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Abstract 
This study examines the number of inhabitants 

residing within a radius of 20 km as well as between 

20 and 50 km in 18 areas of Japan where nuclear 

power plants are located. When a nuclear plant 

accident occurs, it is assumed that a compulsive 

evacuation is ordered for the population residing 

within the radius of 20 km with full compensation of 

their refugee fees by the government. In contrast to 

the forced evacuation of those residing nearest to the 

plant, residents residing within a radius between 20 

and 50 km who have no right to evacuate into other 

areas away from the disaster zone, only a 

decontamination project is provided as a substitute 

for compensation. Based on the supposition that the 

same radius of contamination as observed in the 

Fukushima nuclear accident occurs in the 18 areas of 

Japan, this study examines the government’s budget 

constraint and performs a comparative analysis to 

determine the estimated substitution ratio of 

decontamination costs to evacuation costs. 
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Introduction 
The explosion at the Fukushima No. 1 nuclear power plant 

in 2011 emitted large volumes of contaminated materials 

that covered most of Fukushima Prefecture with radioactive 

substances. In this case, this catastrophe is referred to as the 

―nuclear disaster‖ to distinguish it from the related tsunami 

and earthquake. As a result of the explosion, radioactive 

substances of more than 5 mSv/year were observed which 

forced the inhabitants within the 20 km zone to evacuate 

into surrounding areas. Although the spatial diffusion of the 

radioactive substances reached the 80 km zone where doses 

were generally higher than 5 mSv/year (higher than 

medical x-ray), the evacuation zone was limited to the 20 

km-radius zone and several other small villages such as 

Idate and Katurao. 

 

There have been some discussions regarding the victims’ 

choice between evacuation and remaining at home. 

According to a previous study regarding the evacuation 

from the Fukushima nuclear disaster, Managi
1
 applied the 

Harris–Todaro model on rural–urban migration. The study 

concluded that the reason why the inhabitants in the 

earthquake, tsunami, and radiation-hit areas moved to 

urban areas was that the expected urban real income at the 

margin exceeded real agricultural product.
2
 However, this 

study lacked the actual evacuation behaviors of the 

radiation-hit areas.  

 

Fujimoto
3 

stated that the actual evacuation was mostly 

determined by the central government’s budget constraint. 

The total budget for the evacuation was limited since Japan 

had a significant cumulative deficit. Based on the 

assumption that a tradeoff exists between evacuation and 

decontamination, the reconstruction budgetary allocation of 

the former Soviet Union was compared with that of Japan. 

 

This study examines the government’s budget constraint 

and performs a comparative analysis to determine the 

estimated substitution ratio of decontamination costs to 

evacuation costs. First, data collection incorporated 

quantitative data regarding population residing within the 

radius of 20 km as well as between 20 and 50 km in 18 

areas of Japan where nuclear power plants are located. This 

provided an overview of the economic size and the number 

of actual inhabitants in each region. The data on the 

population was extracted from the ―Handbook of Zone 

Population from Nuclear Reactors (2006 edition)‖.
4
 This 

handbook includes populations residing within the radii of 

10 km, 20 km, 30 km, 40 km and 50 km in Japan but it 

excludes the latest population numbers in each zone. To 

modify the margin of error (plus or minus a few percent), 

the population data in 2005 was multiplied by the increase 

and decrease rates of each regional bloc population.
4
 

 

The data regarding the total evacuation costs was extracted 

from ―TEPCO Illustrated‖.
5,6

 This report includes an 

outline as well as details concerning the compensation fees 

of the refugees who were forced to evacuate from their 

original settlements located within the radius of 20 km of 

the nuclear reactor. The 20 km-radius area was designated 

as the zone in which the total resident population had the 

right to resettle. The public expenditure from the Ministry 

of Environment and the Reconstruction Agency (RCA) 

regarding the decontamination project was extracted from 

the ―Special Account for the Disaster.‖
7
 In Fukushima’s 

case, a larger portion of the central government’s 

reconstruction budget to the 20–50 km radius was spent on 

the decontamination project. This study follows the 

geographical scope of the evacuation and decontamination 

of the Fukushima nuclear accident. Both data target the 
time periods from March 11, 2011 to December 31,      

2014.
 5-7 
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Results and Discussion  
Frequency distribution of nuclear power plant location: 
The basic economic size of a disaster-hit area is normally 

expressed as population size.
8
 The scatterplot in figure 1 

indicates the population residing within radius zones of 20 

km as well as between 20 and 50 km from Japan’s nuclear 

power plants. The 20 km and 20–50 km line intersections 

reflect Fukushima Daiichi’s population. More specifically, 

the 20 km radius and three small villages comprise 81,210 

evacuees whereas 417,586 inhabitants reside within the 

radius of 20–50 km.
8,9  

The histogram in figure 2 illustrates 

the frequency distribution of the population residing within 

the radius of 20 km.  

 

The highest number of frequency (50,000–100,000) 

includes six areas while 100,000–150,000 frequency 

includes five areas with 150,000–200,000 frequency 

comprising only one area. Finally, the three areas with less 

than 50,000 are only situated in North Japan (e.g. Tomari in 

Hokkaido, Oma and Higashidoori in Aomori). As a result, 5 

of the 18 areas belong to rare populated zones and the 

population size of six areas is less than that of Fukushima 

Daiichi. Conversely, the three largest areas are Tokai 

(743,632), Shimane (233,849) and Hamaoka (213,720). 

The histogram in figure 3 indicates the population residing 

within 20–50 km radius of Japan’s nuclear power plants. 

The highest number of frequency (500,000–600,000) 

includes four areas whereas the smallest number (0–

100,000) is found in Higashidoori (86,575), Aomori. In 

contrast, the three largest areas are Hamaoka (1,952,527), 

Genkai (1,261,017) and Kashiwazaki-Kariwa (966,773). 

The simple linear relation between population and distance 

is not indicated in the remote zone. According to the data, 

Fukushima Daiichi is the 6
th 

smallest population area. 

 

Table 1 presents the basic indicators regarding the 18 areas. 

Four areas are classified for the 400,000–500,000 degree 

class whereas two areas are designated for each of the 

remaining degree classes (i.e. less than 200,000, 300,000–

400,000, 500,000–600,000 and 900,000–1,000,000). The 

population distribution within the 20–50 km radius cannot 

be found through a simple linear relation since the 

population increases according to the distance from the 

nuclear power plant. Although the hypothesis ―a nuclear 

power plant is located in the area with a small population‖ 

is applied to the 20 km radius, this assumption does not 

always apply for areas within the radius of 20–50 km.

  
 

 
 

Figure 1: Scatterplot of the radius population Japan’s nuclear power  
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          Figure 2: 20km radius population of                                                         Figure 3: 20-50km radius of  

               Japan’s nuclear plants                                                                          Japan’s nuclear power plants  
 

 

Table 1 

Basic indicators of the 18 areas  
 

 
 

 

 

 

Indicator 20km 20- 50km

Mean 138,883 648,481

S.E 38,108 103,403

Median 100,847 526,633

S.D. 161,679 438,700

Variance 26,140,037,531 192,458,038,595

Kurtosis 13 4

Skewness 3 2

Range 717,187 1,865,951

Minimum 26,444 86,575

Maximum 743,631 1,952,526

Sum 2,499,886 11,672,661

Sample 18 18
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Economic geography of nuclear power plant locations: 

Figures 4 and 5 illustrate the populations residing in areas 

within the radius of 20 km as well as between 20 and 50 

km by circle size respectively. The smaller circle sizes (No. 

1, 2 and 3) are situated in Hokkaido and Tohoku where the 

population density is the lowest in Japan. In addition, the 

circle size of Ikata (No. 16) on Shikoku Island, where the 

population density is larger than that in the north, is small 

since its nuclear power plant is situated on a peninsula 

where it is surrounded by the sea on three sides.
10 

 

 

Conversely, regarding the 20 km radius, the largest circle 

size is found in Tokai (743,000) (No. 7) where it includes 

the prefectural capital city of Mito. The second largest 

circle is found in Shimane (233,000) (No. 15) where it 

includes the prefectural capital of Matsue. The third largest 

circle, Hamaoka (213,000) (No. 9), does not have a 

prefectural capital or large city but the area falls in the 

Tokaido megalopolis zone (the important transport line 

from Tokyo to Osaka) where 60 percent of Japanese people 

reside. Finally, the population of Fukushima No. 1 (No. 5) 

is 73,000 which is the 7
th
 smallest (even with half of the 

circle covering coastal villages).
11

 
 

 
 

Figure 4: Geographical distribution of population 

within the 20 km radius  
(Notes: 1. Tomari, 2. Oma, 3. Higashidoori, 4. Onagawa, 5. 

Fukushima No. 1, 6. Fukushima No. 2, 7. Tokai, 8. 

Kashiwazaki-Kariwa, 9. Hamaoka, 10. Shiga, 11. Tsuruga, 12. 

Mihama, 13. Oi, 14. Takahama, 15. Shimane, 16. Ikata. 17. 

Genkai and 18. Sendai.) 

Regarding the 20–50 km radius in figure 5, the largest 

circle is found in Hamaoka (1,952,000) (No. 9) where it 

includes the prefectural capital city of Shizuoka and the 

manufacturing-intensive city of Hamamatsu, both of which 

are metropolitan areas. The second largest circle is shown 

in Genkai (1,261,000) (No. 17) in Saga Prefecture, one of 

the smallest prefectural populations. However, the radius 

around the Genkai nuclear power plant goes beyond the 

boundaries of Saga Prefecture and reaches Fukuoka 

Prefecture, the 9
th

 largest prefecture (according to 

population size).  

 

Half of the circle for Fukuoka, the 7
th
 largest city in Japan, 

is included in the radius of Genkai. The third largest circle, 

Kashiwazaki-Kariwa (969,000) (No. 8) comprises many 

small- and middle-sized cities such as Nagaoka (288,800), 

Zyoetsu (195,000) and Sanzyo (104,000). The population 

of Fukushima No. 1 (No. 5) is the 6
th
 smallest with 

417,000; that is, approximately two-thirds the average 

number (648,800). It is important to note that the 

Fukushima No. 1 nuclear power plant is located in one of 

the most depopulated zones in Japan, as far as the 

observations of each radius is concerned.  

 

 
 

Figure 5: Geographical distribution of population 

within the 20–50 km radius  
(Notes: 1. Tomari, 2. Oma, 3. Higashidoori, 4. Onagawa, 5. 

Fukushima No. 1, 6. Fukushima No. 2, 7. Tokai, 8. 

Kashiwazaki-Kariwa, 9. Hamaoka, 10. Shiga, 11. Tsuruga, 12. 

Mihama, 13. Oi, 14. Takahama, 15. Shimane, 16. Ikata. 17. 

Genkai, and 18. Sendai.) 
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Budget distribution: In Fukushima and Chernobyl, the 

nuclear disasters were triggered by hydrogen explosions in 

the respective area’s nuclear power plants. In both 

accidents, government ordinances designated several 

polluted areas as evacuation zones. During the Chernobyl 

accident, Belarus, Ukraine and Russia decided on the 

limitation of 5 mSv/year as the maximum external  

exposure to radiation. On the other hand, during the 

Fukushima accident, the zone with more than 20 mSv/ year 

within the 20 km radius was designated as an evacuation 

zone by the Prime Minister of Japan and his Cabinet.
12-14

 

 

Refugees are generally defined as people who are forced to 

leave the area of their birth or resident registration for 

governmental ordinance reasons. Actual choice behaviors 

of evacuating or remaining during a nuclear disaster period 

are mainly decided by the government’s budget constraint 

according to three factors: (1) compensation for 

compulsory evacuation paid to refugees residing within the 

radius 20 km; (2) decontamination fees applied for the 20–

50 km radius as a substitute for evacuation and (3) 

reparations from the government through loans. In addition 

to the national-level reasons, three region-specific reasons 

include (1) Fukushima Prefecture’s high dependence on 

public investments from the central government; (2) the 

large percentage of government-related industries on the 

total economic activity and (3) the high costs of escaping 

from Fukushima without assistance because of the lower 

prefectural income per capita.
15, 16

 

 
 

Figure 6: Governmental Budget Constraint Line
3
 

 

As shown in figure 6, the slope of the government’s budget 

curve fluctuates as a direct result of how it allocates its 

evacuation budget with a change in decontamination. To 

find the most cost-effective method of budgetary allocation 
for a nuclear disaster, two lines can be drawn based on the 

supposition of relocation for both the Fukushima and 

Chernobyl accidents. This figure indicates the relation 

between two public goods and services in association with 

opportunity costs. This also shows the value of the each 

good and service in relation to one another. Moreover, 

according to figure 6, in Japan, a quantity of ten for ―Public 

Good D (decontamination)‖ is equal in economic value to 

the quantity of two for ―Public Good E (evacuation).‖ In 

Belarus and Ukraine, as the former Soviet Union, a 

quantity of two for ―Public Good D‖ is equal in economic 

value to the quantity of ten for ―Public Good E.‖ The line is 

gently sloping (less than 45°) since the price of D is fairly 

more expensive than the price of E.
17 

 

Calculation of evacuation and decontamination cost: 

Considering the actual payments by TEPCO to the 

refugees, the evacuation cost per person can be calculated. 

TEPCO is not a purely private company but a public utility 

authorized as a regional monopolistic operation. Formally 

and superficially, TEPCO provides the compensation fees 

directly to the refugees each month. However, there is no 

doubt that TEPCO is categorized into one of the 

government public sectors mainly because direct and 

indirect public funds have been spent on sustaining its 

business activities as life-prolonging treatments. Without 

bridge loans from the mega and development banks, which 

are promoted and forced by the government, TEPCO would 

have to declare bankruptcy. In addition, the range of 

compensation fees and the geographical area for evacuation 

was determined not by TEPCO but by the Prime Minister 

of Japan. Thus, TEPCO is mainly considered to be a 

government organization that belongs to the public sector. 

Therefore, the compensation fees for the Fukushima 

nuclear accident are defined as government expenditure as 

in the Chernobyl accident.
18

 

 

Table 3 presents the fixed compensations for evacuations 

spent by TEPCO during the 46-month period from March 

11, 2011 to December 31, 2014. The amount of 4.75 trillion 

JPY was agreed upon between TEPCO and the compulsory 

evacuees of Fukushima. First, an evacuation fee per person 

for one year was calculated by multiplying 4.75 trillion JPY 

by 12/46. Second, the multiplied number is divided into the 

supposed number of refugees (81,210). As a result of the 

calculation, the estimated refugee fee was approximately 

15.1 million JPY which includes all types of compensation 

items. However, the items of ―corporate compensation‖ and 

―other‖ were not directly connected to the payment for 

personal evacuation. In addition, personal damages for non-

evacuation for mental health were not directly paid to the 

refugees. When the corporate, other and non-evacuation 

items are eliminated from the 15.1 million total, the figure 

of 4.0 million is calculated as an approximation of the 

compensation fees per person/year.  

 

Public expenditure outside of the evacuation area, despite 

the fact that the inhabitants remain in radiation levels of 1–

20 mSV/year is reserved for the decontamination project. 

One area, known as Nakadori (approximately 5,392 km
2
), 

is situated outside of the evacuation zone. However, 
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exposure of more  than 5 mSv/year has been observed on 

voluntary dose rate map maintained by various regional 

Universities and Institutions. The decontamination project, 

categorized as a public civil engineering project by the 

construction industry, includes the process of cleansing 

radioactive fallout and substances on the ground with 

traditional air and water pressure tools. The budget spent on 

this project in the 2014 fiscal year was 510.4 billion JPY. 

The population size intended for the project was estimated 

at 1.57 million persons. In this case, 510.4 billion JPY is 

divided by 1.57 million persons to obtain the figure of 

approximately 324,000 JPY. This means that the 

decontamination fee per person in the Fukushima accident 

was 324,000 JPY.  

 

Governmental budget constraint: Considering these costs 

per capita, the experiential formula and figure for the 

budget constraint line in the Fukushima accident are 

described as follows: 
 

Function: y = a x ＋ b 

where x: population within the 20 km radius   

(0 < x < 111,056) 

y: population  within  the 20–50 km radius  

(0 < y < 1,443,731) 

a: evacuation cost per person/ year is4,096,304JPY 

b: decontamination cost per person/yearis 324,185JPY 

 

 

Substitution ratio: Price of E(evacuation)  

/Price of D (decontamination)   

Experimental formula:y = -13x+ 1,443.31 
 

After the decimal is discarded, the substitution ratio of 

decontamination to evacuation is found to be 13. The actual 

line is somewhat greater than 45° since the price of 

decontamination is fairly less than the price of evacuation. 

The steep slope of the budgetaryconstraint curve in Japan 

indicates that the economic value for evacuation is more 

expensive than it is for decontamination. Thus, it can be 

concluded that the mathematics value of the slope of the 

budget constraint line must equal the ratio of the price of x 

to that of y. In this case, the price of evacuation/price of 

decontamination equals 13. The substitution ratio is more 

than one because of the higher economic estimation of 

evacuation and the lower assessment of decontamination. 

 

As described in figure 7, 6 of the 18 areas fit into the 

budget constraint line if the same nuclear accident and 
contamination occurs. However, 11 areas are crowded 

beyond the line. Under the condition of the Fukushima 

accident’s budget constraint line, the government can bear 

the damages for the accidents as 111,000evacuees for 

evacuation and 1,443,000residents for decontamination at 

the maximum. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                  Figure 7: Governmental budget constraint line of the Fukushima accident 
Table 3 
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 Compensation for evacuation
5
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 
Through the above substitution ratio analysis, the author 

clarified that the decontamination project conducted in 

central Fukushima (as a substitute for evacuation) was 

because of the economic factors that prevented the 

government and TEPCO from providing astronomical 

compensation payouts to those living in the 20–50 km 

radius. As a result of containing the compensation fees 

within the 20 km radius, the national government and 

TEPCO have maintained their business activities as normal. 

In addition, it was shown that the high market value of an 

evacuation in Japan was connected to three factors: (1) the 

expensive disposable income per capita; (2) the guarantee 

of the right to live by fundamental human rights and (3) the 

prospect of compensation for lost profits related to lifetime 

expected wages. Furthermore, foreign loans and aid to the 

Japanese government in terms of economic value are like 

―one drop in the ocean‖ since the size of Japan’s national 

economy is the 3
rd

 largest in the world. In comparison, 

Belarus and Ukraine accepted substantial foreign aid for 

evacuations and city redevelopment due to their relatively 

small national economies. 
18-21

 

 

If the same nuclear accident and contamination as 

Fukushima occurs in Japan (except for the six smaller 

population areas), then the estimated evacuation 

compensation fees will be astronomical. Consequently, they 

will considerably burden the national and global economy 

even if the government and electric power company 

succeed in confining evacuation compensation to those 

living within the 20 km radius as in the Fukushima case. 
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