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Abstract In this study, the factors that affected the sense of recovery of the victims of the Great
East Japan Earthquake were analyzed from both short-term and long-term perspectives. We
used the results of questionnaire surveys conducted in 2013 and 2017 amongst residents of
Noda Village, lwate Prefecture, to determine the factors that affected the sense of recovery of
their personal lives as well as their sense of the recovery of the village itself. We also examined
how differences in the choice of temporary housing affected their sense of recovery. Utilizing
decision tree analysis, we clarified differences in the key factors that impacted their short-term
and long-term perspectives as well as the sense of their own recovery and their sense of the
village’s recovery. Because the introduction of publicly-funded rental housing deviated from
the temporary housing networks available in previous disasters, there remains the possibility
that although the short-term sense of recovery of those in publicly-funded temporary housing
was relatively low, it seemed to increase over the long-term.

Key words: Great East Japan Earthquake, Sense of recovery, Publicly funded rental housing,
Location-specific capital, Human networks, Disaster-recovery policies

1. INTRODUCTION

This study analyzes the factors affecting the sense of recovery, from both short-term and
long-term perspectives, of those who survived the Great East Japan Earthquake. Specifically,
we use the results of questionnaire surveys, conducted in 2013 and 2017, of the residents of
Noda Village, located on the coast of Iwate Prefecture, to examine and identify the factors that
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have affected their sense of personal recovery as well as their sense of the recovery of the
village itself.

The Great East Japan Earthquake was a complex disaster that consisted of an earthquake, a
tsunami, and a nuclear accident. The earthquake and tsunami were the largest catastrophes in
recorded Japanese history, with the disaster extending 500 km from north to south. Recovery
from such a calamitous combination of disasters has understandably taken a long time.

According to “Changes in evacuation shelters following the Great East Japan Earthquake,
the Great Hanshin-Awaji Earthquake, and the Chuetsu Earthquake,” a report issued by the
Reconstruction Agency and based on materials from the National Police Agency, Niigata
Prefecture and Hyogo Prefecture, there were 307,022 evacuees recorded one week after the
Great Hanshin-Awaji Earthquake, 76,615 after the Chuietsu Earthquake, and 386,739 after the
Great East Japan Earthquake®. These numbers speak to the sheer magnitude of the damage in
human terms inflicted by the Great Hanshin-Awaji Earthquake and the Great East Japan
Earthquake.

Looking at the situation three months after the disasters, all evacuees from the Chiietsu
Earthquake had been taken care of, whereas there were 50,466 evacuees remaining from the
Great Hanshin-Awaji Earthquake and 88,361 from the Great East Japan Earthquake. One can
clearly grasp the seriousness of the situation when this many people were forced to live in
shelters or in other emergency living quarters three months following the disaster. Even after
seven months, 21,899 people left homeless by the Great East Japan Earthquake were still living
in evacuation centers, whereas 3,432 evacuees of the Great Hanshin-Awaji Earthquake
remained in these centers. It can be seen that the restoration and reconstruction challenges left
by the Great East Japan Earthquake were of a magnitude not seen in recent history.

The housing aspect of the recovery process in past disasters has followed a single path: initial
emergency shelters, supplanted by the construction of temporary housing, followed by
rebuilding. However, as pointed out by Kunitomo (2013), the Great East Japan Earthquake was
a “rare disaster,” with the number of temporary housing units that were needed rising to 30,000,
greatly exceeding the capacity to supply necessary emergency building materials. For this
reason, the Ministry of Health, Labor and Welfare announced that it would recognize private
temporary rental housing that victims could search for on their own, and that a post-disaster
“publicly funded rental housing (minashi kasetsu jutaku)” system would be introduced to
provide rent subsidies. For this reason, it could be expected that the victims would have had a
wider range of temporary housing options, and that there would have been a difference in their
sense of recovery as a result of these expanded options.

Kuromiya et al. (2006) conducted a distinctive and notable study on how much time is
required, what processes are involved and what social factors help bring about the recovery of
the lives and livelihoods of people affected by natural disasters in Japan. Kuromiya et al.
utilized Hyogo Prefecture panel data from 2001, 2003, and 2005 to grasp the extent to which

3 Reconstruction Agency, “Changes in evacuation shelters and shelters”
http://www.reconstruction.go.jp/topics/000185.html
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the victims’ sense of recovery had grown over these years following the Great Hanshin-Awaji
Earthquake. Their analysis showed that lives rooted in a community could be improved without
repeated post-disaster relocations, and that active connections with other people in the
community are an important factor in building up a sense of having recovered.

Using the same data as that utilized in this paper, Nagata (2018) found that in 2017, six years
after the Great East Japan Earthquake, the sense of recovery had generally improved over that
which had been revealed in a 2013 survey, two years following the disaster. In addition, it was
revealed that one of the most relevant factors for improving the sense of recovery was whether
the victim’s relationship with people outside the village had increased or decreased after the
disaster. Another important factor was whether or not the individual had been able to meet
someone or others with whom he or she could open up to and talk with.

In many previous studies, the meaning of a social network, which includes family members
and other relatives, neighbors and co-workers has been has been researched and clarified.
Members of one’s social network provide vital disaster assistance including the communication
of warning messages and recovery information, the provision of supplies, search and rescue
assistance, shelter during evacuation and rebuilding, social, emotional, and financial support
as well as help with debris removal, rebuilding and repairs. Thus, social networks contribute to
the ability of a person to respond and cope with extreme events (Eric and Faas (2017), Elliott
et al.(2010) and Hawkins and Maurer (2010)). Meyer (2017) found that family members play
a central role in disaster support networks.

However, these earlier studies did not examine the effects of differences in temporary
housing on post-disaster senses of recovery, because, as Kunitomo (2013) revealed, the
publicly funded rental housing system was introduced after the Great East Japan Earthquake.
Researchers on disaster recovery before the Great East Japan Earthquake had therefore not
been able to take this system into consideration when looking at temporary housing. However,
when taking into account the likelihood of future disasters, one would think that vacant houses
in a disaster area could be fully utilized as publicly funded rental housing, which leads one to
conclude that a diversity of temporary housing options should be taken into consideration by
policy makers.

This paper therefore focuses on the following two points for analysis. The first point is
whether or not the factors that affect the sense of recovery change over time. The second is the
question of which type of temporary post-disaster housing is chosen by or made available to
victims and how this affects their sense of recovery.

The structure of this paper is as follows. In the following section, the sense of recovery is
defined using utility functions, and the determinants of the sense of recovery are described. In
the next three sections, we conduct an empirical analysis using the results of two questionnaires
carried out by the authors amongst the affected people. Finally, Section 4 summarizes the
results of the paper and describes the implications for recovery policy that are suggested by
these results.
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2. THEORETICAL FRAMEWORK

Our analysis is based on the model of Lee, Nagata and Atsumi (2014). The reason we adopt
their model is that it is a unique approach that uses location-specific capital to assess the human,
social and economic impacts of a natural disaster. Our research, while referencing Lee, Nagata
and Atsumi, focuses only on location-specific capital and the damage done to human networks.
We assumed that the sense of recovery depends on the income and location specific capital
before the disaster and the damage incurred as a result of the disaster.

Individuals' utility is assumed to be a function of their income () and their stock of location-
specific capital (C). Location-specific capital is defined as human networks. An individual’s
utility function before and after a disaster as follows,

Ut=o = Ur=0(Y¢=0, Ct=0)

Ui=1 = Ur=1((1 — @)Y;=o, (1 = B)Ct=p) (1)

Where U;-, and U;— denote the victim’s satisfaction with life before the disaster and after
the disaster, moreover, a and B indicate the extent of the damage to income and location-
specific capital caused by the disaster.

The sense of recovery (R) is calculated by the difference of an individual’s sense of utility
in the period before(U;-,) and after(U;-,) the disaster. R is defined as follows.

REUtzl/Ut:OJ O0<R<I1 @))

The sense of recovery was determined by how life satisfaction after the disaster drew closer
to life satisfaction before the disaster. If a survivor’s current life satisfaction approached that
of his or her life before the earthquake, the sense of recovery was close to 1; if satisfaction after
the disaster was lower than before, the sense of recovery approached 0.

From equations (1) and (2), the sense of recovery is determined as follows:

R = R(Yt=01 Ct=0' a, :B) (3)

That is to say, the sense of recovery depends on income and location-specific capital before
the disaster and the damage incurred as a result of the disaster. In the questionnaire, it was not
possible to obtain any information about the respondents’ sense of satisfaction with their life
before the disaster. We instead questioned them about their post-disaster sense of recovery. In
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the paper, we used the sense of recovery score for the proxy variable of R, the comparison of
the changes in the respondents’ perceived sense of recovery before and after the disaster.

Several comparative statistical results emerge straightaway from the model. First, the sense
of recovery decreases with the extent of damage to income caused by the disaster. Second, the
sense of recovery also decreases when the damage done to location-specific capital increases.
Third, the effects of income and the initial holdings of location-specific capital on the sense of
recovery cannot be determined apart from one another.

3. EMPIRICAL ANALYSES

3.1 DATA

Our data were derived from the questionnaire surveys conducted by the authors in the village
of Noda, located on the northern Sanriku Coast of Iwate Prefecture, in 2013 and 2017. Noda is
a good example of a stricken coastal area. The population of Noda, according to the 2010
census, was 4,800 when the disaster occurred. A tsunami, 37.2 metres high, hit the centre of
the village, killing 37 persons and obliterating or badly damaging 810 buildings and houses®.
The most extensive damage was to the village centre and to basic industries such as fishing and
agriculture.

The authors have been conducting disaster volunteer activities in Noda Village since the
disaster struck in March 2011. Educational organizations, including Hirosaki University,
Kyoto University, Osaka University, and the Hachinohe Institute of Technology, together with
the Japan Disaster Relief VVolunteer Network formed an organizational network called Team
Kita-Rias and established an office in the affected area. The team engaged in immediate post-
disaster activities such as sludge removal, food preparation, visits to and interviews at
individual households. The team then moved on to help provide support for educational
activities and to co-sponsor meetings related to reconstruction (Nagata (2012), Lee and Atsumi
(2016)) As a result, Team Kita-Rias has been able to foster a relationship of trust with the
villagers and obtain the cooperation of the Noda Village Office and other local bodies. This
enabled the authors to conduct their “questionnaire survey on the lives and work of Noda
villagers " in 2013 and again in 2017.

For the 2013 questionnaire survey, 2853 men and women between the ages of 18 and 69
who were listed in the village’s Resident Registry as of February 2013 were included. On the
other hand, the subjects of the 2017 survey were those who had graduated from Noda Junior
High School, the only junior high school in the village. 1,276 individuals between the ages of
20 and 60 were surveyed. Of the 307 questionnaires that were received, 126 (41.0%) were from

4 For more information regarding the damage from the disaster, please refer to “Information on the Great East
Japan Earthquake” on the Noda Village website. http://www.vill.noda.iwate.jp/bosai/378.html
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respondents who lived in the village at the time of the survey, whereas the rest resided outside
the village®.

3.2 Analytical Approach

In this paper, the results of the 2013 and 2017 surveys are compared and the factors that have
had short-term impacts and long-term impacts on the disaster victims’ sense of recovery are
discussed. First, the determinants of their sense of recovery were analyzed using decision tree
analysis. Next, we analyzed the effects of initial shelter selection on the sense of recovery
utilizing an ordered logit model.

Decision tree analysis is a data mining method based on machine learning and is used to
determine the independent variables that influence the classification of a set of independent
variables and their order. This method is sometimes used to predict damage in the event of
disaster (Haimes (2012), Kim (2018), Luu (2017)). The boundary values of those independent
variables that can be divided into two groups that form the greatest dependent variable
differential are located and established as independent variables. Next, the boundary values of
those independent variables that can be divided into two groups amongst the previously
separated groups that form the greatest differential are located and established as independent
variables. By repeating this until the difference falls within a certain range or until the
difference reaches an established depth, it becomes possible to ascertain the influence of the
independent variables on the dependent variables as well as their order.

In the case of this study, the sense of recovery is the dependent variable, and when the
respondents are divided into two groups, the variable that maximizes the difference in the sense
of recovery will be searched for. By analyzing common items in the 2013 and 2017 surveys as
candidates for independent variables, it is possible to identify important factors in the sense of
recovery, short-term important factors, and long-term important factors regardless of time. In
this study, we use the CART (Classification and Regression Tree) Algorithm. This algorithm
calculates the diversity of the dependent variable which was divided into two groups by the
independent variables, and it chooses the level as well as the independent variable with the
largest diversity. We use the Gini coefficient as the criteria for diversity, and stopped the
algorithm when the number of observations in the group dropped to 20 or less.

There were two main reasons for using decision tree analysis in this study. First, since the
sample size in the 2017 survey was particularly small, it would have been difficult to determine
in advance those factors that would influence the sense of recovery. When doing regression
analysis, it is necessary to establish in advance the independent variables that are to be used.
However, the factors that affect the sense of recovery are not always obvious, so when the
variables are selected it is possible that there may be a certain amount of arbitrariness involved.

> Because of the survey method, the dataset in 2017 included residents who had moved out of the Village. Since
Noda Village was severely damaged, some of the residents had moved out of area over these 6 years. We
included these villagers in our dataset taking this into consideration. For survey details see Lee et al. (2013,
2018).
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In addition, there were 34 items that were included in both the 2013 and 2017 surveys that were
candidates to become independent variables. However, the sample size for 2017 was 111,
making it difficult to do an analysis using all the variables®. Although decision tree analysis
also requires a certain sample size, it is not as affected by the number of independent variables
as is regression analysis because it seeks out the two boundaries that can most clearly be
separated.

Second, there is the possibility that decision trees, drawn as an outcome of decision tree
analysis can be applied to future disasters. One of the areas where decision tree analysis is most
often used is in marketing and in the forecasting of consumer behavior. For example, By
forming a decision tree from past sales results and the like, the purchase probability and the
preferences of each customer type are predicted and are used for target selection and other sales
or marketing strategies. This idea can be applied to disaster recovery as well. In other words,
if you were to create a decision tree for the sense of recovery from past disasters, it should be
possible to predict, to some extent, the sense of recovery, according to the type of victim in
future disasters. By doing so, care and recovery programs and approaches can be adopted that
vary depending upon the sense of recovery of the individual victim.

Because decision trees are set up as hierarchies they can be broadly classified without
detailed information, and because they may need less information than the results of regression
analysis results, they were utilized for our analysis’. Although this is not a major reason, there
are already many researches on the sense of recovery using regression analysis, and we are
trying to increase our understanding by analyzing it from a different perspective.

The order logit model is a method for analyzing the influence of discrete sequenced items
on the selection probability of each individual item at each step. In ordinary regression analysis,
explanatory variables are continuous, but in questionnaires that use the five-step method, they
cannot be used because the answers are ordinal scales. The ordinal logit model is a method for
performing regression analysis on a discrete ordinal scale. Since the sense of recovery, which
is a dependent variable in this study, is an ordinal scale based on the 4-step method, the analysis
was performed using an ordinal logit model. The interpretation of the analysis results is
basically the same as in ordinary regression analysis®.

& There was only one respondent residing in temporary housing in the 2017 survey, which could not be identified
as a personal effect. In the 2017 survey, about 80% of the respondents answered that their recovery was 1, and
there were few variations. This suggests that the recovery was progressing smoothly at the individual's life level,
which is not a bad thing, but it still poses a problem for analysis.

" Note that since decision tree analysis is a method of searching for a boundary to divide groups, it would be
difficult for a variable having a small number of corresponding answers to become a boundary. For this reason,
for those items where the number of affected persons in Great East Japan Earthquake or in Noda Village was
small, it is difficult to evaluate that these items are important or not. In order to apply this to disasters in general,
it will be necessary to conduct similar analyses of other disasters and to deepen our knowledge of possible post-
disaster programs.

8 The coefficient calculated by the ordinal logit model is strictly an effect on the latent variable that affects the
selection probability, and does not directly indicate the range that increases the selection probability. However,
the interpretation of the sign and the comparison of the magnitude of the coefficients can be performed by the
same interpretation as in ordinary regression analysis.

29



IDRiM (2020) 10 (1)
D0I110.5595/001c.16747

The reason for using the ordinal logit model to analyze the effects of housing is because it
makes it possible to evaluate the impact of housing comparatively, while controlling other
factors. In the case of decision tree analysis, in order to determine the boundaries at the time of
the division into two groups, all of the variables are not necessarily used for the evaluations.
Nor can comparable quantitative indicators be obtained. In regression analysis, after removing
the influence of other established independent variables, the magnitude of the influence on the
independent variables can be measured. At this time, if the scales of the independent variables
are the same, the magnitude of the influence can be analyzed by directly comparing the
magnitudes of the coefficients. In this study, we used the ordinal logit model because the
occupied houses were used as dummy variables and therefore had the same scale, which

ISSN: 2185-8322

allowed for a direct comparison of the estimated results.

Table 1-1. Descriptive statistics of survey results

Variables 2013 2017 note
Personal Recovery 1.97 1.38 4 steps (Almost full recovery (1) to Absolutely no recovery(4))
Village Recovery 2.97 2.30 4 steps (Almost full recovery (1) to Absolutely no recovery(4))
Evacuation housing
Same house 74.5% 79.3%
Different house 4.0% 9.9%
Temporary housing 11.9% 0.9%
Public-funded rental housing 4.0% 1.8%
Others 5.6% 4.5%
Damage to housing 2.14 1.68 5 steps(No damage (1) to Completely destroyed (5))
Increase/Decrease of personal relationships 3 steps (Increase (1) to Decrease (3))
Immidiate family and other relatives 1.98 1.92
Local human network 2.08 2.03
Friendsin the workplace 2.05 1.90
Person outside the village 2.01 1.84
Within walking distance (before the disaster) Number
Immidiate family and other relatives 8.89 6.60 SD 8.55,0t050(2013),SD6.73,0t040(2017)
Local human network 9.33 4.51 SD15.2,0t0200(2013),SD 6.02,0t0 30 (2017)
Friendsin the workplace 4.60 4.46 SD9.55,0t0100 (2013),SD 15.4,0t0150(2017)
Within walking distance (after the disaster) Number
Immidiate family and other relatives 8.98 6.55 SD 18.4,0t0300(2013),SD 6.56,0t0 40 (2017)
Local human network 9.17 4.69 SD22.1,0t0300(2013),SD6.01,0t030(2017)
Friendsin the workplace 4.24 5.18 SD9.39,0t0100(2013),SD 15.8,0to 150 (2017)
Change in numbers of persons before and after disaster Subtracting number of personzs

before the disaster from after the disaster
Immidiate family and other relatives 0.09 -0.05 SD14.9,-30t0250(2013),SD 3.63,-33t010(2017)
Local human network -0.17 0.18 SD 15.3,-35t0250(2013),SD 1.48,-5t0 3 (2017)
Friendsin the workplace -0.36 0.71 SD3.07,-29t0 17 (2013),SD 3.57,-9t0 20 (2017)
Give advice 3 steps (Often (1) to Never (3))
Immidiate family and other relatives 1.91 2.13
Other Villagers 2.25 2.56
Gender 1.47 1.52 Male (1), Female (2)
Age 46.5 36.7
Eldest child 1.37 1.47 Eldest (1), Not the eldest (2)
Educational level 3.33 3.05 Primary school (1) to University/Graduate school (6)
Marriage status 1.67 1.86 Married (1), Separated/Widowed (2), Single (3)
Children 1.57 1.47 Yes(1),No(2)
Household size One person (1) to 5 person or more (5)
Before the disaster 3.49 3.50
After the disaster 3.36 3.10
Change -0.13  -0.40 Subtracting number of personzs

before the disaster from after the disaster
Household income 4.73 5.41 9 steps (Zero (1) to \10,000,000 or more(9))
Change brought on by the disaster 3 steps (Increased (1) to Dicreased (3)
Household income 2.31 1.90
Household expenses 1.56 1.45
Household savings 2.51 2.16
Number of observations 302 111
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Table 1-2. Distributions of answers

Variables Year 1 2 3 4 5 Obs.
Personal Recovery 2013 49% 13% 30% 8% - 302
(Almost full recovery (1) to Absolutely no recovery(4)) 2017 79% 8% 8% 5% - 111
Village Recovery 2013 2% 8% 79% 10% - 302
(Almost full recovery (1) to Absolutely no recovery(4)) 2017 17% 41% 38% 5% - 111
Damage to housing 2013 64% 6% 1% 9% 19% 302
(No damage (1) to Completely destroyed (5)) 2017 78% 6% 3% 1% 12% 111
Increase/Decrease of personal relationships

Immidiate family and other relatives 2013 12% 78% 10% - - 302
(Increase (1) to Decrease (3)) 2017 16% 76% 8% - - 111
Local human network 2013 11% 70% 19% - - 302
(Increase (1) to Decrease (3)) 2017 11% 76% 14% - - 111
Friends in the workplace 2013 12% 72% 17% - - 302
(Increase (1) to Decrease (3)) 2017 14% 81% 5% - - 111
Person outside the village 2013 15% 70% 16% - - 302
(Increase (1) to Decrease (3)) 2017 21% 75% 5% - - 111

In this study, we analyzed only those items that appeared in both the 2013 and 2017 surveys.
These are summarized in Table 1-1 and Table 1-2. In the decision tree analysis, if there was no
answer provided for any of these items, they were excluded from the sample. As a result, the
number of observations was 302 for the 2013 survey and 111 for the 2017 survey.

We tested the differences in demographics from before the disaster and between the two
samples9. Because “Age” was significantly lower in 2017 there were more respondents with
“Single” marriage status in 2017. We included respondents outside of the village in 2017, so
the ratio of “Not the eldest child” increased in 2017. Other demographics showed no not
significant difference.

3.3 Analysis results

Before going into a detailed analysis, we will first take a look at the changes in the 2013
and 2017 responses. First of all, the numerical values for the two entries related to the sense of
recovery were smaller in 2017 than in 2013, indicating that recovery was progressing. Taking
into consideration that recovery and reconstruction progress over time, this is a natural outcome
(Nagata (2018).

As for evacuation housing, around 16% of respondents in the 2013 survey were living in
temporary or publicly funded rental housing. But that figure had fallen to about 3% by the time
of the 2017 survey. A possible reason for this change is that the proportion of persons residing
in Noda who responded to the 2017 survey was high. It can also to be assumed that the homes
of those who were moved into temporary or publicly funded rental housing had been severely
damaged by the earthquake or the tsunami. The 2013 survey was conducted around 2 years
after the disaster, so it is possible that the residents continued to live in temporary housing.

 Some demographics were indicated after the disaster. We did not test these variables because they possibly
included the impact of the passage of time.
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Figure 1. Decision tree for the personal sense of recovery'®

10 The top of each nodal square indicates the dominant response for that group. The middle numbers indicate the
percentage of those expressing “non-recovery” within the group. The numbers at the bottom indicate the ratio of
the group to the entire sample. Below the node are the variables and their values that serve as boundaries; on the
left are the groups that meet the conditions for a boundary; on the right are those that do not.
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However, by the time of the 2017 survey, more than 5 years after the disaster, it is possible
that most of the victims had moved on from their temporary living quarters.

Regarding the number of family members and others who resided within walking distance,
in the 2017 survey the number of immediate family members or other relatives as well as the
number of acquaintances had decreased, whereas the number of workplace friends had
increased. This may indicate that post-disaster recovery and reconstruction was progressing
and that a return to one’s place of work had occurred.

In addition, the 2017 survey showed improved results for income, expenditures and savings
when compared with their pre- and short-term post-disaster circumstances. This may be an
indication that lives had improved due to the progress of reconstruction and recovery.

3.3.1 Decision tree analysis results

First, we analyzed how victims viewed their own sense of recovery. The dependent variable
was a 4-step configuration and it was possible for analysis to be carried out employing a
continuous variable or broken down into two divisions based on a certain reference points.
Although analysis was carried out utilizing both approaches, no significant differences
emerged. Therefore, this paper describes only the results of the two-division approach?!. As for
the two divisions, answers 1 and 2 were categorized as "recovered” and 3 and 4 "not-yet
recovered”.

The left side of Fig. 1 shows the results for 2013 and the right side for those of 2017.
Looking at the 2013 results, the sense of recovery was low if the victim’s home had been
completely destroyed. If household income was low and the number of the victim’s
acquaintances before the disaster had been large, the sense of recovery was also low. If
household income was above a certain level and the number of workplace friends in which the
victim was in contact after the disaster was large, the sense of recovery was high. Furthermore,
if household income was low and the number of pre-disaster friends was high the sense of
recovery was low. Next, looking at the 2017 results, the sense of recovery was high if the
number of household members had not decreased. When the number of household members
had dropped, the sense of recovery was high if they were married. Women who were not
married tended to have a low sense of recovery.

Comparing the results of the 2013 and 2017 surveys, the impact of the damage to one’s
home, which was a significant factor in 2013, had lost its significance in 2017. On the other
hand, being married or not, which had little effect in 2013 was of consequence in 2017. In both
2013 and 2017, changes in the number of households, changes in household income and
savings, as well as changes in family composition and the changing economic environment
were factors that showed an impact.

11 Some of the conclusions reflect the results of analysis using continuous variables.
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Next, we analyzed the sense of recovery of Noda itself using a decision tree. The left side
of Figure 2 shows the 2013 results; on the right are those for 2017. Only 10% of the responses
had answer at or below option 2, so it was not possible to establish a group with a high sense
of recovery. When comparing these results to the personal sense of recovery, changes in the
entries for the number of family members and relatives, the number of local acquaintances, the
number of friends in the workplace, and the number of households in the area showed common
outcomes for both. On the other hand, entries such as changes in relationships with persons
outside of the village, the number of children, and changes in income did not affect one's
personal sense of recovery, but did affect their sense of the village’s recovery.

The results of the 2017 survey indicated that post-disaster household size had an impact; if
the number of members of a household was above a certain number, the sense of recovery
tended to be high. If the number of household members after the disaster was small, but the
number of post-disaster workplace friends was large, the sense of recovery was also high. In
addition, even if the number of workplace friends was small, the sense of recovery was high if
damage to one’s house was minimal. If the damage to the home was above a certain level, the
sense of recovery diminished as household size increased.

3.3.2 Changes over time in factors affecting the sense of recovery

Table 2 summarizes the results of the above analysis. The underlined elements are those
that affect both the individual’s sense of his or her own sense of recovery as well as that of the
village. Also, (before) and (after) indicate the number of people before and after the disaster,
respectively®?.

First, in both the 2013 and 2017 surveys, the number of local workplace friends before the
disaster and the number after the disaster as well as changes in household size affected both
their own sense of recovery and their sense of village recovery. In 2013, both the sense of
personal recovery and the sense of the village’s recovery were affected by damage to homes,
the number of immediate family members and other relatives who were in the area before and
after the disaster, the number of friends who were nearby after the disaster and subsequent
changes in the number of these friends, changes in family membership, consultations with
villagers, and changes in household income due to the disaster. In 2017, none of these factors
affected the sense of individual recovery or village recovery.

12 1t should be noted that decision tree analysis has a feature where, due to the nature of grouping, variables having
a small number of relevant respondents are difficult to be adopted as boundaries. The results show the importance
of variables for which a certain number of responses were received.
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Figure 2. Decision tree for the sense of recovery of the village

35



IDRiM (2020) 10 (1) ISSN: 2185-8322
D0I110.5595/001c.16747

Table 2 Key factors for sense of recovery™.

Influence on personal recovery Influence on village recovery
2013 only Damage to housing, number of Changes in relationships with
family members and other relatives | persons outside the village, number
(before) (after), number of local of family members and other
friends (after), change in the relatives (before) (after), changes in
number of local friends, advice & the number of friends in the
counsel (villagers), age, changes community, advice & counsel
due to the disaster (household (villagers), children, number of
income) households (before)
Both years Number of local friends (before), Damage to housing, number of
number of friends at work (before) local friends (before) (after),
(after), gender, changes in the number of friends at work (after),
number of households, household changes in the number of
income, changes due to the disaster households, changes due to the
(household savings) disaster (household income)
2017 only Marriage status Advice and counsel (immediate
family / relatives), age, firstborn
child, educational background,
number of households (after)

As for the sense of personal recovery, pre-disaster factors such as the number of workplace
friends, gender and household income were factors in both the 2013 and 2017 surveys. In the
2013 survey, factors such as damage to homes, the number of friends in the area after the
disaster, age and changes in income due to the disaster affected their sense of recovery, whereas
in the 2017 survey they did not. On the other hand, in the 2017 survey, whether or not they
were married influenced their sense of recovery.

Regarding the sense of recovery of the village, damage to homes, the number of friends in
the area after the disaster, and changes in household income due to the disaster affected the
sense of recovery in both the 2013 and 2017 surveys. On the other hand, factors such as changes
in social relations outside the village, the number of children, and the number of households
before the disaster affected the sense of village recovery in the 2013 survey, but did not in the
2017 survey. In the 2017 survey, having family members or other relatives available to offer

13 In the section 3.3.1, we describes only the results of the two-division approach. We describe the decision tree
which uses dependent variables as continuous. Because Table 2 reflects the results of both, some dependent
variables are added.
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advice and counsel, age, being the firstborn or not, educational background, and the number of
household members after the disaster had emerged as factors.

3.3.3 Results of ordinal logit analysis

Next, we analyzed the impact of the type of housing into which victims moved after the
disaster and their sense of recovery using the ordered logit model. The dependent variables
were the sense of personal recovery and the sense of village recovery. The independent
variables were based on the results of the decision tree analysis described above. We used
changes in the number of workplace friends, gender, household size, household income, and
post-disaster changes (household savings).

For the sense of village recovery, we used the number of local friends and acquaintances
before and after the disaster, the number of friends in the post-disaster workplace, changes in
household size, the extent of damage to one’s home, and other post-disaster changes (household
income). In both analyses, the types of housing into which displaced persons lived or were
placed after the disaster were divided into 9 categories and included as independent variables:
one’s own home (resided in before the disaster), one’s own home (different from that resided
in before the disaster), temporary housing, publicly-funded rental housing, plus five other
categories.

The sense of personal recovery is set forth in Table 34, The sense of recovery is the
dependent variable; the smaller the number the higher the sense of recovery. This indicates that
the variable with a negative estimated coefficient has the effect of increasing the sense of
recovery, while a positive one has the effect of reducing the sense of recovery. In addition, the
value assigned to the first living quarters in which the disaster victim lived was based on the
victim’s pre-disaster home. First, the coefficient of household income was negative and
significant in both 2013 and 2017, indicating that the higher the household income, the higher
the sense of recovery. In addition, the coefficient of change (household savings) after the
disaster was positive and significant, indicating that an increase in savings increased the sense
of recovery. Other variables were not statistically significant.

As for the type of housing into which the victim moved after the disaster, there was no
significant difference between living in the home that one lived in prior to the disaster and other
housing. However, in 2013, the coefficients were all positive, indicating that having a home in
the same location led to the highest sense of recovery. In 2013 the coefficients were all positive,
indicating that remaining in one’s own pre-disaster home brought on a high sense of recovery,
whereas in 2017 the coefficients were negative, suggesting the possibility that this choice had
not enhanced their sense of recovery.

Moving on to a comparison of the size of the coefficients, in 2013, living in one’s pre-
disaster home>one’s own home in a different location>temporary housing>publicly funded

14 Only those independent variables that showed significant results, other than those relating to the home, were
shown. In the calculations, all of the independent variables listed above were used.
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rental housing. In 2017, living in one’s own home in a different location>publicly funded rental
housing>one’s pre-disaster home>temporary housing. In the short term, living in the house in
which one was familiar seemed to have increased the sense of recovery, but in the long term
this was not necessarily the case. In the short-term, publicly funded rental housing correlated
with a low sense of recovery, although the results suggest that this was not necessarily so for
the long-term sense of recovery. In the long-term this did not necessarily diminish the sense of
recovery.

Table 3 —Results of the ordered logit analysis

Personal Recovery Village Recovery

2013 2017 2013 2017
Household Income -0.24 -0.45
(0.07]*** (0.15]***
[-0.37,-0.11] [-0.74,-0.15]
Change by the disaster 0.33 0.93
(Household savings) (0.19)* (0.44)**
[-0.05,0.70] [0.07,1.78]
Damage to housing 0.23 0.07
(0.09)** (0.16)
[0.05,0.41] [-0.24,0.38]
Household size -0.58 -0.26
(Change) (0.20)*** (0.12)**
[-0.97,-0.19] [-0.46,-0.02]
Temporary housing 0.05 2.42 -0.39 1.58
(0.34) (1.58) (0.44) (1.93)
[-0.61,0.71] [-0.69,5.52] [-1.25.0.47] [-2.20,5.36]
Public funded rental housing 0.66 -0.33 -0.18 -2.05
(0.57) (1.27) (0.76) (1.06)*
[-0.45,1.78] [-2.81,2.15] [-1.67,1.31] [-4.13,0.03]
Different house 0.03 -0.88 0.04 -0.01
(0.58) (1.16) (0.74) (0.06)
[-1.10,1.17] [3.15,1.39] [-1.41,1.49] [-0.13,0.11]
Others -0.13 0.68 -0.38 -1.48
(0.49) (0.99) (0.64) (0.98)
[-1.09,0.82] [-1.26,2.62] [-1.63,0.87] [-3.40,0.44]
Log liklihood -341 -67 -201 -121
Number of Observations 302 111 302 111

Standard errorsin parentheses
#%% 0¢0.01, ** p<0.05, * p<0.1

Next, looking at the results of the sense of village revival, the housing damage coefficient
was positive and significant in 2013, indicating that the greater the damage to the house, the
lower the sense of recovery. In 2017, however, this coefficient had lost its significance.
Changes in household size were negative and significant in both years, indicating that a
reduction in the size of a household contributed to a diminished sense of recovery of the village.
Other coefficients were not significant.

Looking at the housing occupied after the disaster, in 2013, temporary housing>publicly
funded rental housing>one’s pre-disaster home>a home in another location. For 2017, publicly
funded rental housing>a home in another location>one’s pre-disaster home>temporary housing.
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In 2013 and 2017, the order of the pre-disaster home and a home in a different location were
reversed, with publicly funded rental housing having the highest ranking in 2017.

The above results show that publicly funded rental housing tended to reduce the personal
sense of recovery in the short-term compared to living in one’s pre-disaster home, but over the
long run tended to increase the personal sense of recovery. In both the short-term and the long-
term, living in one’s own home tended to increase the sense of the village’s recovery. On the
other hand, being housed in publicly funded rental housing, which showed a low sense of
recovery in 2013, in the long-run was not necessarily low as compared to living in one’s pre-
disaster home and it contributed more to a sense of the village’s recovery in both 2013 and
2017. In addition, when a comparison was made of living in one’s pre-disaster own home
versus living in a home owned in a different location, it showed that the personal sense of
recovery and that of the village tended to drop over the short-term, whereas it tended to increase
for both over the long-term. It should be noted, however, it is possible that these results may
have resulted from a change in the base case, which was the home in the same area.

In other words, if the impact of living in one’s home in the disaster area lowered the sense
of recovery over the long-term, this result may have been obtained even if the influence of
other housing did not change much. In addition, regarding temporary housing, there was only
one respondent in the 2017 survey, so we cannot judge the results for that year. In 2013, this
accounted for more than 10% of the total, indicating that the sense of personal recovery tended
to be low, while the sense of village recovery tended to increase.

4. CONCLUSION

This study has analyzed the factors affecting the sense of recovery of the victims of the Great
East Japan Earthquake from both a short-term and a long-term perspective. We used the results
of questionnaire surveys conducted in 2013 and 2017 of residents of Noda Village, Iwate
Prefecture, to determine the factors that affected the sense of recovery of their personal lives
as well as their sense of the recovery of the village itself. We also examined how differences
in the choice of temporary housing affected their sense of recovery.

Decision tree analysis revealed that the severing of ties with workplace friends and changes
in household size should be avoided. In order to do so, evacuations should to some extend be
undertaken within a specific defined region. It was also shown that in the short term, it is
important for their sense of recovery that victims maintain a personal network of immediate
family members, other relatives and local workplace friends as well as assurances that their
income would not diminish. However, in the long run, the sense of one’s own recovery as well
as that of the community in which one lives will be influenced by a number of other factors,
and that a person’s sense of his or her own recovery will be influenced by personal and
economic factors such as changes in marriage circumstances and household income and
savings that were brought on by the disaster.
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On the other hand, the sense of recovery of the village seems to have been influenced by
family factors that included whether or not one was the firstborn, being able to consult with
relatives as well as social status factors such as educational background. In this regard, for
those whose relocation to another area proved to be difficult due their being the firstborn or
their educational background, interest in the village tended to increase and it is possible that
this was linked to their sense that the village was not recovering. In the short term, the sense of
the recovery of the village seems to have been affected by changes in relationships with persons
outside the village, the presence of children and the comparisons they make with other regions
and exchanges within the region through their children. In the long run, factors that affect the
sense of recovery will change, so it will be necessary to implement flexible policy and post-
disaster management approaches.

As for temporary post-disaster housing, living in the same home as one did before the
disaster increased the short-term sense of recovery, but it appears that this was not the case for
the long-term. Although living in the home to which one is accustomed has the effect of helping
that person rebuild his or her life in the short-term, due to the correlation between village-wide
reconstruction plans and the location of one’s home as well the differences in government
subsidies, it is possible that in the long term it does not lead to a sense of recovery. Therefore,
given the limited availability of temporary housing and publicly funded rental housing units, it
will likely be necessary to have some or many of the disaster victims, depending upon the
circumstances, live in their own home. However, from a long-term perspective, this may not
be the best solution.

On the other hand, with regard to temporary housing, the sense of recovery was low in the
short-term, but tended to increase over the long-term. Because the introduction of publicly
funded rental housing deviated from the previous network of temporary housing, there is a
possibility that the sense of rebuilding one’s life will be reduced in the short-term. However,
in the long-term, we think that the flexibility of movement has helped to raise the personal
sense of recovery along with the sense of the recovery of the village itself.

According to Yamada (2020), the availability of publicly-funded temporary housing was
0.3% at the time of the 1995 Great Hanshin Awaji Earthquake, 56.6% at the time of Great East
Japan Earthquake in 2011 and 74.6% at the time of 2016 Kumamoto Earthquake, which shows
that the availability of this type of temporary housing increased year by year in Japan. However,
as Yamada pointed out, in the short term, the degree of the satisfaction with life held by disaster
victims dropped significantly, and the introduction of short-term support mechanisms, as taken
up in this paper, and the correlation with how victims viewed their lives emerge as important
issues that must be taken into consideration.

From the perspective of the effective utilization of unoccupied housing units and other
housing resources as well as the prevention of the spread of infectious diseases like Covid-19,
the promotion of the use of unoccupied housing banks to provide publicly-funded temporary
facilities can offer up important policy options for future post-disaster countermeasures. In
addition, as pointed out in our paper, the building of short-term support systems for publicly-
funded temporary housing is also a matter of urgency.
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There are some issues than remain regarding this study, the biggest of which is the sample
size of the 2017 survey. For this survey, we included only the respondents who had answered
all the items that were found in both the 2013 and 2017 surveys. As a result, the sample size of
the 2017 survey was significantly reduced to 111. Because the sample size was small, the
responses were biased and an adequate analysis could not be carried out.
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