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Abstract 
A tsunami evacuation simulation model has been developed and applied to the tsunami prone 

area in Shizuoka city, which is located at the southern coast of Japanese main island facing to the 
Pacific Ocean. The model developed can deal with individual’s walking behavior to a shelter 
including avoidance, taking over and following. Several case studies by the developed model show 
the beneficial effect of building a new tsunami evacuation tower. The evacuation tower can save 
larger number of people than its capacity. In contrast, the possibility of making new victims is also 
pointed out. This calamity, however, can be avoided by making zone-based evacuation planning 
which considers the relation among the current and destination locations and estimated tsunami 
arriving time.  
 
1. INTRODUCTION 
It is indispensable for people in tsunami-prone area to evacuate immediately after the occurrence of an 
ocean-trench earthquake. Many urbanized areas at the southern-coast region of Japanese Main Island 
are estimated to be attacked by tsunami within thirty minutes after earthquake occurrence. Evacuation 
activities in such a short time period by a lot of people may be affected by congestion and obstacles in 
pathways to shelters.  It is difficult, however, for people to imagine those effects because of the low 
frequency of such great earthquakes: almost no one has experienced the cases under the densely-
populated conditions. Therefore simulation study comes to be very important to analyze the feasibility 
and performance of the evacuation scheme. In this study, an individual-level evacuation model which 
has been developed by the authors for the analyses of flood evacuation is modified and customized for 
tsunami evacuation  and the performance of actual evacuation scheme alternatives are assessed in 
terms of success ratio of evacuation.  
 
2. EVACUATION SIMULATION MODEL ON AN INDIVIDUAL BASIS 
A tsunami evacuation model developed here is based on the Micro Model for Flood Evacuation 
Simulation developed by the authors [1]. The first version of the model was developed to simulate 
both of the decision making process and moving process to shelters in river flooding. Employing 
some numerical parameters to express the mental attitude, such as danger recognition rate, and some 
artificial intelligence techniques such as production and fuzzy inference enabled to express the case 
where some people do not obey the evacuation information given by authorities and that in which 
some begin to evacuate independently at their own miscreation. Those cases are often reported in field 
surveys of flood disasters. The initial-version model, however, could treat peoples’ behaviors only at 
family level because of the limitation of computer performance. It was also time consuming work to 
make street network model on a computer by manual digitizing of the coordinates of street segment 
based on paper maps. Hori [2] improved the evacuation model by designing a simple geographic 
information system for evacuation simulation. The system used the digital coordinate data of street 
segments in the Spatial Data Framework, which had been prepared mainly for car navigation systems 
by Geographic Survey Institute in Japan. 

When a large scale flooding occurs and a lot of people have to evacuate simultaneously, 
congestion may occur on evacuation routes and affect the performance of evacuation systems. In 
order to take the impact of congestion and obstacles into account, a simple avoidance model is 
introduced in the evacuation simulation model as shown in Fig 1 [3]. An evacuee agent has its own 



detection area in front, where it can 
recognize other evacuees or 
obstacles. When an evacuee finds 
obstacles including other evacuee, it 
tries to pass by the obstacle keeping 
some distance from the obstacle 
(denoted by the symbol h  in the 
figure). If it cannot take the distance 
when it come closer to the obstacle, 
the evacuee reduces its speed 
according to the distance from the 
obstacle or follows the other 
evacuee walking in front. Car 
behavior has been also modeled in 
the latest version of the simulation 

system [4].  
Different from flood disasters, coping with tsunami disasters requires people to start evacuation 

immediately after earthquake occurrence. Some survey reports of recent earthquake disasters, some 
people do not start evacuate immediately after the earthquake and rather try to check information or to 
clear away the broken furniture. In the simulation study of tsunami evacuation, it is not useful to 
express these cases in the model because time loss just after an earthquake is fatal and beyond the 
scope of this study. The issue to be analyzed in this simulation study is how many people can safely 
evacuate and how many fails even when they start quickly. Design of the evacuation systems 
including locations and capacities of shelters will be important in the simulation study. How to guide 
evacuees is also be an issue. Therefore in this study the mental decision making process is skipped in 
tsunami evacuation simulation. All the evacuee begin to evacuate simultaneously just after earthquake 
occurrence. The destination is the nearest shelter from the location at which an evacuee is when an 
earthquake occurs. An evacuee agent is judged to fail when its position is covered by tsunami. 
Tsunami attacking scenario used in the hazard map is adopted for the judgment of success or failure in 
evacuation. 
 
3. APPLICATION AND DISCUSSIONS 
3.1 Target area and simulation settings 
The target area for this analysis is Miho/Orido districts of Shimizu ward in Shizuoka City.  The 
simulation field is a rectangular area 6 km long and 4 km wide. The area faces directly to the Pacific 
Ocean and estimated to be attacked by Tsunami wave less than ten minutes after the occurrence of 
earthquake at the earliest. The municipality of Shizuoka prepared tsunami hazard map, which 
indicates the estimated timing of tsunami incoming and also the location of shelters, and distributed 
them to all the households and offices in the area. Figure 2 (a) shows a part of the tsunami hazard map 
which corresponds to the simulation area. The pink color indicates that the area will be flooded by 
tsunami within 10 minutes after the earthquake occurrence, the orange 10 to 15 minutes, the yellow 
15 to 20 minutes, the purple 20 to 30 minutes and the blue more than 30 minutes. Those pieces of 
information could be a basis for evacuation planning in the area. 

The estimation of tsunami attacking time is disclosed only in the form of paper media or image, 
and not available in digital data. The image information cannot be directly used in the evacuation 
simulation process. Therefore the areas with different timing of tsunami incoming are approximated 
by triangles as shown in Fig 2 (b). In the simulation process, an evacuee agent still being in the area 
colored with pink 10 minutes after the earthquake occurrence is considered to have failed to evacuate. 
The total number of evacuee agents is 13496, which is equal to the population the target area. 
Nineteen shelters are taken into account for the simulation, those of which are buildings and towers 
appointed as tsunami refuges by Shizuoka city. All the people begin to move to the nearest shelter on 
foot immediately after the earthquake with the initial speed of 1.1 m/s (ordinal average waking speed). 
The walking speed may be affected by interaction and other person and congestions.  

The streets are modelled as a digital street network on a computer by the use of vector data for 
Spatial Data Framework of Japan on a scale of a one-2500th. Because the data framework does not 

Fig. 1 Modeling of Avoidance Behavior 



contain road width data, community roads are 
assumed to be 3 m wide each way without 
sidewalk while main roads are assumed to be 6 
m wide with a car lane and a sidewalk each 
way. The street network used in the simulation 
is shown in Fig 3. 
 
3.2 Some typical results and discussions 
In this study, four scenarios are employed for 
the analysis of Tsunami evacuation system: the 
first one is to check the effect of peoples’ 

behavior of avoiding other evacuees, the second how the capacity limitation of shelters influence the 
performance of evacuation scheme, the third the influence of variation in walking speed, and the 
fourth to estimate to what extent a new shelter can improve the performance of evacuation system. In 
each case, all the evacuees begin to walk to the nearest shelter simultaneously just after the occurrence 
of an earthquake. Evacuees’ locations and statuses are computed every one second. 

Figure 4 shows the difference between the cases where avoiding behavior, thus the congestion, is 
considered in the simulation or not. The blue line in the left side graph denotes the number of 
evacuees who successfully reached the shelters in the case that congestion is not considered and the 
red line denotes that in the case of congestion. At the timing of thirty minutes after the start of 
evacuation, the number of successful evacuees is about 500 less in the case of congestion considered. 
In this case study, only the interaction among evacuees is treated in the model. Interaction among 
evacuees and cars, that among evacuees and other obstacles may occur in the actual situation. A 
strong earthquake brings collapse of some buildings and streets may be covered by their wreckage. 
Therefore the influence of congestion will be worse than estimation in this case study.  

We, however, must refer to a limitation of current version of the evacuation simulation model. 
We can see that the number of victims increases between 600 seconds to 900 seconds from the 
beginning in the right-hand graph in Fig X. In this application, tsunami covered area does not change 
during this five minutes. The pink colored areas in Fig 2 are flooded after 600 seconds from the 
beginning and the orange colored just 900 seconds. This implies that during the time between 600 and 

Fig 3. Street Network of the Target 
Area 

(a) Tsunami Hazard Map distributed by the 
municipality 

(b) Approximation by triangles of tsunami 
attacking timing 

Fig 2. The Target Area and Tsunami 
Hazard Map 



900 seconds no additional areas are flooded, which means that no evacuee is washed away during this 
five minutes. There are two reasons for increased number of victims during this time period. One is 
that some people who are still in dry area loose their way to the shelters because some part on the 
route to the shelter is flooded by tsunami. The other is that all the evacuees are modelled not to change 
the destination and route to it. There are some cases where an evacuee agent takes the route on already 
flooded region and then fails to move. This route selection rule is not realistic and needs to be 
improved. The improvement could be done by preparing different minimum route matrix according to 
the progress stage of tsunami attacking in near future. 

The second case study is to check the influence of capacity of the shelters. The red line in the 
left-hand graph in Fig 5 denotes the number of successful evacuees when an evacuee cannot enter the 
shelter which is already full. For the comparing purpose, the number of successful evacuees in case 
that all the shelters have unlimited capacity is shown by the blue line. Off course successful evacuees 
are fewer when the capacity limitation of the shelters is considered. We must note that the difference 
is larger in the beginning half of the simulation time. This is due to the relatively small capacity of the 
shelters located in the area close to the seaside. People who are in the seaside area and cannot come 
into the nearest shelter have to move to the other father shelters, which leads to the smaller number of 
successful evacuees in the beginning half of the analysis period. The number of victims does not 
differ so much until 20 minutes after the beginning whether the shelter capacity is considered or not 
(Fig 5(b)). This is because people who cannot enter the nearest shelters change their destination to 
those located more inland areas, which are flooded by tsunami later. The result implies that the 
relation of the initial location of evacuee and that of target shelters. Guidance of shelters and routes to 
them considering the capacities and the number of evacuees is important. 

In this case of simulation, it is assumed that all the evacuees are notified if a shelter comes to be 
full even though they are apart from the shelter. This type of announcement has not been implemented 
in actual cases and so the estimation of successful evacuees in this simulation might be too optimistic. 
Simultaneous information providing system, however, could be put into practice in near future by the 
progress of information and communication technology. 

The third scenario is for assessing the impact of mixture of different walking speed. The variety 

(a) The number of survivors (b) The number of victims 

Fig 4. The Effect of Considering Avoidance Behavior in Evacuation Process 

(a) The number of survivors (b) The number of victims 

Fig 5. The Effect of Capacity Limitation of Each Shelter 



of waking speed may cause congestions. In this case study, walking speed of people older than 65 
years old is set to 0.7 m/s according to the experiments on health science. The number of people older 
than 65 in each district in the area is determined according to the city report and on average 31% of 
total population. Figure 6 shows the numbers of successful evacuees and victims (red line). The blue 
lines denote those in the case where identical walking speed is assumed. In both cases, capacities of 
the shelters are considered and so the blue lines in the figure is the same as in the red lines in Fig 5. 
Because of the congestion and time loss brought by slow walkers, the number of successful evacuees 
is about 1500 less than the case with identical walking speed. More people are attacked by tsunami 
around 30 minutes from the beginning than in other scenarios. This is also due to the longer time for 
moving to the shelters. 

The last case study deals with the scenario in which one new shelter is constructed in the target 
area. Actually Shizuoka city is planning to build a tsunami evacuation tower at the south-west point 
close to the coast. The location is indicated by the white circle in Fig 2(a). The capacity of the tower is 
400 people. Figure 7 shows the numbers of successful evacuees and victims. The red lines give those 
in the case where a new tower is available. The blue lines are for the case with no additional shelter, 
which are the same as red lines in the previous figure (the case where shelter capacity and slow 
walkers are considered). We can see that the new shelter contributes to increase the number of 
successful evacuees by about 2000. It is worth mentioning that a shelter with the capacity of 400 
people can save lives of 2000 people. People who are close to the new shelter can rush into it avoiding 
tsunami flooding. This means that there are less people on the road and remaining people can move 
more quickly with less congestion. On the contrary the number of people who failed in evacuation 
around 15 minutes from the beginning is larger in the case with additional shelter (Fig 7 (b)). The 
reason is that some people who are in the area where tsunami comes later try to reach the new shelter 
which is located in earlier-attacked area. This result implies the possibility that a person who can 
successfully evacuate from tsunami to the existing shelter may fail when he tries to go the new closer 
shelter. In order to avoid this unfortunate case, it is necessary to consider the relation between the 
timing of tsunami attacking and locations of current position and destination as well as the distance to 
shelters. More precise zoning seems to be necessary to indicate where to go in case of tsunami 

(a) The number of survivors (b) The number of victims 

Fig 6. Effect of Walking Speed Distribution 

(a) The number of survivors (b) The number of victims 

Fig 7. Effect of Building One Additional Shelter 



warning according to people’s current locations.  
 

4. CONCLUDING REMARKS 
A tsunami evacuation simulation model has been developed and applied to the tsunami prone area in 
Shizuoka city, which is located at the southern coast of Japanese main island facing to the Pacific 
Ocean. The model developed can deal with individual’s walking behavior to a shelter including 
avoidance, taking over and following. Modeling these types of behaviors enables to estimate the 
impact of congestion and obstacles on evacuation. 

Applying the model to evacuation simulation from tsunami in Shizuoka city shows the beneficial 
effect of building a new tsunami evacuation tower. According to the simulation results, it can be 
concluded that the evacuation tower can save larger number of people than its capacity. In contrast, 
the possibility of making new victims is also pointed out. This calamity, however, can be avoided by 
making zone-based evacuation planning which considers the relation among the current and 
destination locations and estimated tsunami arriving time. The case studies have also revealed that the 
assumption that an evacuee agent does not change the route to the destination may cause unrealistic 
simulation results. The assumption is made for the purpose of simplicity and of saving computational 
time. It is also possible to correct this deficit and will be done in near future. 

 
References 
[1] Takasao, T., Shiiba M., and Hori, T., (1992): Micro model simulation and control of flood refuge 
actions, Applications of Artificial Intelligence in Engineering, Elsevier, Vol.7, pp.1049-1065. 
[2] Hori, T., and Shiiba, M., (2004): Micro model simulation tools for performance design of a flood 
risk management system, Journal of Natural Disaster Science, Japan Society of Natural Disaster 
Science, 26(2), pp.73-80. 
[3] Hanajima, K., Hori T., and Nohara, D., (2012): Multiagent-based flood evacuation simulation 
model considering the effect of congestions and obstructions on the pathway, IAHS Red Book, 
Vol.357, pp.181-189.  
[4] Hanajima, K., Wada, Y., Hori T., and Nohara, D., (2014): Car behavior model used in simulating 
flood evacuation, Journal of Japan Society of Civil Engineers, Ser.B-1 (Hydraulic Engineering), 
Vol.70 No.4, pp.I-1525-I-1530. 
 


	SIMULATION-BASED ASSESSMENT OF TSUNAMI EVACUATION SCHEME IN AN URBANIZED AREA AT SOUTHERN COAST OF JAPAN
	Abstract
	References


