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Abstract
This study aims to analyse the impact of the 2006 Yogyakarta earthquake on the mental health and welfare of victims 
in Bantul and to examine whether disasters they experienced before might increase or decrease their mental health 
when facing indirect exposure to repeated disasters. This study employs several methods: descriptive analysis; logit; 
a combination of propensity score matching; and difference in differences. The results find that 7 people (1.78%) in 
2007 and 31 people (7.89%) in 2014 have experienced symptoms of depression. Age is confirmed as a significant factor 
in increasing this probability. The results of this study reveal that direct exposure to the 2006 Yogyakarta earthquake 
increased the average mental disorder score and decreased the victims’ education expenditure 1 year after the disaster. 
The direct exposure to the 2006 Yogyakarta earthquake also affected the increase in mental disorder score and decrease 
in household expenditure of victims 1 year after the disaster, although the effects were insignificant.

Keywords Natural disasters · Mental health · Welfare · Earthquake · PSM-DD

JEL Classification D10 · D60 · I15 · I31 · 012

1 Introduction

Indonesia is highly vulnerable to natural disasters, such as earthquakes, volcanoes and tsunamis, since it lies in 
the Ring of Fire. One of the large-scale natural disasters that occurred in Indonesia between 2005 and 2019 was 
the Yogyakarta earthquake in 2006. Bappenas [5] reports that this disaster killed 5700 people, injured more than 
40,000–60,000 people, destroyed hundreds of thousands of houses, and lost people’s livelihoods. Losses caused by 
this earthquake amounted to 29.1 trillion (US$ 3.1 billion). Losses of lives, houses, and infrastructure have been a 
corollary of natural disasters [32]. Furthermore, natural disasters can give serious impact on victims’ welfare [31]. The 
exposure to disasters might affect the welfare negatively in short period through the declines in household income 
and household expenditure levels of the victims [3, 4, 22, 27]. However, natural disasters do not only remain the 
negative impact. Belasen and Polachek [7] and Kirchberger [31] find that natural disasters have positive impact on 
workers’ wage growth in short period. The renewal of productive assets apparently changes their calamity in short 
period into higher prosperity in long period compared with those that are not exposed by disasters [22].
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In contrast, Caruso and Miller [11] find that the negative impact of natural disasters on welfare is resilient in long 
period. They reveal that natural disasters affect welfare through two channels. First, natural disasters give negative 
impacts on children’s physical health, malnutrition, the spread of disease, and lack of health services. Second, dis-
asters affect the mental health. Damage and losses caused by disasters are closely related to the impact of disasters 
on psychological conditions [9], then they have negative impact on work productivity [1, 8, 10] and welfare. The 
individuals exposed to natural disasters have opportunities to suffer from Post-Traumatic Stress Disorder (PTSD), 
depression, or other mental illness which previous studies have found [9, 12, 13, 15, 17, 23, 24]. For this reason, post-
disaster management is needed to minimize the continuous negative impact or long-term negative impact on the 
physique, economy, and also mental health.

The government carried out several stages of post-disaster management to reduce the negative impacts of the 
2006 Yogyakarta earthquake [6]. With regard to physical and economic recovery in post-disaster, the government 
carried out rehabilitation and reconstruction focused on three program components: housing and settlement res-
toration; public infrastructure restoration; and economic recovery of communities and regions. This restoration was 
completed 2 years following the earthquake. Afterwards, the government addressed victims’ psychological problems 
by executing psychological assistance and psychological rehabilitation within 7 months after the earthquake. Inter-
ventions are given to victims to ease their psychological burdens and prevent continuous psychological impacts 
caused by disasters that lead to mental disorders.

In response to continuous psychological impacts that lead to mental disorder, post-disaster management, par-
ticularly in mental health, should be accomplished appropriately. It is due to natural disasters impacts might persist 
less than a year [15, 23, 25, 29], but it might be more than a year [9, 13, 17, 23, 24]. Chen et al. [13] find that the Chi-
Chi earthquake victims remained indications of PTSD (20.9%) and psychiatric morbidity (39.8%) 2 years after the 
disaster. Almost 65% of PTSD symptoms were found 3 years after the Pakistan earthquake [17]. Cénat and Derivois 
[12] also find that 36.93% of respondents were indicated the symptoms of PTSD, 46.21% suffered from depression, 
and 22.25% were comorbidities between PTSD and depression two and half years after the Haiti earthquake. Also, 
a survey conducted 8 years after the Wenchuan earthquake by Guo et al. [24] find that 11.8% of respondents had 
symptoms of PTSD and 24.8% had symptoms of depression.

The psychological recovery has been implemented by the government over less than a year while the previous 
studies reveal that the continuous psychological impacts, like PTSD and depression, probably emerge more than a 
year after the earthquake. What is more, Indonesia is a disaster-prone country that triggers the victims to experience 
repeated trauma whenever natural disasters strike. Bland et al. [9] analyse the impacts of repeated experiences of 
similar disasters in Italy. They find that people who experienced two disasters and had evacuated from earthquake 
damage were indicated having a higher level of stress. They also suggest that previous disasters that people experi-
enced could be a significant factor in triggering similar stress. Geng et al. [21] also find similar finding that there is a 
detrimental addictive effect on adolescent mental health due to repeated disaster experiences.

On the contrary, Norris and Murrell [38] find that people who experienced previous disasters were not influenced 
by trait anxiety and not stressed by particular weather. They emphasize that it ensued since experience might role as 
an excellent preventive measure for victims. Moreover, Seery et al. [39] conclude that those who have bad experiences 
with disasters will have lower levels of global distress, functional impairment, and post-traumatic stress symptoms. 
Then, they will have a higher level of life satisfaction than those who do not experience as bad experiences can build 
an individual’s resilience. Not only direct exposure to repeated disasters, but indirect exposure might also trigger 
mental disorders, such as mass media exposure [20, 40]. Acute stress is positively yielded from cumulative direct 
and indirect experiences and exposure to media from previous disasters [20]. Media exposure also negatively affects 
mental and physical health [40].

Studies of the long-term impacts of disasters on mental health are still limited, particularly in Indonesia. Therefore, 
the study of the long-term impacts of disasters on mental health is urgently needed for several reasons. First, several 
studies cited in the previous paragraphs indicate certain possibilities of disasters’ impact on mental health in a protracted 
period. Second, there is a linkage between natural disasters and welfare caused by mental health. Third, it is not certain 
whether experience will influence people’s preparedness for dealing with disasters or instead, they will be more sensitive 
and easier to get stressed. Due to the fact that Indonesia lies in the Ring of Fire thus disasters possibly occur repeatedly. 
Therefore, this study aims to investigate the impact of the 2006 Yogyakarta earthquake on the mental health of victims 
in Bantul. In addition, it will analyse the impact of the 2006 Yogyakarta earthquake on the welfare of victims in Bantul. 
Lastly, it will also examine whether disasters they experienced before might increase or decrease their mental health 
when facing indirect exposure to repeated disasters, the 2010 Merapi eruption.
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2  Literature review

Mental disorders are evidently caused by exposure to disasters [35]. Mental disorders that victims may experience 
include PTSD, depression and other mental disorders. PTSD is a psychiatric disorder in individuals who have witnessed 
or experienced traumatic events, such as natural disasters and accidents. The intensity of exposure to disasters depends 
on the duration of the negative impacts on mental health. Besides, gender and age also could be significant factors that 
determine how long survivors are successfully recovered from their traumatic experiences. Several studies have revealed 
that women and children are highly vulnerable to mental disorders [13, 24, 26, 41]. Children might be the most vulner-
able group since they are unable to escape from danger, identify themselves, make important decisions, and depend on 
themselves. They are at the highest risk to release a negative stress reaction when disasters affect them directly, such as 
losing a loved person or pet [33]. Other groups who are vulnerable to mental disorders when facing disasters are those 
who are poorly educated, have bad perceptions about health, have other traumatic experiences after disasters [24], 
reside in prefabricated houses, and have serious damage to their properties [13]. When these groups cannot solve their 
problems quickly and efficiently, the mental disorders can persist over several years after disasters, as reported by Guo 
et al., Cénat and Derivois [12, 24], and Chen et al. [13]. Furthermore, survivors with direct exposure to disasters have two 
conflicting possibilities. On the one hand, previous disaster experiences can significantly generate stress when survivors 
face repeated disasters [9]. Moreover, repeated disaster experiences might give a detrimental addictive effect on mental 
health, especially among adolescents [21].

On the other side, survivors can use previous disaster experiences as a preventive measure to minimize anxiety and 
stress [38]. Afterwards, Seery et al. [39] summarize that individuals’ resilience will build when they have disaster experi-
ences or bad experiences. Yet, this resilience is built and developed through bad experiences at low or moderate levels. 
Individuals who completely do not have bad experiences cannot build resilience as they have no challenge in manag-
ing stress. On the contrary, having many challenges in managing stress (individuals with many bad experiences) will 
damage this resilience.

Several factors are believed can recover mental disorders after disasters. They are genetic, neurobiological, cognitive, 
cultural, psychosocial, and personal factors, as explained by Feder et al. [17]. Their study in Pakistan finds that life goals 
are one of the psychosocial factors that might reduce PTSD symptoms and increase positive emotions. In addition, an 
increase of positive emotions is associated with higher social support while a high level of symptoms and negative emo-
tions are associated with negative religious coping (for instance, they feel being punished by God for sins or less religious 
personality). Besides psychosocial, culture is an essential factor in dealing negative impacts of disasters, related to victims’ 
psychological disorders. Masykur [37] explains that Javanese culture gave good contribution to managing stress caused 
by the 2006 Yogyakarta earthquake, one of them is tatag (being tough). Individuals with tatag will be a sincere, tough, 
and wise person in facing disasters. People with these personalities will be happier than those who refuse the reality.

Mental disorders and trauma from natural disasters are also believed may affect productivity. Then, an implication 
has been found that decrease of welfare is associated with the decrease in income. Bubonya et al. [10] reveal that men-
tal illness is relatively expensive and vast. Individuals who suffered from mental illness tend to have a decline in work 
productivity. The survivors with poor mental health tend to have higher rates of absenteeism [10] and have worse work 
performance [1]. They also potentially have less opportunity to participate in labour market and have higher unemploy-
ment rates. It does not only give negative impacts on labour market and productivity, but Bubonya et al. [10] also men-
tion that two costs emerge due to this mental illness. They are direct cost (costs of health care, disability payments, and 
provision of support services) and indirect cost (imposed to caregivers, family members, and society).

In addition, impact of natural disasters such as typhoons which occurred simultaneously during the COVID-19 pan-
demic caused an even deeper decline in welfare for individuals and communities. This is also further complicated by 
restrictions on population mobility which causes mental health to decline, especially stress and anxiety levels [14]. These 
findings regarding multiple disasters are also in line with Leppold et al. [34] which states that the potential risk of several 
disaster exposures exceeds the potential risk of one disaster exposure. Apart from that, there are also indirect implica-
tions due to changes in health service facilities, changes in community risk perceptions and government responses to 
various disasters. Lindert et al. [36] added that the COVID-19 pandemic period has provided many lessons that the impact 
of natural disasters will get worse, so it is necessary to develop new response models in dealing with disasters in the 
future. This model requires collaborative efforts from the public health sector, medical services, and emergency systems.

Furthermore, welfare is one of serious impacts that individuals might experience when natural disasters occur [31]. 
Losses of lives or human resources and private physical capital (such as productive assets and infrastructure) affect loss 
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of income, decreased consumption, and reduced accumulation of human capital [4]. Losses and damage caused by 
disasters also give a change in local labour market [22]. In short term, the disruptions in local labour market caused by 
disasters have double impacts (positive and negative) on welfare. Gignoux and Menéndez [22] explains that it depends 
on the survivor’s position in labour market (as a supplier or a user of labor) and the ongoing business sector (for instance, 
construction sector will have an increase in workforce after disasters). These two factors subsequently affect the increase 
and decrease of workers’ wage that give impacts on consumption and welfare. It does not only give short-term impacts 
but also long-term impacts on welfare. The long-term impacts comprise two sides. First, welfare is at a significant disad-
vantage by the loss of assets. Second, welfare gains more benefits due to the renewal of lost assets.

Survivors who trapped in poverty for longer periods are caused by: the loss of productive assets [4, 22]; the diversion 
of current consumption investments; and reduced investment in human capital [4]. In addition, Gignoux and Menéndez 
[22] reveal that the poverty trap occurs when the return on assets locally increases. It is due to minimum requirements 
for the replacement of old production technology with a more productive one and the variation of input and output 
prices. They also confirm that poor regions that do not receive relief or get insufficient relief after disasters have a high 
probability to be stuck in poverty trap. On the contrary, an inflow of national or international resources that distributed 
as reconstruction attempt will positively affect the stock of public and private capital, revive and even increase several 
dimensions of welfare [4]. Afterwards, Gignoux and Menéndez [22] explain that renewals in capital stock, reliefs, and 
reconstructions after disasters potentially increase productivity in long period so that survivors’ income and welfare will 
increase.

3  Research methodology

3.1  Data

This study employed longitudinal survey data from the Indonesian Family Life Survey (IFLS) which was originally taken 
from the RAND Corporation. IFLS wave 3 (2000), 4 (2007), and 5 (2014) were used as the source of data. The sample used 
in this study were individuals between the ages of 15 and 70 in 2000, resided in Bantul before, during, and after the 
2006 Yogyakarta earthquake (2000–2014), and experienced the 2006 Yogyakarta earthquake. Because of the fact that 
Indonesia is a vast archipelago and its high heterogeneity in geography, income, and population density, thus not all 
individuals in the IFLS sample are used in this research [31].

After cleaning and combining data of IFLS wave 3, 4, and 5, a sample of 393 individuals was obtained for each wave 
used in this study (see Fig. 1). After that, the data used included mental health, per capita household expenditure, the 
intensity of earthquake exposure, age, gender, marital status, education, and region.

3.2  Research variable

Mental health is measured by using the Center for Epidemiological Studies Depression Scale (CESD-10) 10-item question-
naire. There are 10-item questions that ask what the respondents feel within the past week. The questions include: I am 
bothered by things that usually would not bother me; I have difficulty concentrating on doing things; I feel depressed; I 
feel that what I do requires much effort; I feel hopeful about the future; I feel scared; I have trouble sleeping; I feel happy; 
I feel alienated; I cannot start anything. The scale for each question is 0–3 (0 = rarely or never, 1 = a little, 2 = sometimes, 
3 = often).

Two proxies are used for mental health. First, mental disorder is measured by the total score of 6 CESD-10 questions, 
i.e. I feel bothered by things that usually do not bother me; I have difficulty concentrating on doing things; I feel what I 
do requires much effort; I feel scared; I have trouble sleeping; and I feel alienated. This study only uses 6 out of 10 ques-
tions because there are differences in the questions between batch 3 and waves 4 and 5. In addition, the scale used for 
each question is 0–2 (0 = never, 1 = sometimes, and 2 = often). Second, depression symptoms are measured by using a 
cut-off value of 10 and above, in which a person is confirmed to have significant depression symptoms if the total score 
of the ten questions in the CESD-10 is 10 and above [2].

Welfare outcomes are proxied through household expenditure per month per capita. Per capita household expendi-
ture was divided into two parts, namely per capita food expenditure and per capita non-food expenditure. Per capita 
non-food expenditures were broken down into: per capita expenditures for frequently purchased goods and services 
(electricity/water/telephone, personal toiletries, household goods, domestic services, recreation and entertainment, 
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transportation, and sweepstakes); per capita expenditure on goods and services that were rarely purchased (such as 
clothing, furniture, medicines, ceremony, and taxes); and per capita education expenditure for children living in the 
household (such as school fee, uniforms, and transportation).

Direct exposure to the earthquake refers to individuals who experienced the 2006 Yogyakarta earthquake and reported 
the death of their family members, suffered from severe injury or illness, had a direct financial loss or had family members 
who had been displaced. This study included people aged between 15 and 70 in 2000. Gender uses a dummy takes a 
value of 1 for men and 0 for other. Marital status is also represented with a dummy takes a value of 1 for married and 0 
for other.

Education means the education length that each individual spent in formal school or education institution. Finally, 
the regional variables used in this study are the city dummy which has a value of 1 if individuals reside in urban areas 
and 0 otherwise. Then, the sub-district dummy has a value of 1 if they reside in Sewon District and 0 otherwise. Sewon 
District was chosen as the control variable since they had the largest number of residents who experienced direct expo-
sure to earthquake. Based on IFLS 4 data, out of 355 people who were directly exposed to the earthquake, Sewon took 
the highest position with 100 victims, followed by Jetis with 92 people, Pandak with 59 people, and 104 others spread 
across several sub-districts in Bantul. Variable details are shown as the following (Table 1).

3.3  Analysis technique

This study employs three analytical methods to analyse the impact of natural disasters on mental health and welfare in 
Bantul: descriptive analysis; logit; a combination of propensity score matching; and difference in differences (PSM-DD). 
Descriptive analysis was used to investigate the number of Bantul residents who had depression symptoms in a year and 
8 years after the 2006 Yogyakarta earthquake. The analysis was presented in cross-tabulation. Next, a logit regression 
was performed to determine certain factors that influenced depressive symptoms. This analysis used cross-sectional 
data only for wave 4, with samples taken from the combination of wave 3 and 4. The samples used in this analysis were 
individuals who resided in Bantul before, during, and 1 year after the 2006 Yogyakarta earthquake (2000 until 2007) 

Fig. 1  Research sample. Source: IFLS (processed)
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and experienced the 2006 Yogyakarta earthquake. A sample of 507 individuals in wave 4 was obtained by cleaning and 
merging data, which was used in this logit analysis.

Logit model or logistic estimation method is a model that its dependent variable is the log of the odds ratio (a linear 
function of the independent variables). The probability function that underlies the logit model is the logistic distribution. 
The probability equation that represents the logistic distribution function is formulated as follows:

If  Pi is the success category of Y, then (1 −  Pi), the probability of failure is expressed as

so it can be written as

The value of  Pi/(1 −  Pi) refers to the odds ratio. It is the ratio between the probability of a successful event and the 
probability of a failure.

If its natural logarithm value is taken from the equation above, then the equation will change to

and it demonstrates that the natural logarithm of the odds ratio is not only linear with X, but also linear with the param-
eter. By using the symptoms of depression as the dependent variable, so it has a value of 1 if depression symptoms were 
found and 0 otherwise. The logistic regression model in this study is written as follows:

Finally, the difference in differences (DD) method was used to investigate the impact of direct exposure to earthquakes 
on mental health and welfare. DD method is a method that compares the change of outcome between treatment group 
and comparison group over time. This method combines two comparison methods, namely before-and-after and with-
and-without comparisons.

The treatment group used in this study were individuals who experienced the 2006 Yogyakarta earthquake and 
reported the death of their family members, suffered from severe injury or illness, had a direct financial loss, or had fam-
ily members who had been displaced. For the comparison group, this study used individuals who solely experienced 
the 2006 Yogyakarta earthquake but did not report the death of their family members, suffered from severe injuries or 
illness, had a direct financial loss, or had family members who had been displaced. The treatment group will have a value 
of 1 if they are exposed to direct exposure and 0 if they are not or the comparison group.

There are two DD models in this study. First, a model used to analyse the impact of earthquake on mental health 
and welfare 1 year after the 2006 Yogyakarta earthquake. This model was analysed by employing the combination data 
of waves 3 and 4 with 786 observations (393 individuals for each wave). Second, a model used to analyse the impact 
of earthquake on mental health and welfare 8 years after the 2006 Yogyakarta earthquake and 4 years after the 2010 
Merapi eruption. The data used to estimate this model is waves 3–5 panel data with 1179 observations (393 individuals 
for each wave).

The difference in differences model in this study can be written as follows:

(1)Pi =
1

1 + e−zi
=

ez

1 + ez
; Zi = β1 + β2Xi

(2)Pi =
1

1 + ezi

(3)
Pi

1 − Pi
=

1 + ezi

1 + e−zi
= ezi

(4)Li = ln

(

Pi

1 − Pi

)

= Zi = a0 + a1X1 +⋯ + anXn

(5)Li = ln

(

Pi

1 − Pi

)

= β0 + β1direct i + β2agei + β3malei + β4marriedi + β5educi + β6urbani + β7sewoni + ui

(6)Outcomeit = β0 + δ0y07t + β1direct i + δ1y07t ∗ direct i + uit

(7)Outcomeit = β0 + δ0y0714t + β1direct i + δ1y0714t ∗ direct i + uit
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Outcome is income value of each dependent variable (mental disorder score and spending per capita), y07 is a dummy 
year which has a value of 1 if it is 2007 and 0 if it is 2000, y0714 is a dummy year which has a value of 1 if it is 2007 and 
2014 and 0 if it is 2000, direct is a dummy of direct exposure or treatment with a value of 1 if it is exposed to direct expo-
sure and 0 otherwise, and y07*direct and y0714*direct are interaction variables which are the average of DD effects of 
the 2006 Yogyakarta earthquake.

Afterwards, to minimize the estimation bias, models 6 and 7 were developed by adding individual characteristic 
variables, such as age, gender, marital status, education, and regional variables. Thus, modification of the difference in 
differences model which also used in this study is formulated as follows:

Khandker et al. [30] revealed that three conditions should be met first before DD regression is performed. First, model 
equation is specified correctly. Second, error term is not correlated with other variables in equation. Third, the existence 
of parallel-trend assumption (the most essential one), namely an assumption that unobserved characteristics that affect 
program participation do not vary over time. Therefore, to ensure that the parallel-trend assumption is fulfilled, the 
propensity score matching analysis is combined with difference in differences (PSM-DD).

PSM is performed to obtain a comparison group based on the probability of participating in a treatment group. It 
is implemented by using observed characteristics before the program period [30]. After the right match was found, 
the impacts of the 2006 Yogyakarta earthquake on mental health and spending were estimated by using the DD, 
based on samples in common support area. The equation to count the DD effect in common support as formulated 
as follows:

w(i, j) is the result of PSM weighting that are given to individuals in j-comparison group who have paired with individuals 
in treatment group.

4  Result and discussion

4.1  Descriptive statistics result

Table 9 (see appendix) presents descriptive statistics of individual characteristics in the base period or in 2000, based on 
IFLS 3 data. In this analysis, individuals were divided into two groups, namely treatment group (individuals who experi-
enced the 2006 Yogyakarta earthquake and reported the death of their family members, suffered from severe injury or ill-
ness, had a direct financial loss, or had family members who had been displaced) and comparison group (individuals who 
solely experienced the 2006 Yogyakarta earthquake but did not report the death of their family members, suffered from 
severe injury or illness, had a direct financial loss, or had family members who had been displaced). In addition, Table 9 
also shows p-value that is generated from the average results of the t-test between treatment and comparison groups.

The average age of individuals was 37 years for treatment group and 31 years for comparison group. The majority of 
the samples in treatment group were women (around 53%), yet the majority of the samples in comparison group are 
men (around 53%). Samples in both groups were dominated by individuals in marital status, around 73% for treatment 
group and around 66% for comparison group. The average length of education in treatment group was 8.5 years (2nd 
grade junior high school equivalent). It was lower than the comparison group, i.e., around 10 years (1st high school 
equivalent). The majority of individuals in both groups resided in urban areas. About 27% of individuals in treatment 
group and about 63% of individuals in comparison group resided in Sewon District.

(8)
Outcomeit = β0 + δ0y07t + β1direct i + δ1y07t ∗ direct i + β2ageit + β3maleit + β4marriedit + β5educit + β6urbanit+β7sewonit+uit

(9)
Outcomeit = β0 + δ0y0714t + β1direct i + δ1y0714t ∗ direct i + β2ageit + β3maleit + β4marriedit + β5educit + β6urbanit + β7sewonit + uit

(10)DDi =
(

YT
i2
− YT

i1

)

−
∑

j∈C

w(i, j)(YC
j2
− YC

j1
)
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For outcome characteristics, the average score of mental disorders in treatment group was 1.5 points out of a total 
score of 12 points, and this figure was lower than the comparison group amounted to 2 points. Moreover, the total of 
both food and non-food expenditures in the treatment group was also lower than in the comparison group. Based on 
the average results of the t-test there were several different characteristics found between the treatment and compari-
son groups. To deal with this difference problem, this study controlled all observed characteristics in model and used 
propensity score matching to obtain the right group pair.

Furthermore, Table 10 (see appendix) provides the descriptive statistics of victims’ condition when the 2006 Yogyakarta 
earthquake occurred. It has been reported that out of 355 people who experienced direct exposure to earthquake, 162 
people reported their losses of business assets. The average loss of business assets was IDR2,523,006. Then, 336 out of 
355 victims reported that the average loss of household assets was IDR18,400,000. Beside the loss of assets, 14 victims 
had revealed that they lost their family members and 38 people stated that 1 family member on average had suffered 
from injury or serious problem. The average medical expenses incurred by 353 out of 355 victims of direct exposure to 
the earthquake amounted to IDR5,804,703. The victims received relief amounted to IDR12,900,000 on average. The relief 
was obtained from various sources, namely 318 people received relief from the central government, 4 people from the 
central government and foreign governments/foreign NGOs/donors, 3 people from local governments, 7 people from 
other local NGOs, 1 person from individuals, 1 person from companies, 7 people from foreign governments/foreign 
NGOs/donors, and 12 people did not receive the relief. Subsequently, it has been reported that 318 out of 355 people 
resided in temporary shelters when the earthquake occurred, with an average duration of 119 days. Out of 318 people, 
135 took refuge in shelters, 151 took refuge in tents outside the shelter, and the rest were spread in family-dwelling 
homes, friends’/neighbors’ homes, other dwellings, and open spaces.

In addition, the 2006 Yogyakarta earthquake also changed the asset ownership of many houses. Table 11 (see appen-
dix) shows that the number of households who owned particular assets, such as houses and occupied land, houses/other 
buildings, land/area not used for farming/non-agricultural, vehicles, jewelry and household equipment, has dropped 
drastically from 2007 until 2014. However, there was no significant difference between husbands and wives in status or 
percentage of ownership. A high difference between wives and husbands was found for goods, such as houses and land 
people occupied, and savings/deposits/shares in 2014. The ownership percentage of assets was highly found in wives 
rather than in husbands. It indicates that husbands tend to sacrifice their assets during the economic recovery process 
after the 2006 Yogyakarta earthquake.

This study also demonstrates the number of victims who developed depression symptoms over 1 year and 8 years 
after the 2006 Yogyakarta earthquake by using the CESD-10 questionnaire with a cut-off point of 10 and above, as 
shown in Table 12 (see appendix). It also has been reported that 7 individuals (1.78%) developed significant depression 
symptoms in 2007 or 1 year after the earthquake. They were the ones who experienced the 2006 Yogyakarta earthquake 
and reported the death of their family members, suffered from severe injury or illness, had a direct financial loss, or had 
family members who had been displaced. Those who developed significant depression symptoms were divided into: 4 
men and 3 women; 4 married, and 3 not married; 2 aged 16–35 years and 5 aged 36–55 years; 3 elementary graduates, 
1 junior high school graduate, 1 senior high school graduate, and 2 above high school graduates; 5 reside in city and 2 
reside in village; 2 reside in Sewon sub-district and 5 reside in other sub-districts.

It has been reported that 31 people developed significant depression symptoms in 2014 or 8 years after the 2010 
Merapi eruption. Only 25 out of 30 people were confirmed as the direct exposure victims of the 2006 Yogyakarta earth-
quake whereas 6 people were not. In addition, there was only 1 of 7 people with significant depressive symptoms in 
2007 whose depression symptoms persisted until 2014. These 31 people comprise: 15 men and 15 women; 23 married 
and 8 not married; 7 aged 16–35 years, 16 aged 36–55 years, 8 aged 56 years and above; 1 uneducated, 10 elementary 
graduates, 6 junior high school graduates, and 14 senior high school graduates; 30 reside in urban areas and 1 in rural 
areas; 11 reside in Sewon sub-district and 20 in other sub-districts.

4.2  Impact of earthquakes on depression symptoms

After obtaining the number of victims with significant depressive symptoms in 2007, the analysis was continued with 
logit regression to analyse certain risk factors which caused depressive symptoms. The regression used in this study was 
IFLS 4 data with a sample of 507 individuals. The estimation results are shown in Table 2.
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The estimation results show that individuals who experienced direct exposure (OR = 1.230) and were men (OR = 2.641) 
are more likely to develop depression symptoms. Then, those who were married (OR = 0.461), had older age (OR = 0.949), 
had higher education level (OR = 0.935), resided in cities (OR = 0.433) and Sewon (OR = 0.993) were found less likely to 
develop depression symptoms. In addition, coefficient alpha for CESD itself (ceteris paribus) was OR = 0.558. However, 
age was simply found as a significant factor of all these risk factors that significantly affect the probability of depression 
symptoms. Somehow, through a more practical and clinical approach, according to Ferguson [18], several factors driv-
ing the probability of experiencing depression have a relatively modest impact, and even tend to have no effect as they 
are below the cut-off of 2.0. Only the male factor inclines to have a higher impact since it has OR of 2.641, though it still 
tends to be in a position approaching moderate effect.

4.3  Impact of earthquakes on mental disorders

The impact analysis was conducted by combining the propensity score matching and difference in differences (PSM-DD) 
methods through several stages. First, we entail observations in both treatment and comparison groups by relying on 

Table 2  Logit model 
regression result

Source: authors’ calculation, IFLS wave 4 (processed)

Bold values mean the main findings

t statistics in parenthesis and * means statistical significance: *p < 0.1, **p < 0.05, ***p < 0.01

Depression (2007)

Coefficient Odds ratio Marginal effect

Direct 0.206 (0.19) 1.230 (0.19) 0.004 (0.19)
Male 0.971 (1.40) 2.641 (.40) 0,.022 (1.32)
Married − 0.774 (− 1.19) 0.461 (− 1.19) − 0.017 (− 1.15)
Age − 0.0527* (− 1.78) 0.949* (− 1.78) − 0.001* (− 1.64)
Educ − 0.0669 (− 0.81) 0.935 (− 0.81) − 0.001 (− 0.79)
Urban − 0.838 (− 1.13) 0.433 (− 1.13) − 0.019 (− 1.09)
Sewon − 0.00682 (− 0.01) 0.993 (− 0.01) − 0.00015 (− 0.01)
_cons − 0.583 (− 0.29) 0.558 (− 0.29)
Obs 507 507 507

Table 3  Impact of 
earthquakes on mental 
disorders 2000–2007

Source: authors’ calculation, IFLS wave 3 and 4 (processed)

Bold values mean the main findings

t statistics in parenthesis and * means statistical significance: *p < 0.1, **p < 0.05, ***p < 0.01

Mental disorder

PSM-DD FE

(1) (2) (3) (4)

y07 − 1.316*** (− 3.02) − 1.072** (− 2.50) − 1.316*** (− 3.51) − 1.755* (− 1.70)
Direct − 0.454 (− 1.40) − 0.434 (− 1.34) 0 (.) 0 (.)
y07*direct 1.102** (2.40) 1.076** (2.40) 1.102*** (2.79) 1.025** (2.55)
Age − 0.0200*** (− 3.37) 0.0774 (0.60)
Male − 0.270** (− 2.00) 0 (.)
Married − 0.537*** (− 3.18) − 0.810*** (− 2.68)
Educ − 0.00721 (− 0.44) 0.164 (1.61)
Urban − 0.434** (− 2.29) 0.549 (0.94)
Sewon − 0.0916 (− 0.59) − 0.274 (− 0.32)
_cons 2.000*** (6.49) 3.666*** (8.39) 1.590*** (19.28) − 2.422 (− 0.50)
Obs 786 786 786 786
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the observed characteristics in base period through the propensity score calculation. It was intended to find observa-
tions that located in common area. Second, the data in base period was subsequently paneled with the following data. 
Then, by using panel data and observations in common support, the analysis was continued by employing DD method. 
PSM results were listed in Appendix 2. Besides, this study also used fixed effects (FE) method to check the consistency 
of results and robustness.

The impact of the 2006 Yogyakarta earthquake on mental health was analysed using two different periods: 1 year after 
the 2006 earthquake and 8 years after the 2006 earthquake; and 4 years after the 2010 Merapi eruption. Table 3 shows 
the results of the estimated impact 1 year after the 2006 earthquake by employing a model without control variable and 
with control variable. On average, the 2006 Yogyakarta earthquake that caused individuals experienced direct exposure 
tends to have a 1.102 higher mental disorder score than the ones who experienced indirect exposure.

By including the control variable in the model, the mean of mental disorders score in treatment group was still higher 
than the comparison group, which was 1.076 and significant at the 5% level. A similar result was also found in fixed effects 
analysis and it confirmed that the model built was robust.

Furthermore, from 6 control variables used, 4 variables had a negative and significant correlation with mental disorder 
score while the other 2 variables had a negative and insignificant correlation. The four variables were age, gender, marital 
status, and residing in the city. A negative coefficient of 0.0200 in age variable defined that the average age increase over a 
year would reduce the mental disorder score by 0.0200 points and be significant at the 1% level. Gender was negatively and 
significantly correlated with a coefficient value of 0.270 which indicated that men on average had lower mental disorders 
score than women with a difference of 0.270 points and being significant at the 5% level. Moreover, those in marital status 
and residing in cities were also found had lower significant average mental disorder scores than those who were not married 
and residing in villages, with each individual difference: 0.537 points (significant at the 1% level) and 0.434 points (significant 
at the 5% level). The length of education and residing in Sewon District were confirmed had no significant relationship with 
mental disorders. Meanwhile, coefficient alpha for CESD was 3.666 points (significant at the 1% level).

Table 4 suggests the estimation results of the 2006 Yogyakarta earthquake’s impact on mental disorders 8 years 
after the 2006 earthquake and 4 years after the 2010 Merapi eruption. On average, the 2006 Yogyakarta earthquake 
has prompted individuals with direct exposure to have higher mental disorders score than individuals with indirect 
exposure, with a difference of 0.519. Similar figures were also obtained when regression was conducted by entering 
control variables into the DD model and the regression was conducted by using fixed effects. However, the findings 
confirm that the 2006 earthquake had no significant impact on mental disorder scores 8 years after the event and 
4 years after the 2010 Merapi eruption.

Age and marital status were variables that significantly influenced the mental disorder score 8 years after the 2006 
earthquake and 4 years after the 2010 Merapi eruption, while other variables were not. The age coefficient was negative 

Table 4  Impact of 
earthquakes on mental 
disorders 2000–2014

Source: authors’ calculation, IFLS wave 3, 4, and 5 (processed)

Bold values mean the main findings

t statistics in parenthesis and * means statistical significance: *p < 0.1, **p < 0.05, ***p < 0.01

Mental disorder

PSM-DD FE

(1) (2) (3) (4)

y0714 − 0.408 (− 0.98) − 0.108 (− 0.26) − 0.408 (− 1.10) − 1.574*** (− 3.72)
Direct − 0.454 (− 1.27) − 0.354 (− 0.98) 0 (.) 0 (.)
y0714*direct 0.519 (1.18) 0.478 (1.10) 0.519 (1.33) 0.489 (1.26)
Age − 0.0200*** (− 3.89) 0.109*** (5.79)
Male − 0.189 (− 1.54) 0 (.)
Married − 0.431*** (− 2.85) − 0.176 (− 0.78)
Educ 0.000307 (0.02) 0.0863 (1.20)
Urban − 0.0844 (− 0.48) 0.933* (1.76)
Sewon − 0.0658 (− 0.47) − 0.185 (− 0.27)
_cons 2.000*** (5.88) 3.123*** (7.03) 1.590*** (16.84) − 3.711*** (− 3.49)
Obs 1179 1179 1179 1179
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at 0.0200, which defined that the age increase in a year would reduce the mental disorder score by 0.0200 points and be 
significant at the 1% level. Marital status was also negatively correlated with a coefficient value of 0.431 which indicated 
that married people on average had lower mental disorders score than unmarried people with a difference of 0.431 points 
and being significant at the 1% level. Furthermore, coefficient alpha for CESD was 3.123 points (significant at the 1% level).

4.4  Impact of earthquakes on per capita household expenditure

The analysis of the 2006 earthquake’s impact on per capita household expenditure was also estimated by employing the 
PSM-DD combination and the consistency of its results was checked by using fixed effects. The periods used were also 
the same: 1 year after the 2006 earthquake (Tables 5 and 6) and 8 years after the 2006 earthquake; and 4 years after the 
2010 Merapi eruption (Tables 7 and 8).

Table 5 shows that the 2006 Yogyakarta earthquake has caused the treatment group has a IDR29,994.9 lower 
average household expenditure per capita than comparison group. In addition, when per capita household expendi-
ture was broken down into per capita food expenditure and per capita non-food expenditure, it has found that the 
treatment group has lower average household expenditure per capita than comparison group, with a difference of 
IDR2685 and IDR30,267.9, respectively. The interesting results were found when per capita non-food expenditure 
was broken down into expenditure per capita for frequently purchased goods and services, rarely purchased goods 
and services, and education. The estimation results show that the 2006 Yogyakarta earthquake has caused the 
treatment group for frequently purchased goods and services and rarely purchased goods and services has higher 
average household expenditure per capita than comparison group, with a difference of IDR6703.1 and IDR12,478.1, 
respectively. On the contrary, the 2006 earthquake has caused the treatment group for lower education level has 
an IDR24,047.5 lower average household expenditure per capita than comparison group. However, the significant 
impact of the 2006 earthquake was only found in household education expenditure per capita and it was significant 
at the 5% level. Similar results were also found in fixed effects regression as shown in Table 6.

The findings confirm that age, gender, and length of education were the control variables that significantly influenced 
household expenditure per capita. Age has a positive coefficient of 3744.4 which defines that the average age increase in 
a year will raise household expenditure per capita by IDR3744.4 and be significant at the 1% level. Gender has a negative 
coefficient of 67,576.8, which indicates that men on average have lower household expenditure per capita than women by 
IDR67,576.8 and is significant at the 1% level. The length of education also has a positive coefficient of 30,254.7 which defines 
that the average length of education increase in a year will raise household expenditure per capita by IDR30,254.7 and be 
significant at the 1% level.

In addition, Table 7 illustrates the estimation results of the 2006 Yogyakarta earthquake’s impact on household per 
capita expenditure 8 years after the earthquake and 4 years after the 2010 Merapi eruption. The results show that the 
2006 earthquake did not cause significant differences in per capita household expenditure between the two groups. 
When spending was split or not, even though the average household expenditure per capita in treatment group was 
lower than the comparison group, both treatment and comparison groups did not show significant differences. Similar 
results were found in the estimation of fixed effects in Table 8.

Age, gender, marital status, and length of education were confirmed as certain factors that might significantly affect 
per capita household expenditure 8 years after the event. Age significantly and positively influenced per capita household 
expenditure at the 1% level, with a coefficient value of 11,579.7. It indicates that the average age increase in a year will 
raise per capita household expenditure by IDR11,579.7.

A positive correlation is also found in the length of education with a coefficient value of 51,517.1, which indicates that 
the average increase of length of education in a year will raise per capita household expenditure by IDR51,517.1 and be 
significant at the 1% level. In addition, the findings confirm that those who are male and married have lower per capita 
household expenditures than those who are female and unmarried with a difference of IDR63,937.4 (significant at the 
10% level) and IDR75,525.2 (significant at the 10% level), respectively.
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4.5  Discussion

With regard to the results of descriptive analysis, logit analysis, and DD analysis of victims’ mental health 1 year after 
the 2006 Yogyakarta earthquake, the results suggest that the shock caused by direct exposure to the 2006 Yogyakarta 
earthquake had significantly increased mental disorder score, but this increase did not cause the victims to develop 
significant depressive symptoms. This phenomenon possibly occurs due to the low average score of mental health in 
Bantul before the earthquake. In terms of the happiness index, the low score of mental disorders might due to the high 
happiness index in D.I. Yogyakarta. Based on Statistics Indonesia (BPS) data in Socioeconomic Data Monthly Report 
Book, D.I. Yogyakarta in April 2018, D.I. Yogyakarta had high happiness index (ranked eighth in Indonesia), although its 
income inequality was highest in Indonesia. It indicates that D.I. Yogyakarta is a unique province that their residents are 
happy although they are in hardship. This high happiness index is attributed to the culture of Yogyakarta which mainly 
concerns with social capital, such as beliefs to others and cooperation.

The second factor that caused the victims did not develop depression symptoms is related to relative status. People 
tend to compare their actual conditions with other people in assessing their happiness [16]. Due to the fact that most of 
Bantul residents did not experience the direct exposure to the 2006 earthquake, the consideration of relative status would 
minimalize the negative impact of direct exposure to the earthquake toward depression symptoms. The estimation results 
of the earthquake’s impact on household expenditure 1 year after the 2006 earthquake show that direct exposure to 
earthquake completely had caused individuals reduced their household expenditure, yet it was not significant. However, 
for education expenditure, in particular, the victims with direct exposure tend to reduce their education expenditure 
significantly 1 year after the earthquake. This decrease might be due to educational scholarships for earthquake victims, 
from elementary to tertiary education, as well as assistance from Hiroshima University, Kyoto Sangyo University, and 
others. This education aid is associated with the decrease in household expenditure since 100 individuals in Bantul in 
2007 aged 35 or under. If we assume that they got married at 20–25 years old, thus their children were 10–15 years at 
the event in which they were at school age. With the scholarship, the household may replace the allocation for education 
with the consumption of goods and services, such as clothing and household furnishing.

On the contrary, Karim and Noy [28] find that poor households tend to reduce their consumption for education and 
health when a disaster occurs. It is intended to facilitate their food consumption. A decrease in investment in human 
capital [4] or the diversion of education consumption to other consumptions might cause the households to be trapped 
in poverty for a long period [4, 28].

Furthermore, the analysis of the earthquake’s impact on mental disorders 8 years after the 2006 earthquake and 4 years 
after the 2010 Merapi eruption shows that the treatment group had higher mental disorders score on average than the 
comparison group, but the difference was not significant. It indicates that previous disaster experiences might give a 
detrimental addictive effect that subsequently may harm the victims [21] and become a factor in generating stress [9] 
so that the victims of previous disaster will be more sensitive when hearing disasters recur. This insignificant difference, 
however, confirms that the previous disasters experience apparently was not sufficient to generate the stress of the 2006 
earthquake victims back when they faced direct exposure (by media or others) of the 2010 Merapi eruption. This study 
has considered the possibility of migration of the 2006 Yogyakarta earthquake victims in Bantul to Sleman (location of 
the 2010 Merapi eruption), in order to observe the impact of direct exposure to repeated disasters. But, the impact of 
direct exposure could not be analysed subsequently as the number of victims who migrated from Bantul to Sleman was 
less (based on existing data).

An insignificant impact was also found on per capita household expenditure 8 years after the 2006 earthquake and 
4 years after the 2010 Merapi eruption. On average, per capita household expenditure in treatment group was lower 
than the comparison group. Then, age and marital status were the control variables that significantly influenced the 
mental disorder score 1 and 8 years after the 2006 earthquake. Individuals with young age belong to the prone-mental 
health group caused by exposure to disasters [19, 23]. Emotional and psychological recovery for the younger group is 
more complicated than the older group due to different levels of social networks and previous disaster experiences [29]. 
Those who are married are classified as the stronger group in dealing with disasters than those who are not married. It 
dues to the fact that they can share the hardship in the aftermath of disaster with their partners and do not face it alone 
so that the negative impact of mental health dwindles.
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The control variables that significantly affected per capita household expenditure 1 and 8 years after the 2006 earth-
quake were age, gender, and years of education. As people get older, they will have more necessities so that their expen-
ditures are higher than the younger ones. The higher level of education also affects the higher expenditure since higher 
education means the higher income they earn, which eventually affects the increase of lifestyle. Women are confirmed 
have higher expenditure than men due to the different lifestyles between women and men.

5  Concluding remarks

5.1  Conclusion

By considering the analysis and discussion above, certain conclusions can be drawn. First, direct exposure to the 
2006 Yogyakarta earthquake only significantly increased the mental disorder score of victims, but this increase 
did not cause the victims to develop significant depression symptoms 1 year after the earthquake. Second, direct 
exposure to the 2006 Yogyakarta earthquake decreased the average per capita household expenditure as a whole. 
After 1 year of the disaster, the victims with direct exposure tended to reduce their education expenditures signifi-
cantly and divert them to the consumption of goods and services, such as clothing and household furnishing. In 
addition, after 8 years of the 2006 earthquake, the individuals with direct exposure still possibly faced economic 
problems dealing with the increase of mental disorders and the loss of productive assets which compounded the 
low per capita household expenditure. Third, previous disaster experiences possibly give a detrimental addictive 
effect that subsequently may harm the victims and become a factor in generating stress so that the victims of 
previous disasters will be more sensitive when hearing disasters recur. However, a significant relationship between 
previous disaster experience and generating the stress of the 2006 earthquake victims back when they faced direct 
exposure (by media or others) of the 2010 Merapi eruption was not found.

5.2  Implication

Treatment of psychological problems, such as psychological assistance and rehabilitation, must be designed appro-
priately. It is also necessary to set priority treatment for young victims. Certain assessments and periodic rehabilita-
tion should be implemented until mental disorders symptoms are tackled based on the assessment results so that 
the possibility of people generating stress back when facing direct exposure to disasters might be very minimum. 
Furthermore, education aids for victims should be a priority when facing a disaster because there is a possibility that 
household expenditure for human capital will be diverted to other expenditures, such as clothing and household 
furnishings.

5.3  Research limitation

There are several limitations of this study. First, mental health was assessed by using the CESD-10 questionnaire which 
only explained the depression symptoms, not PTSD symptoms which was the appropriate one concerning the impact 
of disaster exposure. Second, different questions about mental health among the 3, 4, and 5 waves had compounded 
several adjustments in questions and scores which caused measurement errors. Third, direct exposure to an earthquake 
did not distinguish the loss of lives and goods or assets whereas different impacts from these two things might exist. 
Fourth, this study did not observe the impact of direct exposure toward numerous food expenditures, such as meat, 
vegetables and others. Finally, the sample used in this study focuses on adults.

5.4  Future direction

Based on these limitations, we suggest future research to use PTSD as the outcome of mental disorders caused by 
earthquakes. Second, future research can divide direct exposure into two types: loss of life and loss of objects or prop-
erty. Third, food expenditure can be divided into smaller categories, such as meat and vegetables, in order to minimize 
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heterogeneity, Finally, future research can concentrate more on analysing the earthquake’s impact on children, who are 
the most vulnerable group in experiencing mental health disorders.
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See Tables 9, 10, 11 and 12

Table 9  Individual 
characteristics in the base 
period or year 2000

Source: IFLS wave 3 (processed)

Characteristics Average p-value

Treatment Comparison

Age 36.980 30.974 0.9974
Gender 0.465 0.526 0.2357
Married 0.727 0.658 0.8150
Educ 8.490 9.921 0.0291
Regional
 Urban 0.797 0.974 0.0039
 Sewon 0.268 0.632 0.0000

MD 1.546 2 0.1066
Pce 234,277.1 328,667.3 0.0155
Pcxfood 107,152.4 127,194.6 0.0901
Pcxnonfood 128,444.9 201,472.6 0.0218
Pcxnonfood2 27,712.25 42,892.87 0.0150
Pcxnonfood3 68,051.15 91,253.93 0.2151
Pcxeduc 12,314.79 17,423.57 0.0888
Obs 355 38
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Table 10  Victim condition 
when the earthquake 
occurred

Source: IFLS wave 4 (processed)

Total observations were 355 individuals exposed to direct exposure

Variable Obs Average Min Max

Lost business assets 162 2,523,006 0 65,000,000
Lost household property 336 18,400,000 0 200,000,000
Missing household member 14 1 1 1
Household members injured/have a 

serious illness
38 1.2 1 2

Cost of treatment 353 5,804,703 0 1,000,000,000
Amount of assistance 341 12,900,000 15,000 45,000,000
Long displaced 318 118.7 1 900

Table 11  Percentage of change in husband and wife’s assets 2000–2014

Source: IFLS wave 4 (processed)

Observation consists of 43 households, and the selected household is a household with a male head of household

Variable 2000 2007 2014

Obs Average Obs Average Obs Average

Occupied house and land Wife 15 54.2 33 50 7 53.6
Husband 15 45.8 33 50 7 46.4

Houses/other buildings Wife 2 50 5 50 3 50
Husband 2 50 5 50 3 50

Land/soil that is not used for farming/non-agricultural business Wife 6 45.8 3 50 0 –
Husband 6 54.2 3 50 0 –

Poultry Wife Wife:15
Husband: 15

Wife: 47.7
Husband: 52.3

7 50 2 50
Husband 7 50 2 50

Fish/shrimp/cow/ox/goat and other livestock besides poultry Wife 2 50 2 50
Husband 2 50 2 50

Perennials that are not used for farming/non-agricultural business Wife 8 50 2 50
Husband 8 50 2 50

Vehicle Wife 29 49.7 32 46.4 11 43.6
Husband 31 47.1 32 45.5 11 43.6

Household equipment (TV, radio, cellphone, etc.) Wife 32 51 36 49.6 13 43.5
Husband 32 49 37 48.4 13 47.3

Savings/deposits/shares Wife 12 53.8 5 50 4 66.25
Husband 9 47.4 5 50 4 28.75

Accounts receivable Wife 4 50 2 50 1 50
Husband 4 50 2 50 1 50

Jewellery Wife 13 52 6 48.3 1 70
Husband 12 49.2 4 50 1 0

Household equipment (beds, sofas, kitchen equipment, etc.) Wife 36 51.2 40 48.1 13 48.8
Husband 36 48.3 41 47.6 13 48.8
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