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2.2. Fatalities and Evacuation Activities 
 
The population and human loss ratio in each of the seven areas in Yuriage are shown in Table 2.1 and 
Fig. 1. Also, in Table 2.1, number of casualties, population, human loss ratio, and ratio of houses 
washed away in each area are summarized. This table also depicts the number of elderly people with 
ages of over 75 years. According to Murakami et al. (2012), fatality rate increases as age becomes 
higher assuming that is because of difficulty in moving, walking, and obtaining information by 
handicapped and elderly people. Moreover, dividing the number of death toll in each age range from 
Murakami et al. (2012) by population data of inundated area in Natori city extracted from national 
census data of 2010, the fatality rate for each age range was calculated as represented in Fig. 2. As 
seen, the fatality rate increases as the age goes up.     
 
Table 2.1. Fatalities, population and damage rate of houses (Murakami and Kashiwabara, 2011) 
Yuriage areas Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 Area 7

Number of human loss 49 200 43 84 64 138 89 

Population 667 895 356 755 533 1062 832 

Human loss ratio (%) 7.3 22.3 12.1 11.1 12.0 13.0 10.7 

Ratio of elders - age over 75 (%) 11.8 14.6 17.3 16.5 7.4 9.7 4.9 

Ratio of houses washed away (%) 21 81 100 100 96 90 91 

 

 
 

Figure 2. Fatality rate in Yuriage  
 
 
3. EVACUATION ACTIVITIES  
 
When a tsunami runs up on land, the buildings in the inundated areas are damaged often to such an 
extent that they may be washed-away, collapse completely or be flooded. Human loss is difficult to 
predict, because it depends on evacuees evacuation activities. The topography of Yuriage area of 
Natori city is a nearly flat coastal plain with most elevation less than 5m.  Hence, prompt evacuation to 
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According to field surveys conducted among the survivors of the tsunami in other regions, pre-
evacuation time for Yamamoto and Minami Sanriku areas was more than 30 minutes. It has also been 
reported that comparatively less people heard warnings or messages from the local government or the 
local mitigation centers (Dulam et al. 2012). This pre-evacuation time depends on many factors like 
perceived importance, uncertainty of the warning, finding family members, gathering valuables, etc. 
Based on the field survey results and watching the NHK documentary movie (NHK Special, 2011), we 
have classified the 28 main evacuation routes and assigned an evacuation startup time for each route. 
Fig. 3 shows these evacuation routes, direction of evacuees flow, and time for starting evacuation.  
 
 
4. SIMULATION MODEL  
 
In this research, we have developed a model based on concepts from swarm intelligence known as 
Particle Swarm Optimization (PSO). The proposed model was originally developed to simulate crowd 
dynamics and behaviors during evacuation from individual buildings. In this study, we will show its 
application to analyze tsunami evacuation dynamics. The model can simulate human behaviors such as 
pre-evacuation times, crowd flow movement, overtaking, dynamic obstacle avoidance and walls 
avoidance. Human behaviors observed during evacuation can be classified into one of the following 
categories: 1) Psychological behaviors: These behaviors are based on individual characteristics. Some 
of the behaviors include making a decision to evacuate, leaving the activities currently engaged in, 
taking the shortest exit out of the area, overtaking slower moving occupants, swerving away from 
danger, avoiding obstacles, taking alternate exits in case of overcrowding, etc.; 2) Physiological 
behaviors: These behaviors are the occupant’s physical response to effects of danger. Some of the 
examples are poor visibility (in the case of heavy traffic), the effect of flood velocity on the evacuees’ 
velocity and mobility, etc.; and 3) Social behaviors: These behaviors include the evacuees’ interaction 
with other occupants. They are among the most difficult behaviors to simulate. PSO was originally 
developed by Kennedy and Eberhart, 1995 and has previously been applied to solve nonlinear 
optimization problems (Javanbarg et al. 2012a and Javanbarg et al. 2012b).  
 
PSO can be briefly described as an evolutionary computation technique based on swarm intelligence. 
Each individual in a swarm is called ‘particle’, and changes its positions over time. Each particle 
represents a potential solution to the problem. In a PSO system, particles fly around in a search space. 
During its flight each particle adjusts its position according to its own experience and the experience 
of its neighboring particles, making use of the best position which is called ‘particle best’ encountered 
by itself and its neighbors. The overall effect is that particles tend to move towards most promising 
solution areas in the search space, while maintaining the ability to search a wide area around the 
localized solution areas. The performance of each particle is measured according to a pre-defined 
fitness function, which is related to the problem being solved and indicates how good a candidate 
solution is. The algorithm of PSO is described as the following: 
 

))()(())()(()()1( 2211 txtprctxtprctvtv idgdidididid   (4.1) 

 
ttvtxtx ididid  )1()()1(  (4.2) 

 
where 1t  is iteration (time) and equals 1s, Ni ,...,2,1 is the particle's index, nd ,...,2,1
indicates the particle's d-th components, 1c and 2c are the positive constants referred to as cognitive 

and social parameters, respectively ( 1c and 2c are considered 1 in this study), and 1r and 2r are random 

numbers uniformly distributed in ]1,0[ , denoted as ]1,0[, 21 rr .  
Using PSO tsunami evacuation dynamics can be simulated in the following steps:  

- Tsunami arrival time is used as the startup of evacuation. Every iteration in PSO is considered 
one second (t=1 sec). 

- The population in each area is known (swarm). For each area depending on evacuation startup 
time, the PSO loop starts and runs the swarm toward the exit.  
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