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Abstract—In Japan, the natural disasters causes a lot of
damages of residents. For example, the flood caused by heavy rain
and house collapse due to earthquake. As you know, no one can
evacuate from earthquake because it is not knowable that when
the earthquake will occur. The residents, however, often have
chances to evacuate from flood caused by heavy rain because
there is a little time left before the flood occurs. In order to
improve the evacuation ratio, the system to share the evacuation
status of neighbors has been proposed. Although a survey showed
that the system is so effective to improve the evacuation ratio, the
number of neighbors to share the evacuation status has not been
clear. The aim of this study is a development of the simulation of
the residents in order to find the optimal number of the neighbors
to share the evacuation status. In this paper, the simulator based
on the behavioral psychology for the evacuation ratio in flood
is considered. The main target in the simulation is the action of
human, so the game theory is appliable. The residents, which
is players in the game theory or agents in the simulator, will
make decisions based on the statuses of their neighbors. In the
experiments, the actual evacuation ratio can be obtained by a
simulation with a premise that the residents can never know the
evacuation status of their neighbors. For the future work, the
optimal number of neighbors to share evacuation status should
be simulated in view of the improvement of evacuation ratio in
flood.
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I.

I NTRODUCTION

These days, we have caught a lot of rains especially
in summer. It is said the climate in Japan has changed to
a subtropical climate. Because of that, there are a lot of
flood due to heavy rain in Japan. Of course there are some
natural disasters in Japan such as earthquake, typhoon, and
volcanic eruption. You cannot forecast the occurrence of an
earthquake nor volcanic eruption, but you can roughly forecast
the occurrence of flood because it is due to at least several tens
of minutes’ heavy rain. Even though you may not forecast
exactly whether or not that a flood will occur, but you have
enough time to evacuate before the flood occurs.
A survey showed that the evacuation ratio was about 4.6%
in flood occurred in 2018[1]. As you can guess, most of the
residents were able to evacuate but they didn’t. That’s because
they thought that they couldn’t suffer from the flood. The more
residents evacuate, the less the damage get to be. Therefore,
the system to improve the evacuation ratio is so important and
the urgent task.

The floods are so horrifying to humankind and a lot
of research have been done to escape them. For example,
the develop of the hazard map[2][3], the speed of persons
evacuating in water of flood[4], the simulation of the urban
flood[5], and so on.
These researches are useful after the evacuation ratio gets
high enough, but the actual ratio is not. A lot of persons
keep staying home while the crisis is approaching, and they
are probably just looking at the screen of televisions or
smartphones or the outside window because they are afraid that
their home would be flooded actually. Fortunately, the modern
persons can use not only global broadcast as an information
source, but also a lot of social media such as Twitter and
Facebook. Therefore, the social media is one of the “keys” to
make persons evacuate.
The persons can “talk” with others in social media and
it’s different from the televisions or radio[6][7][8]. Therefore,
the persons can not only receive the information but also ask
the situation in which theirselves are to someone in social
media. In [9], the social media can reduce the evacuation
ratio because the inaccurate or misleading information in
social media. However, that means the accurate information
or reliable information is important to improve the evacuation
ratio.
By the way, Japanese people strongly tend to think that an
action which is not similar to the others is so embarrassing[10].
In other words, a person do something because the other
persons do so. This is also known as the bandwagon effect[11].
Therefore, the persons will evacuate if the other persons, especially the neighbors evacuate. On the other hand, in modern
Japanese society they have little communication with neighbor
residents [12]. Many persons, especially young persons doesn’t
know even the face of neighbors. That’s why the residents
cannot get the information whether or not the neighbors have
already evacuated in flood, and they cannot evacuate because
they think “the neighbors should still be at home.”
A novel system to solve the problem by sharing the
evacuation status of neighbors without communication of face
to face have already proposed[13]. The system is so accurate
because the system gives the information whether or not the
persons have been evacuated. Of course, one can push the
button even though they keep staying home, or one can forget
to push the button even though they begin to evacuate but the
system gives the information as the ”evacuation ratio,” so the
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acts of irregular become inconspicuous regardless of malicious
intents. That means the system have a possibility to improve
the evacuation ratio.
Persons, however, may not be able to decide to evacuate
if they’re sharing only one neighbor’s status each other, and
they also may not decide to evacuate if they’re sharing the
evacuation status of all residents in their town. Therefore, the
optimal number of neighbors the residents should share is
needed in order to use the system efficiently.
In this paper, the system to share the evacuation status is
shown in Section II and explain the game theory in order to
simulate the residents’ action of evacuation in Section III. After
that, the new simulation method to obtain the optimal number
of neighbors is shown in Section IV. With the simulation, the
optimal number of neighbors to share the evacuation status
will be obtained.
II.

Fig. 1. Questionnaire 1: When you decide whether or not to evacuate during
a heavy rain, which is more influential, the evacuation status of neighbors or
official evacuation advisory?

E VACUATION -S TATUS -S HARING S YSTEM

Prior to the study, a questionnaire survey was conducted
to determine what to use when deciding whether to evacuate.
The subjects of the questionnaire are 1,000 men and women
in their teens and 80s. The questionnaire of the questionnaire
is as follows.
•

When you decide whether or not to evacuate during a
heavy rain, which is more influential, the evacuation
status of neighbors or official evacuation advisory?

•

Do you care whether people around your home have
evacuated when you decide to evacuate during a heavy
rain?

•

When you decide whether or not to evacuate during a
heavy rain, which of the following situation will make
you more likely to evacuate?
(a) The official evacuation advisory is not issued
but the almost of all neighbors have evacuated.
(b) The official evacuation advisory have been
issued but the almost of all neighbors stay
home.

•

Which of the following situations would you consider
starting evacuation in a heavy rain? (Note that the
”alert level” in the following choices is defined in the
5-point scale for Severe Weather Preparation Information.)
(a) I don’t care about the neighbors.
(b) Almost all of the neighbors have evacuated.
(c) 80% of the neighbors have evacuated.
(d) 50% of the neighbors have evacuated.
(e) 30% of the neighbors have evacuated.
(f) 10% of the neighbors have evacuated.
(g) The official issued alert level 4 near home
(Evacuation advisory or instructions).
(h) The official issued alert level 3 near home
(Evacuation preparations).
(i) The official issued alert level 4 in the neighboring town (Evacuation advisory or instructions).
(j) The official issued alert level 3 in the neighboring town (Evacuation preparations).

Fig. 2. Questionnaire 2: Do you care whether people around your home
have evacuated when you decide to evacuate during a heavy rain?

Fig. 3. Questionnaire 3: When you decide whether or not to evacuate during
a heavy rain, which of the following situation will make you more likely to
evacuate?

The results of these questionnaires are shown in Fig. 1 to
Fig. 4.
As you see in from Fig. 1 to Fig. 3, regardless of age,
about 60% persons think the neighbors’ evacuation status are
more influential than the other (Fig. 1). So, the other persons
don’t care about neighbors? That’s not true. They do care
about neighbors. The Fig. 2 shows that more than 90% persons
care about the status of neighbors. Not only they care of the
neighbors, they think the neighbors’ status is more important
factor to decide whether or not evacuate than the official
evacuation advisory (Fig. 3). Then how many neighbors are
needed to make residents evacuate? You can see that about
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community between neighbors. It is said that the residents
don’t know the neighbors’ face each other.

IV.

S IMULATION M ETHOD

In this paper, we propose the multi-agent simulator of the
residents action whether or not evacuate and the simulation is
based on the following factors.

Fig. 4. Questionnaire 4: Which of the following situations would you
consider starting evacuation in a heavy rain?

50% residents will evacuate if a half of neighbors evacuated
(Fig. 4). Therefore the system to share the neighbors’ evacuation status is so effective to improve the evacuation ratio. You
can also notice in Fig. 4 that about 80% persons think they
will evacuate if the evacuation alert level 4 is issued near their
home. They, however, may not be able to evacuate because
the depth of the water in front of their house is too deep to
evacuate safely. If the depth of water becomes as high as knee
level, it is so difficult to walk around safely. It follows that
all of 80% persons who decide to evacuate can not always
evacuate even if the evacuation alert level 4 is issued.
The fear of sharing neighbors’ status is that all of the
residents think “I don’t need to evacuate because the sharing
system shows that nobody have evacuated,” because the sharing system also share the status of “nobody have evacuated.”
You, however, don’t think about the fear because Fig. 4 shows
that about 10% persons don’t care whether or not neighbors
evacuated, so they will evacuate according to the evacuation
advisory. Now, consider the number of neighbors to share the
evacuation status with the game theory.
III.

•

The “agents” are residents in a town.

•

The agents in 10% evacuate according to the alert
level; They evacuate in the probability of 18.6% at
the alert level 3 or 79.6% at the level 4.

•

The agents in 90% decide to evacuate according
to the neighbors’ evacuation status and alert level
of the 5-point scale for Severe Weather Preparation
Information. The probability to evacuate is based on
the results of our survey in Section II.

•

The agents know whether or not the neighbors have
evacuated. The number of neighbors a resident can
know is changable.

•

The agents are defined per household.

•

The residents cannot evacuate if the depth of water in
front of their house is more than a half of meter.

•

The time series should be based on actual events
after heavy rain. It means that the damage spreads
depending on the geography.

The prototype of the simulator including the above factors
except for the last one has been developed. Now, the algorithm
of the simulation is shown below.

Algorithm
1)
2)
3)

G AME T HEORY

With a sharing system of evacuation status, the residents
think whether or not evacuating is better than staying home.
In one survey, the residents thought “I will be ashamed if
I become the only one to evacuate,” although they should
have known it’s safer to evacuate than keep staying home.
Probably, that is the Japanese. The residents thought what is
the best action for themselves. Therefore, their thinking can
be simulate with game theory. Note that the best action for a
resident is not always one to save a life. It is often the action
not to be ashamed. Most of Japanese people think that they
are “ashamed” if their action is not similar to the others.
As you know, the game theory is well-known method to
simulate the social situations among competing players [14].
There are two kinds in the game theory, noncooperative game
theory and the cooperative game theory. In this evacuation
problem, which one is the suitable? The answer in Japanese
society in modern is “noncooperative,” because there are little

4)
5)
6)
7)
8)



Generate the agents.
Place the agents in random location.
decide the number of neighbors to share the
evacuation status.
Advance the time.
The official issues the evacuation alert properly.
The agents decide whether or not evacuate according to the probability calculated by the result
of survey.
The damage spreads from the point of the river
overflowed according to the time.
Finish the simulation if the flood calms down or
the all of the residents left in their house get not
able to evacuate, or return to 3).





When the simulator stopped, the evacuation ratio is obtained. Our goal is improvement of the evacuation ratio by
adjusting the number of neighbors to share the status. The
statuses of agents in the simulation are displayed like Fig. 5,
where the agents and area situation are colorized according to
the status. The colorization rule is shown in Table I and Table
II.
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TABLE I. C OLORIZATION FOR THE AREA
Color
Brown
Light blue
Dark blue
Yellow
Orange

Status
The area of not flooded.
The area of flooded.
The point of the river overflowed.
The area that alert level 3 is issued.
The area that alert level 4 is issued.

TABLE II. C OLORIZATION FOR THE AGENT ’ S STATUS
Color
Gray
Green
White
Red

Status
An agent
An agent
An agent
An agent

who
who
who
who

has evacuated according only to the alert only.
has evacuated
keep staying home.
cannot evacuate and forced to keep staying home.

V.

EXPERIMENT

In order to verify the simulator, some experiments have
been conducted. In the experiments, the following parameter
were changeable.

(a)

•

The speed at which the flood spreads.

•

The alert area.

•

The number of neighbors to share the evacuation
statuses.

The assumed speed at which the flood spreads is referring
to the data of the actual flood in 2018 at the Mabi-cho in
Okayama prefecture in Japan. Note that this simulator is just
a prototype and the geographic factor is not concerned, so the
following parameters may be different in detail from the actual
flood.
•

The flood spreads concentrically from the central point
of the screen.

•

The speed at which the flood spreads is assumed to
be 0.167 m/s.

•

The alert-3 area is the 500m outside the flood area.

•

The alert-4 area is the 100m outside the flood area.

(b)

In the experiments, the number of the neighbors to share
the statuses are different (Table III).
TABLE III. E XPERIMENTAL CONDITIONS
The experiment number
1
2
3
4
5
6
7

(c)

Fig. 5. The simulator displays the statuses of agents, which are distinguished
by the color. The displayed statuses change in order from (a) to (c).

The number of neighbors to share the statuses
Decided according to the survey.
0
10
20
50
100
200

In experiment 1, the number of neighbors to share the
statuses is decided according to the another survey “how many
neighbors do you think to want to share the evacuation statuses
if you can,” and the result is shown in Fig. 6. That means that
the 46% of the agents can know 10 neighbors’ statuses, 29%
can know 25% neighbors’, and so on.

www.ijacsa.thesai.org

738 | P a g e

(IJACSA) International Journal of Advanced Computer Science and Applications,
Vol. 11, No. 4, 2020
Therefore, a resident comes to evacuate as early as possible if
the neighbors have already evacuated. On the other hand, the
community between residents becomes thinner than before, so
the residents cannot get the information whether or not the
neighbors have already evacuated. That result in the low ratio
of evacuation. With our system to share the evacuation statuses
of neighbors, the residents can get the information whether or
not the neighbors have evacuated easily, but the number of
neighbors to share the information is a problem. It’s not good
that the number of that is too small because the residents think
“just a few persons have evacuated,” while it’s also not good
that the number of that is too big because the evacuation ratio
in the neighbors increases slowly.
VIII.
Fig. 6. Questionnaire 5: The number of neighbors to share the evacuation
statuses.

we conducted 1000 times simulation to get the average
evacuation ratio in each experiments, and the results are shown
in Table IV.

F UTURE W ORK

The result of simulation is reliable because the simulator
based on the result of survey. This simulator, however, is a
prototype so that the geographic factor is not considered, the
time needed to evacuate for residents, the case that the road
to use for evacuation is not available, and so on. These factors
should be considered in the future work and obtaining the
optimal number of neighbors to share the evacuation status is
a final goal of this study.

TABLE IV. E XPERIMENTAL RESULTS
The experiment number
1
2
3
4
5
6
7
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