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Abstract
Households in the world as well as in Indonesia have become more exposed to a wide variety of vulnerabilities and risks
due to the recent increase in the intensity and scope of global natural disasters. This study aims to comprehensively
examine the impact of natural disasters on Indonesian’s household welfare (consumption and poverty) using the
Indonesian Family Life Survey (IFLS). This study finds that households in rural areas are the most vulnerable to natural
disasters; the average asset losses and medical/funeral costs from natural disasters are roughly USD 2,190/household.
Our econometric models confirm that earthquakes are the most destructive disaster to affect household welfare, whereas
droughts, forest fires, floods, and other disasters appear to have only moderate effects. Disaster-mitigation preparedness
plays a significant role in reducing the devastating impacts of disasters and in lessening households’ vulnerability to
becoming impoverished.
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1. INTRODUCTION

Households throughout the world face a wide variety of
risks from natural disasters including floods, droughts, and
earthquakes. According to the Emergency Events Database
(EM-DAT), the number of natural disasters appears to be
increasing globally—from fewer than 100 per year in the
mid-1970s to approximately 400 per year during the 2000s.
Thus, the magnitude of the social and economic conse-
quences of recent natural events in the world has reinforced
the need to place hazard-related concerns at the top of the
global poverty and development agenda.

As a consequence of natural disasters, households in
low-income developing countries are particularly vulner-
able to disaster ([1]), mainly because their initial welfare
levels are already close to the poverty line and because they
lack early-warning systems or institutional arrangements for
coping with disasters. The impact of such disasters could
result in an immediate increase in poverty and deprivation,
with permanent effects over time ([2]). One such exam-
ple may be found in [3]’s study. They find that floods and
drought significantly worsened social indicators in Mex-
ico; they posited that better natural-disaster vigilance would
have reduced the vulnerability of the nation’s low-income
groups.

The link between natural disasters and living standards
is complex, however, and causality is difficult to capture
empirically due to lack of relevant studies in the literature
([4]). The two-way relationship between vulnerability to
natural disasters and poverty means that disasters increase
poverty, while increase in poverty make disaster outcomes
much more severe. Several studies such as [5], [6], and [7]
have assessed impacts of disasters on economic and welfare,
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but they used aggregate macroeconomic data that might not
perfectly capture the household’s welfare in responding to
disasters. The economics literature on the impact of natural
disasters on household level is still relatively scarce and
in the nascent stage ([4]; [8]; [9]). Another reason for the
scarcity of information is that many national standard house-
hold surveys do not generally collect data and information
that is relevant to natural disasters. For this reason, many
researchers have encountered difficulties in empirically ex-
amining the links between poverty and natural disasters.

In the case of Indonesia, according to a dataset from the
National Agency for Disaster Management (BNPB-Badan
Nasional Penanggulangan Bencana), the intensity of natural
disasters and the number of human victims of natural dis-
asters have both increased significantly in the recent years.
During the period 2000–2015, for example, the number of
people who died from disasters increased almost seventeen
fold compared to the period of 1986–1999. The 2004 Aceh
tsunami was the largest contributor to the increase in the
death during the period of 2000–2015. The number of evac-
uated disaster victims also jumped from 95.6 thousands
(1986–1999) to 9.3 million (2000–2015), almost half of the
increase during that period was from flooding. Not only
human victims are affected, natural disasters also damage
infrastructures and economic activities. During the period
1990–2015, natural disasters such as floods and drought
destroyed nearly 3.4 million hectares of crops, while natural
disasters such as floods and earthquakes destroyed roughly
96 thousand kilometer of roads.

The damage that occurs can significantly decrease house-
holds’ welfare as well as their poverty status. For instance,
crop losses result in in losses to farmer’s income and in
some extreme cases, may led to famine. The property dam-
ages (to housing, productive assets, and public facilities),
crop losses, injured and killed family members, and disabil-
ities caused by disasters all lead to direct economic losses
that can reduce household welfare and expose households
to the vulnerability of becoming poor. The death of family
members—especially of income earners—can easily thrust
previously non-poor households into conditions of poverty.
Prolonged sickness and death occasionally force households
to sell land in exchange for medical treatment, which may
lead to poverty in the near future.

This paper then examines the extent to which natural
disasters influence household welfare and poverty in Indone-
sia. Although the consequences of disasters on household
welfare are a critical issue in Indonesia, the subject remains
a peripheral topic of research; empirical studies on disas-
ters’ impact on both household welfare and poverty (either
in Indonesia or elsewhere) remain relatively scarce. [10]
persuasively outline the policy relevance of studying the
welfare impacts of natural disasters. According to them,
policy makers must first understand the impacts of natural
shocks to poor households so that the forthcoming disaster
assistance will be more effective; second, specific popula-
tion groups should be identified as being more vulnerable to
natural hazards than others in order to plan a useful ex-ante
response so that any long-term negative consequences on
people’s welfare may be minimized.

The outline of this paper is as follows. This study be-
gins by first explaining the framework and literature review

of the linkages between natural disasters, coping strate-
gies/disaster preparedness, and household welfare (in terms
of consumption and poverty). Sections 3 reviews several
factors of disaster exposure, damages/losses, and household
welfare/poverty at the national, village, and household lev-
els. The information provides a comprehensive picture of
how disasters may influence household welfare. Section 4
discusses the research method, while section 5 discusses
the estimation results. This study includes an analysis of
the impacts of natural disaster (such as earthquakes, floods,
forest fires, and drought) as well as the impact of disaster
preparedness on household consumption and poverty status.
The paper then concludes with several important findings
and policy suggestions.

2. LITERATURE REVIEW: DISASTER
AND POVERTY

2.1 The Link between Natural Disaster and Poverty
While a natural hazard is defined as a natural event that
threatens both life and property (e.g., earthquakes, typhoons,
flooding, volcanic eruptions, and drought), disaster is gen-
erally described as the consequence of a natural hazard
to individuals, societies, and the economy at large1. The
effect of natural hazards on a disaster’s physical impacts
will depend on the hazard-mitigation practices and disaster-
preparedness practices that are in place.

Natural hazards such as earthquakes, tsunamis, and ty-
phoons may result in numerous adverse physical impacts,
depending on the hazard’s intensity, scope, duration of im-
pact, and probability of occurrence. The physical impacts
of disasters include casualties (both killed and injured)
as well as property and infrastructural damage at the vil-
lage/regional level. [10] found that low-income countries
suffered approximately 3,000 deaths per disaster, whereas
the corresponding figure for high-income countries was ap-
proximately 500. Having proper hazard-mitigation practices
and disaster-preparedness practices in place represent two
ways to reduce the physical impacts of a disaster.

Hazard-mitigation practices are pre-impact actions that
protect in a passive way against casualties and damage at the
time of a hazard’s impact. These actions include community-
protection work, land-use practices, and building-construct-
ion practices ([11]). Disaster-preparedness practices are also
pre-impact actions; they provide the human and material
resources that are required to support active responses at
the time of the hazard’s impact. These actions include being
prepared with early-warning systems, evacuation routes,
information centers, and shelters.

The social impacts of disasters include socioeconomic
impacts (in the form of decreased welfare and poverty), psy-
chosocial impacts, socio-demographic impacts, and political
impacts. The socioeconomic impacts of disasters may be
minimized by providing government assistance and commu-
nity support to households that have experienced adverse im-
pacts of disasters. Government assistance such as insurance,

1The adverse impacts of disasters on the economy or of a society may
be categorized into two definitions: damages to stock (including physical
and human capital) and loss of flows due to business interruptions, such as
production and/or consumption losses.
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social safety nets, and reconstruction programs can mini-
mize these socioeconomic impacts. For instance, the use of
health insurance can protect households from losing produc-
tive assets to pay for medical treatment, while reconstruction
programs can provide temporary jobs. Community-recovery
resources in the form of community support such as gath-
ering groups and praying groups (arisan and pengajian,
respectively, in Indonesian), family assistance, and food
sharing can also reduce the hardships that result from disas-
ters. Both community support and government assistance
can minimize the socioeconomic impacts of disasters and
can support households in expediting the disaster-recovery
process. In addition, the socioeconomic impacts of natural
hazards are also dependent upon socio-demographic and
economic factors, such as household education level, assets
ownership, and marital status. Asset-holding households
can more successfully speed the disaster-recovery process
than non-asset-holding households due to the former’s im-
proved availability of resources.

2.2 Natural Disasters and Household Coping Strate-
gies

Households generally try to actively manage risks/shocks
by choosing ex-ante strategies and/or ex-post strategies.
While ex-ante strategies are used to prevent households
from risks/shocks before events occur, ex-post strategies are
used to reduce the adverse impacts after events occur. Ex-
post strategies for coping with risky events include the use
of informal credit, family labor adjustments, savings with-
drawals, and the sale of assets. Ex-ante strategies, in con-
trast, include organizing disaster preparedness, constructing
resilient buildings, and buying insurance. In choosing which
strategy to apply, households’ choices will generally depend
on their asset ownership, labor endowment, access to loans,
and family assistance and structure.

[12] describe four types of coping behavior when re-
sponding to shocks: reactive, anticipatory, preventive, and
proactive/precautionary. These behaviors can be defined
as follows. First, reactive coping is an effort to deal with
an ongoing crisis or one that has already happened; such
coping efforts aim to either compensate for loss or alleviate
harm. Second, anticipatory coping is an effort to cope with
an imminent threat. Third, preventive coping is an effort to
build more resilient resources that will be less susceptible to
damage in the future. Fourth, proactive/precautionary cop-
ing is an effort to build general resources that will facilitate
the promotion of challenging goals.

[13] also define four types of coping strategies that
are commonly applied in response to natural hazards—
behavioral, structural, technological, and financial—all of
which may be categorized as ex-ante strategies. Behavioral
strategies include preparing the means of evacuation, mov-
ing properties to safer places, and storing food and safe
drinking water; these types of strategies can minimize the
adverse impacts of natural disasters. Preparing evacuation
routes can also assist people in finding safe places dur-
ing natural hazards. Structural strategies include, for in-
stance, building second floors to anticipate flooding and
building earthquake-resilient houses. Technological strate-
gies include installing early-warning systems that can alert
the population when natural hazards occur so that they can

seek safety. Finally, financial strategies include the buying
of disaster insurance or life insurance, both of which can
ensure financial security if the worst happens. People can
thus financially recover more quickly from the impacts of
disasters, since insurance companies will pay for some of
the recovery process, such as by rebuilding houses.

2.3 Studies on Natural Disasters and Poverty
Risks and shocks (such as natural disasters) that result in
lost human, physical, and social capital can reduce access
to profitable opportunities in the future, either temporarily
or permanently ([14]). Two ways in which risks and shocks
may cause poverty are by leading households to give in to
fate (i.e., the ex-post impact of shocks) and fear (i.e., the
behavioral impact of shocks). Natural disasters may result
in fear—a traumatic condition that is significant enough for
people to quit their jobs or leave potential business oppor-
tunities located in the disaster area—or to giving up in the
face of fate, such as by leaving casualties and abandoning
damaged physical structures. Both fate and fear may plunge
many households into poverty.

The actual relationship between natural disasters and
welfare/poverty can be a two-way process: not only do nat-
ural disasters increase the incidence of poverty, but poverty
can in turn increase households’ exposure to natural hazards.
A household’s vulnerability to natural shocks is determined
by several factors ([15]): economic structure, local develop-
ment stage, social and economic conditions, the availability
of coping mechanisms, risk exposure, and the frequency and
intensity of disasters. Wealthy and poor people will have
different responses to exposure to natural hazards depend-
ing on their availability of resources, including physical,
financial, and community resources and households’ socio-
demographic conditions. Wealthy households have better
opportunities to mobilize resources during times of hazards
(i.e., by constructing disaster-resilient houses) and therefore
have lower risks and suffer fewer damages from hazard
exposure.

In the case of floods in Pakistan, [1] find that 1) house-
holds that initially had fewer assets and experienced greater
flood damage experienced more difficulties while recover-
ing from the disaster, and 2) aid recipients did not show
higher or lower levels of recovery than non-recipients, espe-
cially in terms of housing damage. [3], cited in [16], found
a significant increase in poverty in disaster-affected mu-
nicipalities in Mexico. [17] was unable to find any direct
evidence of disaster-induced ”poverty traps” in Nicaragua,
although this finding does not mean that all households
necessarily recovered in a similar manner.

[18] suggest that flood-afflicted zones fare the worst
among different disaster-prone areas in terms of food short-
ages, the incidence of extreme poverty, insufficient incomes,
illiteracy, and high concentrations of wage laborers. [19]
found a complex, two-way relationship between disasters
and economic and social well-being in Fiji. While they
found that disasters increased poverty and reduced national
economic growth, they found increases in poverty from dis-
aster outcomes to be much more severe; the authors argued
that a complex set of factors further influenced the depth and
breadth of these relationships. [20] found that the poor in
the United States were more vulnerable to natural disasters
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than their wealthier counterparts due to factors such as type
and place of residence, building construction, and social
exclusion. These studies together recommend that while
hazards can never be fully eliminated, improved disaster
preparedness, response, and recovery efforts can signifi-
cantly reduce disasters’ devastating impacts on vulnerable
communities.

Two studies—by [21] and [22]—both show that short-
term constraints on recovery can cause poverty traps that
then result in the reduction of long-term macroeconomic
growth rates. [23] explain the somewhat counterintuitive
findings of their own study by suggesting that disasters
may hasten the Schumpeterian ”creative destruction” pro-
cess by replacing old technologies with new ones and by
necessitating upgrades to equipment, infrastructure, and pro-
duction processes. [5] suggests that access to reconstruction
resources, as well as the capacity to utilize those resources
effectively, are both important in determining the speed and
success of recovery efforts.

In the case of Indonesia, [24] found that natural-disaster
risk disproportionately affected consumption-constrained
households and increased projected poverty rates; the au-
thors also found that economic development factors (such as
income, urbanization, and institutional strength) determined
natural-disaster losses. Using the Indonesian Family Life
Survey (IFLS) dataset, [25] found that households with a
high degree of exposure to smoke from fires were more vul-
nerable in terms of total consumption than households with
lower exposure rates. [26] suggest that the quality of village
infrastructure and the existence of an industrial ”cluster”
system both provide necessary support for companies’ re-
covery efforts, whereas aid distribution that is undertaken as
early as possible will speed companies’ recovery processes.
[13] state that some of the adaptation strategies that house-
holds have implemented in response to extreme climate
events in Indonesia have included evacuating and moving
properties to safer places, repairing houses by using more re-
silient structures, installing pumping machines, diversifying
income sources, and borrowing money. None of the house-
holds in their study, however, had chosen disaster insurance
as an adaptation strategy.

3. OVERVIEW OF DISASTER, DAMAGE
AND LOSSES IN INDONESIA

3.1 Disaster, Damage and Losses at Macro Level
Indonesia has become more vulnerable in the last two deca-
des; the intensity and scope of disasters and the number
of disaster victims both increased significantly. As Table 1
illustrates, nearly forty times as many people were affected
by disaster during the period 2000–2015 compared to the
period 1985–1999. This jump in numbers is mainly due to
increases intensity and scope of disasters as well as improve-
ments in recording measures and database. Earthquakes and
their accompanying tsunamis are the deadliest types of dis-
aster to afflict Indonesia, whereas flooding leads to mass
evacuations. Because flooding may be predicted, however,
the government of Indonesia could minimize the impact of
disasters, especially of floods, by taking preventive actions
such as river and reservoir normalization, reforestation, and
spatial planning.
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Table 2 shows recorded economic damages caused by
natural disasters. Flooding and droughts destroyed nearly
90% of the total crops in Indonesia during the period 1990–
2015. Households in rural areas and/or those working in
the agriculture sector were the most vulnerable or the most
exposed to disasters during that period. Thus, the encour-
agement of community initiatives such as food buffers (lum-
bung desa in Bahasa Indonesia) may effectively protect
agriculture-based households from the hardships that come
from flooding and droughts. Road and bridge damages may
also have a significant impact on both the general economy
and on household welfare. Flooding causes most road dam-
age, whereas earthquakes cause most bridge damage. These
damages affect households’ accessibility and disrupt the
flow of goods and services as well as disaster relief. Emer-
gency responses that help to reconstruct bridges and roads
can help to mitigate the adverse impacts of natural disasters.

Various studies have demonstrated that negative shocks
such as death and missing family members can easily impov-
erish previously non-poor households ([27]; [28]). In addi-
tion, deaths preceded by prolonged or severe sickness often
impose strains on a household’s economy. These households
are sometimes forced to sell land for medical treatment,
which might impoverish the household in the near future. In
contrast, the numbers of injured, evacuated, and otherwise
affected people as a result of disasters are not significantly
correlated with the provincial poverty rate. Suffering minor
injury or being evacuated from one’s home are temporary
conditions and thus do not cause poverty. Based on this
correlation, the impact of natural disasters on household
welfare and poverty appears to depend on the level of dam-
age and loss that has occurred.

3.2 Disaster, Damage, and Loses at Village and
Household Level

While the BNPB dataset is generally used to analyze the
national-level relationship between natural disasters and
household welfare/poverty, this study uses the 2007 version
of the Indonesian Family Life Survey (henceforth ”IFLS4”)
to analyze natural disasters, damages, and losses at the
village and household levels2. The IFLS is a longitudinal
survey of thirteen major provinces whose residents account
for approximately 83% of the country’s population3. The
IFLS survey collects data on individual respondents and
their households as well as community facilities and ac-
tivities. IFLS4 interviewed 13,535 households, consisting
of 6,596 original IFLS1 households, 3,366 older ”split-off”
households, and 3,573 newer split-off households ([29]).
Compared to IFLS1, 2, and 3, IFLS4 comprehensively and
deeply recorded the impacts of natural disasters on house-
holds and villages (313 villages), damages and losses, dis-
aster mitigation, and preparedness at the village level.

At the village level, the survey reported that 28.12%
of villages experienced floods and fires. The proportion of
villages that experienced earthquakes and landslides was

2One potential dataset for exploring the issue of natural disasters is the
Village Potential database (PODES), which records any natural disasters
that occur throughout all villages in Indonesia; however, this dataset does
not record the socioeconomic impacts of disasters at the household level.

3The thirteen provinces are North, West, and South Sumatera; West,
Central, and East Java; DKI Jakarta; DI Yogjakarta; Bali; West Nusa
Tenggara; South Kalimantan; and South Sulawesi.
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18.85% and 9.58%, respectively; drought, a source of dis-
aster particularly for farmers, affected 8.63% of villages.
Combined, disasters damaged village infrastructures and fa-
cilities such as housing (42.11%), roads (33.33%), schools
(16.37%), places of worship (13.45%), business centers
(8.19%), and health facilities (7.6%) (see Table 3). Damage
to roads and bridges disrupted villages’ connectivity, which
then impeded the flow of goods and services as well as aid
to the afflicted villages. Damages to business centers gen-
erally hamper the disaster-recovery process due to slowed
economic activities. The collapse of schools from disasters
exacerbates psychological trauma for children due to their
loss of places to play, learn, and socialize, while damage to
health facilities increases the number of casualties due to the
lack of places to stage emergency responses and administer
first aid.

Figure 1 shows the composition of households that have
been affected by disasters. At the individual level, only 24%
of households had experience with disasters: 12.9% had
experienced earthquakes, whereas 6.85% had experienced
flooding. Not all households that experienced disasters suf-
fered severe impacts; IFLS4 shows only 26% of households
that experienced disasters were severely affected by them.
The welfare of a household with disaster experience but
no severe impact from that disaster may not necessarily
decrease afterward.

According to the IFLS, 4,331 households reported that
natural disasters had damaged the value of their business as-
sets by 1.73 million Indonesian rupiah (IDR; approximately
USD 173) on average, whereas 777 households reported
that natural disasters had damaged the value of non-business
assets by IDR 10.4 million (USD 1,040) on average. Among
821 households, the out-of-pocket medical costs and/or fu-
neral costs caused by natural disasters was on average IDR
11 million (USD 1,100). The asset losses and out-of-pocket
costs were around IDR 21.9 million (around USD 2,190)4.
Losing assets and money due to medical/funeral costs may
result in a lowering of household welfare. Non-poor house-
holds may become impoverished following a large loss from
disaster and the subsequently incurred medical costs. Other
households might be forced to sell their assets (such as land
and livestock) during the recovery process or for medical
treatment. The loss of productive assets can easily lead to
poverty for such households.

Table 4 shows a cross-tabulation between households
that have experienced disaster and household poverty status
in 2007. The table does not completely portray whether
or not disaster can impoverish households, however, be-
cause the proportions of poor households and non-poor
households that have experienced natural disasters are quite
similar. The exception is only to be found in the case of
earthquakes, where there is a 3% difference between the
proportion of poor and non-poor households that have expe-
rienced disasters. Two factors could explain the seemingly
vague correlation between disaster experience and poverty
status in 2007. First, only one-fourth of households that had
experienced disasters were severely affected; and second,
one-third of those severely affected households were better
off, since their disaster compensation was higher than the

4The exchange rate in 2006–2007 was around USD 1= IDR 10,200

Table 3. Damage Facilities at Village Level Caused by
Natural Disaster

Damage of Facilities Proportion of Village (%)
Yes No

Roads 33,33 66,67
Bridges 11,70 88,3
Ports 1,17 98,83
Railways 0,58 99,42
Schools 16,37 83,63
Health Center Facilities 7,60 92,4
Housing 42,11 57,89
Village Office 13,45 86,55
Worship Place 17,54 82,46
Business Center 8,19 91,81
Other Public Facilities 4,68 95,32

Number of Village 171
Source: Author’s calculation based on IFLS 4

original costs stemming from the disaster.

3.3 Disaster Preparedness
Although natural hazards cannot be eliminated, improv-
ing disaster preparedness and responses can reduce human
casualties and the adverse effects of natural disasters. Vil-
lage preparedness for disasters essentially includes training
and briefing; training includes hazard-mitigation practices
such as organizing food storage, volunteering, and shelters,
whereas briefing provides instruction for early responses to
natural hazards. As a country that is susceptible to disas-
ter, hazard-mitigation preparedness in Indonesia should be
prioritized to reduce the physical and social impacts of dis-
aster. Only 36% of surveyed villages (113 of 313 villages)
conducted both training and briefings, however, whereas 61
villages only conducted briefings without training and 12
villages only conducted training without briefings. Around
23% (23 out of 125 villages) of villages that conducted
training allocated IDR 84.1 million (USD 8,400) on average
for disaster preparedness.

Figure 2 illustrates the different types of disaster pre-
paredness. As shown in the figure, food storage and volun-
teering are two well-known training activities for hazard-
mitigation preparedness. Based on these figures, although
natural hazards frequently occur in Indonesia, the nation’s
communities are not well prepared to respond to these haz-
ards. The lack of hazard-mitigation preparedness will effec-
tively increase the adverse impacts of disasters on Indone-
sian society.

4. RESEARCH METHODOLOGY

This study then proposes three econometric models to ex-
amine whether or not natural disasters and mitigations can
affect households’ consumption and poverty status. We es-
timate three econometric models in order to confirm the
consistency and robustness of the estimation results vis-à-
vis natural disasters’ ability to reduce household welfare or
change households’ poverty status.

The first econometric model examines the relationship
between households’ natural-disaster experience during the
last five year 2002–2007 and per-capita household consump-
tion in 2007; the negative coefficient of disasters indicates
a household’s reduced welfare. The second econometric
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Figure 1. Household Experiences on Disaster (N=12,987)
Source: Author’s calculation based on IFLS4

Table 4. Cross-tabulation between Disaster Experience and Poverty Status in 2007
All Disaster Flood Flood & Others Landslide Earthquake Tsunami Fire Others
No
Exp.

Exp. No
Exp.

Exp. No
Exp.

Exp. No
Exp.

Exp. No
Exp.

Exp. No
Exp.

Exp. No
Exp.

Exp. No
Exp.

Exp.

Non Poor 75,96 24,04 93,16 6,84 98,59 1,41 99,36 0,64 87,01 12,99 99,6 0,4 99,23 0,77 99,02 0,98
Poor 71,99 28,01 93,2 6,8 98,58 1,42 99,37 0,63 84,02 15,98 100 0 98,26 1,74 98,58 1,42

Source: Author’s calculation based on IFLS 4
Note: 1=experience disaster; 0=no experience disaster

model examines whether households’ natural-disaster ex-
perience during the last five year (2002–2007) influences
household poverty status in 2007. In this model, a house-
hold’s decreased per-capita consumption does not neces-
sary imply a household’s changed poverty status: if house-
hold per-capita consumption decreases but the decrease
does not place the household lower than the poverty line,
then the household’s poverty status is not considered to
have changed. Though, two models are estimated using
cross-sectional data of IFLS4, a significant relationship be-
tween the occurrence of disasters and low consumption
still means the disasters cause poverty. This is because the
IFLS-recorded disasters occurred within the last five years
of when the survey was conducted, which means that these
disasters occurred during the period 2002–2007.

The third econometric model examines the impact of
natural disasters on changing households’ poverty status
within the two periods of 2000 and 2007. If the household
poverty status changed from ”non-poor” in 2002 to ”poor”
in 2007, then this implies that disasters had strongly affected
household welfare. This study applies the expenditure-based
poverty calculation, the official poverty line of 2000 and
2007, and the poverty measures of the ”FGT” formula,
named for the formula’s authors ([30])5. This study only an-
alyzes the ”P0” (the head-count index) of the FGT poverty
measurement.

5The FGT classification of poverty follows this equation:

Pα =
1
n

q

∑
i=1

( z− yi

z

)α

where P is the poverty index, n is the total population size, z is the poverty
line, yi is the income of the ith individual (or household), q represents
the number of individuals just below or at the poverty line, and α is a
parameter for the FGT class. The average national poverty line is IDR
103,904 (2000) and IDR 166,642 (2007). The present study, however,
applies the provincial poverty line, which varies among provinces as well
as among rural and urban areas.

The exploratory variables in this study are divided into
two main groups: household-level exploratory variables and
village-level exploratory variables. The exploratory vari-
ables included in the model consider the data available from
IFLS3 and IFLS4 ([29]; [31]) as well as variables used in
previous studies, including [5], [17], [25], [24], and [32].
The present study initially intended to also include coping
strategies in responding to natural disasters, although this
proved to be impossible due to the unavailability of data
from IFLS 4. The econometric models are shown below.

y1
i = HHCiβ +HHDISiδ +V ILINFiχ +V ILDISiϕ

+PREPAiπ + ei
(1)

y2
i = HHCiβ +HHDISiδ +V ILINFiχ +V ILDISiϕ

+PREPAiπ + ei
(2)

y3
i = HHCCDiβ +HHSHODISiδ +V ILINFiχ

+V ILDISiϕ +PREPAiπ + ei
(3)

Where:

y1
i : per-capita consumption expenditure in 2007;

y2
i : poverty status in 2007: 0 = non-poor; 1 = poor;

y3
i : a changing household poverty status: 1 = chronic poor;

2 = transient poor (-); 3 = transient poor (+); 4 = never
poor6;

HHCi : a vector of family characteristics in the initial year
after a disaster has struck, including marital status,
education attainment, number of household members,
age, and livestock ownership;

6The category of ”chronic poor” means that households remained in
the ”poor” category during two periods of the sample (2000 and 2007).
The ”transient poor (-)” category means that households were non-poor in
2000 but had become poor by 2007, while ”transient poor (+)” refers to
households that were categorized as poor in 2000 but had become non-poor
by 2007. The ”never poor” category is assigned to those households that
were always non-poor during both periods of the survey.
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Figure 2. Types of Village Preparedness on Natural Disaster (N=125)
Source: Author’s calculation based on IFLS4

HHCCDi : a vector of family characteristics in the initial
year, including marital status, change in marital status,
education attainment, change in educational attain-
ment, number of household members, change in size
of household members, age, and livestock ownership;

HHDISi : a vector of disasters and damages that house-
holds experienced during the period 2002–2007, in-
cluding flooding, earthquakes, and other disasters;
costs of damage; and the ratio between costs of dam-
age and assistance the households received;

HHSHODISi : a vector of shocks, disasters, and damages,
including a vector of HHDIS and the shocks of death
of family members and of being unemployed;

V ILINFi : a vector of village infrastructure availability,
including the availability of formal credit institutions
and medical facilities in a given village;

V ILDISi : a vector of disasters and damages at the village
level, including drought, forest fires, and damage to
connectivity, business centers, and other facilities;

PREPAi : a vector of village disaster preparedness and
types of preparation, including disaster-mitigation
preparedness, the availability of shelter, food-storage
capabilities, and the use of an early-warning system;

e : error term; and
i : household-i, i = 1,. . . , n.

Model 1 is a linear model that is estimated using the
ordinary least square (OLS), while models 2 and 3 are
limited-dependent variable-of-logit (ordered logit) models
that are estimated using maximum likelihoods. Each model
is estimated twice: first using only household-level explana-
tory variables and second using both household-level and
village-level explanatory variables. The double estimations
are intended to check the consistency and robustness of
the regression coefficient estimates when the regression
specification is modified by adding explanatory variables.

5. THE IMPACT OF NATURAL
DISASTERS ON HOUSEHOLD

WELFARE

5.1 Disasters and Household Consumptions
OLS estimations of both model 1a and 1b confirm that
only earthquakes consistently and significantly influenced
per-capita consumption in 2007. Households that had expe-
rienced an earthquake during the period 2002–2007 tended
to have lower per-capita consumption compared to house-
holds that had no earthquake experience. Households with
disaster experience might have lost some of their productive
assets, experienced housing damages, or may even have
lost family members. Each of these losses will cause a
household’s welfare to decrease, as indicated by reduced
per-capita consumption. Because the coefficient magnitudes
of other disasters were found to be significant in model 1a
but not in model 1b, we can say that this variable was not
robust in terms of influence on per-capita consumption in
2007. The coefficient estimates of flooding are counterin-
tuitive, since the coefficients in both model 1a and 1b were
shown to be positive, which means that households that
have experienced flooding tend to have increased per-capita
consumption. Floods—mostly temporarily flooding—occur
frequently every year in Indonesia and may not completely
destroy many household properties; floods therefore may
not have a significant effect on household consumption7.

According to model 1b (shown in Table 5), drought and
forest fires can significantly reduce per-capita consumption.
Drought leads to crop failure, since droughts mean that
there is not enough water for crops to grow; crop failure can
occasionally lead to famine in some rural areas. Drought
may also force some households to seek water sources for
their daily needs that are located far from their residences.
These households are thus forced to spend more time col-
lecting water, which in turn reduces the time they can spend
on income-earning activities. Reduced working times can
shrink both household income and household consumption.

Similarly to drought, forest fires also significantly re-
duce per-capita consumption. Households in those villages
that have experienced forest fires tend to have lower per-
capita consumption. Forest fires spread smoke pollutants

7Around 30% of households received disaster compensation that was
more substantial than the costs from the original damage.
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that can disrupt and hinder social activities, notably outdoor
activities, since the smoke is often dangerous to breathe.
Smoke can also cancel or delay flights due to low visibil-
ity and may disrupt educational and working activities due
to the unhealthy conditions smoke creates. If this condi-
tion persists for a week or more, then economic activities
may slow, eventually reducing both household income and
consumption.

In terms of damages from disasters, not all the coeffi-
cient estimates of model 1b were as expected. Damage to
business centers and other facilities was found to be nega-
tively related to household per-capita consumption. Damage
to a business center (such as a market in a village) inter-
rupts the village’s economic activities due to the inability
of farmers and small-medium enterprises (SMEs) to sell
their products; this condition will also decrease households’
sources of income. The impairment of connectivity (such
as via damage to roads and bridges) appears to be counter-
intuitive, since this type of damage does not appear to dis-
rupt household consumption: in theory, this damage should
decrease both household income and consumption, since
connectivity is a necessary condition for expediting goods
and services. One possible reason for this counterintuitive
finding is that any connectivity impairments from disasters
during the period 2002–2007 had been rebuilt by the time
of the survey and therefore did not necessarily decrease
household consumption in 2007.

Table 5 (model 1b) confirms that disaster-preparedness
practices provide protection to households when disasters
occur. Households in those villages that have undertaken
disaster-preparedness practices tend to have higher per-
capita consumption. Such practices can minimize the ad-
verse impacts of disaster in such a way that households will
still be able to maintain their welfare after a disaster has
occurred. Model 1b also confirms that disaster prepared-
ness in terms of shelter and food storage can ensure that
households will preserve their levels of per-capita consump-
tion after a disaster has struck. This finding is similar to
that of [20]’s study; they found that improving disaster pre-
paredness could significantly reduce the adverse impacts of
disasters.

The estimated coefficients of other control variables
(such as socio-demographic variables and village infrastruc-
ture variables) were as expected. For instance, households
with more members tended to have lower per-capita con-
sumption, while households with higher educational attain-
ment tended to have higher per-capita consumption. This
is because higher educational attainment is related to in-
creased chances of earning a higher salary or income. The
availability of village infrastructures (such as formal credit
institutions and medical facilities) also positively correlates
with per-capita consumption. Formal credit institutions may
help households to smooth their consumption by providing
credit when necessary.

5.2 Disasters and Household Poverty Status in 2007
The previous section analyzed whether or not disasters
reduce household consumption; this section focuses on
whether disasters could determine household poverty status
during the period in question (2007). Compared to per-
capita consumption, poverty status is a stronger indicator

of welfare. Households that have experienced a decrease in
their per-capita consumption do not necessarily fall into a
state of poverty, because if per-capita consumption does not
decrease beyond the poverty line, then the household will
still be categorized as ”non-poor.”

Similarly to the finding of model 1, earthquakes are one
type of disaster that consistently and significantly influence
household poverty status. Households that have experienced
an earthquake have a higher probability of being poor. The
probability of being poor increased by 1.9% when an earth-
quake affected households during the period 2002–2007.
Earthquakes may cause damages to physical assets as well
as the sickness and even death of family members; both
force households to spend a great deal of resources on the
recovery process and medical treatment. These conditions
might influence a household’s 2007 poverty status. Other
disasters, the costs of damages, and the ratio between costs
of damage and assistance did not significantly influence
household poverty status in 2007.

Model 2b confirms that forest fires significantly deter-
mined household poverty status in 2007. Households in
villages that were affected by forest fires tended to have a
higher probability of being poor (by approximately 3%).
This finding is consistent with the same finding from model
1b, which showed that forest fires reduced per-capita con-
sumption and thus could impoverish households. In the case
of droughts, although they did not significantly determine
poverty status in 2007, this type of disaster should be looked
at more carefully, since households in villages that had ex-
perienced drought tended to be poor in 2007. Although
damages to both business centers and other facilities were
not statistically significant, they did increase the probability
of being poor.

Model 2b confirms that disaster-preparation activities
may effectively protect households from falling into hard-
ship. Households in villages with disaster-preparation prac-
tices in place tended to be non-poor at the time when disas-
ters occurred. Disaster-preparation practices such as using
briefings, spreading information about disasters, and imple-
menting early-response systems all encourage households
to prepare disaster-mitigation practices; one such example
is by constructing earthquake-resistant buildings. Doing
this may lead to a decreased probability of massive destruc-
tion and wounded victims, thus reducing recovery costs.
The types of preparation activities, however—such as the
building shelters, the existence of adequate food storage,
and the use of early-warning systems—did not significantly
determine household-poverty status in 2007.

Model 2a and 2b confirm that socio-demographic vari-
ables such as size of household members, educational attain-
ment, age of household head, and the ownership of livestock
were important factors in determining household-poverty
status in 2007. Households with more members tended to
be poor, whereas households with higher educational attain-
ment tended to be non-poor. Households also increased the
probability of being poor by having more members: given a
fixed income, an increase in the number of members forces
households to reduce their per-capita consumption levels in
order to support the additional member(s). Having a better
education raises the probability of being non-poor, because
a higher education level provides more opportunities to find
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better jobs with higher incomes. The ownership of livestock
also positively correlated with non-poor status in 2007, since
the ownership of livestock is one common coping strategy
during shocks such as disasters. When households experi-
ence shock, they can easily convert their livestock to cash,
thus smoothing their consumption.

Model 2b also verifies that access to formal credit institu-
tions is an important factor in helping households maintain
their consumption levels and avoid becoming impoverished
when shocks such as disasters occur. The probability of be-
ing non-poor for households in villages with formal credit
institutions increased by around 0.3% during the period in
question (2007).

5.3 Disasters and Poverty Dynamic during 2000–
2007

Models 1 and 2 were used to check whether disasters af-
fected household welfare in terms of per-capita consump-
tion and poverty status in 2007. Model 3 further analyzed
whether disasters that households have experienced during
the period 2002–2007 can change a household’s poverty sta-
tus from ”non-poor” in 2000 to ”poor” in 2007. This study
would have difficulty concluding that disasters could reduce
household welfare if we used only the results from models
1 and 2, because both models are based on estimations of
cross-sectional data8.

The results of model 3, however, can provide stronger
evidence of disasters’ impacts on household welfare, be-
cause model 3 allows us to capture whether the change in
household poverty status during the period 2000–2007 was
influenced by households’ experience with disasters that
had occurred during the period 2002–2007. Model 3 also
adds new exploratory variables to ensure the robustness of
its estimations. These new exploratory variables include
change in marital status, change in household size, change
in educational attainment, shock from the death of a family
member, and shock of becoming unemployed. Many previ-
ous studies—such as those of [32] and [33]—confirm that
changes in socioeconomic status and shocks are highly cor-
related with the poverty dynamic (i.e., changes in poverty
status).

Models 3a and 3b provide strong evidence that earth-
quakes and other disasters significantly affect household-
poverty status as shown by the negative coefficient (see Ta-
ble 6). Households that have been affected by earthquakes
and other disasters tend to be among the ”chronic poor”
(i.e., they remain poor over the course of two periods) and
”transient poor (-)” (i.e., they change from being non-poor
to poor). In addition, for households that experienced an
earthquake during the period 2002–2007, the probability
of remaining poor during the two following periods (i.e.,
being among the ”chronic poor”) increased by 0.5%, while
the probability of becoming impoverished (i.e., ”transient
poverty [-]”) increased by 3.7%.

These figures imply that earthquakes can easily impov-
erish formerly non-poor households and can hinder house-

8The cross-sectional data could result in non-robust estimations due to
the endogeneity problem as well as coincident outcomes, because explana-
tory variables of disasters represent past experience (i.e., conditions during
the period 2002–2007), whereas per-capita consumption and poverty status
represent current status.

holds from escaping poverty. Earthquakes as well as other
disasters may result in human victims and damages to cer-
tain physical assets. This will in turn create a significant
financial burden on households that need to pay for medical
treatment and the recovery process. This is why non-poor
households typically become poor after earthquakes have
struck. Furthermore, although the estimated coefficients of
other negative shocks (such as the death of a family member
or unemployment) are expected to increase the probability
of households joining the chronic poor, these factors do
not appear to be statistically significant. And finally, the
average cost of disaster damage is not a significant factor in
household-poverty status.

Similarly to earthquakes, droughts and forest fires are
the most important factors to potentially change household-
poverty status. Households in areas that have been affected
by droughts and forest fires tend to be among the chronic
poor and transient poor (-) categories. Similarly to the expla-
nation for models 1 and 2, droughts and forest fires disrupt
economic activities and lower household income, which in
turn can easily plunge households into poverty if a village
experiences drought and/or forest fire. Droughts and forest
fires increase the probability of joining the chronic poor
by 1% and 0.8%, respectively, whereas each disaster also
increases the probability of joining the transient poor (-)
group by 0.7% and 0.6%, respectively.

The destruction of business centers significantly changes
household-poverty status, since this will reduce economic
transactions; this in turn means less income for affected
households, which can immediately become impoverished
as a result. Model 3b also supports the findings of models
1b and 2b, which found that connectivity damages do not
decrease household welfare, since these models showed that
the affected households did not necessarily become impov-
erished. The reason for this is similar to the explanation
for model 1b: the immediate reconstruction of previously
damaged roads and bridges has prevented adverse impacts
from having long-term effects that would otherwise influ-
ence household welfare in 2007. The consistent results from
model 1b, 2b, and 3b also indicate that disasters may speed
the Schumpeterian creative-destruction process by replacing
old infrastructure.

Disaster-preparation practices can prevent households
from becoming impoverished; this is evident in the finding
that households in villages that have disaster-preparation
practices in place tend to be non-poor. The probability of be-
ing non-poor for these households increased by around 2.6%
during the period under consideration. Disaster-preparation
practices might reduce the probability of massive destruc-
tion and/or casualties and thus will help to keep households
from becoming impoverished. The types of preparation
practices, however—such as the building of shelters, the
existence of adequate food storage, and the use of early-
warning systems—did not significantly determine changes
in poverty status during the period 2000–2007. Although
not statistically significant, the use of shelters and early-
warning systems are two types of disaster-preparation prac-
tices that appear to be effective in preventing households
from becoming impoverished.

The control variables of the socio-demographic vari-
ables we have examined (such as marital status, change in
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Table 6. The Impact of Disaster on Changing Poverty Status during 2000–2007

Variables Model 3a Model 3b
Coef. Robust SE Coef. Robust SE

Socio-demographic in 2000
Marital Status (1=marriage; 0=others) 0.216** 0.090 0.233*** 0.090
Change in Marital Status 2000-2007 (1=divorce; 0=others) -0.198** 0.096 -0.204** 0.096
Size of Household Member -0.301*** 0.016 -0.301*** 0.016
Change in Size of Household Member (1=increase; 0=others) -0.406*** 0.071 -0.403*** 0.071
Educational Attainment (years of schooling) 0.149*** 0.007 0.145*** 0.008
Change in Educational Attainment (1=increase; 0=others) 0.371*** 0.062 0.367*** 0.062
Age of Household Head 0.008*** 0.002 0.008*** 0.002
Livestock ownership 0.118 0.152 0.221 0.156
Shocks, Disaster, and Damage at the HH Level (during 2002–2007)
Shock of Death Family Member (1=experience; 0=others) -0.081 0.118 -0.094 0.119
Shock of Being Unemployed (1=experience; 0=others) -0.108 0.141 -0.157 0.141
Flood (1=experience; 0=others) 0.111 0.114 -0.103 0.119
Earthquake (1=experience; 0=others) -0.182* 0.097 -0.243** 0.111
Other Disaster (1=experience; 0=others) -1.094** 0.548 -1.001* 0.558
Log Average Costs of Damage (in IDR) -0.002 0.010 -0.002 0.010
Ratio between Costs of Damage and Assistance 0.002 0.005 0.001 0.005
Village Facilities
Formal Credit Institution (1=available; 0=others) 0.106* 0.060
Medical Facilities (1=available; 0=others) 0.546 0.602
Disaster and Damage at Village Level (during 2002–2007)
Drought (1=experience; 0=others) -0.317*** 0.093
Forest Fire (1=experience; 0=others) -0.257* 0.156
Damages of Connectivity (roads-bridges) (1=experience; 0=others) 0.444*** 0.082
Damages of Business Center (market) (1=experience; 0=others) -0.394** 0.175
Damages of Other Facilities (1=experience; 0=others) 0.038 0.136
Disaster Preparedness at Village Level
Training and Preparation for Disaster Mitigation 0.133* 0.070
(1=having preparation and training; 0=others)
Shelter and others except food storage and volunteer 0.052 0.392
(1=available; 0=others)
Food Storage and other preparations (1=available; 0=others) -0.124 0.124
Early-warning System Only (1=available; 0=others) 0.166 0.201

/cut1 -4.406 0.578 -3.724 0.845
/cut2 -3.862 0.575 -3.177 0.842
/cut3 -1.972 0.572 -1.257 0.838

Number of Observations 6,285 6,257
Wald Chi-Square 656.57 723.0
Pseudo R-Squared 0.070 0.075

Source: Author’s calculation
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marital status, household size, change in household size, ed-
ucational attainment, change in educational attainment, and
age of household head) were found to be important factors
in determining changed poverty status. These results also
support the findings of [32]. Change in the demographic
variable of marital status due to divorce often results in the
loss of productive family members (either the wife or the
husband). This change could reduce the household’s ability
in terms of economic capacity. In addition, an increase of
one family member was found to be associated with be-
coming impoverished, since a given amount of resources
now needs to be redistributed to support the new member.
Changes in the educational attainment of the household
head was found to be positively correlated to the probability
of being in the ”never poor” category. The inclusion of a
household head who has attained more education increased
the probability of being in the ”never poor” group by 7.1%.
Parallel to the findings of models 1b and 2b, model 3b has
also confirmed that access to formal credit institutions is an
important factor in household welfare. Formal credit institu-
tions provide an alternative so that households may smooth
their consumption with lower interest rates.

6. CONCLUSION

Indonesia has become vulnerable due to recent increases
in the intensity and scope of disasters that have resulted
in more victims than was the case during earlier periods.
Nearly forty times as many people were affected by disaster
during the period 2000–2015 compared to the period 1985–
1999. After observing the national data and the household
data from IFLS, this study found that households in rural
areas and/or those that work in the agricultural sector are the
most vulnerable or the most exposed to disaster, particularly
drought and floods. At the household level, even though
asset losses and out-of-pocket costs from natural disasters
average around IDR 21.9 million (USD 2,190) per house-
hold, not all disasters lead to adverse impacts on society.
Only one-fourth of those households that have experienced
disasters feel severely affected by them.

Our three econometric models confirm that earthquakes
are the most destructive disaster to affect household welfare.
Earthquakes can cause formerly non-poor households to
become poor households due to asset losses, damage costs,
and casualties. Droughts and forest fires also significantly
affect household welfare, particularly agricultural house-
holds and those in Sumatera and Kalimantan, both of which
are vulnerable to forest fires. In contrast, flooding and other
disasters have less of an effect on household welfare.

The government should also pay more heed to rebuild-
ing damaged business centers (such as markets) to hasten the
recovery process, since this study has shown that damages
to business centers negatively affect households’ welfare
and poverty status. Moreover, households in those villages
that have experienced damage to connectivity due to disas-
ters often become better off, in the sense that their welfare
(i.e., consumption) increases and their poverty status im-
proves when the village experiences damages to roads and
bridges (i.e., connectivity). One possible reason for this
is that damaged roads and bridges will be rebuilt immedi-
ately after a disaster has struck, to be replaced by upgraded

infrastructures.
Similarly to other studies, this study has found that the

implementation of disaster-mitigation preparations such as
trainings and briefings could reduce the impacts of disasters
as well as households’ vulnerability to becoming impover-
ished once disaster has struck. The government of Indonesia
should actively encourage and support villages or other com-
munities to engage in disaster-preparation practices such
as distributing information about disasters, implementing
early-response systems, and preparing shelters in order to
reduce the probability of massive destruction and/or casual-
ties. One important policy suggestion to protect households
from negative shocks would be to expand household access
to formal credit institutions, since such institutions can help
households in smoothing their consumption when shocks
occur by providing credit at lower interest rates.
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