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Chapter 1 

Research Background 

 

I. Introduction  

 

More than six years have passed since the 11 March 2011 Great East Japan Earthquake 

and the resulting tsunami and nuclear reactor meltdowns. The compound disaster claimed 

some 18,500 lives and destroyed thousands of homes and businesses along the coast of the 

Tohoku region causing more than $250 billion in losses (National Police Agency of Japan 

2015; Cabinet office of the Government of Japan 2011).120,000 people remain displaced 

from their homes in Fukushima prefecture because of radioactive fallout from the Fukushima 

Dai-ichi nuclear plant; thousands of others remain in temporary shelters in non-irradiated 

areas awaiting permanent shelter (Mainichi Shinbun 8 March 2015). Evacuees from the 

disaster face various challenges such as uncertainty about their livelihoods and health, a loss 

of normalcy, and the evacuation of their homes and towns. Comparative epidemiological 

research has shown that disasters negatively affect the mental health of survivors (Deeg et al. 

2005; Reininger et al. 2013).  

Initial surveys of the evacuees from the 2011 Tohoku disaster observed a similar 

phenomenon of increased stress and higher levels of psychological distress (Yabe et al. 2014; 

Niwa 2014). Epidemiological surveys conducted in Fukushima illustrated the importance of 

mental health care among Fukushima residents (Yasumura et al. 2012). To cope with these 

problems and to improve the recovery policies, social capital is one of the key concepts. It is 

currently gaining great attention as a key notion for recovery and disaster preparedness in the 

disaster affected areas and its role to maintain health is also getting attention as we can see 

from literature claiming deeper reservoirs of social capital can improve disaster survival and 
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improve physical and mental health (Aida et al. 2013). One study of Miyagi prefecture 

showed that high level of social cohesion was associated with a lower risk of post traumatic 

disorder after the disaster (Hikichi et al.2016). The residents of Miyagi prefecture were 

mostly affected by tsunami but not the nuclear power plant meltdowns. We still lack a clear 

understanding of the role of social capital in maintaining mental health among the evacuees 

from Fukushima.  

To bridge the gaps in the literature, we measure and analyze the levels of social capital 

and mental health of displaced residents from a town of Futaba in Fukushima Prefecture 

through multiple survey research. For analysis, first, we compare mental health status of 

Futaba residents with that of overall Japan and other disaster affected areas, and tracked the 

change of social capital before and after the disaster. Second, we analyze association between 

social capital and mental health. Third, using natural experimental situation provided by the 

disaster, we test a canonical version of the prospect theory for better understanding of social 

determinants of mental health status among Futaba residents.  

We uncover four important findings. First, the average level of mental stress among 

displaced Futaba residents is unusually high compared with all Japanese citizens. Their 

psychological distress scores are high even compared to individuals living in areas of Tohoku 

affected by the earthquake and tsunami but not directly affected by the nuclear catastrophe. 

Second, social capital has substantially declined among Futaba residents after disaster and it 

would take time for recovery. Third, high levels of social capital captured by the number of 

neighbors from Futaba, participation in volunteer work and engagement in social events act 

as a shield against unusually poor mental health. Fourth, we find that house size change 

caused by the disaster and mental health status have loss aversion relationship.  

This thesis makes several contributions to the literature and brings important policy 

implications. First, it is the first study to quantitatively investigate the nexus between mental 
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health and social capital among the displaced population from Fukushima and demonstrate a 

positive association with social ties. Furthermore, this is the first study that measured social 

capital before and after the disaster and that continuously measured change of social capital 

after the disaster among Fukushima residents. Next, we find that influence of a nuclear power 

plant accident on mental health is more serious than that of other natural disasters. The results 

bring important policy implications for disaster managers, vulnerable communities, and 

decision makers because we need different toolkits for improving mental health in a nuclear 

crisis. As social capital acts as a shield against psychological distress, we also suggest that 

decision makers implement evacuation plans which ensure – as much as possible – continuity 

among social networks through techniques such as keeping evacuees from the same original 

community together in temporary shelters. Disaster managers should support local 

community activities such as volunteer work opportunities and social activities. Moreover, 

we test the prospect theory using natural experimental situation and find that change of house 

size caused by the disaster and mental health have loss aversion relationship, which is new 

empirical evidence of the prospect theory. In addition, our results imply that there is a 

possibility of reference point movement in dimension of income change, which can provide 

important policy implication about compensation policy for disaster affected residents.  

 The rest of the thesis is organized as follows: Rest of chapter one covers literature 

review and explains our study purpose. Chapter 2 discusses the data collected exclusively for 

this study and overviews our method of analysis. Chapter 3 shows our first analysis on the 

impact of disaster on mental health and social capital among Futaba residents. Chapter 4 

presents our main analysis result on association between social capital and mental health 

among Futaba residents. Chapter 5 presents another main body of analysis which is testing 

the prospect theory using our unique dataset. Finally, Chapter 6 concludes our findings. 
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II. Literature on Social Capital and Mental Health in Disaster Settings 

 

     In this section, we first review definition and measurement of social capital. Then, we 

review studies of social capital and mental health in disaster settings.  

 

1. Social Capital  

(1) Definition of Social Capital  

First of all, what is social capital? Because of its broad dissemination among various 

disciplines such as sociology, political science, anthropology, and economics, there have been 

no single universal definition of social capital (Kawachi et al. 2013). To understand the 

concept, it is convenient to use two different perspectives used by Kawachi et al (2010) 

which are social cohesion and network view. They define social cohesion school of social 

capital is conceptualized as the resources available to members of social groups such as trust, 

norms, and exercise of sanctions. The important point is that social capital is recognized as a 

group property, not individuals who belongs to the group. Therefore, the uncooperative 

individual still can get benefit by social capital if other members in the group are cooperating 

each other. On the other hand, network view of social capital sees social capital as resources 

such as social support and information channels embedded within an individual’s social 

network as Lin (1999) defines (Kawachi et al. 2010).   

     Another widely used important categorization of the notion of social capital would be 

the three categories of bonding, bridging, and linking social capital (Aldrich 2012). The view 

can be further categorization of network view of social capital. Aldrich’s clear figure 

explaining three aspects of social capital is shown in Figure 1.1 borrowed from his book 

“Building resilience.” Bonding social capital “refers to the links between like-minded people, 

or the reinforcement of homogeneity. It builds strong ties, but can also result in higher walls 
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excluding those who do not qualify (Baron et al. 2001). ” In other words, it can be defined as 

connection between individuals within a certain community. Bridging social capital is defined 

as connection between “members of the group or network to extralocal networks, crossing 

ethic, racial, and religious cleavages (Aldrich 2012).” It can be said that bridging social 

capital is horizontal connection between individuals in different communities. Finally, linking 

social capital would be defined as “norms of respect and networks of trusting relationships 

between people who are interacting across explicit, formal, or institutionalized power or 

authority gradients in society (Szreter and Woolcock 2004).”In other words, linking social 

capital is connection between communities and authorities.  

Thinking about different categorization of social capital, it would be important to 

clarify who this capital belongs to. Inaba (2005) has defined three categories of social capital 

which are social capital as personal goods, social capital as public goods, and social capital as 

club goods. Social capital as personal goods can be explained as the network between people, 

social capital as public goods can be explained as general trust and norms in the society, and 

social capital as club goods can be explained as trust and norm within certain groups (Inaba 

2011). In addition, social capital as club goods could also be explained as network between 

communities or network toward governmental authorities, which encompasses the 

categorization of social cohesion  

Furthermore, there is another commonly used categorization of social capital which 

are, cognitive social capital and structural social capital. Structural social capital consists of 

what people do which could be objectively verified while cognitive social capital consists of 

what people feel and therefore it is subjective (Harpham 2010).  

 

(2) Measurement of Social Capital  

There are various proxies to measure social capital. Harpham (2010) selects following 
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6 aspects for measuring community level social capital in survey. First one is networks 

including connections to informal and formal groups such as question asking “In the last 12 

months, have you been an active member of any of the following groups in name of place?” 

Second one is civic participation asking like “In the last (recall period), have you done 

something for your neighborhood as a whole?” Third one is perceived social support which 

Harpham (2010) mentions that it is helpful to separate into instrumental, emotional, and 

informational support. An example question is “in the last 12 months, have you received any 

help or support from any help or support from any of the following, this can be emotional 

help, economic help or assistance in helping you know or do things?” Fourth one is Trust. 

One of the commonly used way to measure trust is the question on trust in the General Social 

Survey often called “GSS TRUST”. The question is “Generally speaking, would you say that 

most people can be trusted or that you can’t be too careful in dealing with people?" The 

respondents choose answer from three choices which are “Most people can be trusted,” 

“Can’t be too careful,” and “Depends.” There are questions refer to familiar/personal trust as 

well such as SOCAT asking “do you think that in this community people generally trust one 

another matters of lending and borrowing?” Fifth aspect is reciprocity which is the 

willingness to help others with the expectation that the favor will be returned to themselves 

when necessary. For example, Harpham (2010) show that ASCAT question asking “In 

general, people around here are willing to help each other out.” He also mentions such 

question can be included asking “in the past six months, how often have you helped 

neighbors?” Sixth aspect is informal social control, which is community’s collective capacity 

of action which is often measured by likelihood of people in a community acting when 

something bad such as fighting or children drawing in not allowed places being done.  

As measurements of individual level social capital, Gaag and Weber (2010) introduce 

three types of measurements which are name generator, position generator and resource 



7 
 

generator. Name generator asks a respondent to mention names of persons he/she knows and 

then asks information about all relationships with focal individual to assess types of 

resources. Position generator is a method focusing more on presence of social resources. 

Gaag and Weber (2010) explains that it typically asks about 10 to 30 different occupations if 

a respondent knows anyone having this occupation. Resource generator is a method using a 

checklist where access is checked against a list of useful and concrete social capital such as if 

one knows anyone who knows a lot about DIY, who has a professional occupation, and so on.  

     As Anderson et al. (2004) shows its effectiveness of measuring social capital using 

economic experiment, conducting economic experiments such as public goods game, trust 

game and dictator game is also another unique way of measuring social capital.  

Various researches have made social capital index to measure multidimensional social 

capital as well. For example, Cabinet Office of Japan has made a Social Capital Index to 

compare social capital between prefectures in Japan. The proxies chosen by Cabinet Office 

are shown in Table 1.1.  

  

2. Social Capital and Mental Health in Disaster Settings  

(1) Literature 

     Disasters destroy physical and mental health of the population. Various research have 

reported mental health problems of the disaster affected people. The risk prevalence of Post-

Traumatic Stress Disorder (PTSD) is reported to be higher after humanmade disasters than 

that of natural disasters (Neria et al., 2008). Bromet (2012) also reports that Chernobyl 

disaster affected residents show a two-fold increase in post-traumatic stress and other mood 

and anxiety disorders and poorer subjective ratings of health (Bromet 2012). Recent study 

report that high risk prevalence of PTSD among Fukushima evacuees (Tsujiuchi 2015). 

Disasters also destroy physical and social environment, which can affect population health in 
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long term. (Aida et al. 2013) It has been reported that forced reallocation following the 

destruction of a community can increase health problems (Uscher-Pines, 2009; Yzermans et 

al., 2005). To mitigate disasters’ impact and also to facilitate recovery after disasters, social 

capital is getting attention as a key notion (Hawkins and Maurer 2010). Aldrich (2012) 

explores various disasters and explain the role of social capital for better resilience. Hikichi 

(2015) also reports that pre-disaster levels of connection between people lead cooperation 

between people after disaster and effective livelihood support for affected reside under the 

Great East Japan Earthquake. Moreover, social capital is said to have a potential to 

population health right after a disaster and also to reduce long term health impact caused by a 

disaster (Aida et al. 2013; Aida and Kondo 2014). In this section, we review literature on 

social capital and mental health in disaster settings.  

    Using Web of Science, we soughed literature examined association between social 

capital and mental health in disaster settings. This search was conducted in May 5, 2017. First 

we used the term “social capital” or “social cohesion” and refined search results with 

“disaster” and further refined search results with “mental health” and reached to 47 research 

abstracts. Among these 47 articles there are 19 empirical studies from 12 disasters. These 19 

empirical studies are reviewed in following. Among these 19 empirical studies, all are 

published after 2010 and 9 are published in or after 2015, which shows that this field of study 

is in the beginning stage and getting increasing interest.  

 

Human Rights Abuse in Nigeria (1995)  

     Beiser et al. (2010) conduct empirical study in 2002 examining association between 

social capital and mental health under long term human rights abuse in Niger Delta region of 

Nigeria whose apogee of the violence was in 1995. They conduct interview to a total of 100 

residents both from a seriously affected village and a not affected village. Their interview 
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contains PTSD module from WHO Diagnostic Interview Schedule and social capital 

measurements, which include economic security, a sense of moral order, a sense of safety and 

perceived social support. This is a cross-sectional study and they use logistic regression for 

calculating association between social capital and prevalence of PTSD. They find that low 

level of social capital proxies except for economic security are predictors of PTSD.  

 

Hurricane Katrina in the United States (2005)  

     Four studies examine association between social capital and mental health under the 

impact of Hurricane Katrina. First, Beaudoin (2011) use their original panel data set obtained 

from 500 African American Adults in New Orleans in May to Jun 2006 and in September 

2006 after Hurricane Katrina. They examine association between social capital related 

measures and cigarette smoking and alcohol consumption after the disaster and also assess 

whether social capital related measures moderate the influence of PTSD to increase cigarette 

smoking and alcohol consumption. They made social capital related variables 

“neighborliness” and “provided social support” by conducting a factor analysis from 

following questions for each variable. Neighborliness is measured by following three 

questions. “After Hurricane Katrina, about how often have you borrowed from or lent things 

to your neighbors in New Orleans?”, “After Hurricane Katrina, about how often have you and 

your neighbors in New Orleans helped one another with tasks, such as house repairs and 

house cleanup?” and “After Hurricane Katrina, about Probability how often have you worked 

on a community project in New Orleans?” Provided social support is measured by following 

three questions. “After Hurricane Katrina, about how often have you given advice to people 

in New Orleans who are not members of your immediate family?”, “After Hurricane Katrina, 

about how often have you offered emotional support to people in New Orleans who are not 

members of your immediate family?” and “After Hurricane Katrina, about how often have 
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you tried to comfort people in New Orleans who are not members of your immediate 

family?” Respondents choose among range from 1 = never to 5 = very often. As a result, they 

find that neighborliness predicts increased alcohol consumption, high provided social capital 

predicts quitting cigarette or never initiating smoking behavior, and neighborliness moderate 

the association between PTSD and alcohol consumption among people with high PTSD.  

     Second, Weil et al. (2012) analyze over time impact of social embeddedness and trust 

on stress using original dataset obtained by three waves of interview survey conducted 

toward randomly selected age 18 and over residents in East Baton Rouge Parish, LA who had 

already lived in Baton Rouge before the Hurricane, i.e. no evacuees included. Interview was 

conducted between September 2005 and April 2007 with respondents of 1,349 for first round 

of survey, 1,008 for second round, and 603 for the third round. These data consist of repeated 

cross section data set to be analyzed. As to social capital measures, four scales are used for 

measuring social embeddedness: Associational Involvement, Civic Leadership, Faith-Based 

Engagement and Informal Socializing. Interpersonal Trust and Inter-Racial Trust are used for 

measuring trust. They employ various stress indicators such as depression, anger, fear of 

social disorders and evacuees, and feelings of aggravation about traffic congestion, crowding 

in neighborhoods, stores, and schools, telephone disruptions, and rudeness. All social capital 

indices and stress factors are created using a principle components factor analysis for further 

analysis. They find that right after the disaster, a person with high social capital experience 

higher stress, then eventually turns that a person with high social capital experiences less 

stress. 

     Third, Le (2013) analyze association between social capital and depression using data 

set from a population-based cross-sectional survey of adults who live in 23 southernmost 

counties of Mississippi (N = 708) both prior to and after the Hurricane Katrina. Interviews 

were conducted between February and July 2007. They employ questions asking of five-point 
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scale how much they agreed that people in their neighborhood after Hurricane Katrina (1) 

were close knit or unified, (2) were willing to help their neighbors, (3) generally got along 

with each other, (4) did not share the same values, and (5) could be trusted. The average point 

of 5 questions give a measure of individually perceived social cohesion. The individual social 

cohesion within each county are averaged to estimate county-level social cohesion. Also, 

social support is measured with seven-point scale to describe how often they received various 

informal supports from others during the 2-month period after Katrina. Each individual’s 

points were summed to give a score. They find that joint exposure to displacement and low 

county-level social cohesion are associated with high risk of depression, while exposure to 

just one of the factors is associated with only small risk of depression.  

      

Flood in Morpeth, England (2008)  

     Wind et al. (2011) analyze the association between social capital and mental health 

using their original data set obtained from 232 respondents from a small town of Morpeth in 

England hit by one of its worst flood since 1963 in September 2008. Symptoms of anxiety 

and depression are assessed by the Hopkins Symptom Checklist-25 and symptoms of PTSD 

are assessed by the PTSD Checklist Civilian Version. For social capital measure, they select 

the SA-SCAT which enable them to differentiate impact of cognitive and structural social 

capital. They find that cognitive social capital is positively associated with lower mental 

health problems, while structure social capital is associated with more anxiety. Furthermore, 

Wind and Komproe. (2012) did further study using same dataset examining association 

between posttraumatic distress and social capital measures. They find that high community 

social capital indirectly predicts less posttraumatic stress.  
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Flood in South Yorkshire and Worcestershire in England (2007)  

Greene et al. (2015) test whether strong neighborhood social cohesion protects 

residents from the psychological harm caused by flooding using the survey data obtained 

from 2,238 individuals living in flood-affected areas in England (South Yorkshire and 

Worcestershire). The flood occurred in Jun and July of 2007 and the survey was conducted in 

September to October in 2007 in South Yorkshire and in January to February in 2008 in 

Worcestershire. Psychological distress was measured with the General Health Questionnaire 

(GHQ-12). Social cohesion was measured with the Neighborhood Cohesion Scale. (Buckner 

1988; Robinson and Wilkinson 1995) They use Bayesian structural equation modeling to 

assess factors relating to the latent variables of resilience including social cohesion. They find 

that resilience and social cohesion are important predicts on undermining the risk of 

developing poor mental health.  

 

War in Northern Sri Lanka (1983-2009)  

Somasundaram and Sivayokan (2013) conducted qualitative study in post-war 

Northern Sri Lanka to understand common psychosocial problems faced by families and 

communities and the associated risk and protective factors. Case studies and clinical 

interviews are carried out by the principal author and by trained mental health workers. They 

point out that risk factors that impedes community rehabilitation and recovery included 

continuing military governance, depletion of social capital, particularly lack of trust.  

 

Earthquake in Pisco, Peru (2007)  

Flores et al. (2014) evaluate the association between Post-Traumatic Stress Disorder 

and both structural and cognitive social capital among adult survivors of the earthquake in 

Pisco, Peru in 2007. They used their original population-based cross-sectional data set 
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collected in five counties in Pisco, selecting 1012 adults through complex, multi-stage 

random sampling. They use Adapted Social Capital Assessment Tool (SASCAT) and the 

civilian PTSD checklist (PCL-C) for measurement of social capital and mental health. They 

find that cognitive social capital was found to be negatively associated with chronic PTSD 

but no significant association was found between structural social capital and chronic PTSD.  

 

Indian Ocean Tsunami in India (2004)  

     Augustine (2014) examined relationship between posttraumatic growth and certain 

demographic, individual, family, and community (social capital) variables using original 

dataset obtained from 301 participants recruited from the tsunami-affected villages in the 

Karunagappally taluk (a group of several villages organized for revenue purposes) in Kerala, 

India two years after the disaster. For measuring social capital, he uses a six-item 

questionnaire (Krishna, 2002) that is especially developed for exploring informal networks 

that are common in rural India. It includes questions on membership in labor-sharing groups, 

how to deal with crop disease, how to deal with natural disasters, public spiritedness, 

solidarity, and willingness of owning land by themselves or collectively. As to measure 

posttraumatic growth, he employs Posttraumatic Growth Inventory (PTGI; Tedeschi and 

Calhoun 1995, 1996). As a result of analysis, on contrary to his expectation, he finds no 

evidence that social capital contributes to posttraumatic growth.  

 

Hurricane Sandy in the United States (2012)  

Lewe et al. (2015) examine the influence of both individual- and community-level 

factors on resilience after Hurricane Sandy using original data collected through telephone 

interviews conducted after 13 to 16 months of the disaster with a random sampling among 

adult residents in the disaster affected areas in New York City. Disaster-related posttraumatic 
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stress (PTS) was measured using the PTSD Checklist for DSM-5 (PCL-5) and depression 

was assessed using the nine-item Patient Health Questionnaire (PHQ-9). They use the 

percentage of participants living alone as a community level social capital proxy. They find 

that living in an area with high social capital (low percentage of living alone) significantly 

predicts higher PTS.  

      

Typhoon Morakot in Taiwan (2009)  

Chao (2016) examines whether community cohesion mediates or moderates the 

association between outdoor activities and depressive symptoms among the elderly displaced 

by Typhoon Morakot in Taiwan. He uses cross-sectional dataset including 292 adults aged 65 

years or older who were relocated to permanent residence after Typhoon Morakot had 

damaged their homes in August 2009. Interviews were conducted from February 2013 to 

September 2013. Depressive symptoms were assessed using a 10-item shortened version of 

the Center for Epidemiologic Studies Depression Scale (CES-D) developed by Radloff 

(1977). Community cohesion was assessed using the Neighborhood Social Cohesion and 

Disorder Scale (Mendes de Leon et al., 2009). Questions includes the degree to which they 

felt, safe walking alone in the community after dark, people in this community are friendly, 

the community is kept very clean, people in this community are helpful, many people want to 

move into this community, they did not belong in this community, public facilities were 

usually damaged by community residents, and people in the area could not be trusted. They 

find that community cohesion both mediates and moderates the association between outdoor 

activities and depressive symptoms, showing that high community cohesion both associates 

with high participation of outdoor activities and low depressive symptoms and also showing 

that outdoor activities can have good impact for depressive symptoms only for those with 

high community cohesion.  



15 
 

Wenchuan earthquake in China (2008)  

     Cui and Sim (2017) explore elderly people’s needs from psychosocial perspectives by 

qualitative in-depth interviews with 10 elderly persons from a community located in the 

epicenter of Wenchuan earthquake in 2008. The interviews were conducted in early 2014. 

They find that one of the major problems is disruption of previous social networks and argue 

necessity of empowering family and strengthening community cohesion as important 

initiatives.  

 

The Deepwater Horizon Oil Spill in the United States (2010)  

Gaston et al. (2016) assess the associations between depression level and oil spill 

exposure, socioeconomic risk factors, and social capital. They conducted interview survey in 

between 2012 to 2014 to 2,852 adult women living in coastal Louisiana parishes at the time 

of the Deepwater Horizon Oil Spill. CES-D is employed for measuring depression. As social 

capital proxies, questions measuring perceived social support, social cohesion, social control 

and neighborhood participation are included. They find that women with the worst mental 

health status have lower education and income, have a higher rate of unemployment, and 

have the least perceived social support, which is one of the social capital proxies.  

Rung et al. (2017) use same dataset and examine that whether social capital and social 

support mediate the effects of exposure to the Deepwater Horizon oil spill on depression 

among women. They use CES-D as depression measure same as Gaston et al. (2016). They 

categorize social capital proxies to three types, structural social capital, cognitive social 

capital, and social supports. Structural social capital was measured with nine questions, 

participation in neighborhood or block organization meeting; business or civic group; 

nationality or ethnic pride group; local or state political organization; volunteered in a local 

organization; veteran's group; labor union; literary, art, study, book club, or discussion group; 
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fraternity, sorority, or alumni group. Cognitive social capital was measured with Sense of 

community scale (Chavis et al., 1987) and informal social control scale (Sampson et al., 

1997). Social support measurement consists of 6 questions asking if you received social 

support, provided everyday favors, take care if sick, lend money for medical emergency, talk 

about relationship troubles, locate housing if had to move. They find that structural social 

capital was associated with increased levels of cognitive social capital, which were associated 

with higher levels of social support, which in turn were associated with lower levels of 

depression.  

 

Great East Japan Earthquake (2011)  

     There are four studies examining social capital and mental health under the Great East 

Japan Earthquake. Takahashi et al. (2015) launched a health promoting program named 

Hamarassen Farm targeting residents in temporary housing in Rikuzentakata and evaluated 

the impact of this program in terms of physical and mental health promotion. Psychosocial 

well-being, the sense of purpose in life among new 21 participants in Hamarassen farms was 

measured before the beginning of farming in June and August 2012. The results show that 

this project have significant contribution to participants’ mental health. They argue that this 

success would partly come from an increased social network and community social capital 

provided by the project.  

     Hikichi et al. (2016) examine if pre-disaster level of community social cohesion is 

associated with a lower risk of PTSD after the Great East Japan earthquake. They by chance 

have conducted pre-disaster level base line survey of elderly residents who lived in a city 80 

kilometers west of the epicenter 7 months before the earthquake in August 2010 (n = 8,576). 

A follow-up survey was conducted about 2.5 years after the disaster. They use the Screening 

Questionnaire for Disaster-Related Mental Health (Fujii et al. 2008). Social cohesion was 



17 
 

assessed based on answers to questionnaire items about residents’ perceptions of trust asking 

“Do you think that people living in your community can be trusted in general?”, mutual help 

asking “Do you think people living in your community try to help others in most situations?” 

and community attachment asking “How attached are you to the community in which you 

live?” They find that community-level social cohesion before the disaster were significantly 

associated with lower risks of PTSD symptoms.  

     Yagi et al. (2016) examine the association between social capital and PTSD symptoms 

among children and their caregivers recruited from four nursery schools in coastal areas 

affected by the tsunami, as well as one in an unaffected inland area (N = 94) in Iwate 

prefecture. Symptoms of PTSD among children are assessed using a caregiver questionnaire, 

the Parent Report of the Child’s Reaction to Stress (Fletcher 1996), from which they choose 

28 items to reduce the burden on respondents. Caregiver’s mental health is assessed for 

PTSD symptoms using the self-reported questionnaire, Impact of Event Scale–Revised (IES-

R) (Weiss 1996), and depression is assessed using the K6 (Kessler 2002). Social capital is 

assessed through a questionnaire to caregivers asking their perception of cognitive social 

capital including social trust and mutual aid in place they live with their family after the 

disaster. Social trust was assessed by the question, ‘‘do you think that people in your 

neighborhood trust each other?’’ Mutual aid is assessed by the question, ‘‘do you think that 

people in your neighborhood help each other?’’ They find that children of caregivers who 

perceive high community social capital measured by trust and mutual aid show lower PTSD 

symptoms and caregiver’s mental health mediated the association between social trust and 

child PTSD symptoms.  

     Finally, Tsuchiya et al. (2017) examine the association between social capital and 

psychological distress, considering the interaction of disaster-related house condition after the 

Great East Japan Earthquake. They use their original data from 3,793 adults living in 
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Shichigahama, Miyagi Prefecture which was obtained between October and December in 

2012. Social capital is measured by generalized trust and psychological distress is measured 

by K6. They find that individuals with low social capital, large-scale house damage, and 

displacement were at greater risk of psychological distress.  

 

(2) Further Study and Contribution of Our Study  

     The number of literature considering social capital and mental health under disaster 

setting is rapidly increasing but still have many remained problems to be explored. Literature 

review show that most of them find positive association between social capital and mental 

health, but not always. To understand the results with different inferences, it should be first 

noted that not only types of disasters and targets have very different characteristics in each 

study, but also the proxies of mental health and especially social capital are different in each 

study. They use different level of social capital; individual level or community level, and 

different timing of the measurement of social capital; pre-disaster level or after disaster level. 

Findings of Weil et al. (2012) show that a person with high social capital experiences higher 

stress right after the disaster, but a person with high social capital experiences less stress after 

a while directly explains that when the survey was conducted matters. To understand how 

these differences of the timing from the disaster affect to examine association between social 

capital and mental health under disaster settings, we need to pile up more empirical studies, 

and our study contributes as one of the research stocks.  

    Second, as other remained problems, we can see that there is no study focusing on 

change in social capital before and after the disaster and examine association of the change of 

social capital with change in mental health status. Since both mental health and social capital 

can be negatively affected by the disaster, not only preserved social capital before the 

disaster, but also how important it is to keep good social capital after the disaster should be 
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examined in further study which will give insights to the importance of social capital related 

activities or temporary housing allocation in accordance with pre-disaster living place. In our 

study, we measure social capital before and after the disaster, which enable us to conduct 

analysis at least change in social capital and mental health after the disaster, which is 

remained as our future study.  

Third, we can see there is very few panel study in literature. One of the largest 

challenges in examining association between social capital and mental health is endogeneity. 

Panel data study can give us one of the solutions to reduce this endogenous bias. 

Furthermore, not only that there is very few panel study, almost no long-term study is found. 

Since our survey data has been conducted multiple times including both social capital and 

mental health measurement, analysis of long term change of those proxies and analysis of 

association between social capital and mental health using panel data setting will be possible 

and important future study to work on.   

     Fourth, not only to ease psychological distress with social capital but also to take 

advantage of the challenging experience and get better mental health status with social capital 

is an exciting idea of the healing though only examined by Augustine (2014). Augustine 

(2014) didn’t find any positive association between social capital and posttraumatic growth. 

But this viewpoint of social capital’s role is exciting. We can employ posttraumatic growth 

measure in our future survey and examine association between posttraumatic growth and 

social capital change in long term.  

    Fifth, the ways how a study connect social capital with mental health are different in 

each study. Our study throws a first insight to view structural social capital to be connected to 

mental health through cognitive social capital.  

Finally, there is a lack of evidence in technological/humanmade disaster compared to 

natural disasters. Various recent studies in the Great East Japan Earthquake examine social 
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capital and mental health as reviewed, but none of the study includes residents of Fukushima, 

seriously affected by the nuclear power plant accident. The National Diet of Japan Fukushima 

Nuclear Accident Independent Investigation Commission (2012) approved that Fukushima 

nuclear accident was humanmade accident in the final report. It is definitely important to 

investigate social capital and mental health under this historically unique experience of the 

nuclear disaster.  

     In this study, we aim to contribute to improvement of Fukushima recovery policy and 

to contribute to literature by filling gaps and adding new insights using our unique data 

obtained from Fukushima evacuees.  

  

III. Fukushima Nuclear Power Plant Accident and a Town of Futaba in Fukushima 

 

1. Nuclear Power Plant Accident and Evacuation 

   At 2:46 pm on March 11th, 2011 the Great East Japan Earthquake occurred. Magnitude 

was 9.0, which is the largest earthquake recorded in Japan. Japan Meteorological Agency 

Seismic Intensity scaled 7 in Kurihara city of Miyagi prefecture and 6+ in 28 cities and towns 

in Miyagi, Fukushima, Ibaraki and Tochigi prefecture. 6- or weaker scale of the seismic 

intensity were observed nationwide from Hokkaido to Kyusyu (Japan Meteorological Agency 

2012). The earthquake also brought tsunami and nuclear reactor accident. Maximum height 

of tsunami was 8.5m in Miyako, Iwate prefecture at 3:26pm on March 11th, 8.0m in Ofunato, 

Iwate prefecture at 3:18pm on March 11th, 9.3m in Soma, Fukushima prefecture at 3:51pm 

on March 11th, and 7.6m in Ishinomaki, Miyagi prefecture at 3:25pm on March 11th 

(Department of International Affairs of Japan Science and Technology Agency 2011). The 

number of people who died because of this disaster is 15,893, missing 2,556, and injured 

6,152 as of December 9th, 2016 (National Police Agency of Japan 2016). From Fukushima 
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prefecture, 31,936 still live within and 39,218 live outside of Fukushima as evacuees as of 

May 2017. (Disaster Countermeasures Headquarter of Fukushima Prefecture 2017).  

     According to Fukushima Revitalization Station (2017), evacuation orders are 

announced in the following order by the government. On the day the earthquake occurred on 

11 March 2011, at 20:50, government placed first evacuation order to those who live within 2 

km radius from the Fukushima I Nuclear Power Plant (plant I). At 21:23 on the same day, 

government broaden the evacuation area to 3 km radius distance from the plant I and they 

also placed indoor standby order to residents within 10 km radius from the plant I. On March 

12th, 5:44, government placed evacuation order to those live in 10km radius from the plant I. 

On the same day, at 7:45, government placed evacuation order to residents live within 3 km 

radius from Fukushima II Nuclear Power Plant (plant II), and placed indoor standby order to 

residents within 10 km radius from the plant II. At 17:39 on 12th, government placed 

evacuation order to residents within 10 km radius from the plant II and at 18:25, government 

placed evacuation order to residents within 20km from plant I. On March 15th 11am, 

government placed indoor standby order to those live within 20km to 30km radius from the 

plant I.  

     On April 22, 2011, government established three types of evacuation zones (Fukushima 

Revitalization Station 2017); they decide the area within 20 km radius from the plant I as 

hazard area where free entrance is prohibited and area outside of 20 km radius but high 

contamination of radiation suspected area on northwest side was decided as planned-

evacuation area where residents need to evacuate within 1 month. Other than that, within 20 

to 30 km radius from the plant I was decided as evacuation area in case of emergency. Figure 

1.2 visualize the different types of evacuation areas. On June 16th, since many hotspots were 

found with high radiation level outside the evacuation areas, government decided those spots 

as special areas for evacuation recommendation. This evacuation recommendation was 
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removed by the end of 2014. Also on September 30th, government removed evacuation area 

in case of emergency. 

     In April 2012, government reconstructed categorization of evacuation areas under 

hazard zone and planned evacuation zone as seen in Figure 1.3 (as of April 2015). 

Government decided area which they are sure that annual radiation exposure level is less than 

20millisieverts as zone in preparation for the lifting of the evacuation order. Areas with 

annual radiation exposure level of over 20millisieverts was decided to be restricted residence 

area. Entrance to those areas were permitted. However, areas whose annual radiation 

exposure level exceeds 50millisieverts is defined as difficult-to-return zone and entrance 

continued to be prohibited. After that, evacuation orders had been removed in various places, 

but not all as Figure 1.4 shows.   

It should be noted that though there are many residents who evacuated following the 

evacuation order, there are substantial number of residents who evacuated voluntary as Hino 

(2015) mentions. Comparing to various compensations provided for those who evacuate from 

the areas under evacuation order, compensations they can receive is much smaller, housing 

support was almost the only public provided support (Hino 2015). One of the major issues 

affecting mental health of residents is gaps between compensations among disaster affected 

areas as Tsujiuchi (2015) reports. Studies focusing on the health status of those voluntary 

evacuated residents should be encouraged as well as forced evacuated residents.   

Tokyo Electric Power Company (TEPCO) have provided various types of monetary 

compensations to affected residents. One of the largest compensation equally provided for all 

the residents in evacuated areas was compensation for moral harm. The basic idea of this 

compensation is providing 100,000 yen per month per person (lump-sum payment was 

possible) as they pay 6.5 million yen per person as a total by the end of 2017 June and they 

decided payment of additional 7 million yen per person for after 2017 July. TEPCO also 
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provides asset compensation covering full price of residents’ asset in the town and provides 

income compensation for almost 3 years which cover full income they were earning before 

the disaster. Other than these, medical fee, new acquisition of house fee, housing fee, as such 

many things were covered by compensations for those who lived in the evacuation area. The 

detailed information of TEPCO’s compensation policy is available in their home page 

(http://www.tepco.co.jp/fukushima_hq/compensation/guidance/index-j.html Accessed 8th 

May 2017).  

 

2. A Town of Futaba, Fukushima 

     A Town of Futaba locates 2 km to 10km radius from the plant I and almost all the area 

belongs to difficult-to-return zone. Futaba consists of 6,128 residents and 2,305 households 

as of 2017.5.1 according to Futaba town office home page (http://www.town.fukushima-

futaba.lg.jp/ Accessed 8th May 2017). Right after the disaster, Futaba town office has 

provided evacuation shelter in a Stadium in Saitama prefecture and Kisai high school about 

one month after the disaster. Kisai high school was closed in the end of 2013 after sending 

out the last resident to other residence (Author heard from Futaba office). Many residents 

have moved to apartments and temporary units or newly bought house from those shelters. As 

of 2017 May, some have already moved into public restoration housing but new entrance is 

still being processed. Since the case of Futaba is historically very unique in the world, this 

research would not only contribute to improve recovery policy of the region but also gives 

special insights for social capital and disaster studies. 
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Figure 1.1 Bonding, Bridging, and Linking Social Capital 

Notes) Adapted from Aldrich, D. P., 2012. Building Resilience. Chicago: The University of 
Chicago Press. p 34 
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Figure 1.2 Evacuation Instruction as of April 22nd 2011 

Source) Fukushima Revitalization Station, 2017. Transition of evacuation instruction zones. 
http://www.pref.fukushima.lg.jp/site/portal-english/en03-08.html. Accessed 8th May 2017. 
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Figure 1.3 Evacuation Instruction as of April 22nd 2015 

Source) Fukushima Revitalization Station, 2017. Transition of evacuation instruction zones. 
http://www.pref.fukushima.lg.jp/site/portal-english/en03-08.html. Accessed 8th May 2017.  
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Figure 1.4 Evacuation Instruction as of April 1st 2017 

Source) Fukushima Revitalization Station, 2017. Transition of evacuation instruction zones. 
http://www.pref.fukushima.lg.jp/site/portal-english/en03-08.html. Accessed 8th May 2017.  
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Table 1.1. 12 Social Capital Proxies Chosen by Cabinet Office, Japan (2003) 

    Composition  Sub-Index Detail of Index 

I. Network Network with 
neighbors 

(i) Frequency of attending social associations 
with neighbors 

(Network index)   (ii) Number of neighbors who have social 
relationships 

  Social network (iii) Frequency of having social associations 
with friends 

    (iv) Frequency of having social associations 
with relatives 

    (v) Participation situation for sport or 
recreation activities 

II. Trust General trust (vi) General trust to strangers 

(Trust index) Mutual trust and 
help (vii) Trust to neighbors 

    (viii) Trust to Friends 
    (ix) Trust to relatives 

III. Participation Social participation (x) Participation situation for regional 
activities 

(Participation 
index)   (xi) Percentage of participants to volunteer 

works 

    (xii) Contributuion amount to community chest 
per person 
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Chapter 2 

Data 

 

I. Data Collection Method  

 

1. Questionnaire  

Our original survey questionnaire has been distributed by mail to all the displaced 

residents from a town of Futaba, Fukushima. As explained in previous parts, Futaba has about 

6,900 residents and has about 2,600 households before the disaster. With support of Futaba-

town-office, we have distributed the survey to around 2,900 addresses which are recorded as 

addresses of household in addition to some non-household head people who requested to 

town office to send the town magazine. Ideally, the survey should have been distributed to all 

the residents of Futaba, but we have targeted the survey only to household heads because of 

practical issues. The number of households is about 2,600 and the number of distribution is 

2,900, which means that the survey must have been distributed to almost all the household 

heads of Futaba residents.  

The survey was conducted three times so far: July 2013, December 2014, and July 

2016. For the first round of the survey, the questionnaire has been distributed with monthly 

Futaba-town newsletter to residents in July 2013 and we have got 585 answers, which leads 

response rate of about 20 percent. For the second-round survey conducted in December 2014, 

we posted directly to those who had written their names and address on the optional page of 

the questionnaire in the first-round survey, in addition to the distribution by Futaba town 

office with the Futaba-town newsletter. We have received 654 answers which leads about 22 

percentage of response rate. For the third-round survey, following second-round survey, we 

posted directly to those who had written their names and address in previous surveys in 
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addition to the distribution by Futaba town office with the monthly Futaba-town newsletter. 

We have received 499 answers which leads about 17 percent response rate. Response rates 

presented here is calculated according to the distribution of survey which is 2,900. Since 

number of household in Futaba is about 2,600 when the disaster occurred and about 2,300 

currently, when we consider the actual number of household, actual response rate is higher 

than what we report here.  

The questionnaire includes general information such as age, sex, family composition 

before and after the disaster, living place before and after the disaster, income before and after 

the disaster, occupation before and after the disaster, and educational background. We include 

measurements for social capital before and after the disaster and the K6 questions which are 

shown in Table 2.1. Furthermore, we include evacuation process after the disaster, way of 

acquiring information during evacuation, questions asking whether to go back to their home 

town in the future or not, and how many times they have answered questionnaire survey after 

the disaster. In second-round survey, we added some questions about happiness, eating habit 

such as asking how many times to eat outside per week, and purchasing behavior such as how 

many cars they bought after the disaster. On the other hand, we omitted some of questions 

such as some social proxies and evacuation process because of space limitation in the second-

round survey. In the third-round survey, we added questions asking about relationships with 

original residents in the place they evacuated. These questions were added following a 

meeting with Futaba town officers and Mayor of Futaba who told us that their current 

concern is the relationship between Futaba residents and original residents who live where 

Futaba residents evacuated to.  

This research has been conducted under the confirmation of ethics committee of 

University of Tokyo confirmed on July 25th, 2013, as the project number 13-48. 
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2. Social Capital Proxies 

For measuring social capital, 13 measures are chosen which are shown in Table 2.2 

referring to the common understanding of social capital introduced by Inaba (2011) and the 

research by Cabinet office (2003), Japan in 2002 measuring social capital of Japanese. 

As a social capital index, Japanese Cabinet Office has chosen 12 proxy variables of 

social capital categorized into three categories which are “Network”, “Trust”, and 

“Participation”. However, one of the most important aspects of social capital, “Trust”, is only 

measured by attitudinal measures in the index made by Cabinet Office. For example, in their 

measurement of trust using public goods experiment by Anderson, they tried to compare the 

results of experiments not only with attitudinal measures of trust such as GSS trust question, 

but also with some behavioral measures such as a question asking “Do you leave the door 

unlocked when you go out?” (Anderson et al. 2004) In the proxies we employ, those 

behavioral measures of trust are included for measuring social capital.  

One of the major proxies which have been used world widely for measuring social 

capital is GSS “TRUST” measure. In our study, we include GSS “CANTRUST” measure 

instead of “TRUST” measure since Japanese version of GSS (JGSS) have only included 

“CANTRUST” question in their recent survey held in 2012. For comparability with average 

result of all Japanese, we have adopted GSS“CANTRUST” measure instead of 

GSS“TRUST” measure. The question of GSS “TRUST” measure and GSS “CANTRUST” 

measure differs only in the choices given for respondents. Both questions ask “Generally 

speaking, would you say most people can be trusted, or that you can’t be too careful in 

dealing with people?” For GSS “TRUST”, the answer choices are three; “Most people can be 

trusted”, “Can’t be too careful” and “Depends”. On the other hand, for GSS “CANTRUST”, 

the answer choices are four; “People can almost always be trusted”, “People can usually be 

trusted”, “You usually can’t be too careful in dealing with people”, “You almost always can’t 
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be too careful in dealing with people” 

 

3. Mental Health Measure: K6  

     We have adopted K6 score as a mental health proxy. K6 is internationally used valid 

proxy for measuring mental health first introduced by Kessler (2002) as a screening scale of 

psychological distress for US National Health Interview Survey (Kessler, 2002). This proxy 

is also included in annual government health surveys in US and Canada and also in the WHO 

World Mental Health Surveys (Kessler, 2002). The K6 questions consist of the 6 questions 

shown in Table 2.1 from “a” to “f”. For each question, respondents need to choose one scale 

out of the 5 scales. Total score of the 6 questions is called the K6 score of the respondent, 

which means that people who have high score tend to have more possibility of having mental 

health problems.  

     In Japanese context, Furukawa et al (2008) developed Japanese version of K 6 and 

concluded that Japanese versions of K6 demonstrates screening performances almost 

equivalent to original English versions (Furukawa et al, 2008). Furthermore, Kawakami and 

Furukawa (2007) show three ways of categorizing K6 score which are, over 5, equivalent to 

have mental stress, over 10, equivalent to have mood disorder and anxiety disorder, and over 

13, equivalent to have serious mental disorder.  

 

II. Characteristics of Respondents  

 

     Respondents of our survey consists majority of males and the elderly. As Figure 2.1 

shows, the percentage of male is about 80 percent in all of our surveys and it reflects the 

original sex distribution of house hold heads of Futaba who are target of our survey. Also, 

Figure 2.4 to 2.6 show the age distribution of respondents of our survey and it reflects 
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original distribution of house hold heads shown in Figure 2.3 though age distribution of the 

respondents obviously left skewed compared to entire population of Futaba residents shown 

in Figure 2.2.   

     Futaba residents cannot go back to their home town and they are currently evacuating 

to all over Japan (2017/4). Table 2.3 shows that how many Futaba residents live in which 

prefecture in 2013 August and in 2016 July and how many responses we obtain from each 

prefecture in each round of survey. The prefectures which have many Futaba residents are 

Fukushima, Ibaraki, Saitama, Chiba, Tokyo, Kanagawa, Niigata, Miyagi and Tochigi. Among 

these prefectures, residents in Fukushima, Ibaraki and Miyagi increased during 2013 to 2016 

while it decreased in others.  

The house types of respondents are heterogeneous and has been changing through time 

as well. As shown in Figure 2.7, most respondents lived in rented rooms in 2013. For those 

who rent rooms, Kariage policy was applied in many cases. Kariage policy is a support 

provided for displaced residents and residents can choose their apartment wherever in Japan 

and prefectural government pays for their rent. There are some rules for this system, such as 

the rent needs to be less than 60,000 yen for a family which consists of less than 5 people. In 

2013, there were still some people who lived in Kisai high school. Kisai high school was an 

emergence shelter for Futaba residents and sent out the last Futaba resident to other place and 

closed as an evacuation shelter in December 2013. From 2013 to 2015, we can see that 

people who lived in rented rooms and temporary prehab shelters decreased and many 

residents had bought their own house outside the Futaba.  

In addition, the income distribution in Figure 2.8 unsurprisingly shows that income has 

generally decreased because of the disaster among Futaba residents. What should be noted 

here is that income level is not recovering between 2013 and 2015 but it is slightly down 

warding. To make it clear, the plotted income in Figure 2.8 doesn’t include compensation 
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they receive from TEPCO. There are several possible reasons that their income do not 

recover. First, some of them might have lost jobs and they couldn’t get any new jobs that 

provide similar income condition as before the disaster. Second, considering that there are 

many elderlies in our sample, some might have decided to retire because of this incidence. 

Further investigation and longer-term measurement is necessary in this aspect.  

 

III. Overview of Methods for Analysis 

 

We analyze our data set in three phases. First, we investigate the impact of the disaster 

on social capital and mental health by looking at K6 score and social capital proxies. We 

compare K6 score distribution of respondents with overall Japanese distribution and with 

distribution in other disaster affected areas. Also, we observe change of distribution of K6 

from 2013 survey to 2016 survey. Furthermore, we investigate how social capital changed 

before and after the disaster and how it is recovering after the disaster. Second, we analyze 

association between social capital and mental health using an intervening variable model. 

Third, using our unique data set which provide natural experiment setting, we test the 

prospect theory assuming mental health status as utility and change of income, house size and 

health status as its determinants.  
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Figure 2.1 Sex Distribution of Respondents 
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Figure 2.2 Age Distribution of Futaba Population (Census 2010) 
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Figure 2.3 Age Distribution of Futaba Population of House Hold Heads (Census 2010) 
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 Figure 2.4 Age Distribution of Respondents (2013) 
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Figure 2.5 Age Distribution of Respondents (2014) 
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Figure 2.6 Age Distribution of Respondents (2016) 
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Figure 2.7 Housing Types among Respondents  
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Figure 2.8 Income Distribution of Respondents  
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Table 2.1 K6 Questions 

  During past 30 days how often did you feel…. 

All of 
the 

time 

Most 
of the 
time  

Some 
of the 
time 

A little 
of the 
time 

None 
of the 
time 

a. … nervous? 4 3 2 1 0 
b. … hopeless? 4 3 2 1 0 
c. …restless or fidgety? 4 3 2 1 0 
d. …so depressed that nothing could cheer you up? 4 3 2 1 0 
e. …that everything was an effort? 4 3 2 1 0 
f. …worthless? 4 3 2 1 0 
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Table 2.2 Social Capital Proxies 

Category Label Question Answer 

Network (i) Talking time with family Hours to talk with family per day Numerical: hours/day 

  (ii) Talking time with friends Hours to talk with friends per day Numerical: hours/day 

  
(iii) Number of people to 
exchange greetings 

Number of persons to exchange greetings per day Numerical:  
number of persons 

  
(iv) Number of friends Number of friends who exchange information more 

than 3times a year 
Numerical:  
number of friends 

  

(v) Help Talking of neighborly ties, how often does 
household head give  something to neighbors or 
help neighbors, or get something from neighbors or 
get help from neighbors ? 

Category (Ordered) 
4: So often   3: Moderately 
2: Not so often  1: None 

Trust 

(vi) Trust GSS “CANTRUST” 
Generally speaking, would you say that most people 
can  be trusted or that you can't be too careful in 
dealing with people? 

Category (Ordered) 
4: Most people can be trusted 
3: People can be trusted  
    more often than not 
2: Can't be too careful  
    more often than not 
1: Can't be too careful 

  

(vii) Fair Do you think most people try to be fair? Category 
1: Yes 2: No  3: Don't know 

  

(viii) Trustworthy Do you think you are trustworthy? Category 
1: Yes 2: No  3: Don't know 

  

(ix) Help2 Neighbors will help me when I am in trouble Category (Ordered) 
5: Strongly agree 4: Agree   
3: Can't tell 2: Don't agree  
1: Don't agree at all 

  

(x) Door Do you leave the door open when you go out? Category 
1: Yes 2: No  3: Don't know 

  
(xi) Borrow Do you often borrow money or staffs to your 

friends? 
Category 
1: Yes  2: No  3: Don't know 

Participation (xii) Volunteer Hours to participate in volunteer work per week Numerical: hour/week 

 (xiii) Recreation Hours to join tea paty or other activities per week Numerical: hour/week  
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Table 2.3 Evacuation Situation of Futaba Residents 

  
Num of 
residents 
(2013) 

Num of 
residents 
(2016) 

Num of 
response 
(2013) 

Num of 
response 
(2014) 

Num of 
response 
(2016) 

  
Num of 
residents 
(2013) 

Num of 
residents 
(2016) 

Num of 
response 
(2013) 

Num of 
response 
(2014) 

Num of 
response 
(2016) 

Hokkaido 13 15 2 2 3 Shiga 1 1 0 0 0 
Aomori 21 16 2 1 1 Kyoto 12 10 0 1 1 
Iwate 9 9 1 0 1 Osaka 4 5 1 1 1 
Miyagi 178 250 12 16 17 Hyogo 3 2 1 0 0 
Akita 15 11 2 3 2 Nara 5 - 0 1 0 
Yamagata 50 32 3 3 1 Wakayama - - - - - 
Fukushima 3,823 4,071 321 381 283 Tottori - - - - - 
Ibaraki 404 463 44 50 37 Shimane 18 16 1 2 0 
Tochigi 165 160 13 17 12 Okayama 3 3 0 0 0 
Gunma 39 40 1 4 3 Hiroshima 3 4 1 2 1 
Saitama 974 856 71 67 46 Yamaguchi - - - - - 
Chiba 191 171 28 27 19 Tokushima 1 - 0 0 0 
Tokyo 371 335 29 17 18 Kagawa - - - - - 
Kanagawa 199 178 18 21 19 Ehime 5 5 1 0 0 
Niigata 206 157 11 9 3 Kochi - - - - - 
Toyama 18 13 0 1 1 Fukuoka 10 9 1 3 1 
Ishikawa 13 18 1 0 0 Saga 4 4 0 0 0 
Fukui 8 5 0 0 0 Nagasaki 6 5 0 0 0 
Yamanashi 12 14 3 0 1 Kumamoto 5 2 1 1 1 
Nagano 7 15 0 0 0 Oita 7 6 1 1 1 
Gifu 10 6 1 1 0 Miyazaki - - - - - 
Shizuoka 36 33 3 1 2 Kagoshima 16 14 1 1 1 
Aichi 13 4 0 0 0 Okinawa 4 4 1 1   
Mie - - - - - Other/Unknown 16 4 9 18 23 

      Total 6,898  6,966  585  653  499  

Notes) Author survey and Futaba town home page information 
 http://www.town.fukushima-futaba.lg.jp/5257.htm Accessed 29th April 2017 
  

http://www.town.fukushima-futaba.lg.jp/5257.htm
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Chapter 3 

Impacts of the Nuclear Disaster on Mental Health and Social Capital 

 

I. Unusually Low Mental Health among Futaba Residents 

 

We begin by looking at psychological distress captured by K6 score. We compare the 

distribution of K6 scores among Futaba residents with that of across Japan, other disaster 

affected areas, and evacuees in other disaster affected areas, using age and gender distribution 

to validate the findings. The average level of psychological distress among Futaba residents is 

unusually high compared with that from across Japan as seen in Figure 3.1. The age and 

gender stratified comparison of K6 score shown in Table 3.1 also validates our finding. The 

Japanese data used for comparison is Comprehensive Survey of Living Conditions conducted 

by Japanese ministry of Health, Labour and Welfare in 2013 which we use because it is one 

of the most large-scaled, random surveys covering all the population of Japan at the similar 

timing of our survey.  

Furthermore, the average level of psychological distress among Futaba residents is high 

even when compared with other disaster affected areas such as Wakabayashi district of 

Sendai, Ogatsu and Oshika districts of Ishinomaki, Yamada, Otsuchi and Rikuzentakata that 

were seriously damaged by the earthquake and tsunami (but not the nuclear plant meltdowns) 

as seen in Figure 3.2. The data of disaster affected areas comes from Higashi Nihon 

Daishinsai hisaisya no kenkōjō taitō ni kansuru chōsa [Exploration of health status of 

disaster affected residents by the Great East Japan earthquake] conducted in 2011 led by 

Hayashi et al. This data was chosen for comparison since it is one of the largest scaled survey 

data targeting residents in seriously damaged areas and the city, town or district level 

distribution of K6 score was available.  
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We recognize the limitation of the comparison shown in Figure 3.2 that our survey 

respondents consist of only evacuees while the supplemental data do not solely reflect 

evacuees’ mental health. This is because the comparing data reflects the answers of those who 

did not need to evacuate though the areas were overall seriously damaged. Therefore, we 

conducted further comparison of K6 distribution of Futaba residents with mental health of 

only evacuees in another disaster affected area as shown in Figure 3.3. The data used for 

comparison here is from Ōkyū kasetsu jūtaku (Prefab) Nyūkyosha kenkō chōsa (Health 

survey of prefab temporary units’ residents) conducted in Miyagi prefecture in 2013 by the 

prefectural government. We used this data as it reflects the status of those who live in 

temporary units in Miyagi, that is, the mental health status of disaster evacuees. Figure 3.3 

shows that Futaba residents have high K6 scores even when compared with evacuees in other 

disaster affected areas. Gender and age stratified comparison of percentage of K6 score over 

13 among evacuees is also available in Table 3.2, which shows that K6 score is especially 

high among Futaba elderlies (over 60s) compared to evacuees in other disaster affected areas.  

In addition, considering the mental health status change among Futaba residents during 

2013 to 2016, we cannot see prominent recovery as shown in Figure 3.1. Moreover, from 

Figure 3.2, we can see that the number of those who has better mental health with less than 9 

points of K6 score has increased but those who have bad mental health with higher than 13 

points of K6 score increased as well. Furthermore, as we can see from Figure 3.3, K6 score 

distribution among those who live in temporary prehab units are getting higher within 3 

years.  

Furthermore, to investigate K6 score distribution heterogeneity among Futaba 

residents, we compare the K6 score among Futaba farmers. As we can see from Table 3.3, 

people who engaged in farming before the disaster generally have higher K6 core compared 

to average distribution of Futaba residents. We also compare K6 score of farmers who could 
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continue to be farmers after the disaster and farmers who needed to quit after the disaster. 

From 2013 and 2014 data, average K6 score is higher for those who needed to quit farming 

while 2016 data shows almost no difference between them.  

We also find subjective health measure show deterioration of health among residents as 

we can see in Figure 3.4. In same way as K6 score distribution, subjective health 

measurement does not show recovery during 3 years from 2013 to 2016.  

 

II. Deterioration of Social Capital among Futaba Residents 

 

From our survey, prominent decline of social capital among the Futaba residents has 

been observed. Most of the 13 social capital proxies measured in 2013 which asked 

retrospectively the status before the disaster and the status in 2013 show the decline of social 

capital among Futaba residents after the disaster as we can see from Figure 3.5 to Figure 

3.17. First proxy, which is “Talking time with family”, shows the least change among the 13 

proxies before and after the disaster as shown in Figure 3.5. However, all other proxies show 

decline of social capital after the disaster. Furthermore, many of the social capital proxies 

were continued to be included in survey conducted in 2014 and in 2016 to observe its 

recovery. Most of the proxies show no significant recovery after the disaster.  

In addition, we can compare GSS Trust distribution with overall Japanese 

distribution using results from Japanese General Social Surveys 2010 and 2012 as we can see 

in figure 3.10. This shows overall GSS Trust measure declined between 2010 and 2012 in 

Japanese population. However, the decline is more severe among Futaba residents and it is 

even slowly getting worse during 2013 to 2016.  
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III. Discussion and Policy Implication 

 

 We see several takeaways from these results. First, the K6 scores of ex-Futaba 

residents indicate the high possibility of severe mental distress caused by the nuclear disaster; 

residents may be experiencing PTSD, anxiety, and depression because of direct and indirect 

costs. Causes of distress include evacuation, uncertainty about the future, and potential 

radiation impact on their health and livelihoods. There are a substantial number of residents 

who described their concerns about their future in open-ended sections of our survey. Also, 

many may feel betrayed by the government and the Tokyo Electric Power Company because 

of the collapse of the safety myth about nuclear power. As a result, decision makers and 

NGOs may need different toolkits for handling these kind of natural-technological (natech) 

disasters (Arata et al. 2000). 

Furthermore, we find no significant improve of mental health among residents and the 

percentage of those who have better mental health has increased but those who have bad 

mental health also has increased. This shows the possibility that residents are getting 

separated to two categories: those getting better and those getting worse. Longer term 

observation would be important for further investigation of the cause of this separation and 

the reason behind to ease mental distress of those whose mental health status is getting worse.  

Moreover, we find that those with high K6 score have increased among prehab 

temporary unit residents. There are two possible reasons behind this. First, considering that 

there are many residents who had left temporary prehab units during the 3 years, those with 

better mental health might have moved from temporary prehab units earlier and those with 

bad mental health had stayed. Second, the longer term stay of temporary prehab units might 

put serious stress on residents. Further investigation would be necessary for understanding 
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the cause, but in either cases we mention, mental health care targeting those who have stayed 

temporary prehab units for long time is necessary.  

In addition, investigating change of social capital before and after the disaster, we 

confirm that disaster significantly damaged social capital among residents. And from most of 

the proxies measured continuously after the disaster, social capital is not recovered, which 

suggest it will take long term to recover their social capital.  
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Figure 3.1 Comparison of K6 Score Distribution between Futaba and Japan 

Source) Author surveys and Ministry of Health, Labour and Welfare (2013) 
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Figure 3.2 Comparison of K6 Score among Disaster Affected Areas 

Source) Author surveys, Tsuji (2012), and Ogawa and Sakata (2012) 
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Figure 3.3 K6 Distribution of Those Who Live in Prehab Temporary Units 

Source) Futaba data is from author surveys and Miyagi data is from Ōkyū kasetsujūtaku 
(Prefab) Nyūkyosya kenkō chōsa (Health survey of prefab temporary units’ residents) in 2013 
by Miyagi prefectural government. 
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Figure 3.4 Subjective Health Status 
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Figure 3.5 Change of Social Capital 1: Talking Time with Family 
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Figure 3.6 Change of Social Capital 2: Talking Time with Friends 
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Figure 3.7 Change of Social Capital 3: Number of People Exchanging Greetings per Day 
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Figure 3.8 Change of Social Capital 4: Number of Friends from Futaba 
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Figure 3.9 Change of Social Capital 5: Frequency of Mutual Help 
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Figure 3.10 Change of Social Capital 6: GSS Trust 

Source) Futaba data is from author surveys and Japan data is from The Japanese General 
Social Surveys 2010 and 2012.  
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Figure 3.11 Change of Social Capital 7: Fair 
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Figure 3.12 Change of Social Capital 8: Trustworthiness 
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Figure 3.13 Change of Social Capital 9: Trust to Neighbors 

 

 

 

  

0% 20% 40% 60% 80% 100%

2016

2014

2013

Before the Disaster

"Neighbor will Help Me When I am in Trouble"

Defenitely Yes Yes and No No Not at All



78 
 

 

Figure 3.14 Change of Social Capital 10: Key 
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Figure 3.15 Change of Social Capital 11: Borrow 
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Figure 3.16 Change of Social Capital 12: Volunteer 
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Figure 3.17 Change of Social Capital 13: Hobby 
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Table 3.1 Gender and Age Stratified Comparison of K6 Score between Futaba and Japan 

  Male  Female  
Age K6 score 0～4 5～9 10～14 15 over unknown 0～4 5～9 10～14 15 over unknown 

Total Japan 69.7 16.6 6.7 2.3 4.7 65 19.3 7.7 2.8 5.3 
Futaba 25.6 30.0 22.1 14.6 7.7 17.1 26.0 23.6 17.1 16.3 

12-19 Japan 74.9 12.3 5.1 1.5 6.1 72 14.4 6.1 1.9 5.7 
Futaba - - - - - - - - - - 

20-29 Japan 67.0 17.3 9.5 3.7 2.5 63.2 20.0 10.3 4.5 2.0 
Futaba 57.1 14.3 14.3 14.3 0 0 100.0 0 0 0 

30-39 Japan 68.2 17.7 8.2 3.4 2.6 64.3 20.8 9.3 3.6 2.0 
Futaba 57.1 22.9 17.1 2.9 0 33.3 33.3 0 33.3 0 

40-49 Japan 67.8 18.6 8.0 2.8 2.8 63.0 22.0 9.2 3.5 2.2 
Futaba 18.6 39.5 18.6 14.0 9.3 0 66.7 22.2 11.1 0 

50-59 Japan 69.4 18.7 7.1 2.1 2.7 64.7 22.2 9.2 3.5 2.2 
Futaba 23.1 37.2 19.2 10.3 10.3 25.0 25.0 25.0 12.5 12.5 

60-69 Japan 74.5 15.3 4.4 1.3 4.5 70.0 17.2 5.3 1.7 5.7 
Futaba 27.9 30.0 20.0 17.9 4.3 20.7 27.7 27.7 13.8 10.3 

70-79 Japan 69.6 14.6 4.9 1.5 9.4 63.9 17.0 5.9 1.9 11.2 
Futaba 22.1 26.9 26.9 12.5 11.5 21.9 15.6 28.1 15.6 18.8 

Over 
80 

Japan 61.4 16.9 6.2 2.3 13.3 56.9 18.8 8.5 3.0 12.8 
Futaba 7.0 25.6 30.2 25.6 11.6 7.1 17.9 17.9 25.0 32.1 

Notes) Futaba data is from author surveys (2013) and Japan data is from Comprehensive 
Survey of Living Conditions by Ministry of Health, Labor and Welfare (2013). 
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Table 3.2 Gender and Age Stratified K6 Score Comparison among Evacuees in Disaster 
Affected Areas. 

 
Age Total 18 - 29 30 - 39 40 - 49 50 - 59 60 - 69 70 - 79 80 Over 

Male  (Percentage of Over 13) 
Futaba 23.2  14.3  5.7  18.6  15.4  24.3  21.2  37.2  
Futaba (Prefab) 23.1  - 0.0  0.0  0.0  28.6  23.5  - 
Miyagi (Prefab) 7.3  4.4  7.6  7.3  7.1  6.7  7.8  11.5  
Futaba (Private) 25.9  0.0  5.0  31.8  14.6  25.8  21.7  46.7  
Miyagi (Private) 5.6  4.4  5.0  6.1  5.2  5.6  6.1  10.4  

Female  (Percentage of Over 13) 
Futaba 29.1  0.0  33.3  11.1  18.8  31.0  25.0  25.0  
Futaba (Prefab) 30.8  - - 0.0  25.0  25.0  50.0  0.0  
Miyagi (Prefab) 9.3  7.4  8.0  9.1  8.9  8.3  11.2  10.6  
Futaba (Private) 33.9  0.0  40.0  0.0  12.5  40.0  26.3  44.4  
Miyagi (Private) 7.8  5.6  6.8  8.9  7.0  7.9  7.4  13.5  

Total  (Percentage of Over 13) 
Futaba 24.2  12.5  9.8  17.0  16.0  25.2  22.1  31.9  
Futaba (Prefab) 25.0  - 0.0  0.0  11.1  27.8  28.6  0.0  
Miyagi (Prefab) 8.3  5.9  7.8  8.2  8.0  7.5  9.7  10.9  
Futaba (Private) 27.2  0.0  12.0  25.9  14.3  28.2  22.8  45.0  
Miyagi (Private) 6.8  5.0  6.0  7.6  6.2  6.8  6.9  12.5  

Notes) Futaba data is from author survey (2013). Miyagi (prefab temporary units) is from 
Ōkyū kasetsujūtaku (Prefab) Nyūkyosya kenkō chōsa  (Health survey of prefab temporary 
units’ residents) in 2013 by Miyagi prefectural government. Miyagi (private housing used as 
temporary units) is from Minkan chintai kariage jyutaku tou nyuukyosya kenkou chousa 
(Health survey of residents in private housing used as temporary units) in 2013 by Miyagi 
prefectural government. 
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  Table 3.3 K6 Distribution of Futaba Farmer 

  Variable Obs Mean S.E. S.D. 95% Conf. Interval 

2013 

Overall 524 8.66 0.26 6.01 8.14 9.17 
Farmer (pre-disaster) 49 11.39 0.78 5.45 9.82 12.95 

t-value of difference =   -3.0633 (p-value = 0.0023) 
Farmer quit 44 11.55 0.79 5.26 9.95 13.15 
Farmer continued 5 10 3.33 7.45 0.75 19.25 

t-value of difference =   0.5973 (p-value = 0.5532) 

2014 

Overall 594 8.56 0.25 5.99 8.08 9.04 
Farmer (pre-disaster) 62 9.94 0.72 5.7 8.49 11.38 

t-value of difference =   -3.0633 (p-value = 0.0023) 
Farmer quit 55 10.33 0.78 5.78 8.76 11.89 
Farmer continued 7 6.86 1.55 4.1 3.07 10.65 

t-value of difference =   -1.7283 (p-value = 0.0844) 

2016 

Overall 442 8.38 0.3 6.28 7.8 8.97 
Farmer (pre-disaster) 21 10.67 1.3 5.97 7.95 13.38 

t-value of difference =   -1.6326 (p-value = 0.1032) 
Farmer quit 17 10.65 1.51 6.22 7.45 13.85 
Farmer continued 4 10.75 2.78 5.56 1.9 19.6 

t-value of difference =  -0.0302 (p-value = 0.9762) 
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Chapter 4 

Association between Social Capital and Mental Health* 

 

I. Method of Analysis 

 

Now, we investigate the relationship between social capital and mental health among 

Futaba residents using a two-step empirical procedure. First, we conduct a factor analysis to 

derive a factor called “trust perception.” Second, we examine the indirect impact of social 

capital on mental health through the derived factor “trust perception”.  

Table 4.1 presents questions we used as social capital variables for analysis. In addition 

to participation measures, such as participation in volunteer activities and tea parties, we ask 

about the number of Futaba neighbors after displacement to capture levels of social capital 

continuing from their pre-disaster community. We ask about the number of Futaba neighbors 

after displacement who knew each other before the disaster and the number of Futaba 

neighbor after displacement who they did not know each other before the disaster. Table 4.2 

presents social capital related measures we use to derive the factor variable “trust 

perception.” To capture trust perception, we go beyond standard attitudinal measures of trust 

and social capital– such as those from the General Social Survey (GSS) – to include 

behavioral measures such as “Do you leave the door unlocked when you go out?” Descriptive 

statistics of all the variables used in our analysis are shown in Table 4.3. 

To examine the indirect impact of social capital on mental health intervened by the 

derived factor “trust perception,” we test an intervening model as shown in Figure 4.1. 

Following Mackinnon et al. (2002) and Shrout and Bolger (2002), we use the following 

estimation models.  

                                                  
* Analysis and results in this chapter are reported in Iwasaki et al. (2017). 
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(1) I = βI0 +SβIS + εI            

  

(2)    P = βP0 + SβPS + αPII + εP     

 

where P represents K6 score. I represents the intervening variable “trust perception.” S is a 

set of social capital proxies including the number of Futaba neighbors who they knew each 

other before the disaster, the number of Futaba residents who they did not know each other 

before the disaster, a dummy variable for those who participate in volunteer activities, and a 

dummy variable for those who participate in tea parties. We first test the significance of βIS 

using the specification (1) and significance of αPI using the specification (2). We also check 

the insignificance of βPS using specification (2) to make sure that there is no direct impact of 

social capital on K6 score and then we test the significance of βIS × αPI using Sobel (Sobel 

1982), Aroian (Aroian 1944) and Goodman (Goodman 1960) tests. In addition, we estimate 

the reduced-form version of the model (2) to quantify determinants of mental health other 

than social capital proxies and use control variables to manage potential confounding factors.  

As we have cross-sectional study with a response rate of about 20 percent, we 

recognize the potential for two biases in our estimation – sample selection bias arising from 

endogenous participation in our survey and endogeneity bias arising from endogenous social 

capital due to each evacuee’s relocation choice. As to investigate the former, we employed 

2010 census data to explore the determinants of survey participation. According to estimation 

results of our survey participation regression model based on the combined 2010 census data 

and our data, older residents, male residents, and residents of certain settlements were more 

likely to complete our questionnaire as shown in Table 4.4. To handle potential sample 

selection bias arising from endogenous survey participation, we combine our data with 2010 
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Census data for validation and adopted Heckman’s correction method (Heckman 1979). As to 

the latter bias, we estimated the model with administrative unit fixed effects to eliminate 

endogeneity bias due to time-invariant unobserved heterogeneity across local government 

levels. Furthermore, we also note that the possibility of “common method bias” as limitation 

of our study since both explanatory variables and outcome variable are based on self-reported 

answers (Podsakoff et al. 2003).  

 

II. Result  

 

We find that levels of social capital as captured by post disaster number of neighbors 

from Futaba, participation in tea parties and engagement in volunteer work can improve 

mental health through a factor we deem a trust perception. We demonstrate this through a 

two-step empirical analysis. First, we derived the intervening variable trust perception by 

conducting a factor analysis of general trust, trust in neighbors, frequency of mutual help with 

neighbors, self-evaluation of trustworthiness, and evaluation of fairness of society. As the 

first factor with the largest eigenvalue highly correlates with these five variables as we can 

see in Table 4.5, we can call this factor “trust perception.” Second, we used this factor in an 

intervening variable model as shown in Figure 4.1.  

The estimated results of model (1) of βIS and (2) of βPS and αPI of Figure 4.1 with 

Heckman correction are displayed in Table 4.6 which shows that the social capital variables 

significantly and positively correlate with the factor trust perception, thereby demonstrating 

the significance of βIS in model (1). Also, the estimation results of model (2) show that trust 

perception is significantly negatively correlated with K6 scores (αPI) while the four social 

capital proxies captured by estimated βPS are largely insignificant, which is consistent with 

the intervening model. The Sobel, Aroian, and Goodman tests show the significance of βIS × 
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αPI in Table 4.7 and validate our intervening variable model. Table 4.8 reports the estimated 

results of model (1) of βIS and (2) of βPS and αPI of Figure 4.1 with Heckman correction and 

administrative unit fixed effects and Table 4.9 reports its joint significance test results which 

validate our findings. In addition, we should note that the inverse mills ratio of all the 

estimation results are insignificant which means that sample selection bias is not a serious 

obstacle. The first step estimation results of Table 4.6 and 4.8 are reported on Table 4.10.  

In addition to social capital measures, the income of the residents is strongly associated 

with mental health. To quantify the overall effects of income on mental health, Figure 4.2 and 

Table 4.11 displays the estimation results of a reduced-form version of the model. The first 

step estimation results of Table 4.11 are reported on Table 4.12. Futaba residents have 

received various types of monetary compensation from TEPCO but these subsidies are not 

included in our analysis.  

 

III. Discussion and Policy Implication 

 

 Our results show that social capital positively correlates with mental health through 

the intervening factor trust perception. This association between social capital and mental 

health intervened by a cognitive status we claim corresponds with a theory by Cohen et al 

(2000) where they claim social networks can improve mental health through positive 

affective states. Furthermore, local governments across Tohoku have created various policies 

and activities to maintain social networks among disaster affected residents in order to create 

better mental health. For example, in Saitama prefecture, to where many evacuated residents 

from Fukushima have moved, local communities provide various opportunities for disaster 

affected residents to gather and have tea parties through programs such as the Saigai-

Tsunagari Café (post-disaster social connection café), F-café-juju, and the Oshaberi-salon 
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(NPO hands-on Saitama 2013). Also, there is an undergoing integrated program called 

Taketoyo project (Japan Gerontological Evaluation Study 2016) to strengthen social capital 

by providing salons for the elderly. Our study provides the first quantitative evidence of the 

potential efficacy of these social capital strengthening activities among Fukushima evacuees 

and encourages detailed evaluation of these activities as conducted in Taketoyo project.  

Our results also show that disaster affected residents who participate in volunteer work 

improve their psychological well-being. From the anthropological perspective, some disaster 

affected residents face emotional debt because of the support they received. One scholar 

theorized that residents can restore their dignity by presenting “counter-gifts” to others 

(Uchio 2013). The Ibasho-café, a program set up in the tsunami affected city of Ofunato to 

provide a place for disaster affected residents to gather and allow elderly residents to take 

leadership roles, similarly builds on the role of engagement and civic participation (Kiyota et 

al. 2015). Our analysis suggests that volunteer work and bottom up social activities should be 

supported. Further, we show that having more neighbors from Futaba can eventually improve 

mental health. This result supports various policies by Japanese local governments which 

distribute temporary and permanent shelters according to residents’ original neighborhoods 

(Aldrich and Meyer 2015). Our study provides empirical support for the effectiveness of 

these group-relocation activities (Aldrich 2012).  

Finally, income and livelihood conditions serve as other influential variables on mental 

health. This is consistent with various empirical studies of mental health which argue for the 

importance of economic resources in maintaining mental health (Keleher and Armstrong 

2006). This suggests the significance of public policies which provide jobs and income for 

evacuees and internally displaced people following disaster. 
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Figure 4.1 Intervening Model. 

Source) Iwasaki et al. (2017)  
Notes) S represents social capital variables, I is the intervening variable trust perception, and P 
indicates K6, the mental health proxy. 
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Figure 4.2 K6 Regression on Wealth 

Source) Iwasaki et al. (2017)  
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Table 4.1 Social Capital Proxies for Analysis 

Variable Question in the Questionnaire Answer 

Number of Futaba  
unknown neighbors  

 
Number of Futaba neighbors after 
displacement who did not know each 
other before the disaster 
 
 

Category 
1. Over 20 
2. 10 to 19 
3. 6 to 9 
4. 3 to 5 
5. 1 to 2 
6. None 
(For analysis, interval 
regression is used for 
constructing continuous 
variable.)   

Number of Futaba known 
neighbors  

Number of Futaba neighbors after the 
disaster who knew each other before 
the disaster 

Participation in volunteer 
activities 

# hours participating in volunteer 
work per week 

Numerical: hour/week 
(For analysis, a dummy 
variable for 0 < is 
employed.)   

Participation in tea party # hours joining tea party or other 
activities per week 

Numerical: hour/week  
(For analysis, a dummy 
variable for 0 < is 
employed.) 

Source) Iwasaki et al. (2017)  
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Table 4.2. Social Capital Proxies for Deriving a Factor (Trust perception) 

Variable Question in the Questionnaire Answer 
General trust Generally speaking, would you say 

that most people can be trusted or 
that you can't be too careful in 
dealing with people? 

Category (Ordered) 
4: People can be trusted 
3: People can be trusted 
more often than not  
2: You cannot be too careful 
more often than not  
1: You cannot be too careful 

Mutual help Talking of neighborly ties, how often 
does household head give something 
to neighbors or help neighbors, or get 
something from neighbors or get help 
from neighbors? 

Category (Ordered) 
4: So often 
3: Moderately 
2: Not so often   
1: None 

Fairness Do you think most people try to be 
fair? 

Category  
1: Yes  
2: No  
3: Don't know 

Self-trustworthiness Do you think you are trustworthy? Category  
1: Yes  
2: No  
3: Don't know  

Trust in neighbors Neighbors will help me when I am in 
trouble 

Category (Ordered)  
5: Strongly agree  
4: Agree  
3: Can't tell  
2: Don't agree   
1: Don't agree at all 

Leaves door open Do you leave the door open when 
you go out? 

Category  
1: Yes  
2: No  
3: Don't know 

Borrows from neighbors Do you often lend or borrow money 
or things to or from your friends? 
 

Category  
1: Yes  
2: No  
3: Don't know 

Source) Iwasaki et al. (2017)  
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Table 4.3 Descriptive Statistics 

Variable Obs Mean Std.Dev Min Max 
Age (in years) 575 62.967  14.388  24 94 
Gender dummies      
Male 585 0.774  0.418  0 1 
Female 585 0.210  0.408  0 1 
No answer 585 0.015  0.123  0 1 
House type dummies      
Kasetsu (temporary prefab) units  585 0.103  0.304  0 1 
Relative's house  585 0.053  0.224  0 1 
Kariage (private housing used as 
temporary) units 585 0.603 0.490  0 1 

House bought 585 0.106  0.308 0 1 
Rental housing 585 0.055  0.228  0 1 
Nursing home 585 0.015  0.123  0 1 
Kisai high school 585 0.017  0.130  0 1 
Employer's provision 585 0.032 0.177  0 1 
No answer 585 0.016 0.123  0 1 
Income dummies (in yen)      
Less than 1 million 585 0.159  0.366  0 1 
1 million to 2 million  585 0.174  0.380  0 1 
2 million to 3 million 585 0.171  0.377  0 1 
3 million to 4 million 585 0.144  0.351  0 1 
4 million to 6 million 585 0.126  0.333  0 1 
6 million to 8 million  585 0.091  0.287  0 1 
More than 8 million  585 0.046  0.210  0 1 
No answer 585 0.089  0.285  0 1 
Health condition dummies      
Much better 585 0.007  0.082  0 1 
Better 585 0.032  0.177  0 1 
No change 585 0.268  0.443  0 1 
Worse 585 0.480  0.500  0 1 
Much worse 585 0.109  0.312  0 1 
No answer 585 0.103  0.304  0 1 
K6 measure 524 8.656  6.014  0 24 
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Table 4.3 Descriptive Statistics (Continued) 

Variable Obs Mean Std.Dev Min Max 
No. of Futaba unknown neighbor 583 3.702  6.043  0 22 
No. of Futaba known neighbor  583 3.513  5.452  0 28 
Tea party dummies      
0 hours / week 585 0.421  0.494  0 1 
More than 0 hours /week 585 0.195  0.396  0 1 
No answer 585 0.385  0.487  0 1 
Volunteer dummies      
0 hours / week 585 0.451  0.498  0 1 
More than 0 hours /week 585 0.123  0.329  0 1 
No answer 585 0.426  0.495  0 1 
General trust (after disaster) 571 2.317  0.852  1 4 
Mutual help (after disaster) 574 1.911  0.853  1 4 
Trust in neighbors (after disaster) 564 2.465  1.197  1 5 
Leaves door open dummies      
Yes 585 0.050  0.217  0 1 
No  585 0.909  0.287  0 1 
Don't know 585 0.014  0.116  0 1 
No answer 585 0.027  0.163  0 1 
Borrows from neighbors dummies      
Yes 585 0.027  0.163  0 1 
No  585 0.909  0.287  0 1 
Don't know 585 0.024  0.153  0 1 
No answer 585 0.039  0.195  0 1 
People are fair dummies      
Yes 585 0.306  0.461  0 1 
No  585 0.159  0.366  0 1 
Don't know 585 0.472  0.500  0 1 
No answer 585 0.063  0.244  0 1 
Self-trustworthiness dummies      
Yes 585 0.243  0.429  0 1 
No 585 0.080  0.272  0 1 
Don't know 585 0.638  0.481  0 1 
No answer 585 0.039  0.195  0 1 

Source) Iwasaki et al. (2017)  
Notes) Kasetsu housing refers to temporary shelters provided by government, while kariage 
housing refers to cash compensation for housing rentals. Income variables do not include any 
compensation. Health condition: We ask, "How is the household head’s health compared to 
his or her health before the disaster?" 
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Table 4.4 Estimation Result of Survey Participation Equation 

Age category (20 ～29): reference category  
Age category (30 ～39)  0.0474*** 
 (0.00950) 
Age category (40 ～49)  0.0664*** 
 (0.0106) 
Age category (50 ～59)  0.0841*** 
 (0.00981) 
Age category (60 ～69)  0.176*** 
 (0.0132) 
Age category (70 ～79)  0.185*** 
 (0.0144) 
Age category (80 ～)  0.125*** 
 (0.0129) 
Age category (no answer) 0.321** 
 (0.140) 
Gender (male) : reference category  
Gender (female)  -0.132*** 
 (0.00800) 
Gender (no answer)  0.587*** 
 (0.112) 
Residential block in Futaba (1): reference 
category 

 

Residential block in Futaba (2) -0.0223 
 (0.0312) 
Residential block in Futaba (3) 0.00961 
 (0.0867) 
Residential block in Futaba (4) 0.0600 
 (0.0614) 
Residential block in Futaba (5) -0.0579 
 (0.0401) 
Residential block in Futaba (6) -0.00617 
 (0.0319) 
Residential block in Futaba (7) 0.00222 
 (0.0390) 
Residential block in Futaba (8) 0.000312 
 (0.0290) 
Residential block in Futaba (9) -0.0943** 
 (0.0432) 
Residential block in Futaba (10) -0.0472 
 (0.0360) 
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Table 4.4 Estimation Result of Survey Participation Equation (Continued) 

Residential block in Futaba (11) -0.0410 
 (0.0373) 
Residential block in Futaba (12) -0.0115 
 (0.0343) 
Residential block in Futaba (13) -0.0431 
 (0.0356) 
Residential block in Futaba (14) -0.0122 
 (0.0364) 
Residential block in Futaba (15) -0.0278 
 (0.0428) 
Residential block in Futaba (16) -0.00513 
 (0.0285) 
Residential block in Futaba (17) -0.0653* 
 (0.0385) 
Residential block in Futaba (18) -0.0679* 
 (0.0361) 
Residential block in Futaba (19) -0.00657 
 (0.0453) 
Residential block in Futaba (20) -0.0325 
 (0.0293) 
Residential block in Futaba (21) 0.895*** 
 (0.0408) 
Residential block in Futaba (no answer) 0.521*** 
 (0.183) 
_cons 0.0815*** 
 (0.0276) 
N 5691 
adj. R-sq 0.103 

Notes) Dependent variable is a dummy variable which take 1 when a person joined our 
survey. Robust standard error in parenthesis. * significant at 10% level, ** significant at 5% 
level, *** significant at 1% level. 
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Table 4.5 Factor Loadings Result to Derive the Intervening Variable, “Trust perception” 

Variable Factor1 Uniqueness 

  (Trust 
perception)   

General trust 0.3376 0.886 
Mutual help 0.5957 0.6452 
Trust in neighbors 0.6918 0.5214 
Leaves door open (Yes) # 0.9808 
Borrows from neighbors (Yes) # 0.9845 
People are fair (Yes) 0.4562 0.7919 
Self-trustworthiness (Yes) 0.5033 0.7467 
KMO measure = 0.63 

Source) Iwasaki et al. (2017)  
Notes) # shows that factor loadings are smaller than 0.3 in absolute value. We retained only 
the first factor because the eigenvalues associated with the remaining factors are smaller than 
1 following Kaiser’s criterion (Kaiser 1960). KMO measure represents Kaiser–Meyer–Olkin 
measure of sampling adequacy (Kaiser 1974) which shows that the derived factor is 
meaningful at acceptable level. 
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Table 4.6 Regression Results of Heckman Selection Model (1) and (2) 

  (1) Dependent variable:  
Trust perception (2) Dependent variable: K6 

  (a) (b) (c) (d) (e) (f) 
Factor I (Trust perception)    -1.105*** -1.014*** -1.020*** 
    (0.338) (0.326) (0.333) 
No. of Futaba unknown neighbor 0.0196*** 0.0200*** 0.0163** 0.108** 0.0725 0.0714 
 (0.00655) (0.00705) (0.00667) (0.0522) (0.0538) (0.0516) 
No. of Futaba known neighbor 0.0214*** 0.0233*** 0.0272*** 0.0291 0.0155 0.0282 
 (0.00731) (0.00754) (0.00722) (0.0582) (0.0572) (0.0559) 
Volunteer participation dummy 0.260** 0.274** 0.218** -0.488 -0.880 -1.405* 
 (0.106) (0.107) (0.108) (0.837) (0.804) (0.833) 
Tea party participation dummy 0.263*** 0.249*** 0.402*** -0.546 -0.635 0.0337 
 (0.0883) (0.0897) (0.0942) (0.702) (0.684) (0.744) 
Constant -0.318** -0.673* -1.079** 9.585*** 5.357* 4.332 
  (0.138) (0.401) (0.438) (1.115) (2.871) (3.230) 
Inverse Mills ratio for the 0.0535 0.184 0.194 -0.802 -0.577 0.0406 
Heckman correction (0.0834) (0.145) (0.142) (0.661) (1.002) (0.990) 

Control Variables No Yes  
(Short set) 

Yes 
(Long set) No Yes 

(Short set) 
Yes 
(Long set) 

N 5691 5684 5678  5671  5665  5660 
Wald test statistics of a null 
hypothesis that all coefficients 
except the constant term are zero 

71.36 108.68 206.60 16.52 107.84 170.67 

p-value for the null hypothesis 0.0000 0.0000 0.0000 0.0055 0.0000 0.0000 
Notes) Standard error in parenthesis. * significant at 10% level, ** significant at 5% level, 
*** significant at 1% level. Interval regression is used for constructing continuous variable 
for number of Futaba neighbors (known and unknown). These variables were originally 
structured as ordered categories. However, to better understand the estimation results, we 
constructed a continuous variable using interval regression. For the estimation, in addition to 
the category number of unknown and known Futaba neighbors, gender dummies, age, house 
type dummies, current prefecture dummies, and residential block in Futaba dummies were 
employed. After the estimation, the numbers were rounded. Furthermore, upper and lower 
bounds were adjusted according to the original categories. We also report a Wald test 
statistics of a null hypothesis that all coefficients in the regression model except the constant 
term are zero. Our results reject the null hypothesis strongly. Omitted control variables from 
(b) and (e) are house type, education, gender, income level and income level before the 
disaster dummies and age. In addition to those, on (c) and (f), general trust before the 
disaster, mutual help before the disaster, trust in neighbors before the disaster, leaves door 
open before the disaster, borrows from neighbors dummies before the disaster, people are fair 
dummies before the disaster, self-trustworthiness dummies before the disaster, volunteer 
participation dummies before the disaster and tea party participation dummies before the 
disaster are included 
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Table 4.7 Joint Significance of βIS and αPI 

Notes) * significant at 10% level, ** significant at 5% level, *** significant at 1% level." 

 

  

       Sobel test Aroian test Goodman test 
  βIS αPI βIS αPI score p-value score p-value score p-value 
No. of Futaba unknown neighbor          
Test of (a) and (d) of Table 4.6 0.0196*** -1.105*** -0.0217 -2.207 0.0273 -2.153 0.0313 -2.266 0.0235 
Test of (b) and (e) of Table 4.6 0.0200*** -1.014*** -0.0203 -2.096 0.0361 -2.039 0.0414 -2.158 0.0309 
Test of (c) and (f) of Table 4.6 0.0163** -1.020*** -0.0166 -1.910 0.0561 -1.851 0.0642 -1.976 0.0482 

No. of Futaba known neighbor          
Test of (a) and (d) of Table 4.6 0.0214*** -1.105*** -0.0236 -2.181 0.0292 -2.126 0.0335 -2.240 0.0251 
Test of (b) and (e) of Table 4.6 0.0233*** -1.014*** -0.0236 -2.192 0.0284 -2.137 0.0326 -2.252 0.0244 
Test of (c) and (f) of Table 4.6 0.0272*** -1.020*** -0.0277 -2.377 0.0175 -2.328 0.0199 -2.429 0.0152 

Volunteer participation dummy          
Test of (a) and (d) of Table 4.6 0.260** -1.105*** -0.2873 -1.962 0.0498 -1.906 0.0567 -2.024 0.0430 
Test of (b) and (e) of Table 4.6 0.274** -1.014*** -0.2778 -1.977 0.0480 -1.919 0.0550 -2.041 0.0413 
Test of (c) and (f) of Table 4.6 0.218** -1.020*** -0.2224 -1.685 0.0919 -1.626 0.1039 -1.752 0.0798 

Tea party participation dummy          
Test of (a) and (d) of Table 4.6 0.263*** -1.105*** -0.2906 -2.202 0.0277 -2.148 0.0318 -2.260 0.0238 
Test of (b) and (e) of Table 4.6 0.249*** -1.014*** -0.2515 -2.071 0.0384 -2.014 0.0440 -2.133 0.0329 
Test of (c) and (f) of Table 4.6 0.402*** -1.020*** 0.4100 -2.488 0.0128 -2.445 0.0145 -2.535 0.0113 
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Table 4.8 Regression Results of Heckman Selection Model (1) and (2) with Administrative 
Unit Fixed Effects 

  [1] Dependent variable:   
Trust perception [2] Dependent variable: K6 

  (a) (b) (c) (d) (e) (f) 
Factor I (Trust perception)    -0.903*** -0.799** -0.830** 
    (0.333) (0.320) (0.331) 
No. of Futaba unknown neighbor 0.0203*** 0.0186*** 0.0152** 0.103** 0.0795 0.0727 
 (0.00645) (0.00692) (0.00651) (0.0508) (0.0518) (0.0501) 
No. of Futaba known neighbor 0.0256*** 0.0261*** 0.0292*** 0.0277 0.0193 0.0378 
 (0.00718) (0.00735) (0.00701) (0.0563) (0.0550) (0.0543) 
Volunteer participation dummy 0.211** 0.237** 0.201* -0.178 -0.730 -1.400* 
 (0.104) (0.105) (0.107) (0.812) (0.776) (0.813) 
Tea party participation dummy 0.304*** 0.284*** 0.440*** -0.936 -0.748 -0.0395 
 (0.0879) (0.0893) (0.0935) (0.688) (0.670) (0.740) 
Constant -0.375** -0.788* -1.180** 10.16*** 3.818 4.111 
  (0.171) (0.444) (0.460) (1.345) (3.093) (3.352) 
Inverse Mills ratio for the 0.0164 0.191 0.210 -0.389 0.292 0.516 
Heckman correction (0.0847) (0.152) (0.144) (0.653) (1.006) (0.973) 

Control Variables FE FE 
+ Short set 

FE 
+ Long set FE FE 

+ Short set 
FE 
+ Long set 

N 5691 5684 5678 5671 5665 5660 
Wald test statistics of a null 
hypothesis that all coefficients 
except the constant term are zero 

142.35 189.24 307.83 100.88 212.53 275.94 

p-value for the null hypothesis 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 
Source) Iwasaki et al. (2017)  
Notes) Standard error in parenthesis. * significant at 10% level, ** significant at 5% level, 
*** significant at 1% level. Interval regression is used for constructing continuous variable 
for number of Futaba neighbors (known and unknown). We also report a Wald test statistics 
of a null hypothesis that all coefficients in the regression model except the constant term are 
zero. Our results reject the null hypothesis strongly. Omitted control variables from all the 
columns are prefecture fixed effects (except for Fukushima prefecture) and city fixed effects 
in Fukushima prefecture. We adopted a Heckman correction model using observed 
characteristics in the 2010 Census such as sex and age categories of each respondent and non-
respondent.  In addition, omitted control variables on (b) and (e) are house type, education, 
gender, income level and income level before the disaster dummies and age. In addition to 
those, on (c) and (f), general trust before the disaster, mutual help before the disaster, trust in 
neighbors before the disaster, leaves door open before the disaster, borrows from neighbors 
dummies before the disaster, people are fair dummies before the disaster, self-trustworthiness 
dummies before the disaster, volunteer participation dummies before the disaster and tea 
party participation dummies before the disaster are included. Those coefficients are not 
reported in the Table but are available from the corresponding author upon request. 
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Table 4.9 Joint Significance Test for Regression Results of Heckman Selection Model with 
Administrative Unit Fixed Effects. 

Source) Iwasaki et al. (2017)  
Notes) * significant at 10% level, ** significant at 5% level, *** significant at 1% level." 

 

       Sobel test Aroian test Goodman test 
  βIS αPI βIS αPI score p-value score p-value score p-value 
No. of Futaba unknown neighbor          
Test of (a) and (d) of Table 4.8 0.0203*** -0.903*** -0.0183 -2.054 0.0399 -1.997 0.0458 -2.117 0.0343 
Test of (b) and (e) of Table 4.8 0.0186*** -0.799** -0.0149 -1.829 0.0673 -1.765 0.0776 -1.901 0.0573 
Test of (c) and (f) of Table 4.8 0.0152** -0.830** -0.0126 -1.709 0.0875 -1.640 0.1009 -1.787 0.0740 

No. of Futaba known neighbor          
Test of (a) and (d) of Table 4.8 0.0256*** -0.903*** -0.0231 -2.158 0.0309 -2.107 0.0352 -2.214 0.0268 
Test of (b) and (e) of Table 4.8 0.0261*** -0.799** -0.0209 -2.042 0.0411 -1.990 0.0466 -2.099 0.0358 
Test of (c) and (f) of Table 4.8 0.0292*** -0.830** -0.0242 -2.148 0.0317 -2.104 0.0354 -2.195 0.0281 

Volunteer participation dummy          
Test of (a) and (d) of Table 4.8 0.211** -0.903*** -0.1905 -1.624 0.1042 -1.558 0.1192 -1.700 0.0891 
Test of (b) and (e) of Table 4.8 0.237** -0.799** -0.1894 -1.674 0.0941 -1.605 0.1085 -1.754 0.0795 
Test of (c) and (f) of Table 4.8 0.201* -0.830** -0.1668 -1.503 0.1327 -1.432 0.1521 -1.586 0.1126 

Tea party participation dummy          
Test of (a) and (d) of Table 4.8 0.304*** -0.903*** 0.2745 -2.134 0.0328 -2.081 0.0375 -2.191 0.0284 
Test of (b) and (e) of Table 4.8 0.284*** -0.799** 0.2565 -2.589 0.0096 -2.574 0.0100 -2.604 0.0092 
Test of (c) and (f) of Table 4.8 0.440*** -0.830** 0.3652 -2.213 0.0269 -2.175 0.0296 -2.253 0.0243 
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Table 4.10 First Step Estimation Results of Table 4.6 and 4.8 

 

 (a) (b) (c) (d) (e) (f) 
Age dummies       
20 - 29 - - - - - - 
30 - 39 0.693*** 0.687*** 0.689*** 0.693*** 0.686*** 0.687*** 
 (0.163) (0.163) (0.163) (0.163) (0.164) (0.164) 
40 - 49 0.865*** 0.862*** 0.864*** 0.818*** 0.819*** 0.821*** 
 (0.161) (0.161) (0.161) (0.162) (0.162) (0.162) 
50 - 59 0.971*** 0.971*** 0.956*** 0.921*** 0.921*** 0.905*** 
 (0.154) (0.154) (0.154) (0.155) (0.155) (0.155) 
60 - 69 1.437*** 1.436*** 1.439*** 1.418*** 1.418*** 1.421*** 
 (0.152) (0.152) (0.152) (0.152) (0.152) (0.152) 
70 - 79 1.494*** 1.499*** 1.491*** 1.435*** 1.438*** 1.433*** 
 (0.154) (0.155) (0.155) (0.155) (0.155) (0.155) 
Over 80 1.233*** 1.235*** 1.232*** 1.128*** 1.131*** 1.127*** 
 (0.160) (0.160) (0.160) (0.162) (0.162) (0.162) 
No answer 1.670*** -13.15 -13.15 1.934*** -11.75 -11.75 
 (0.373) (.) (.) (0.378) (.) (.) 
Sex dummies       
Male - - - - - - 
Female -0.893*** -0.902*** -0.907*** -0.897*** -0.905*** -0.912*** 
 (0.0556) (0.0559) (0.0564) (0.0575) (0.0578) (0.0582) 
No answer 0.999** 7.430 7.423 -0.493 0.297 0.296 
 (0.480) (3578.3) (3593.6) (0.586) (0.712) (0.712) 
Futaba area dummies       
Ishikuma - - - - - - 
Yamada -0.238 -0.235 -0.259 -0.287 -0.262 -0.287 
 (0.187) (0.188) (0.189) (0.187) (0.189) (0.190) 
Matsusako -0.533 -0.525 -5.696 -5.767 -5.744 -5.752 
 (0.597) (0.598) (.) (.) (.) (.) 
Mizusawa 0.103 0.113 0.110 0.0847 0.112 0.109 
 (0.312) (0.313) (0.313) (0.311) (0.313) (0.313) 
Mesaku -0.511 -0.502 -0.505 -0.693** -0.667* -0.671* 
 (0.326) (0.327) (0.327) (0.349) (0.350) (0.351) 
Koriyama -0.117 -0.112 -0.135 -0.220 -0.195 -0.221 
 (0.187) (0.189) (0.190) (0.188) (0.191) (0.192) 
Kamihatori -0.125 -0.115 -0.152 -0.176 -0.149 -0.189 
 (0.236) (0.237) (0.240) (0.238) (0.240) (0.243) 
Niiyama -0.0602 -0.0494 -0.0558 -0.123 -0.0933 -0.100 
 (0.170) (0.172) (0.172) (0.169) (0.172) (0.172) 
Matsukura -0.762* -0.755* -0.757* -1.122** -1.096** -1.100** 
 (0.404) (0.405) (0.405) (0.495) (0.496) (0.496) 
Terasawa -0.465* -0.456* -0.458* -0.649** -0.623** -0.626** 
 (0.247) (0.248) (0.248) (0.262) (0.264) (0.264) 
Shibukawa -0.384 -0.437 -0.438 -0.493* -0.525* -0.527* 
 (0.271) (0.280) (0.280) (0.279) (0.289) (0.290) 
Konokusa -0.135 -0.125 -0.127 -0.153 -0.126 -0.129 
 (0.206) (0.208) (0.208) (0.206) (0.208) (0.208) 
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Table 4.10 First Step Estimation Results of Table 4.6 and 4.8 (Continued) 

 

 

 

  

Hosoya -0.321 -0.333 -0.335 -0.367 -0.350 -0.353 
 (0.242) (0.245) (0.245) (0.243) (0.245) (0.245) 
Shimohatori -0.187 -0.177 -0.179 -0.264 -0.236 -0.239 
 (0.229) (0.230) (0.230) (0.231) (0.233) (0.233) 
Nakada -0.241 -0.232 -0.235 -0.258 -0.231 -0.234 
 (0.276) (0.277) (0.277) (0.275) (0.277) (0.277) 
Nagatsuka -0.111 -0.0979 -0.103 -0.179 -0.150 -0.155 
 (0.168) (0.170) (0.170) (0.167) (0.170) (0.170) 
Morotake -0.456 -0.521* -0.523* -0.540* -0.524* -0.526* 
 (0.296) (0.308) (0.308) (0.306) (0.307) (0.308) 
Nakahama -0.577** -0.569** -0.570** -0.590** -0.564** -0.566** 
 (0.285) (0.286) (0.286) (0.284) (0.286) (0.286) 
Nakano -0.0952 -0.0852 -0.0876 -0.207 -0.180 -0.183 
 (0.269) (0.270) (0.270) (0.276) (0.278) (0.278) 
Maeda -0.305* -0.315* -0.317* -0.360** -0.345* -0.347* 
 (0.180) (0.182) (0.182) (0.180) (0.183) (0.183) 
Other 7.972 7.829 7.841 7.960 7.909 7.924 
 (.) (5184.7) (5177.6) (.) (.) (.) 
No answer 0.0820 1.626** 1.623** 0.707 7.259 7.254 
 (0.601) (0.788) (0.787) (0.678) (.) (.) 
_cons -1.895*** -1.902*** -1.894*** -1.830*** -1.856*** -1.848*** 
  (0.213) (0.214) (0.214) (0.212) (0.214) (0.214) 
N 5691 5684 5678 5671 5665 5660 
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Table 4.11 K6 Regression on Income with Heckman Correction 

  (1) (2) (3) (4) 
Income dummies (JPY)     

Less than 1 million  

[reference category]  
1 million to 2 million  -0.735 -0.531 -0.874 -0.722 
 (0.958) (0.970) (0.944) (0.955) 
2 million to 3 million -1.551 -1.423 -1.331 -1.307 
 (0.955) (0.959) (0.930) (0.927) 
3 million to 4 million -2.166** -1.961** -2.308** -2.021** 
 (0.972) (0.981) (0.948) (0.951) 
4 million to 6 million -3.365*** -3.004*** -3.288*** -3.040*** 
 (1.030) (1.039) (1.025) (1.026) 
6 million to 8 million  -3.909*** -3.679*** -3.802*** -3.594*** 
 (1.191) (1.196) (1.165) (1.164) 
more than 8 million  -3.409** -3.011** -3.207** -2.940** 
 (1.504) (1.533) (1.505) (1.499) 
No answer -0.611 -0.551 -0.0229 -0.204 
  (1.455) (1.457) (1.417) (1.415) 
Constant 6.482** 5.357* 6.167* 4.332 
  (2.804) (2.871) (3.197) (3.230) 
Inverse Mills Ratio  -0.672 -0.577 -0.236 0.0406 
for Heckman Correction (0.983) (1.002) (0.976) (0.990) 

Control variables Short set Shortset 
w/ Factor Long set Long set 

w/ factor 
N 5684 5665 5668 5660 
Wald test statistics of a null 
hypothesis that all coefficients 
except the constant term are zero 

97.78 107.84 155.73 170.67 

p-value for the null hypothesis 0.0000 0.0000 0.0000 0.0000 
Notes) Standard errors in parentheses * p<0.10 ** p<0.05 *** p<0.01. Income dummies is 
self-reported yearly income per house hold. Control variables are number of unknown 
neighbors from Futaba, number of known neighbors from Futaba, participation in volunteer 
activities, participation in tea party, house type dummies, education dummies, age, gender, 
income before disaster dummies. In addition, on column (3) and (4), general trust before the 
disaster, mutual help before the disaster, trust in neighbors before the disaster, leaves door 
open dummies before disaster, borrows from neighbors dummies before disaster, people are 
fair dummies before disaster, self-trustworthiness dummies before disaster, participation in 
volunteer activities dummies before disaster and participation in tea party dummies before 
disaster are included. Furthermore, on column (2) and (4), the factor trust perception is 
included. Those coefficients are not reported in the Table but are available from the 
corresponding author upon request.  
 



109 
 

Table 4.12 First Step Estimation Results of Table 4.11 
 (1) (2) (3) (4) 
Age dummies     
20 - 29 - - - - 
30 - 39 0.702*** 0.686*** 0.686*** 0.687*** 
 (0.163) (0.164) (0.164) (0.164) 
40 - 49 0.830*** 0.819*** 0.831*** 0.821*** 
 (0.162) (0.162) (0.162) (0.162) 
50 - 59 0.936*** 0.921*** 0.913*** 0.905*** 
 (0.155) (0.155) (0.155) (0.155) 
60 - 69 1.444*** 1.418*** 1.434*** 1.421*** 
 (0.152) (0.152) (0.152) (0.152) 
70 - 79 1.458*** 1.438*** 1.432*** 1.433*** 
 (0.155) (0.155) (0.155) (0.155) 
Over 80 1.157*** 1.131*** 1.138*** 1.127*** 
 (0.162) (0.162) (0.162) (0.162) 
No answer -11.73 -11.75 -11.76 -11.75 
 (.) (.) (.) (.) 
Sex dummies     
Male - - - - 
Female -0.899*** -0.905*** -0.909*** -0.912*** 
 (0.0569) (0.0578) (0.0578) (0.0582) 
No answer 0.280 0.297 0.284 0.296 
 (0.713) (0.712) (0.713) (0.712) 
Futaba area dummies     
Ishikuma - - - - 
Yamada -0.230 -0.262 -0.271 -0.287 
 (0.188) (0.189) (0.189) (0.190) 
Matsusako -5.743 -5.744 -5.581 -5.752 
 (.) (.) (.) (.) 
Mizusawa 0.111 0.112 0.109 0.109 
 (0.313) (0.313) (0.313) (0.313) 
Mesaku -0.669* -0.667* -0.671* -0.671* 
 (0.351) (0.350) (0.351) (0.351) 
Koriyama -0.183 -0.195 -0.209 -0.221 
 (0.191) (0.191) (0.191) (0.192) 
Kamihatori -0.108 -0.149 -0.190 -0.189 
 (0.236) (0.240) (0.243) (0.243) 
Niiyama -0.0668 -0.0933 -0.0871 -0.100 
 (0.172) (0.172) (0.172) (0.172) 
Matsukura -1.097** -1.096** -1.099** -1.100** 
 (0.496) (0.496) (0.497) (0.496) 
Terasawa -0.560** -0.623** -0.562** -0.626** 
 (0.257) (0.264) (0.257) (0.264) 
Shibukawa -0.526* -0.525* -0.527* -0.527* 
 (0.289) (0.289) (0.289) (0.290) 
Konokusa -0.127 -0.126 -0.129 -0.129 
 (0.208) (0.208) (0.208) (0.208) 
Hosoya -0.351 -0.350 -0.353 -0.353 
 (0.245) (0.245) (0.245) (0.245) 
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Table 4.12 First Step Estimation Results of Table 4.11 (Continued) 
Shimohatori -0.237 -0.236 -0.238 -0.239 
 (0.233) (0.233) (0.233) (0.233) 
Nakada -0.232 -0.231 -0.234 -0.234 
 (0.277) (0.277) (0.277) (0.277) 
Nagatsuka -0.131 -0.150 -0.152 -0.155 
 (0.170) (0.170) (0.170) (0.170) 
Morotake -0.526* -0.524* -0.526* -0.526* 
 (0.307) (0.307) (0.308) (0.308) 
Nakahama -0.564** -0.564** -0.565** -0.566** 
 (0.286) (0.286) (0.286) (0.286) 
Nakano -0.181 -0.180 -0.183 -0.183 
 (0.278) (0.278) (0.278) (0.278) 
Maeda -0.327* -0.345* -0.338* -0.347* 
 (0.182) (0.183) (0.183) (0.183) 
Other 7.868 7.909 7.879 7.924 
 (.) (.) (.) (.) 
No answer 7.329 7.259 7.329 7.254 
 (5191.8) (.) (5211.2) (.) 
_cons -1.876*** -1.856*** -1.856*** -1.848*** 
 (0.214) (0.214) (0.214) (0.214) 
N 5684 5665 5668 5660 
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Chapter 5 

Natural Experiment on Prospect Theory†

 

I. Theory and Empirical Studies on Prospect Theory 

 

To understand better determinants of seriously deteriorated mental health among 

Futaba residents and to contribute to literature, we test prospect theory using our unique 

dataset. We use data set obtained by 2013 survey and 2014 survey in this analysis. While 

models of reference-dependent preferences and loss aversion have been tested in a variety of 

laboratory experiments, there is little real-world evidence that validates such models 

(Köbberling 2006; DellaVigna 2009). Exceptions are the celebrated studies by Camerer et al. 

(1997), Genesove and Mayor (2001), Mas (2006), Crawford and Meng (2011), and 

Barseghyan, et al. (2013). These papers examined the theory in a variety of contexts such as 

the housing market, finance, labor supply, insurance, and employment. The findings of these 

studies are largely consistent with prospect theory. The theory is also used for explaining the 

relationship between well-being and reference income (Vendrik and Woltjer 2007). However, 

still little real world studies confirm the theoretical implications of prospect theory. In 

existing studies, there are a number of remaining issues such as the identification of the 

reference point and causal relationship and validity and generalizability of the empirical 

results as a real experienced welfare consequence of reference dependence and loss aversion.    

To bridge these gaps in the existing studies, we test the basic components of the 

canonical version of prospect theory by exploiting a natural experimental situation generated 

by the Fukushima Daiichi Nuclear Disaster. To carry out our study, we collected and 

employed data from the residents of a town of Futaba, who were unexpectedly displaced by 

                                                  
† A part of preliminary results presented in this chapter were published as Iwasaki et al. (2016)  
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the disaster in March 2011. Since Futaba is located within a 2 to 10 km radius from the 

Fukushima Daiichi nuclear power plant, the government placed an indefinite evacuation 

order on all of the town’s residents after the incident. Accordingly, all of the Futaba residents 

were suddenly forced to move from their homes and many of the residents lost stable income 

sources although the Tokyo Electric Power Company (TEPCO) and the Japanese government 

have provided a variety of monetary and non-monetary compensations. Since the incident 

was unforeseen, the sudden evacuation provides us with a natural experiment in a sense of 

DiNardo (2008) in which individuals exogenously and unexpectedly lost their income 

sources and health for an indefinite period of time. 

We believe that our study contributes to the literature because this natural 

experiment enables us to test reference dependence and loss aversion, the two basic 

components of the canonical version of the prospect theory introduced by Kahneman and 

Tversky (1979). First, reference dependence is the property that each individual’s value 

function is defined over differences from a reference point instead of overall wealth. Second, 

loss aversion indicates that the value function has a kink at the reference point and is steeper 

for losses than it is for gains (DellaVigna, 2009). Pre-disaster levels are likely to be a salient 

reference point for the evacuees’ utility function. Hence, we apply pre-disaster income level, 

health status and house size as reference points to test the theory. We can investigate the main 

characteristics of prospect theory by examining changes in psychosocial outcomes caused by 

the evacuation order. 

 

II. Method of Analysis 

 

1. Descriptive Statistics 

Table 5.1 and Table 5.2 show descriptive statistics of the main variables used for this 
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analysis from 2013 survey and 2014 survey respectively. We asked for categorical household 

income levels in the 2013 survey; to estimate the continuous income level of each resident, 

we adopt a methodology of interval regression and assume that the minimum income level is 

zero. In 2014 survey, we asked for continuous household income. The main variable we used 

for analysis, which is “Income per person” indicates the household income divided by 

number of family member. Comparing the values before and after the disaster, the average 

income level per person clearly declined from 1.87 million to 1.73 million JPY according to 

2013 dataset, and from 2.14 million to 1.62 million JPY according to 2014 dataset. “Change 

in income per person” indicates “income per person after the disaster – income per person 

before the disaster.” For analysis, to avoid extreme impact of outliers, we employ Hadi’s 

method (Hadi 1994) to remove outliers in 5 percent level from “change of income per 

person”. Health change represents the self-reported evaluation of how health status changed 

after the disaster. We can easily verify that the average score is negative, indicating that the 

majority of the evacuees’ states of health deteriorated after the disaster from both rounds of 

the survey. House size question is not included in 2013 survey and is only included in 2014 

survey. “House size per person” represents house size divided by number of family member. 

“Change in house size per person” indicates “house size per person after the disaster - house 

size per person before the disaster.” In same way as “change in income per person”, we 

removed outliers using Hadi’s method in 5 percent level from “Change in house size per 

person” to avoid extreme impact of outliers.  

As to the other respondent characteristics, we find that our survey primarily consists 

of males and the elderly. While the population of Futaba as a whole has a balanced male-

female ratio according to the 2010 national census, the male proportion of our survey 

respondents is 79 percent for 2013 survey and 80 percent for 2014 survey. In addition, the age 

distribution of the respondents is skewed toward the left for both rounds of the survey. In 
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other words, our data has a small proportion of people under age 50 compared to the census 

data. One of the reasons behind this discrepancy is because our survey respondents are the 

heads of household and therefore are not representative of the entire population in Futaba. 

As seen in a previous chapter, mental health status of Futaba residents is unusually 

low. Understanding the determinants of mental health would provide the disaster-affected 

residents with invaluable insights and allow them to ease their distress. To this aim, we adopt 

the prospect theory model introduced by Kahneman and Tversky (1979) and test the theory 

using the data from our original survey. Many of the Futaba residents lost their homes, jobs, 

stable income sources, and overall wellbeing by the sudden disaster and the subsequent 

evacuation. This creates a natural experiment in the sense of DiNardo (2008), in which 

people are exogenously and unexpectedly forced to give up their assets and stable income 

sources for an indefinite period of time. Using this scenario, we can adopt and test the 

prospect theory framework. 

 

2. Reference Dependence and Loss Aversion  

Here, we test the two basic components of the canonical version of prospect theory 

introduced by Kahneman and Tversky (1979), i.e., reference dependence and loss aversion. 

Reference dependence, the first component of prospect theory, is a situation in which each 

individual’s value function is defined over differences from a reference point instead of 

overall wealth. Loss aversion indicates that the value function has a kink at the reference 

point and is steeper for losses than it is for gains. With respect to the reference point, 

individuals dislike losses more than they value like-sized gains. Reference dependence and 

loss aversion can be described by Figure 5.1.  

 

 



115 
 

3. Empirical Framework 

In our setting, pre-disaster conditions are likely to be a salient reference point for the 

evacuees’ utility function. We take pre-disaster income per person, health status and house 

size per person as reference points. The outliers are removed using Hadi’s method in 5 

percent level. To test the two major characteristics of prospect theory as illustrated in Figures 

5.1, we adopted multi-dimensional reference dependent utility model introduced by Köszegi 

and Rabin (2006). In their model with an assumption of separability across dimensions, a 

person’s overall utility level is given by outcome-based utility and gain-loss utility 

components: V = Σ𝑘𝑘𝑚𝑚𝑘𝑘(𝑌𝑌𝑘𝑘) + Σ𝑘𝑘µ𝑘𝑘𝑚𝑚𝑘𝑘(𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) where Yk is a level of monetary or no-

monetary resource, k, and rk is its reference point. With parameter restrictions, this model can 

satisfy the properties of Kahneman and Tversky’s value function: for example, a condition, 

μk≠0, shows reference dependence. Another set of conditions,  µ𝑘𝑘 = 1 if 𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘 ≥ 0 and 

µ𝑘𝑘 > 1 if 𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘 < 0 represents loss aversion. These properties can be empirically 

investigated in the following model.     

 

(1)  V = α + Σ𝑘𝑘α 𝑘𝑘(𝑌𝑌𝑘𝑘) + Σ𝑘𝑘β𝑘𝑘(𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) + Σ𝑘𝑘γ𝑘𝑘(𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) ∗ 1[(𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) < 0]     

                        +  𝑋𝑋𝑋𝑋 +  𝑢𝑢, 

 

where V shows the utility level, Yk is a measured level of k-th resource that includes income 

level, health condition and house size, rk is a reference point of k-th dimension, 1[.] is an 

indicator function which takes one if the argument is true, X is a set of control variables, and 

u is an error term. Since the loss aversion property indicates that the value function would be 

steeper for negative values than for positive values, loss aversion is tested by a null 

hypothesis that H0: 𝑋𝑋𝑘𝑘=0.  

In our empirical analysis, we define the utility level as V = 24 – K6, where V takes a 
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value between zero and twenty-four. Note that V indicates a level of improved mental health 

condition. Since the K6 also takes a value between zero and twenty four, the outcome 

measure V, should capture each individual’s outcome level of the value function. In order to 

capture Y and r, we employ income, health status, and house size after and before the disaster, 

respectively, considering that the pre-disaster level of Y is likely to be a salient reference 

point. A set of controls, X, includes age dummies, female dummy, dummies for those who 

lost their family members after disaster, education dummies, job before disaster dummies, 

and dummies for residential block in Futaba before the disaster.   

In natural experiment settings, it is crucial to make sure that treatment is given 

randomly. In our study context, however, we recognize that those who gained (e.g., change in 

income) from the disaster could be very different from those who lost from the disaster. To 

control these possible heterogeneity, we include all the significant variables from the 

exogeneity test of income change per person, health status change, and house size change per 

person to control variables: we regress each of these variables on a set of observed 

characteristics and also compare sample statistics for loss group and gain group as you can 

see in Table 5.4 to Table 5.6. We also include fixed effects of prefecture and city in 

Fukushima of current dwelling in order to control for the influences of unobserved amenity.   

 

III. Result 

 

1. Preliminary Result 

In order to check reference dependence and loss aversion directly, we first run the 

following linear regression models without control variables:  

(2)     𝑉𝑉 =  α+ + β1
+(𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) + 𝑢𝑢+ if  (𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) ≥ 0 

(3)     𝑉𝑉 =  α− + β1
−(𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) + 𝑢𝑢− if  (𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) < 0  
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The estimation results are in Figures 5.2 to 5.9: Figure 5.2 for income per person (2013), 

Figure 5.3 for income per person after removing 5% outliers by the Hadi (1994) method 

(2013), Figure 5.4 for health status (2013), Figure 5.5 for income per person (2014), Figure 

5.6 for income per person after removing 5% outliers by the Hadi (1994) method (2014), 

Figure 5.7 for health status (2014), Figure 5.8 for house size per person (2014), and Figure 

5.9 for house size per person after removing 5% outliers by the Hadi (1994) method (2014). 

We set the pre-disaster level as the reference point so that a value on the horizontal axis 

shows deviation Yk from the reference point. This analysis is preliminary, because, in 

principle, the other running variables omitted from each model can cause omitted variable 

biases, although omitting them is convenient for graphical presentation. 

Figures 5.2, 5.3, 5.4, 5.7, 5.8 and 5.9 indicate that the value function is steeper for 

losses than for gains, which is consistent with expectation of reference dependence and loss 

aversion, although the slope on the positive side in Figure 5.7 is negative. To avoid extreme 

effects of outliers, we tried the Hadi method in Figure 5.3, 5.6 and 5.9. For health status, we 

couldn’t remove outliers using Hadi’s method because of too small sample in the gain side. In 

our main empirical analysis, we use variables after removing outliers for income per person 

and house size per person. In Figures 5.5 and 5.6, we find no evidence of loss aversion.   

 

2. Empirical Result 

Table 5.3 shows the estimation results of equation (1) with a set of control variables. 

For 2013 data analysis let Y1 = income per person in 2013, r1 = income per person before the 

disaster, Y2 = health status in 2013, and r2 = health status before the disaster. The house size 

change is unfortunately not available in 2013 data set. Furthermore, while Y2 – r2 is available, 

Y2 is not included because of unavailability. For 2014 dataset analysis, following the model of 

2013 dataset analysis, let Y1 = income per person in 2014, r1 = income per person before the 
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disaster, Y2 = health status in 2014, and r2 = health status before the disaster. Also, since house 

size information is available in 2014 data set, let Y3 = house size per person in 2014, r3 = 

house size per person before the disaster. In same way as 2013 data set analysis, while Y2 – r2 

is available, Y2 is not included because of unavailability. 

Our target is to test the null hypothesis, H0: 𝑟𝑟𝑘𝑘＝0, by checking the coefficients on the 

interaction terms between the change in each wealth variable, i.e.,(𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) and the dummy 

variables for negative change in each wealth variable, i.e., 1[(𝑌𝑌𝑘𝑘 −  𝑟𝑟𝑘𝑘) < 0]. As for the 

income per person variable, the estimated coefficient of the cross-terms are positive and 

statistically significant for analysis using 2013 dataset, which shows that value function is 

steeper for losses than it is for gains while cross-terms are not statistically significant using 

2014 dataset. The estimated coefficients of the cross-terms on the health status variable are 

positive and statistically significant consistently. Furthermore, the estimated coefficients of 

the cross-terms on the house size per person variable are positive and statistically significant, 

supporting the existence of reference dependence and loss aversion.  

One caution should be warranted that the proportion of Yk – rk being positive differs in 

each dimension.  

2013 dataset: P(Y1 – r1) = 0.38, P(Y2 – r2) = 0.04  

2014 data set: P(Y1 – r1) = 0.24, P(Y2 – r2) = 0.02, P(Y3 – r3) = 0.54 

Given the disaster, positive changes in Yk – rk are less likely, as the income change show 

(38% and 25% positive). However, house size per person increased (54%). The most 

problematic is health change with only 4% and 2% increase. Hence we should take estimates 

for health change with a grain of salt. 

 

3. Further Analysis on Income Change 

     As to the regression results from change in income, the inconsistent result in income 
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change, that 2013 data shows loss aversion while 2014 data doesn’t, might be caused by a 

revised reference point. The pre-disaster income was fully supported in 2013 by the 

government, no matter how much they earn after the disaster. On the other hand, when the 

second survey was conducted in 2014, the TEPCO’s compensation policy for pre-disaster 

income level had changed, and TEPCO covered only the decreased amount of income 

considering the current income. Also, many of the residents had bought their houses outside 

of Futaba in 2014 while not many had bought one in 2013, which can change their 

expectation on recovery. Such policies and surrounding circumstances might have changed 

reference points among residents.  

In our survey, the question asking whether the residents would go back to Futaba or not 

in future is included. We might be able to use this question to separate those with a revised 

reference point, because the reference point of those who answered that they would go back 

to Futaba (66 persons) may keep the pre-disaster level reference point whereas the reference 

point of others could have changed. The simple regression results of utility on income using 

2014 data for only those who answered that they would go back is shown in Figure 5.10 

(sample size 42 with no missings) which suggests loss aversion. Age distribution comparison 

in Table 5.7 shows that average age of those who answered that they would go back to Futaba 

in the future are higher than average age of respondents.  

 

IV. Discussion and Policy Implication 

 

The conventional expected utility theory explains how individuals facing uncertain 

outcomes make decisions. There are, however, many individual behaviors that cannot be 

understood from the viewpoint of the expected utility theory. For those, prospect theory 

provides alternative explanations. Does the prospect theory work? There are several studies 
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reporting positive laboratory experimental evidence, but no evidence based on real world data 

exists as far as we know. This analysis provides probably the first such evidence by testing 

the two main tenets of prospect theory: reference dependence and loss aversion. 

Following the well-known Tsunami and Fukushima Nuclear Disaster in March 2011, 

we conducted surveys and this disaster provides a natural experiment setting where 

losses/gains were not self-selected. We took mental distress measured by K6 as the dependent 

variable and took ‘negative K6’ as value/utility to be explained by three important factors: 

income, health and house size. The pre-disaster level serves as a reference point and we 

measured changes in these three variables for losses/gains. Understandably, there were far 

more losses than gains, but except for health, the proportion of gains was not too small (20% 

or higher) to enable our data analysis. For house size per person, there were almost equal 

number of losses and gains. 

Loss aversion combined with reference dependence implies a regression function with 

different slopes around the reference point, with the prospect theory predicting the steeper 

slope on the negative (i.e., loss) side than on the positive (i.e., gain) side. We adopt multi-

dimensional reference dependent utility model introduced by Köszegi and Rabin (2006) for 

estimation. Our main empirical finding is that there is evidence for prospect theory in the 

2014 data with house size. In the 2013 survey, house size variable is not available 

unfortunately, but we still found evidence for prospect theory with income. Though health 

status shows loss aversion tendency both in 2013 and 2014 data, we should note that there are 

very few people whose health status became better after the disaster.  

Why then was there no evidence for prospect theory in the 2014 data with income 

though there is an evidence for 2013 data? We attribute this to a revised (i.e. lowered) 

reference point of income in 2014. If the reference point adjusted toward the lower level than 

the pre-disaster point due to the revised expectations, victims must be over-compensated for 
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their loss in order to recover their original utility level. This logic can be clearly 

understandable with visualization in Figure 5.11. We cannot test whether the reference point 

has changed or not in this study and empirical study on endogenous determination of 

reference point would be an interesting topic for future study. 

Our findings have a couple of policy implications. First, a sufficient, apparently more 

than enough, compensation should be provided to those who suffered a loss so that they can 

recover their original utility level. Second, if the reference point is lowered after the disaster, 

then the subsequent compensation should be larger than their loss in order to recover their 

original utility level. Third, given the multi-dimensionality of loss aversion, carefully 

designed intervention programs including health care as well as individual/group counseling 

should target victims with disproportionately large losses. 
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Figure 5.1 Reference Dependence and Loss Aversion 
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Figure 5.2 The Value Function over Change in Income per Person (2013)  

Notes) The estimated parameter difference, i.e., β4+‐ β4- is -0.005 with standard error of 
0.004. 
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Figure 5.3 The Value Function over Change in Income per Person (2013):  
5% of Outlier Removed by the Hadi Method 

 
Notes) The estimated parameter difference, i.e., β4+‐ β4- is -0.015 with standard error of 0.006. 
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Figure 5.4 The Value Function over Change in Health Status (2013)  
 

Notes) The estimated parameter difference, i.e., β4+‐ β4- is -7.676 with standard error of 
1.321. 
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Figure 5.5 The Value Function over Change in Income per Person (2014) 

Notes) The estimated parameter difference, i.e., β4+‐ β4- is -0.003 with standard error of 
0.004. 
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Figure 5.6 The Value Function over Change in Income per Person (2014): 
5% of Outlier Removed by the Hadi Method 

  
Notes) The estimated parameter difference, i.e., β4+‐ β4- is -0.006 with standard error of 
0.006. 
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Figure 5.7 The Value Function over Change in Health Status (2014)  

Notes) The estimated parameter difference, i.e., β2+‐ β2- is -8.789 with standard error of 
1.485. 
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Figure 5.8 The Value Function over Change in House Size per Person (2014) 

Notes) The estimated parameter difference, i.e., β3+‐ β3- is -0.008 with standard error of 
0.007. 
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Figure 5.9 The Value Function over Change in House Size per Person (2014): 
5% of Outlier Removed by the Hadi Method 

 
Notes) The estimated parameter difference, i.e., β3+‐ β3- is -0.011 with standard error of 
0.014. 
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Figure 5.10 The Value Function over Change in Income per Person of Only Those Who 
Answered They Would Go Back to Futaba in the Future (2014) 

 
Notes) The estimated parameter difference is -0.005 with standard error of 0.012.  
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Figure 5.11 The Lowered Reference Point Case of Overcompensation Necessity 
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Table 5.1 Descriptive Statistics (2014) 

Variable Obs Explanation Mean Std.Dev Min Max 
K6 594  Kessler 6 8.56  5.99  0 24 
Family size after disaster 643 Number of family members living 

together after disaster 
2.66 1.53 1 12 

Family size before disaster 625 Number of family members living 
together before disaster 

3.40 1.75 0 10 

Family size change 621 Family size after disaster – Family 
size before disaster 

-0.75 1.71 -8 5 

Health status change 638  -2 Much worse ～ 2 Much better -0.68  0.68  -2 2 
House size after disaster  
per person 

403  Square meter: House size after 
disaster divided by family size after 
disaster 

205.51  2245.97  4.13 45089 

House size before disaster  
per person  

523  Square meter: House size before 
disaster divided by family size before 
disaster 

68.59  71.98  0 800 

House size change 365  House size after disaster per person - 
House size before disaster per person 

24.03  158.56  -709 1864.4 

House size change (Hadi) 349  House size change per person, outlier 
removed using Hadi's method in 5 
percentage level 

17.32  70.39  -192 250.13 

Income after disaster  
per person 

477  10,000 yen: househod income after 
disaster divided by family size after 
disaster 

162.48  175.62  0 1300 

Income before disaster  
per person 

465  10,000 yen: househod income before 
disaster divided by family size before 
disaster 

213.52  152.30  0 1000 

Income change per person 451  Income after disaster per person - 
Income before disaster per person 

-45.69  179.87  -875 866.67 

Age 641  Age when survey is distributed 63.39  14.01  26 96 
Female dummy 654  Female=1 0.20  0.40  0 1 
Dummies for loss of family 

      

1[No loss] 654  Did not lose any family member = 1 0.24  0.43  0 1 
1[Yes] 654  Lost any family member =1 0.13  0.33  0 1 
1[No answer] 654  

 
0.62  0.49  0 1 

Education dummies 
      

1[junior high school] 654  
 

0.09  0.28  0 1 
1[high school] 654  

 
0.53  0.50  0 1 

1[specialty school] 654  
 

0.11  0.31  0 1 
1[specialized vocational 
school] 

654  
 

0.01  0.08  0 1 

1[community college] 654  
 

0.03  0.18  0 1 
1[university] 654  

 
0.15  0.36  0 1 

1[grad school] 654  
 

0.01  0.10  0 1 
1[other] 654  

 
0.03  0.18  0 1 

1[no answer] 654  
 

0.04  0.20  0 1 
Job before disaster dummies 

      

1[employee] 654  
 

0.36  0.48  0 1 
1[public employee] 654  

 
0.08  0.27  0 1 

1[doctor or lawyer] 654  
 

0.00  0.06  0 1 
1[agriculture] 654  

 
0.11  0.31  0 1 

1[fishing] 654  
 

0.00  0.04  0 1 
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1[self-employed] 654  
 

0.12  0.32  0 1 
1[part time] 654  

 
0.02  0.14  0 1 

1[house work] 654  
 

0.02  0.15  0 1 
1[retired] 654  

 
0.12  0.33  0 1 

1[none] 654  
 

0.07  0.26  0 1 
1[other] 654  

 
0.07  0.25  0 1 

1[no answer] 654  
 

0.02  0.14  0 1 
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Table 5.2 Descriptive Statistics (2013) 

Variable  Obs Explanation Mean Std.Dev Min Max 
K6 524 Kessler 6 8.66  6.01  0 24 
Family size after disaster 544 Number of family members living 

together after disaster 
2.29 1.38 1 10 

Family size before disaster 555 Number of family members living 
together before disaster 

3.01 1.73 1 10 

Family size change 535 Family size after disaster – Family 
size before disaster 

-0.72 1.57 -7 9 

Health status change 525 -2 Much worse ～2 Much better -0.73  0.75  -2 2 
Income after disaster  
per person 

489 10,000 yen: household income after 
disaster estimated by intreg divided by 
family size after disaster 

173.38  184.31  0 988.4 

Income before disaster  
per person 

501 10,000 yen:  
household income before disaster 
estimated by intreg divided by family 
size before disaster 

186.92  142.12  0 1006 

Income change per person 471 Income after disaster per person - 
Income before disaster per person 

-16.87  186.53  -855 738.1 

Age 575 Age when survey is distributed 62.97  14.39  24 94 
Female dummy 585 Female=1 0.21  0.41  0 1 
Dummies for loss of family 

      

1[No loss] 585 Did not lose any family member = 1 0.26  0.44  0 1 
1[Yes] 585 Lost any family member =1 0.10  0.31  0 1 
1[No answer] 585 

 
0.64  0.48  0 1 

Education dummies 
      

1[high school] 585 
 

0.56  0.50  0 1 
1[junior high school] 585 

 
0.08  0.27  0 1 

1[community college] 585 
 

0.08  0.28  0 1 
1[university] 585 

 
0.12  0.33  0 1 

1[other] 585 
 

0.07  0.26  0 1 
1[no answer] 585 

 
0.08  0.27  0 1 

Job before disaster dummies 
      

1[employee] 585 
 

0.38  0.49  0 1 
1[agriculture] 585 

 
0.10  0.31  0 1 

1[fishing] 585 
 

0.00  0.04  0 1 
1[self-employed] 585 

 
0.10  0.30  0 1 

1[doctor or lawyer] 585 
 

0.01  0.07  0 1 
1[house work] 585 

 
0.02  0.14  0 1 

1[student] 585 
 

0.00  0.00  0 0 
1[retired] 585 

 
0.15  0.36  0 1 

1[none] 585   0.03  0.17  0 1 
1[part time] 585 

 
0.03  0.18  0 1 

1[other] 585 
 

0.03  0.17  0 1 
1[no answer] 585 

 
0.14  0.35  0 1 
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Table 5.3 Tests of Reference Dependence and Loss Aversion 

 

 2013   2014   
 (1) (2) (3) (4) (5) (6) (7) (8) (9) 
Income per person after disaster: Y 0.0038*  0.0022* 0.0021 0.0043   0.0009 0.0001 
 (0.0019)  (0.0011) (0.0022) (0.0026)   (0.0051) (0.0054) 
Income change (Hadi) : Y - r -0.0010  0.0013 0.00290 -0.0066   -0.0089 -0.0066 
 (0.0021)  (0.0020) (0.0030) (0.0041)   (0.0084) (0.0110) 
1[ Income change < 0 ] 0.892  1.351 1.433 -0.254   -0.710 -1.183 
 (1.329)  (1.093) (1.061) (0.514)   (1.293) (1.344) 
Income change (Hadi) ×1[ Income change < 0 ] 0.015***  0.009* 0.007* 0.0097   0.0119 0.0107 
 (0.0044)  (0.0046) (0.0042) (0.0066)   (0.0092) (0.0128) 
Health status change: Y - r  1.78*** 2.41*** 2.30***  -4.555**  -4.87*** -5.20*** 
  (0.218) (0.513) (0.590)  (1.868)  (1.479) (1.293) 
1[Health status change < 0]  0.118 0.421 0.548  1.926  1.847 2.097 
  (1.051) (1.411) (1.096)  (1.260)  (2.584) (3.046) 
Health status change ×1[Health status change < 0]  2.828*** 1.975* 2.108**  10.30***  10.30*** 10.63*** 
  (0.798) (1.123) (0.917)  (1.985)  (1.985) (2.089) 
House size per person after disaster: Y       0.0246* 0.0363* 0.0360 
       (0.0126) (0.0196) (0.0253) 
House size change (Hadi) : Y - r       -0.0252* -0.0285 -0.0319 
       (0.0143) (0.0227) (0.0272) 
1[House size change < 0]       -0.100 -0.189 -0.128 
       (1.466) (1.331) (1.548) 
House size change (Hadi) × 1[House size change < 0]       0.045** 0.0384* 0.0406* 
       (0.020) (0.0202) (0.0233) 
_cons 15.55*** 15.45*** 13.97*** 14.30*** 20.89*** 17.77*** 16.65*** 20.75*** 24.05*** 
 (2.046) (1.820) (1.638) (1.920) (3.269) (1.268) (2.652) (4.378) (4.518) 
N 432 477 406 406 411 578 329 264 264 
adj. R-sq 0.121 0.299 0.286 0.306 0.000 0.227 0.050 0.247 0.259 
Region in Futaba clustered standard error in parentheses  * p<0.10  ** p<0.05  *** p<0.01 
Controls: All columns include age dummies, female dummy, education dummies, job before disaster dummies, dummy for those who lost their family member after 
disaster, region in Futaba dummies, and prefecture dummies. These controls include all the significant variables in exogeneity tests (Table 5.4, Table 5.5 and Table 5.6). 
Column (4) and (9) also include dummies for each city in Fukushima prefecture.  
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Table 5.4 Exogeneity Test 1: Regression of Change Variables on Characteristics  
2013 2014  

(1) (2) (3) (4) (5)  
Income 
change per 
person (Hadi) 

Health status 
change 

Income 
change per 
person (Hadi) 

House size 
change per 
person (Hadi) 

Health status 
change 

Age -0.0784 -0.00506* 0.571 0.0321 -0.0110***  
(0.733) (0.00282) (0.636) (0.396) (0.00253) 

Female dummy -8.672 -0.0180 22.04 -5.449 0.0148  
(22.19) (0.0851) (19.87) (13.03) (0.0748) 

Education dummies 
     

Reference: High school 
     

1[junior high school] -17.08 -0.0570 0.265 -7.836 -0.0775  
(33.35) (0.129) (26.07) (16.49) (0.0985) 

1[specialty school] - - -16.71 -3.944 -0.0903    
(23.53) (14.63) (0.0889) 

1[specialized vocational school] - - 40.72 -52.15 0.360    
(98.57) (51.30) (0.337) 

1[community college] 9.452 0.0822 25.68 -35.71* 0.250  
(30.67) (0.124) (40.00) (20.77) (0.153) 

1[university] 28.03 -0.0324 3.723 -14.68 0.125  
(24.79) (0.101) (18.97) (10.59) (0.0828) 

1[grad school] - - -41.49 -42.49 0.172    
(70.59) (33.15) (0.279) 

1[other] 43.33 -0.0852 17.35 -20.84 0.125  
(33.18) (0.129) (42.21) (23.64) (0.156) 

1[no answer] -26.77 -0.255* 192.5*** 5.654 0.222  
(39.86) (0.153) (58.32) (27.97) (0.174) 

Job before disaster dummies 
     

Reference: Employee 
     

1[public employee] - - 14.33 4.761 -0.0976    
(26.25) (13.68) (0.112) 

1[agriculture] 65.28* -0.295** -16.28 -9.759 0.0384  
(33.38) (0.125) (25.16) (14.72) (0.103) 

1[fishing] 161.8 -0.415 0 0 0.505  
(179.4) (0.740) (.) (.) (0.668) 

1[self-employed] -59.71* -0.191 -52.98** 8.863 0.0305  
(31.46) (0.119) (25.22) (14.16) (0.0921) 

1[doctor or lawyer] 2.243 -0.728* 204.2 0 0.00613  
(130.4) (0.438) (141.0) (.) (0.484) 

1[house work] -57.76 -0.159 -57.77 -15.57 0.0791  
(71.61) (0.267) (54.21) (33.68) (0.196) 

1[retired] 20.98 -0.193* 16.48 -5.652 0.0247  
(29.63) (0.116) (24.00) (14.23) (0.101) 

1[none] 38.11 -0.286 10.93 -21.97 0.167  
(52.41) (0.204) (32.10) (18.55) (0.124) 

1[part time] 11.53 0.226 -2.476 25.30 0.0220  
(47.73) (0.201) (46.40) (26.90) (0.194) 

1[other] -89.63* 0.0521 -13.32 0.131 0.189  
(49.35) (0.197) (28.29) (16.81) (0.116) 

1[no answer] 33.60 -0.0317 81.27 4.665 -0.0274  
(27.87) (0.113) (63.79) (36.89) (0.262) 

_cons -22.10 -0.291* -87.89** 24.53 -0.0439  
(42.13) (0.164) (37.16) (23.52) (0.148) 

N 469 518 438 347 630 
adj. R-sq 0.009 0.040 0.031 -0.020 0.029 
Standard errors in parentheses  * p<0.10 ** p<0.05 *** p<0.01 
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Table 5.5 Exogeneity Test 2: T Test for Comparing Loss Group and Gain Group (2013) 

  Income change per person (Hadi)   Health status change   
  Loss Gain Ttest Loss Gain Ttest 
Variable Obs Mean Std. Obs Mean Std.   Obs Mean Std. Obs Mean Std.   
Age 267 59.98  14.53  202 64.62  13.41  *** 339 64.94  13.59  179 58.27  15.45  *** 
Female dummy 267 0.16  0.37  202 0.25  0.44  ** 345 0.23  0.42  180 0.16  0.37  ** 
Education dummies                
1[junior high school] 267 0.06  0.23  202 0.09  0.29    345 0.09  0.28  180 0.04  0.21  * 
1[high school] 267 0.59  0.49  202 0.52  0.50    345 0.56  0.50  180 0.62  0.49   
1[community college] 267 0.10  0.31  202 0.07  0.26    345 0.07  0.25  180 0.11  0.31   
1[university] 267 0.13  0.34  202 0.16  0.37    345 0.12  0.33  180 0.14  0.35   
1[other] 267 0.06  0.24  202 0.08  0.28    345 0.08  0.27  180 0.07  0.25   
1[no answer] 267 0.05  0.22  202 0.06  0.24    345 0.08  0.27  180 0.03  0.16  ** 
Job before disaster dummies                
1[employee] 267 0.49  0.50  202 0.29  0.46  *** 345 0.33  0.47  180 0.51  0.50  *** 
1[agriculture] 267 0.07  0.26  202 0.11  0.32    345 0.13  0.34  180 0.04  0.21  *** 
1[fishing] 267 0.00  0.00  202 0.00  0.07    345 0.00  0.05  180 0.00  0.00   
1[self-employed] 267 0.12  0.33  202 0.06  0.24  ** 345 0.12  0.32  180 0.08  0.27   
1[doctor or lawyer] 267 0.00  0.06  202 0.00  0.07    345 0.01  0.09  180 0.00  0.00   
1[house work] 267 0.01  0.12  202 0.01  0.12    345 0.02  0.14  180 0.01  0.11   
1[retired] 267 0.12  0.33  202 0.19  0.39  ** 345 0.16  0.37  180 0.13  0.33   
1[none] 267 0.01  0.09  202 0.06  0.24  *** 345 0.04  0.19  180 0.02  0.13   

1[part time] 267 0.03  0.16  202 0.04  0.21    345 0.03  0.16  180 0.04  0.19   

1[other] 267 0.04  0.21  202 0.01  0.12  * 345 0.02  0.15  180 0.04  0.21   
1[no answer] 267 0.10  0.30  202 0.20  0.40  *** 345 0.14  0.34  180 0.13  0.33    

* Pr(|T| > |t|) < 0.10 ** Pr(|T| > |t|) < 0.05 *** Pr(|T| > |t|) < 0.01 
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Table 5.6 Exogeneity Test 3: T Test for Comparing Loss group and Gain Group (2014) 

 

* Pr(|T| > |t|) < 0.10 ** Pr(|T| > |t|) < 0.05 *** Pr(|T| > |t|) < 0.01 

  

 Income change per person (Hadi) House size change per person (Hadi)  Health status change   
Loss  Gain   Loss Gain 

 
Loss Gain 

 

 
Variable  Obs Mean Std. Obs Mean Std.dv Ttest Obs Mean Std. Obs Mean Std.dv Ttest Obs Mean Std. Obs Mean Std.dv Ttest 

Age 273 62.05  13.60  165 64.7  13.80  ** 149 64.03  13.83  198 63.90  12.16    383 65.84  12.72  247 59.45  15.04  *** 
Female dummy 275 0.15  0.36  165 0.19  0.39    150 0.13  0.34  199 0.13  0.34    388 0.21  0.41  250 0.19  0.39   
Education dummies                        
1[junior high school] 275 0.08  0.27  165 0.07  0.26    150 0.05  0.23  199 0.07  0.26    388 0.11  0.31  250 0.06  0.23  ** 
1[high school] 275 0.58  0.49  165 0.50  0.50  * 150 0.45  0.50  199 0.57  0.50  ** 388 0.54  0.50  250 0.52  0.50   
1[specialty school] 275 0.11  0.31  165 0.07  0.26    150 0.09  0.28  199 0.08  0.27    388 0.11  0.32  250 0.11  0.32   

1[specialized high school] 275 0.01  0.09  165 0.00  0.00    150 0.01  0.12  199 0.00  0.00    388 0.00  0.05  250 0.01  0.11   

1[community college] 275 0.03  0.16  165 0.04  0.19    150 0.06  0.24  199 0.02  0.14  * 388 0.03  0.16  250 0.05  0.21   
1[university] 275 0.17  0.38  165 0.24  0.43  * 150 0.25  0.44  199 0.21  0.41    388 0.14  0.35  250 0.18  0.39   
1[grad school] 275 0.01  0.10  165 0.01  0.08    150 0.02  0.14  199 0.01  0.10    388 0.01  0.07  250 0.02  0.13   
1[other] 275 0.02  0.15  165 0.04  0.19    150 0.05  0.21  199 0.02  0.14    388 0.03  0.18  250 0.03  0.18   
1[no answer] 275 0.00  0.00  165 0.04  0.01  *** 150 0.02  0.01  199 0.02  0.01    388 0.03  0.01  250 0.02  0.01   
Job before disaster dummies                        
1[employee] 275 0.41  0.49  165 0.32  0.47  * 150 0.33  0.47  199 0.34  0.48    388 0.33  0.47  250 0.43  0.50  *** 
1[public employee] 275 0.09  0.28  165 0.10  0.30  * 150 0.13  0.34  199 0.12  0.33    388 0.08  0.27  250 0.08  0.27   
1[doctor or lawyer] 275 0.00  0.00  165 0.01  0.08    150 0.00  0.00  199 0.00  0.00    388 0.00  0.05  250 0.00  0.06   
1[agriculture] 275 0.12  0.32  165 0.09  0.29    150 0.11  0.31  199 0.12  0.32    388 0.12  0.33  250 0.08  0.28   
1[fishing] 275 0.00  0.00  165 0.00  0.00    150 0.00  0.00  199 0.00  0.00    388 0.00  0.00  250 0.00  0.06   
1[self-employed] 275 0.12  0.32  165 0.05  0.22  ** 150 0.10  0.30  199 0.11  0.31    388 0.13  0.34  250 0.10  0.30   
1[part time] 275 0.03  0.17  165 0.01  0.11    150 0.03  0.16  199 0.02  0.14    388 0.02  0.15  250 0.02  0.13   
1[house work] 275 0.02  0.13  165 0.02  0.13    150 0.02  0.14  199 0.02  0.12    388 0.02  0.15  250 0.02  0.15   
1[retired] 275 0.12  0.32  165 0.19  0.40  ** 150 0.16  0.37  199 0.12  0.33    388 0.14  0.35  250 0.10  0.30   
1[none] 275 0.04  0.20  165 0.10  0.30  *** 150 0.08  0.27  199 0.06  0.23    388 0.07  0.26  250 0.07  0.26   
1[other] 275 0.05  0.23  165 0.09  0.29    150 0.04  0.20  199 0.09  0.29  * 388 0.06  0.24  250 0.08  0.27   
1[no answer] 275 0.01  0.01  165 0.02 0.01   150 0.00  0.00  199 0.00  0.00    388 0.01  0.01  250 0.01  0.01    
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  Table 5.7 Age Distribution of Those Who Answered They Would Go Back to Futaba in the Future 

 Obs Mean S.E. S.D. [95% Conf. Interval] 
Overall 641 63.3947 0.553388 14.01066 62.30802 64.48137 
Those Who Answered They Would Go Back to Futaba in the Future 65 67.70769 1.592459 12.83881 64.52639 70.88899 

t-value of difference =  -2.3823 (p-value = 0.0175) 
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Chapter 6 

Conclusion 

 

I. Summary, Discussion and Future Study 

   

     In this study, we first examined the impact of the Great East Japan Earthquake and 

following nuclear power plant accident on mental health and social capital among evacuees 

from a town of Futaba in Fukushima. Second, we examined the role of social capital on 

maintaining mental health among Futaba residents. Third, we investigated other social 

determinants of mental health by testing the prospect theory using our unique dataset. The 

results give us multiple important policy implications and contributions to literature.  

First, examining the impact of the Great East Japan Earthquake and following nuclear 

power plant accident on mental health and social capital, we find high risk of serious 

psychological distress among Futaba residents compared to Japanese population, residents in 

other disaster affected areas and evacuees in other disaster affected areas. Furthermore, we 

find no significant recovery of mental health among Futaba residents during three years from 

2013 to 2016. Also, we see a possibility that the gap of mental health status between residents 

who could keep relatively good mental health status and residents whose mental health status 

got deteriorated after the disaster is getting larger during the three years from 2013 to 2016. 

In other words, mental health status of Futaba residents seems to experience bipolarization, 

which get even worse among people with poor mental health and better among people with 

good mental health. Moreover, we find that mental health status among residents living in 

prehab temporary units show increasing psychological stress during the three years from 

2013 to 2016. Possible reasons behind this can be those with better mental health moved from 

temporary prehab units earlier while those with bad mental health stayed, or longer term stay 
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of temporary prehab units put high stress on residents. In addition, we confirm that disaster 

significantly damaged social capital among residents and it has not recovered by 2016. 

 Important policy implications can be derived from these findings. First, we need to 

develop and try different and intensive mental health care for victims of nuclear disaster. 

Moreover, mental health care should target those who have been staying in temporary prehab 

units for long time and whose mental health continue deteriorating after the disaster. Also, 

social capital facilitation is necessary because of its deterioration and slow recovery so far. 

For further study, long term track of change of social capital and mental health would be 

necessary to understand their long-term recovery process after disaster.  

     Second, we find positive association between structural social capital measured by 

number of known and unknown neighbors from Futaba in evacuated areas after the disaster, 

participation to volunteer work after the disaster and participation to hobby gathering after 

the disaster and mental health, intervened by cognitive social capital captured as trust 

perception. This result provides support for the effectiveness of group-relocation policy to 

temporary and permanent shelters (Aldrich 2012). As Lawther,P. M. (2014) claims, 

construction of the temporal or permanent shelters should be considered as social process, not 

only an engineering process. Our result also suggests that volunteer work and bottom up 

social activities should be supported. For future study, it would be important to evaluate each 

social capital enhancing project after disasters to provide more concrete suggestions for 

policy improvement to apply social capital for protection and enhancement of mental health 

status among disaster affected residents. Furthermore, field experiments can help to improve 

the quality of these social capital strengthening activities.  

     Third, we test the prospect theory by using our unique data set and find that there is an 

evidence of loss aversion examining relationship between change in house size and 

psychological distress of Futaba residents as a flip side of utility. This is a new empirical 
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evidence to support the prospect theory. Furthermore, we find that there is an evidence of loss 

aversion in relationship between income and psychological distress using 2013 data set but 

we find no evidence of loss aversion between income and psychological distress using 2014 

data set. We think this attributes from revised reference point. However, we cannot test 

whether the reference point has revised or not in this study. Determination of reference point 

is one of the most important topics in the field of empirical study of the prospect theory and 

further investigation would be promising to provide important implication. Moreover, further 

investigation on reference point have possibility to give important implication on 

compensation policy after disasters. If residents’ reference point had lowered, over 

compensation would be necessary to recover their original utility. Furthermore, this also 

supports importance of quick commitment of government or authorities on sufficient 

compensation before reference point of disaster affected residents falls.  

Studies on social capital and health under disaster settings are getting more and more 

attention for its importance, but it is still a new field with many challenges that we can further 

work on. For example, as we discuss in literature review, there have been no study focusing 

on change in social capital before and after the disaster and examine association of the 

change in social capital with change in mental health status. In our study, we measure social 

capital before and after the disaster, which enable us to conduct analysis on association 

between change in social capital and mental health after the disaster. Also, there have been 

very few study using panel data set examining relationship between social capital and health 

for better understanding of their relationship including causality. We can construct panel data 

set from our multiple round survey and analyze data in future as well.  

Furthermore, how to use the concept of social capital more practically in policy 

improvement under disaster is another important challenge of this field of study. To achieve 

effective support for disaster affected residents, field experiment would play an important 
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role to give concrete insights on how to apply the concept of social capital on maintaining 

good mental health status among disaster affected residents.  

In addition, under long term evacuation period, challenges residents face change time 

by time. Providing insights to various challenges residents face in various timing after 

disasters would be important in future study. One of the most important issues Futaba 

residents currently face is to build new positive relationships with original residents in 

evacuated areas (Author interview from Futaba Mayor and free space writing in 

questionnaire). From third round of our survey, we include questions asking relationship with 

original residents. For example, we ask number of new friends from evacuated areas and if 

they have any experience being said bad things because of their evacuee status. By 

understanding successful/unsuccessful areas in building new relationship between Futaba 

residents and original residents, we can see what factors are important to build good 

relationship in the evacuated areas.  

By untangling these challenges through continuous survey, field experiments and 

analysis, we wish to help improve community resilience under the risk of various disasters in 

future study.  
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During past 30 days how often did you feel….

All of
the

time

Most
of the
time

Some
of the
time

A
little
of the
time

None
of the
time

a. … nervous? 4 3 2 1 0
b. … hopeless? 4 3 2 1 0
c. …restless or fidgety? 4 3 2 1 0
d. …so depressed that nothing could cheer you up? 4 3 2 1 0
e. …that everything was an effort? 4 3 2 1 0
f. …worthless? 4 3 2 1 0
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