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A Tsunami Simulation Model based on Cellular Automata for Analyzing
Coastal Inundation: Case Study of Gwangalli Beach

Jae Woo Joo*, Jun Mo Joo+, Dong Min Kim*, Dong Hun Lee*, Seon Han Choi'

ABSTRACT

Tsunami occurred by a rapid change in the ocean floor is a natural disaster that causes serious damage
worldwide. South Korea seems to be out of the range of this damage, but it is quite possible that South
Korea will fall within the range due to the long-distance propagation features of tsunami and many
earthquakes occurred in Japan. However, the analysis and preparation for tsunami have been still
insufficient. In this paper, we propose a tsunami simulation model based on cellular automata for analyzing
coastal inundation. The proposed model calculates the range of inundation in coastal areas by propagating
the energy of tsunami using the interaction between neighboring cells. We define interaction rules and
algorithms for the energy transfer and propose a software tool to effectively utilize the model. In addition,
to verify and tune the simulation model, we used the actual tsunami data in 2010 at Dichato, Chile. As
a case study, the proposed model was applied to analyze the coastal inundation according to tsunami
height in Gwangali Beach, a famous site in Busan. It is expected that the simulation model can be a
help to prepare an effective countermeasure against tsunami and be used for a virtual evacuating training.
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Fig. 1. An example of celullar automata: Conway’s game
of life (0: death, 1: live).
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Fig. 2. The four directions of cell C.
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Algorithm 1, Set the next direction
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Algorithm 2, Set the next direction in front of buildings
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Fig. 4. An example of determining the next direction of
cell C in front of buildings.
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Algorithm 3, TsunamiSim based on cellular automata

TsunamiSim(£,;,)
t<0
E(to 0) =~ Lo =T E{n width) < Einit
while max(£'9) >= E, o
foreach VC
if E, > E,,, then
switch set_case(C)
case ‘1%
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17
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El.., =E. . —E.X§x—x\,
case ‘3"
EgﬁFeEéXeX)\P
EéﬁLorR HEth (1=e)xAp
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end
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Dir . (D, Efuc, EILfﬁ(*’ E;ﬁm Ell3~>(*)
case 2"
to
l)irBuilding(d L)
B emax(0,E) »— Er o) +max(0, BL p— Eh o) +max (0, B, — B )+ Es .
end
t—t+1
end
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Table 1, Parameter values of the four configurations
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Fig. 9. Simulation results of the four configurations, The
configuration P1 shows the similar results with
the actual data.

rareters Table 2. RMSE values of the four configurations
W ¢ Ap 0 Configurations RMSE

P1 0.7 0.2 0.3 P1 25.273

P2 0.1 0.7 0.9 P2 59.626

P3 0.3 0.95 0.99 P3 95.544

P4 0.5 0.99 0.999 P4 46.139
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Fig. 10. Gwangalli beach: (a) real map image from Naver
map[18] and (b) map data processed by MapT,

Fig. 11. Simulation progress when the height is 10 m,

Fig. 12. Simulation results of costal inundation accord—
ing to the height in Gwangalli,
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