 3
21 Obunr 1.1
22 Gungchon Beach 1.74
23 Jangho Port 141
24 Imwon Port 239 4
25  Hosan Port 1.38
26 Bugu 257
27 Jukbyun Port 143
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(—: Tsunami of 12 July 1993). (+ + +: Tsunami
of 26 May 1983).
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Fig. 14. Observed and calculated height distribution on
east Korean coast.

# 59 LINES FiEe Eiizvivle] 4% HEH%
#e mEtES BT £ e P =w
A7 EEhele] 2gdXe AAE FEed &
RECHERE Jdshl #EEAA 72 Erol
7V RS B ERAA £ e Aotk

83 d 2uwle) 7 AfiHE(Yamato Rise)el] oJ3F
LEdx w92 Qo] mujole] A5} 24 o eke
whgront 99 199393 19404, 1964d9] 7o
o\ Falh A E A Eek HAfIe 17



412 ERE - EAE - ol AwlEsT

distribution function
Q
*

*
-

-
6% 07

0.1 032 03 ae 08
tsunomi height (m)

(a)

|3 -
1
]
<
.2
o ]
5 P = 7 exp (~8.2 H)
| =4
e
=
po
Doy
=
R
©
o 0.2 03 o6 07

oe o8
tsunami height (m)
®

Fig. 15. Distribution function of tsunami height at depth
70 m.

WA saupe] siste] distElel] o3 Az H
2 QT et migE PEKe «vx] AEd
e 19834 A-E AYstae dnkshAA sl

o,
#H W

® W mEgEAES HARBRILAS WO
(Tsunami Inundation Modeling Exchange)24] %
fT7E1¢l2m CRAY University R&D programe] BAfk
) ZiRes Wtk

BE R

radv] JHEE, 1994 HA bl sl il k3 @&
Bt WERAs BB B TREE 6(1: pp.
117-125.

RS, FHRMR 1993, 1983 il 2aulole] HeE, AL
K erim L%, 13(3), pp. 207-209.

Carrier. G.F. and Greenspan, H.P.. 1958. Water waves of
finite amplitude on a sloping beach, J Fluid Mcch.
4«1): pp. 97-109.

Choi, B.H. Lee. HJ. Imamura, F. and Shuto. N.. 1993.
Computer animation of marine process: Tsunami
events, J. Korean Soc. Coastal and Ocean Engng. 5(1):
pp. 19-24.

Imamura, F.. Shuto, N. 1990. Tsunami propagation by
use of numerical dispersion, Proc. of Int. Sym. Comp.
Fluid Dynamics, Nagoya, pp. 389-395.

Imamura, F.. Shuto, N.. Choi, BH. and Lee, HJ. 1993.
Visualization of Nicaraguan tsunami in September,
Proceedings. IUGG/IOC, International Tsunami Sym-
posium. Wakayama, Aug. 23-27, pp. 647-656.

Kajiura, K., 1970. Tsumami source. energy and the directi-
vity of wave radiation. Bull. Earthq. Res. Inst, 48, pp.
835-869.

Kato. K. and Tsuji, Y.. 1994. The estimation of the fault
parameters of the 1993 Hokkaido-Nansei-Oki Earth-
quake and the characteristics of the tsunami, Earth-
quake Rescarch Institute, University of Tokyo.

Manshinha, L. and Smylie, D.E., 1971. The displacement
fields of inclined faults, Bull of Seismo. Soc. of America,
61(5). pp. 1433-1440.

Pelinovsky. E.. 1992. Criteria of sea wave breaking in ba-
sins of complex topography. . Korean Soc. Coastal and
Ocean Engng. 42), pp. 59-62.

Pelinovsky. ENN. and Mazova, R. Kh, 1992. Exact analyti-
cal solutions of nonlinear problems of tsunami wave
run-up slopes with different profiles. Natural Hazards,
6. pp. 227-249.

Satake, K.. 1986. Re-examination of the 1940 Shakotan-oki
earthquake and the fault parameters of the earthqua-
kes along the eastern margin of the Japan Sea, Physics
of the Eurth and Planetary Interiors, 43, pp. 137-147.

Shuto. N.. 1991. Numerical simulation of tsunami: Its pre-
sent and near future, Namral Hazards, 4. pp. 171-
191.

Togashi. H., 1981. Study on tsunami run-up and counter-
measure, translated Doctoral thesis (in English), To-
hoku University.

Tsuji, Y. 1994. Damages report and analytical discussions
of the 1993 Hokkaido-Nansei-Oki earthquake tsu-
nami. Annual Meeting of Korean Soc. of Coastal and
Ocean Engineers.



