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Development of a Simulation Method for the Evacuation from the
Tsunami and Its Application to Aonae, Okushiri Is., Hokkaido

Fumihiko ImMmamMuURA *, Tasuku Suzuki™*
and Masahiko TANIGUCHI ™ **

Abstract

A well-designed system for evacuations after warning issues is essentially necessary
to reduce human loss. A lack of tools to evaluate an evacuation system lets such
problem remain for long time. The objective of the present study is to develop the
evacuation model simulating the behavior of human and vehicle by using the network
model in the case of a tsunami attack. One of important functions in the model is to
include route self-selecting alternative model at several crossings by interacting and
compiling human behaviors and tsunami impact, road condition, and people
recognition of geometry. And walking and vehicle speed with function of density and
condition on a road can be also included into a model. The validity of the model is
examined in the case of the 1993 Hokkaido nansei-oki tsunami at the Aonae area,
Okushiri, Hokkaido. The number of survivors and casualties estimated by the model
shows good agreement with the reported and the main routes for evacuation to the hill
simulated by the model are same as those by the eyewitness accounts.
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Fig. 1 Flowchart of the evacuation model. The
model is composed of input, treatment
routine in the network model, output

information.
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Fig. 2 Network model in which the street is
indicoted by nodes and links. Information of
land level, length, width and etc. on nodes
and links are given for evacuation.
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Fig. 3 Flowchart showing the evacuation
behavior on the network model. A person
can be on links as an initial condition.
Starting time of evacuation is given for each
people. Evacuation should be completed
when a person arrives at a safety area.
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Table 1 Starting time of evacuation and its percentage of all people, which are estimated by interviews
to the people in Aonae by Univ. Tokyo (1994).
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Fig. 5 Object domain for the evacuation at Aonae, Okushiri, Hokkaido. Initial condition of the people
and vehicles is given. Arrows show the attack direction of the tsunami five minutes at Aonae 5, and
seventeen min. at Aonae 3 and 4 after the earthquake.
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Fig. 6a Computed result of evacuation three minutes after the earthquake. Most of the people started to
move for the hill passing through A and B routes mainly.



RS ERY: J. JSNDS 20-2 (2001)

191

0 {m)—

wo L e
B
200 foo NN

200 L

400 [— .o .

0 200 A00

600 300 1000
{m)

Fig. 6 b Computed result of evacuation five minutes after the earthquake. The tsunami attacked at Aonae

5 minutes after the earthquake.
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Fig. 6 ¢ Computed result of evacuation seven minutes after the earthquake. The people move to the
safety area mainly through A and B routes before five min. and B route after five min.
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Table 2 Comparison of evacuation rate at each time between interviewed and computed.

O~1imin | 1~3min | 3~Bmin | 5~10min | 10~15min
T — b 8.1% 38.3% 36.0% 6.9% 10.7%
HEET ) 9.6% 47.4% 26.6% 15.9% 0.5%
E7ID 23.8% 55.1% 14.1% 6.9% 0.0%

Table 3 Comparison of evacuation rate at Aonae 3, 4 and 5 for each model with different conditions.

iz e T

3K 4K 5% (3E#)
AEER 100% 100% 74.2% 3
HETT) 100% 100% 74.5% 0
TEFILD 100% 100% 93.5% 0
EFFID 100% 100% 91.0% 0
EFINED 100% 100% 98.7% 0.3
TFID 100% 100% 74.4% 0.3
E=FIE 100% 100% 88.6% 1.7
E=FIE 100% 100% 85.2% 11
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Fig. 7 Starting points of evacuation in model ® (This case that the number of cars increases three times
more than the actual situation and cars start to move at the same time three and a half minutes after

the earthquake).
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Fig. 8a Computed result of evacuation four minutes after the earthquake in the case of model ®.
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Fig. 8 b Computed result of evacuation five minutes after the earthquake in the case of model ®.
Stagnation of vehicles takes place at the nodes for A and B routes.
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Fig. 8¢ Computed result of evacuation six minutes after the earthquake in the case of model ®.
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