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Simulation of 1993 East Sea Tsunami by Parallel FEM Model
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ABSTRACT >> The simulation of tsunami using detailed bathymetry and topography is required to establish the countermeasure
of disaster mitigation and the tsunami hazard map. In this study, a simulation of the 1993 tsunami event in the East Sea using
parallel finite element model, which is possible to simulate with suitable accuracy by the Beowulf parallel computation method,
is performed to produce detailed features of coastal inundation. Results of simulation are compared with measured data. The
evolution of statistic distribution of tsunami heights is studied numerically and the distribution functions of tsunami heights show

a tendency to the log-normal curve along coastal area.

Key words tsunami, finite element model, statistic analysis, distribution function
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{3 4) Initial free surface profile of 1993 Tsunami.

(E 1) Fault parameters of the 1993 Hokkaido earthquake (Takahashi et al."™¥)

Latitude ("N) Longitude (°E) H (km) 9 () 5 () A ) L (km) W (km) U (cm)
42.10 139.30 5 163 60 105 24.5 25 1200
42.34 139.25 5 175 60 105 30 25 250
43.13 139.40 10 188 35 80 90 25 571
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{2% 5) Snapshots of computed sea elevation for tsunami using FEM model on the 1993 tsunami,
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(a3 6) Comparison of tsunami heights of ADCIRC models with measured data,



He FEM RS 0|88 1993 Sall AT AlZH01M 39

4 5

128

Run-up Height (m)
2

Run-up Height {m)
3

129

1

ay

=
&

§
(a) Calculated tsunami heights (runup ratio: 2.0) (b) Observed tsunami heights

(22! 7) Comparison between measured and calculated data by ADCIRC model in eastern coast of Korea.
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(a) Calculated tsunami heights (runup ratio: 1,28} (b) Observed tsunami heights

(213 8) Comparison between measured and calculated data by ADCIRC model in western coast of Japan,
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{12! 9) Distribution of calculated tsunami heights by ADCIRC model,
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19931 s o] That Q2 Aserol L] BEAS BN (Shuto, 1994) 2R 2&3te] FFL A ANY A B
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Position . Position .
Number e (N) | Longitade () | L oenim) Number I ade (N) | Longiade () | | oen™

1 432744 140.6361 1.07 41 42.6709 139.8840 3.69
2 433028 140.6014 1.57 2 42.5953 139.8317 5.41
3 433653 140.4653 247 3 42.5256 130.8489 6.58
4 433542 140.4597 256 4 42,4583 139.8500 6.09
5 833322 140.4492 230 45 42,4559 139.8483 4.64
6 433319 140.3958 1.70 46 424547 139.8459 230
7 433319 1403778 176 47 42.3803 139.8194 5.85
8 43.2017 140.3486 2.60 48 42,3303 139.8194 551
9 432167 1403283 1.95 49 42,3781 139.8206 5.94
10 43.1958 140.3464 420 50 423731 139.8175 6.70
1 43.1408 140.4297 446 51 422619 139.7878 6.56
12 43.1236 140.4453 479 52 422197 139.8636 494
13 43.1022 140.4619 3.07 53 422188 139.8633 4.88
14 43.0433 1405031 262 54 422188 139.8633 462
s 43.0433 140.5031 3.04 55 42,2200 139.8653 6.10
16 43.0275 140.5281 2.52 56 42.2064 139.8842 6.67
17 43.9964 140.5267 278 57 42,2064 139.8842 636
18 42,9950 140.5307 3.56 58 422004 139.8842 6.03
19 42,9872 140.5183 227 59 42,1325 139.9314 224
20 429715 140.4924 333 60 42,1281 139.9767 2.00
21 42.8794 143.5483 243 61 42,1281 139.9767 243
2 428767 140.3628 335 e 42,0658 140.0683 1.78
23 42.8239 1403003 281 Iz 42,0447 140.0858 1.43
24 428257 1403053 273 64 41.9664 140.1342 1.96
25 42.7665 140.2553 181 65 41.9103 140.1439 2.89
26 42.7950 140.2344 247 66 41.8689 140.1325 1.94
27 427833 140.1550 465 67 41.8669 140.1300 264
28 42,7667 140.1507 492 68 41.8681 140.1236 2.64
29 42.7500 140.1407 241 69 41.8664 1401253 226
30 427428 140.1160 6.17 70 41.8664 140.1253 2.53
31 42.7403 140.1131 479 71 41.8678 140.1236 285
2 427358 140.1038 3.99 72 41.8286 140.1275 245
33 42.7322 140.0878 4385 7 41.8036 140.1153 243
34 42.7299 140.0847 578 74 41.7944 140.0767 221
35 427050 140.0642 5.18 75 41.7047 140.0278 1.63
36 42,6858 140.0367 6.46 76 41.6483 140.0056 1.56
37 42.6875 140.0147 4.03 77 41,5975 139.9864 112
38 42.6883 139.9989 3.90 78 41.5375 140.0019 1.65
39 42,6856 139.9850 1005 79 41.4517 140.0389 113
40 42.6856 139.9894 461 80 41.4250 140.1064 118




44 BHEXIZIEEE = Mi10A A3s (BAH M49%) 2006. 6
Position . Position .
Number - tade (°N) | Longide (E) | | cightm) Number [ tade (N) | Longiude CB) | i)
81 422165 139.5624 3.60 130 42.1103 139.4231 23.28
82 42,2306 139.5633 6.83 131 42.1103 139.4231 31.70
83 422331 139.5633 6.78 132 42.1089 139.4231 15.88
84 42,2363 139.5633 5.16 133 42.1067 139.4258 13.74
85 42,2406 139.5639 4.67 134 42.1075 139.4247 14.01
86 422434 139.5626 7.28 135 42.1050 139.4286 16.19
87 42.2453 139.5601 5.17 136 42.0978 139.4281 13.95
88 422432 139.5592 6.26 137 42.0894 139.4267 19.25
89 422414 139.5584 8.30 138 42.0794 139.4289 21.80
90 422397 139.5563 8.81 139 42.0767 139.4258 13.62
91 42,2382 139.5556 8.04 140 42.0694 139.4297 2221
92 422369 139.5540 6.83 141 42,0681 139.4325 15.49
93 422372 139.5536 7.35 142 42.0661 139.4367 12.35
94 422358 139.5546 8.62 143 42.0631 139.4442 8.95
95 42.2350 139.5531 9.79 144 420619 139.4483 11.35
9% 42,2344 139.5520 9.69 145 42,0583 139.4486 10.67
97 422379 139.5481 9.72 146 42.0561 139.4500 15.36
98 422338 139.5497 9.76 147 42.0558 139.4514 11.90
99 422349 139.5487 6.92 148 42.0547 139.4508 9.79
100 422343 139.5470 5.74 149 42.0535 139.4532 6.72
101 42,2338 139.5448 5.68 150 42.0556 139.4528 5.33
102 422330 139.5436 7.01 151 42,0552 139.4527 5.64
103 422317 139.5426 6.40 152 42,0563 139.4526 4.77
104 422309 139.5405 6.99 153 42.0597 139.4514 5.64
105 42,2305 139.5408 7.79 154 42,0603 139.4514 7.45
106 422305 139.5416 9.12 155 42.0589 139.4531 4.30
107 422294 139.5395 8.97 156 42.0608 139.4511 9.45
108 42,2305 139.5385 8.49 157 42,0622 139.4522 8.04
109 42.2303 139.5356 7.42 158 42.0625 139.4533 6.19
110 422314 139.5331 5.78 159 42,0627 139.4569 8.60
111 422317 139.5289 5.41 160 42.0631 139.4531 8.64
112 42,2289 139.5261 5.67 161 42,0636 139.4536 10.06
113 422325 139.5231 6.83 162 42.0647 139.4528 6.87
114 422225 139.4975 5.69 163 42,0651 139.4576 6.50
115 422144 139.4425 5.91 164 42.0672 139.4592 4.45
116 422111 139.4364 5.79 165 42.0681 139.4622 9.75
117 42.1989 139.4258 494 166 42,0713 139.4664 11.30
118 42.1972 139.4267 6.53 167 42.0692 139.4673 7.06
119 42,1961 139.4258 5.95 168 42,0683 139.4653 10.27
120 42.1836 139.4172 7.40 169 42.0706 139.4744 11.64
121 42.1725 139.4128 5.78 170 42.0697 139.4765 10.71
122 42.1692 139.4139 6.32 171 42.0698 139.4773 1131
123 42,1503 139.4172 6.41 172 42.0694 139.4796 10.84
124 42.1428 139.4253 7.75 173 42.0697 139.4792 16.18
125 42.1358 139.4253 10.85 174 42.0694 139.4792 15.84
126 42.1275 139.4261 1222 175 42.0697 139.4794 18.70
127 42,1175 139.4228 17.67 176 42.0694 139.4814 19.21
128 42,1103 139.4231 2531 177 42.0699 139.4837 13.60
129 42.1103 139.4231 23.19 178 20717 139.4856 12.34




W& FEM 2EZ 0128 19934 Zoll KIRlshY AlgIold 45
Position . Position .
Nurmber Latitude (°"N) | Longitude (°E) Height(m) Number Latitude (°N) | Longitude (°E) Height(m)
179 42.0719 139.4881 8.37 222 40.1489 139.9869 246
180 42.0761 139.4908 6.86 223 40.1261 139.9781 2.17 o
181 42.0769 139.4922 3.81 224 40.0906 139.9603 1.57
182 42.0792 139.4931 5.05 225 40.0564 139.9406 1.63
183 42.1058 139.5061 5.00 226 39.9944 139.8856 1.74
184 42.1208 139.5167 5.36 227 39.9806 139.8694 1.45
185 42.1258 139.5314 5.24 228 39.9600 139.8261 1.07
o 186 42.1268 139.5178 3.87 229 39.9583 139.7897 1.35 |
187 42.1294 139.5192 3.73 230 39.9800 139.7361 1.60
188 42.1347 139.5221 3.14 231 39.9983 139.7108 1.13
% 189 42.1414 139.5221 4.25 232 39.9428 139.7097 1.95
190 42.1464 139.5230 3.94 233 39.9075 139.7339 1.78
191 42.1603 139.5197 3.34 T L 234 39.9097 139.7278 1.36
192 42.1596 139.5181 3.06 235 39.8619 139.7564 1.42
193 42.1703 139.5197 2.25 236 39.8667 139.8372 1.10
194 42.1634 139.5201 - 237 39.8347 140.0178 1.81
195 42.1744 139.5215 4.06 238 39.6686 140.0658 2.05
196 42.1808 139.5231 7.58 239 39.6250 140.0658 1.43
197 42.1821 139.5234 5.85 240 39.5753 140.0611 2.01
198 42,1852 139.5266 6.45 241 39.5389 140.0553 1.18
199 42,1897 139.5294 5.71 242 39.4850 140.0458 1.32
200 42.1919 139.5347 6.00 243 394175 140.0292 1.70
201 42.1864 139.5376 4.68 244 39.3869 140.0175 145
202 42.2000 139.5450 3.03 L 245 39.3700 140.0139 2.03
203 422076 139.5533 1.40 246 39.3489 140.0047 1.47
204 42.2086 139.5533 3.48 247 39.5025 140.0442 1.20
205 422179 139.5571 3.85 248 39.3067 139.9817 1.43
206 41.5444 1409175 0.40 249 39.2900 139.9631 1.18
207 41.5267 140.9022 0.75 250 39.2900 139.9631 1.18
| 208 41.4933 140.9075 0.85 251 39.2006 139.9006 1.49
209 40.8300 140.8308 1.01 252 39.1228 139.8808 1.96
210 41.1325 140.2942 1.85 253 39.0681 139.8756 1.38
211 41.0950 140.3153 1.62 254 38.9186 139.8286 0.73
212 40.6473 139.9258 1.35 255 38.7686 139.7431 0.97
213 40.4125 139.9511 2.17 256 38.7822 139.7569 1.83
214 40.3942 139.9836 2.00 257 38.7219 139.6950 0.85
215 40.3781 140.0025 1.62 258 38.7147 139.6850 1.17
216 40.3350 140.0294 1.72 259 38.6436 139.6008 1.73 |
— — ——
217 40.3178 140.0281 2.39 260 38.5558 139.5467 091
L 218 40.3006 140.0264 3.47 ﬂ hZGl 38.5358 139.5503 2.78
219 40.2650 140.0158 2.77 J 262 38.5358 139.5503 2.57 |
220 40.2408 140.0133 3.11 263 38.4347 139.4864 2.23
221 40.1775 139.9967 1.73 264 38.4347 139.4364 2.61




