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Abstract: This paper analyzes the factors associated with the district tsunami victim rate in 2011 by age class/group in Ishinomaki city, 
Japan. Sea or river visibility and evaluation potential from the temporary facilities to higher hills are factors associated with victim rate 
in addition to tsunami depth. In addition, victim rate, especially for elder people, is low in the districts that have higher aging rate. The 
characteristics of these districts are: (1) many people are engaged in fishery related jobs and know each other and (2) higher hills are 
behind the beach.  
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1. Introduction  

Natural catastrophes with more than 100 victims and 

one billion USD direct physical losses have increased 

significantly in recent years [1]. In Japan, the Great 

East Japan earthquake and tsunami in 2011 caused 

more than 19,000 victims. In the analyzed study area 

of Ishinomaki city 3,518 people died and 439 people 

were still missing in 2014 (the end of January) by 

more than 10 m tsunami depth. The return period of 

this huge tsunami is expected by 400-1,000 years. 

Five years have passed since the disaster. However, 

more than 150 thousand people have been evacuated 

[2]. 

In general, there are three disaster risk 

measurements to protect and reduce victims from 

natural disasters such as tsunamis, flooding or land 

slides [3]: (1) infrastructure (seawalls, dykes, levee); 

(2) land use regulation and building codes; (3) 

information provision together with ICT. 

It takes a large amount of money to construct 

infrastructures. Therefore cost effectiveness is 
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strongly required. Land use regulation and building 

codes are also useful. However, they sometimes 

restrict property rights. Whether compensation is 

required or not has been one of the issues. It is said 

that the risk needs to be socially recognized as 

considerably high to restrict residential location. 

Information provisions are broadly used in the world, 

such as hazard and evacuation maps, alert systems etc. 

Needless to say, the effectiveness of this measurement 

depends on the type of disaster, the accuracy and the 

access to information. In case of the Tohoku 

earthquake, the tsunami reached the Tohoku region, 

Japan about 30 min after the earthquake. Therefore, if 

people started evacuation behavior directly after the 

earthquake the number of victims would have been 

diminished remarkably [4]. In case of the 2011 

tsunami, the JMA (Japan Meteorological Agency) 

announced six meters of tsunami height for Miyagi 

prefecture and three meters for Iwate and Fukushima 

prefecture [5]. Indeed more than 10 m height was 

observed which shows the inadequacy of forecasting 

and accuracy information regarding not only average 

height of tsunamis but also confident interval is 

important factor. Moreover if blackout happens, it is 
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not easy to access the information. Therefore, these 

three measures must be appropriately combined. In 

addition, insurances/mutual aid are also useful to 

avoid the remaining risk such as property damage or 

temporal expense (regarding current Japanese 

situation, please see Appendix A). 

To discuss cost effective measures, it is important 

to learn from the current events. As Jonkman et al. [6] 

pointed out, there are not many studies which discuss 

the district victim rate by natural disaster mainly due 

to difficulties to obtain data. In addition, even if it is 

the same tsunami depth, the victim rate shows big 

variation among the affected districts. However, it is 

unclear which factors affect the variation. 

In this study, based on victim data by district and 

age class in Ishinomaki city, Miyagi prefecture, Japan, 

the factors associated with district victim rate are 

discussed.  

In section 2, overview is shown. Data and 

methodology are provided in section 3. The results are 

shown in section 4 and concluded in section 5. 

2. Overview 

Jonkman, Vrijling and Vrouwenvelder [7] 

developed new mortality functions by analyzing 

empirical information from historical floods. They link 

mortality rates amongst the exposed population to 

flood characteristics. Jonkmanet al. [6] analyzed the 

victims by Hurricane Katerina and showed that almost 

60% of all fatal victims were over 65 years old. Similar 

to historical flood events, mortality rates were the 

highest in areas near severe beaches and in areas with 

large water depths. Water depth and raising speed of 

water level were and still remain the main factors for 

victim rates. 

Mauro, Bruijn and Meloni [8] compared three 

methods for estimating fatalities due to flooding, using 

the 1953 Canvey Island (UK) flood as a case study. 

The methods included mortality function [7], flood risk 

to people [9] and life safety model [10]. Following 

Mauro, Bruijn and Meloni [8], the results of such 

models should not be considered as absolute numbers 

of fatalities. Instead, they should be applied to search 

for an order of magnitude of fatalities to inform flood 

risk managers, or to find areas of higher risk. The most 

important thing is to provide an accurate 

characterization of the area by analyzing historical data 

and by working closely with the local population to get 

a better image of the area. 

Regarding the Great East Japan earthquake and 

tsunami 2011, Tani [11] shows the victim rate by 

regions which consist of some districts1. Ushiyama et 

al. [12] analyzed the relationship between primary 

causes and rate of victim in every 0.5 km mesh. The 

primary causes of statistical significance were tsunami 

depth, tsunami arrival time, lowland and the population 

density in the affected area. However, victim rate by 

age class was not discussed. 

Tanishita and Asada [13] showed that sea visibility, 

tsunami height, districts where the 1960 Chile Tsunami 

reached, and a location of temporal evacuation site, 

have affected the district victim rate. However, it is 

unclear if these factors are also applicable for other 

regions. In addition, victim rate by age class has not 

been discussed. 

In this study, in addition to tsunami depth, the author 

investigates the following variables: (1) tsunami 

history; (2) height of sea wall; (3) sea or river 

visibility; (4) evacuation potential from the temporary 

facilities to higher hill. Of course, raising speed of 

water level is another important variable. However, 

unfortunately, the author could not obtain the data. 

Also shown is the district tsunami victim rate by age 

class. This is also contribution of this paper. 

3. Data and Methodology 

3.1 Data 

The collected data are shown in Table 1. There are 

94 districts where more than 1 m tsunami reached in 

Ishinomaki city (Fig. 1). The districts of Ishinomaki  

                                                           
1 District is the smallest administrative area which we can 
obtain statistical data. 
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Table 1  Data.  

Variable Source Remarks 

Population by age class National census 2010 About 70% of victims are found in or near their houses 
[14]. Victims by age class Ishinomaki city 

Tsunami depth 
The geospatial information 
authority of Japan 

100 m mesh 
Center of gravity for urban area 
Housing concentrated point for peninsula area 

Tsunami history Ishinomaki city Area where 1933 and/or 1965 tsunami reached 

Height of seawalls Miyagi prefecture  
Sea or river visibility from the temporary 
evaluation facilities 

Google street view 
Temporary evaluation facilities data are provided by 
Ishinoamaki city Evacuation potential from the temporary 

facilities to higher hill dummy 
Google maps 

 

 
Fig. 1  Ishinomaki city (Onagawa town is also included). 
 

city are roughly divided into two groups. The urban 

area is relatively flat and has a low altitude. The other is 

peninsula area with small beaches and higher hills 

behind. More than 50% of the total population of 

Ishinomaki city live in the urban area. The peninsula 

area is mostly inhabited by many people engaged in 

fishery related jobs.  

In this analysis, the victim rate is calculated based on 

residential address as about 70% of victims were found 

in or close to their houses [14].  

Basic statistics are shown in Table 2. At first, the 

victim rate was separated into three groups (0-19 years 

old, 20-64 years old, over 65 years old) (Fig. 2). As 

most of the students were in school when the great 

earthquake occurred, we could not find a clear 

relationship between tsunami depth and victim rate in 

0-19 year old group. In addition, there was no 

significant difference in men and women. 

For adults (over 20 years old), we can see positive 

correlation between tsunami depth and victim rate. 

However, a large discrepancy among districts can be 

noticed. There is one district (Kamagaya) where more 

than 50% of the younger and older population died. 

(http://www.nbcnews.com/id/42577510/ns/world_news

-asia_pacific/t/amid-losses-japan-determined-reopen-sc

hools/#.Vp0CfiqLSM8 (Last access: May 25, 2018)). 

3.2 Methodology 

It is well known that water depth is one of the key 

factors to explain tsunami victim rates. Therefore, the 
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author focused on the victim rate divided by tsunami 

depth as an explained variable. He applied t-test and 

correlation test to judge whether the factor affects the 

victim rate or not.  

4. Results 

4.1 Factors Associated with Tsunami Depth Victim Rate  

Figs. 3-5 show the boxplots and scatterplot between 

victim rate per tsunami depth and the following 

factors: tsunami history, seawall height, sea or river 

visibility and evaculation potential. 

As it can be seen in Figs. 3-5, tsunami history and 

height of seawalls do not relate to victim rate (null 

hypothesis cannot be rejected at 5% significant level by 

t-test and correlation test). Regarding seawall height, it 

does not affect the victim rate in case of more than 10 

meters tsunami. 

On the other hand, sea or river visibility and 

evacuation potential from the temporary facilities to 

higher hill, affect the victim rate. Null hypothesis that 

per tsunami depth victim rate is rejected (p-values are 

0.00). As sea or river visibility and evacuation potential 

are correlated, it is not easy to see which factor is more 

important, but if we can see sea or river and evacuate to 

higher hills from the temporary facility, per tsunami 

depth victim rate is the lowest. 

4.2 Tsunami Victim Rate by Age Class 

Fig. 6 shows the victim rate by age class in three 

groups differentiated by aging rate. In low aging rate 

districts which are mostly located in urban areas, we 

can find concave relationship between age class and 

victim rates. On the other hand, districts with more 

than 50% of aging rate, most of victims are over 65 

years old but the victim rates of elderly are lower than 

rates in low aging rate districts and almost flat among 

age classes. 

4.3 Summary 

The characteristics of districts which show higher 

victim rates are: (1) hardly to see sea or river from the 

temporary evacuation facilities; (2) difficulty to 

evacuate from the temporary facilities to higher hills 

when tsunami reaches. In these districts, victim rates 

increased about 3% when tsunami depth increased one 

meter (Fig. 7).  

On the other hands, districts which show lower 

victim rates, have small beaches with higher hills 

behind. These districts also have a higher aging rate. 

Terrain and fishery related daily life including bands 

within inhabitants may also affect the victim rates. 
 

Table 2  Basic statistics.  

Variable (unit) Min. 1st QT Median Mean 3rd QT Max. SD 

Population  33 170 424 727.5 882 7,530 1,046 

Aging (65+) rate 0.12 0.27 0.32 0.33 0.37 0.78 0.12 

Number of victims 0 3 8 27 24 260 49 

Victim rate*1 0 0.01 0.02 0.05 0.06 0.39 0.06 

Tsunami depth (m) 1 1.8 3.6 4.2 5.8 13.7 2.9 

Tsunami history dummy 0 0 0 0.35 1 1 0.48 

Height of seawall (m)*2 2.6 6 6.4 6.3 6.9 9.7 1.6 
Sea or river visibility from the temporary 
evaluation facilities dummy 

0 0 0 0.36 1 1 0.48 

Evacuation potential from the temporary 
facilities to higher hill dummy  

0 0 1 0.68 1 1 0.49 

*1 Victim rate is calculated based on 20+ years old in each district.  
*2 There are 39 districts with seawalls.  
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Fig. 2  The relationship between tsunami depth (x-axis) and victim rate (y-axis) by three age groups (Upper: 0-19 years old; 
Middle: 20-64 years old; Lower: over 65 years old).  
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Fig. 3  Boxplot of tsunami history and and victim rate divided by tsunami depth (p-value = 0.83). 

 
Fig. 4.  Scatterplot between seawall height victim rate divided by tsunami depth (p-value = 0.24).  

 
Fig. 5  Boxplot of sea or river visibility, evaculation potential and victim rate divided by tsunami depth (SEA: sea or river 
visibility; HILL: evaculation potential; Y: yes; N: no).  
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Fig. 6  Victim rate by age class in three groups divided by aging rate (x-axis shows the age class, the bar width shows the share, 
and figures in parentheses show number of districts in each aging rate).  
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Fig. 7  Relationship between tsunami depth and victim rate by aging rate (●: aging rate more than 50%; △: aging rate 

38-50%; ×: aging rate less than 38%).  
 

5. Conclusions 

As same as in Minamisanriku town, sea or river 

visibility and evacuation potential from the temporary 

facilities to higher hills are factors affected with victim 

rate in addition to tsunami depth. In addition, the 

victim rate tends to increase by age, but the tendency 

becomes weak compared to with the aging rate. 

Districts with more than 50% of aging rate, most of 

victims are over 65 years old but the victim rates of 

elderly are lower than that in low aging rate districts 

and almost flat among age classes. Terrain and fishery 

related daily life including bands within inhabitants 

may also affect the victim rates. 

There are many remaining issues. One big challenge 

is an analysis of an individual behavior. Results of this 

study are based on aggregated to district level and 

assuming that all victims died close to their homes. The 

author also ignores what and how individuals acquire 

and use the information regarding tsunami and 

evacuation, though it is not easy to obtain the data. In 

this disaster, many people died in the second and the 

third wave when they went back to pick up things at 

home. These decision-making processes of individuals 

should be analyzed, too. 

Finally, in Japan, there is a phrase, “Escape for 

himself (Tendenko, in Japanese) [15]. This means that 

since the tsunami is quickly coming, one should rather 

care around the person, and flee by himself (herself). 

This is right, however it is not easy when we have 

relatives with disabilities behind. Even though people 

escape, the regrets of dying relatives might not be 

vanished. Also, there are many statues which tell 

evacuation from the tsunami and prohibition of 

residential location in tsunami attacked regions. In 

some districts where people followed the rules, there 

were no victims. On the other hand, in other districts, 

people did not follow these rules. It is not easy to 

continue to the lore. In cost effectiveness, these mental 

and folklore aspects should be included. 

Acknowledgments 

The author would express thanks to Mr. Yuya 

Takayanagi (Saitama prefecture) and Dr. Taku Mikami 

(Tokushima University) for data collection and useful 

2 4 6 8 10 12 14

0.
0

0.
1

0.
2

0.
3

0.
4

tsunami depth (m)

vi
ct

im
 ra

te



Factors Associated with District Tsunami Victim Rate by Age Class in  
Ishinomaki City: 2011 Great East Japan Earthquake and Tsunami 

  

243

comments. Also thanks to Mr. Akinari Abe and Mr. 

Akira Miyasada for supporting field works in 

Ishinomaki city and to Ms. Jaqueline Hemmers for 

useful comments. 

References 

[1] Kunreuther, H., and Michel-Kerjan, E. 2014. “Chapter 

11—Economics of Natural Catastrophe Risk Insurance.” 

Handbook of the Economics of Risk and Uncertainty 1: 

651-99. doi:10.1016/B978-0-444-53685-3.00011-8. 

[2] Reconstruction Agency. 2015. “The Number of Evacuees.” 

Accessed April 6, 2016. 

http://www.reconstruction.go.jp/topics/main-cat2/sub-cat

2-1/20151225_hinansha.pdf. (in Japanese) 

[3] Tsimopoulou, V. 2015. “Economic Optimization of Flood 

Risk Management.” Ph.D. thesis, TU Delft. 

[4] Murozaki, Y. 2012. “Huge Disaster and the Wide Area 

Evacuation.”. Accessed April 6, 2016. 

http://www.hemri21.jp/bunmeiseminar22/pdf/C0208.pdf. 

(in Japanese) 

[5] JMA (Japan Meterological Agency). 2011. Report on 

Response of Japan Meteorological Agency to 

Tohoku-Pacific Ocean Earthquake. Accessed April 6, 

2016. http://www.jma.go.jp/jma/kishou/hyouka/kondan 

kai/kondankai16/shiryou6.pdf. (in Japanese) 

[6] Jonkman, N. S., Maaskant, B., Boyd, E., and Levitan, M. 

L. 2009. “Loss of Life Caused by the Flooding of New 

Orleans after Hurricane Katrina: Analysis of the 

Relationship between Flood Characteristics and Mortality.” 

Risk Analysis 29 (5): 676-98. 

doi:10.1111/j.1539-6924.2008.01190.x. 

[7] Jonkman, S. N., Vrijling, J. K., and Vrouwenvelder, A. C. 
W. M. 2008. “Methods for the Estimation of Loss of Life 
due to Floods: A Literature Review and a Proposal for a 
New Method.” Natural Hazards 46 (3): 353-89. 
doi:10.1007/s11069-008-9227-5. 

[8] Mauro, M., Bruijn, M. K., and Meloni, M. 2012. 
“Quantitative Methods for Estimating Flood Fatalities: 
Towards the Introduction of Loss-of-life Estimation in the 
Assessment of Flood Risk.” Natural Hazards 63 (2): 
1083-113. doi:10.1007/s11069-012-0207-4. 

[9] Johnstone, W. M., Alexander, D., Underwood, D., and 
Clark, J. 2006. “LSM System V1.0: Guidelines, 
Procedures and Calibration Manual.” BC Hydro 
Engineering. Accessed April 6, 2016. 
http://www.simons-voss.nl/fileadmin/php/fileadmin/dow
nloads/eng/lsm/HB_LSM_30_Online_V1.0_EN.pdf. 

[10] HR Wallingford and Middlesex University Flood Hazard 
Research Centre. 2006. “Flood Risks to People Phase II.” 
Flood and Coastal Defence R&D Programme. Accessed 
April 6, 2016. http://sciencesearch.defra.gov.uk/ 
Document.aspx?Document=FD2321_3436_TRP.pdf. 

[11] Tani, K. 2012. “Distribution of Sub-regional Deaths and 
Mortality Rate in the Great East Japan Earthquake 
Disaster.” Occasional paper of Department of Geography, 
Saitama University, 1-26. (in Japanese) 

[12] Ushiyama, M., Motohiro, H., Saki, Y., and Kouichi, S. 
2014. “Relationship between Primary Causes and Rate of 
Victim Caused by the 2011 off the Pacific Coast of 
Tohoku Earthquake in Sanriku District.” Journal of .Japan 
Society for Natural Disaster Science 33 (3): 233-47. (in 
Japanese) 

[13] Tanishita, M., and Asada, T. 2014. “Factors Associated 
with District Victim Rate by Tohoku Earthquake Tsunami 
in Minamisanriku-Town.” Journal of Japan Society of 
Civil Engineers 70 (4): I_66-I_70. 
doi:10.2208/jscejseee.70.I_66. (in Japanese) 

[14] Mikami, T. 2014. “The Survey Analysis about the Victims 
by the Tsunami under Great East Japan 
Earthquake—Yamada-cho and Ishinomaki City.” Journal 
of Japan Society of Civil Engineers 70 (4): I_908-I_915. 
doi:10.2208/jscejseee.70.I_908. (in Japanese) 

[15] Yamashita, F. 2008. Tsunami Tendenko. Shinnihon 
Publishing. (in Japanese) 

 

 

 

 

 

 

 



Factors Associated with District Tsunami Victim Rate by Age Class in  
Ishinomaki City: 2011 Great East Japan Earthquake and Tsunami 

  

244

 

Appendix A 

At present, in tsunami attacked regions with more than 10 meters height, straight concrete seawalls have been constructed (Photo A). 

And some beaches already disappeared behind seawalls. However, the seawalls protect tsunamis which return period is several 

decades to one hundred years plus several decades. Residential location is prohibited in the area affected by maximum class tsunami. 

That is why many people moved to inland regions and population in tsunami attacked areas have been decreasing.  

Cost benefit analysis and environmental impact assessment were not required due to recovery, not newly construction. However, 

when seawalls were destroyed and land use was also greatly changed, the author believes the analysis/assessment is essential.  
 

 
Photo. A  A seawall in Rikuzentakata city, Iwate prefecture.  

http://www.pref.iwate.jp/kasensabou/kasen/fukkyuu/tsunami/021185.html. (Last access: May 25, 2018) 


