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Abstract

In this dissertation I study the long-term effects of post-disaster reconstruction of

infrastructure on economic and demographic outcomes. The effects on individuals

and communities that result from shocks to existing infrastructure have not been

widely explored in the economic and development literature. As some of the largest

natural disasters in recent times have shown, massive destruction of infrastructure is

followed by large influxes of resources aimed at the reconstruction of damaged prop-

erty. For example, after the 2004 Indian Ocean tsunami, Indonesia alone received

enough aid to deal with the estimated seven billion dollars in infrastructure losses.

While there are studies that address how money was allocated, there is hardly any

good empirical evidence that provides a causal estimate of the effect that large re-

construction programs have on targeted beneficiaries. In this dissertation I address

this gap in the literature.

The context of my study is the 2004 Indian Ocean tsunami, one of the most

devastating natural disasters in recent years. In particular, the location for this

analysis is the Indonesian province of Aceh, which was the area hardest hit by the

disaster (Chapter 2). One of the main reasons why long-term impacts of post-

disaster reconstruction remain an understudied topic is the lack of access to data

that tracks individuals over time and across space. Having longitudinal data of this

type provides a more complete picture of beneficiaries of post-disaster aid, as well

as the effects of reconstruction programs on economic outcomes and demographic
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processes, such as migration. My dissertation addresses this concern by using a

unique, population representative panel of survivors of the Indian Ocean tsunami,

the Study of the Tsunami Aftermath and Recovery (STAR), which collected extensive

individual, household, and community data in Aceh, Indonesia, every year between

2005 and 2010, with an additional follow-up in 2015 (Chapter 3).

Using these data, the first question I explore empirically is an estimation of

the causal effects of reconstruction of the housing stock on a multidimensional set of

well-being measures (Chapter 4). First, I show that post-tsunami reconstruction was

largely determined by the level of damage, regardless of pre-tsunami characteristics of

communities, households, and individuals. Based on this finding, I identify the causal

effects of housing reconstruction on post-disaster well-being using an individual fixed

effects strategy. I show that housing reconstruction causes significant reductions in

levels of post-traumatic stress reactivity, and significant increases in socioeconomic

well-being. These effects are mainly concentrated after two years of housing tenure,

and among those from highly damaged communities. Housing reconstruction has

a positive relationship with self-rated physical health (although these estimates are

not statistically significant). These results provide important causal evidence of how

reconstruction of infrastructure after a natural disaster can have long-lasting, positive

consequences for the recovery of survivors.

Next, I continue looking at the effects of rebuilding individual assets (i.e. the

home) but turn to the analysis of migration, a key demographic process following

natural disasters. Specifically, I look at migration and its relationship with housing

reconstruction and well-being (Chapter 5). The 2004 Indian Ocean tsunami dis-

placed large numbers of people. In Aceh, Indonesia, an estimated 500,000 people

left their communities after the disaster. In this research, we provide a demographic

perspective on displacement and longer-term adaptation and recovery after a disas-

ter. We describe patterns of mobility among tsunami survivors, including those who
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did not return to their origin communities, those who did return, and those who

never left. We also consider mobility among those living in communities that did not

suffer tsunami damage. We then examine how the likelihood of receiving housing

aid varies across these subgroups. Finally, we consider how measures of subjective

well-being evolve after the disaster. Results show that predictors of relocation vary

significantly across individuals depending on the level of exposure of communities to

the physical damage of the tsunami. Relocation decisions, and in particular staying

in the pre-tsunami community, are highly related to the likelihood of benefiting from

housing aid. And, changes in subjective well-being not only depend on receipt of

housing aid but also on interactions between relocation decisions.

The last empirical analysis changes the focus from the reconstruction of individual

assets to the reconstruction of community infrastructure (Chapter 6), an important

component of post-disaster rebuilding programs. In the aftermath of the tsunami, it

is estimated that a total of 2,600 km of roads and 119 bridges needed rebuilding. In

less than four years a total of 3,700 km of roads and all the destroyed (or damaged)

bridges had been rebuilt (Evans, 2010). Roads can be an important gateway to

economic development, so in this analysis I focus on estimating the economic effects

of road reconstruction in post-tsunami Aceh. First, I exploit variation in timing

of road reconstruction projects at the community level and, using a fixed effects

strategy, I show that road reconstruction may not be enough to cause significant

economic effects, but that quality of road construction matters, specifically access

to all-weather roads. Further, I also show that road reconstruction that happens in

combination with public works programs has additional positive effects. I provide

further evidence on the effects of road reconstruction by looking at the specific case of

the reconstruction of the Banda Aceh-Meulaboh road. The Banda Aceh-Meulaboh

road is a good example of a project that seeks to restore large public infrastructure

after a major shock to the built environment under the assumption that it would
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contribute to restore economic activity in the area. Using a difference-in-differences

strategy, I exploit changes in access to the road between 2005 and 2015. I show

that gaining access to the road has positive and modest effects both on individuals

and households and, in particular, on households in rural areas. I did not find any

statistically significant negative effects of losing access to the road but results from

this case study point that losing access may be hindering some progress, for example,

to translate work opportunities into higher wages.

Taken together, results from the empirical analyses in this dissertation fill an

important gap in our understanding of what happens to disaster victims in the long-

run, how they benefit from reconstruction programs that rebuild both individual and

community assets, and how these programs can have long-lasting consequences on

economics and demographic trajectories of populations. As a result, my study not

only represents an important contribution to existing literature, but it also under-

scores the importance of having data collection projects that account for the long-

term nature of infrastructure reconstruction projects. Natural disasters are projected

to become increasingly more common, and this type of data can result in empirical

research, like this dissertation, that can improve our understanding of how disaster

victims cope, which strategies work best and why, and create lessons that can in-

form disaster management and reconstruction policies that will result in successful

post-disaster experiences.
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“We cannot direct the wind, but we can adjust the sails” (Parton, D)
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1

Introduction:
A New Frontier in Post-Disaster Research

The main goal of my dissertation is to provide empirical evidence on the long-term

economic and demographic effects of post-disaster reconstruction on individuals and

communities. Natural disasters are an example of shocks that can significantly re-

shape individual and community trajectories. A lot of research in this area looks at

the effects of these shocks, but social scientist have paid little attention in empirical

research to understanding the process of reconstruction of community and individual

lives that follows the destruction. Post-disaster reconstruction is a long-term, mul-

tidimensional problem that involves the gradual restoration of private assets (land

and houses) and well as the reconstruction of public infrastructure (roads, power

plants, schools, hospitals, etc.), which makes it particularly challenging to study.

As a result, economic research on the effects of rebuilding damaged and destroyed

infrastructure following a disaster is limited. In this dissertation, I focus on this post

disaster period and attempt to address the methodological challenges associated with

the study of such complex context both in terms of the reconstruction of private and

public infrastructure assets.
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1.1 Post-Disaster Reconstruction: A Research Gap

Economic analyses of infrastructure have been approached from a macro and a mi-

croeconomic perspective. Papers that address macroeconomic impacts of infrastruc-

ture mainly look at the effects of these large investments on country level indicators,

including GDP, growth, or public and private investment, and draw inferences by

comparing countries usually through cross-country models (Rioja, 1999, 2003; Das-

gupta, 1999; Roller and Waverman, 2001; Wang, 2002; Agénor et al., 2008; Cavallo

and Daude, 2011). Microeconomic analyses are broader in the sense that they may

emphasize similar indicators as macro studies, but applied to a regional (province,

district, county, village, etc.) level. Also, microeconometric studies of infrastructure

seek to identify causal effects of infrastructure on a different set of measures, some

applied at the household or individual level, including wages, female employment,

school attainment, healthcare use, agricultural productivity, etc.

Much has been claimed about the positive effects of infrastructure projects on

community and individual well-being in developing countries. For example, advo-

cates for electrification argue that these projects have the potential to create large

welfare gains, in particular in rural areas, and access to electricity can contribute to

reduce poverty and improve health, education, and other outcomes. However, there

is little empirical evidence to support widespread positive effects of large infrastruc-

ture (Lipscomb et al., 2013; Van de Walle et al., 2013). There are two main issues

related to empirical research in this area. First, identification of causal effects is

not straightforward, especially at the household and/or individual level. The most

notable problem is non-random assignment of infrastructure projects, which means

placement of infrastructure is endogenous. Second, community, household and/or

individual level data on infrastructure projects may not be easy to find, which limits

the effects that could be identified and the models that can be used.
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Even with some limitations, there is research in the economic literature on the

effects of large infrastructure investments on community and individual outcomes

(Duflo and Pande, 2007; Dinkelman, 2011; Lipscomb et al., 2013; Van de Walle et al.,

2013; Khandker et al., 2013). However, there is not a clear understanding on what

happens and how communities, and people, cope when a vital piece of the local public

infrastructure is suddenly destroyed and later replaced by new construction. There

are papers that analyze the extent of damage caused by a disaster, but estimation of

the causal effects of post-disaster programs aimed at reconstruction of infrastructure

remains a large and important gap in the literature. Similarly, there are papers

that seek to identify causal effects of new infrastructure. However, most of these

papers analyze the expansion of regular infrastructure programs and do not take

into account that the context of reconstruction initiatives after a major shock may

be very different.

Large shocks to the population and built environment, such as the ones caused

by large natural disasters, are not transitory and can have lasting and devastating

effects. Infrastructure damage from these events can be extensive and reconstruction

may take a long time. At the same time, natural disasters can have multiple impacts

on individuals, including mental and physical consequences, as well as personal and

economic losses, conditions which may affect engagement in the reconstruction pro-

cess. These impacts can vary greatly, depending on the nature of the disaster, level

of exposure, and individual characteristics of those affected. Data availability may

complicate research on the impact of reconstruction programs, which may be one of

the reasons they have not been addressed more often in the empirical literature on

infrastructure. Lack of empirical research on the effects of infrastructure reconstruc-

tion is an important gap in the field, which I aim to address in this dissertation.

3



1.2 Limitations in Post-Disaster Reconstruction Research

1.2.1 The Challenge of Post-Disaster Data

There are two main limitations to study the effects of post-disaster reconstruction.

The first one, and perhaps the most critical, relates to data availability. Post-disaster

reconstruction is a long-term proposition so to understand the economic effects of

these initiatives on communities and individuals there is a need for data that covers

the period shortly after the disaster, and also has a long timeframe to account for

the timing of reconstruction. In addition, post-disaster data ideally should provide

information on a representative set of disaster survivors to enable inference that is

representative on how reconstruction aids in the recovery of those affected. These two

issues are deeply related, and rest one key challenge: the tracking of disaster survivors

over time and across space. As I will show in Chapter 5 disasters are one important

cause of relocations, any study that focuses on outcomes of disaster survivors and

does not consider that people move after a disaster will perform inference on a highly

selected sample, which will not be representative of survivors at large.

1.2.2 The Challenge for Causal Identification of Effects

The second limitation to empirical research on infrastructure relates to the fact that

identification of causal effects in infrastructure research is usually complex. One of

the defining characteristics of large infrastructure projects is the difficulty to random-

ize, at least on the extensive margin, meaning that the general rule is that there has

been some decision of which villages get the infrastructure and which villages do not.

Conceptually, the main issue with non-random assignment is that it breaks the as-

sumption by which treatment and control groups are perfectly comparable (Blundell

and Costa Dias, 2000), so a comparison of regions with and without projects would

not result in a causal estimate of the treatment effect because without randomization
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regions with and without the infrastructure are not a counterfactual to each other. A

good example of how allocation of infrastructure projects can be heavily influenced

by non-random factors is a paper by Burgess et al. (2015), which examines road

building in Kenya. Burgess et al. (2015) provide quantitative evidence about the

problem of ethnic favoritism: the process by which members of a given ethnic group

benefit disproportionately from public resources when public funds are controlled

and allocated by members of the same group (Burgess et al., 2015). Results show

strong favoritism in particular in the post-independence period where the authors

find that districts where the majority of the population belongs to the same ethnic

group as the president benefited from double the investments on roads compared to

districts where ethnicity was not shared.

The complexity of identification of causal effects, most often due to endoge-

nous placement of infrastructure, requires econometric models that exploit other

sources of variation to adequately identify these effects, both at the village and

household/individual level. While IV and fixed effects models have been the most

popular options, other less used strategies can provide viable alternatives, in particu-

lar those that enable more flexible specifications that allow to estimate heterogeneity

in treatment effects or account for variation in treatment intensity.

1.3 A New Research Frontier: Effects of Post-Disaster Reconstruction

In this dissertation I am able to extend the existing literature on infrastructure and

natural disasters by addressing these two challenges. The context of my analysis is

the 2004 Indian Ocean tsunami, which remains as one of the largest natural disasters

on record. In particular, the area where I focus my analysis is the Indonesian province

of Aceh, in the Northern tip of the island of Sumatra. Of all the countries affected

by the tsunami, the west coast of Aceh was the area hardest hit, and the one that

experienced widespread dead and destruction. Using unique, population representa-
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tive data on tsunami survivors, The Study of the Tsunami Aftermath and Recovery

(STAR), I provide some of the first causal estimates of the effects of post-disaster

reconstruction on individual economic and psychosocial well-being, as well as some

of the first estimates of the relationship between reconstruction and migration, and

the long-term effects on well-being.

The rest of this study is structured as follows. In Chapter 2, I describe in detail

the context of the analysis, including the effects of the tsunami and reconstruction

in Aceh, Indonesia. In Chapter 3, I provide a complete overview of STAR, the data

I use in the empirical analyses. I begin the study of long-term effects of post-disaster

reconstruction in Chapter 4, where I provide some of the first causal evidence on the

effects of post-disaster housing reconstruction on individual well-being. I continue

exploring the role of post-disaster housing reconstruction in Chapter 5, where I link

reconstruction efforts to post-disaster migration decisions, and long-term well-being.

This research is a collaboration with Elizabeth Frankenberg and Duncan Thomas,

for which I designed the empirical strategy, estimated the models, and wrote the

paper. I move away from the effects of reconstruction of individual assets to, in

Chapter 6, look at the effects of reconstruction of community assets, in particular,

road infrastructure. Chapter 6 also includes in Section 6.10 a case study of the

reconstruction of the Banda Aceh - Meulaboh road, a major road reconstruction

project that happened after the tsunami. I provide concluding remarks in Chapter

7.
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2

Smong!
The 2004 Indian Ocean Tsunami

2.1 A Place Called Aceh

The location of my study is the Indonesian province of Aceh, located in the northern

tip of the Indonesian island of Sumatra, formally known as Nanggroe Aceh Darus-

salam (NAD). Of all the countries that sustained damage caused by the tsunami,

Indonesia, and in particular Aceh, was the area most affected. Figure 2.1 shows the

geographic location of Aceh, and the location of the epicenter of earthquake that

caused the rupture of the fault line that eventually would trigger the largest tsunami

in 600 years (Lavigne et al., 2013).

The province of Aceh has one of the highest percentages of muslims in Indonesia,

and it was one of the first states to adopt Islam in Southeast Asia (Evans, 2010). The

city of Banda Aceh in the capital of the province and the most important economic

center. There are a total of 18 kabupaten (regencies), the largest administrative unit

below the province, which in turn are subdivided into kecamatan (subdistrics), and
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then desa (villages). Based on official data from the most recent census (2010)1, the

total population of Aceh is about 4,500,000, with the majority located in rural areas

(71.9 percent). Migration rates are about 4.7 percent, higher in urban (9.6 percent)

versus rural (2.7 percent) areas. Official statistics state labor force participation at

60.8 percent.

Before the tsunami caused massive death and destruction in the province, Aceh

experienced a 30 year armed conflict between the Free Aceh Movement (GAM) and

the national military. Wold Bank statistics estimate that this conflict resulted in

15,000 deaths and the displacement of about 30,000 households, and caused signifi-

cant loses in infrastructure, social capital, and economic resources (Evans, 2010). A

new chapter opened in Aceh’s history in the aftermath of the tsunami and in Au-

gust 2005 GAM and the Government of Indonesia (GOI) signed a Memorandum of

Understanding (MOU) to end the civil war (Evans, 2010).

Although the long-term exposure to civil conflict had a negative effect on the

economic development of the province, Aceh is an area rich in natural resources,

in particular oil and gas. According to BPS, Prior to the tsunami, oil and gas

production accounted for 40 percent of Ache’s GDP, followed by agriculture (24

percent). However, according to the World Bank, this availability of natural resources

has not resulted in better economic conditions for Aceh, especially for those living

in rural areas.

Since 2005, when Aceh began to recover from the destruction of the tsunami and

following the peace accord with GAM, the province has shown remarkable social and

economic progress. According to statistics from the Crisis Management Initiative

(CMI ), unemployment and poverty rates are 50 percent lower now when compared

to the pre-tsunami period (about seven and 14 percent respectively). And, UNDP’s

Human Development Index for Aceh is at a similar level as the rest of the country.

1 Official data from Statistics Indonesia (BPS ): http://sp2010.bps.go.id/
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Despite the lingering trauma caused by the tsunami, Aceh embarked on a steady

path of recovery, which has resulted in many positive outcomes. Moving forward,

the province will still face challenges. Aceh remains highly dependent on oil and gas

production, which partially explains slow GDP growth in recent years, but regardless

of the challenges ahead, the gains achieved in the post-disaster period are important,

and a solid starting point for sustainable development. In the next sections, I discuss

both the impacts of the tsunami as well as the reconstruction process.

2.2 Impacts of the Tsunami in Aceh

On December 26, 2004 a 9.1 magnitude earthquake with epicenter 250 km south-west

of Banda Aceh in the northern tip of the Indonesian island of Sumatra caused one

of the deadliest tsunamis on record. The earthquake resulted in a 1200-1300 km

rupture of the fault line stretching from Indonesia to the Andaman islands (Wang

and Liu, 2006). The sudden rise of the ocean floor due to the earthquake’s magnitude

caused the displacement of over 25 trillion tons of water. As the water approached

coastlines, at an estimated velocity of 800-1,000 km per hour, massive waves formed.

Data shows that wave heights ranged from 10 meters along the coasts of Sri Lanka

and Thailand and over 35 meters along the west coast of Sumatra, Indonesia (Wang

and Liu, 2006). The effects reached as far the east coast of Africa, 8,000 km away,

some 7-9 hours later and were recorded on tidal stations around the world (Borrero,

2005).

The 2004 Indian Ocean tsunami caused massive death and destruction in many of

the affected countries. It is estimated that over 235,000 people died and over 2 mil-

lion were displaced in countries including Indonesia, Sri Lanka, India, and Thailand

(Frankenberg et al., 2015). The tsunami was the worst natural disaster in Indonesia

since the eruption of the Krakatoa volcano in 1883. The province of Aceh, at the

northern end of the island of Sumatra, sustained the most damage (Leone et al.,
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2007).

Hydrological analyses of water flows show there were three main waves triggered

by the earthquake that affected Aceh and North Sumatra. The first one reached

the coast within 20 to 40 minutes after the earthquake. It was fast moving and

relatively shallow and, according to eye witness accounts, it carried a lot of debris.

In downtown Banda Aceh, for example, debris reached 3.5km inland (Lavigne et al.,

2009). This first wave was responsible for the destruction of most of the “sederhana”

(low-quality) and semipermanent houses (Lavigne et al., 2009). The second wave,

which arrived less than five minutes after the first, was the most destructive one. It

was a fast moving and massive rising tide that caused most of the devastation to

the remaining (and sturdier) infrastructure. Wave heights ranged between 25 and 35

meters, approximately the height of a 10-story building, depending on the distance

to the coast and elevation (waves were highest in flat areas and those closest to the

coast).

The impacts of the tsunami were unprecedented. In the worst-hit areas, over 70

percent of the population died and the vast majority of infrastructure was completely

destroyed. It is estimated that in Aceh, about 130,000 people died (five percent of

the population), and over 700,000 were displaced (McKeon, 2008; Masyrafah and

McKeon, 2008). Economic losses reached about US$4.5 billion, which is roughly the

GDP of the entire province in the year before the tsunami and about 2.3 percent of

the national GDP (Lavigne et al., 2013). About 60 percent of losses were accounted

for by damages to assets, including damage to or destruction of about 200,000 houses.

There are two main reasons behind the devastation and loss of life caused by the

Indian Ocean tsunami in Aceh and North Sumatra. First, the tsunami left little time

for action, striking in some areas within 20 minutes after the earthquake. Second,

in most of the affected areas the tsunami was unexpected. Most places had not
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experienced a tsunami for hundreds of years2, which is the reason why many people

failed to recognize the signs of an incoming tsunami following the earthquake. There

were three key features that should have alerted people closer to coastal areas of the

imminent danger and the need to seek higher ground. According to reports from

tsunami survivors after the earthquake, and before the arrival of the tsunami, people

could hear what seemed like the sound of three explosions, which researchers agree

likely signaled the vertical displacement of the ocean floor (Lavigne et al., 2013).

The second, and more obvious sign of imminent danger, was the retreating of the

ocean. Observers estimate that the waters retreated about 10 minutes after the

earthquake. In Banda Aceh ocean withdrawal exceded one kilometer. Reports of

the water retreating extended all over the west coast of Aceh, from Banda Aceh to

the city of Meulaboh (Lavigne et al., 2009, 2013). Finally, many survivors report

that the last sign of the incoming tsunami was the sudden movement inland of

numerous flocks of birds (Lavigne et al., 2013). The fact that people in most of

the highly vulnerable areas in coastal Aceh and North Sumatra missed these signs

of imminent danger shows how communities not only lacked disaster preparedness

actions but also the knowledge to act preventively. When the water retreated, instead

of seeking higher ground, accounts tell of people walking to the shore to collect fish.

The lack of understanding of the threat of a tsunami was widespread, which meant

anyone was vulnerable to the risk. In fact there is no evidence that for people in

coastal areas the possibility of a tsunami was a real concern (Ingwersen, 2014). There

is also no evidence of selective mortality on factors such as socioeconomic status

or education. Most mortality selection from the tsunami is a function of physical

strength (Frankenberg et al., 2011).

2 The exception was the island of Simeulue, off the west coast of Aceh, where they have stronger
oral histories of what they called smong after a tsunami that occurred in 1907. Tsunami mortality
in the island was very low as most people in vulnerable areas escaped to the mountains (Lavigne
et al., 2013).
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Research also shows that destruction and damage to buildings was related to the

location of the propagating bore as well as to wave heights and variations of the to-

pography (Lavigne et al., 2013) with a diminishing gradient of destruction from west

to east (Leone et al., 2007). Before breaking, tsunami waves (in particular the second

wave) had enough energy to destroy buildings and other infrastructure, and severely

damage heavy concrete structures. A spatial analysis of damage in Banda Aceh, one

of the areas affected the most, shows that most structures were either destroyed (or

collapsed), and only concrete buildings remained standing at all, although many of

these suffered from extensive structural damage (Lavigne et al., 2013). In a suburb

of Banda Aceh, for example, most buildings sustained the highest level of structural

damage (total destruction or collapse), and only reinforced structures experienced

very heavy damage (the next highest level of damage) (Lavigne et al., 2013; Leone

et al., 2007). Patterns of housing damage closely mirror the degree of exposure to

the destructive force of the bore. Estimates indicate that total destruction of the

housing stock happened with water depths over 10m. After waves broke, inundation

was widespread but damage patterns were less pronounced. In areas over 2.7 km in-

land, houses were damaged but not necessarily destroyed (Lavigne et al., 2009).Other

sectors affected by tsunami destruction included transportation, energy and electric-

ity, telecommunications service, drinking water and sanitation, and water resources

(Lavigne et al., 2013). Table 2.1 shows a summary of damage by major sector.

Rebuilding Aceh would require aid from the Indonesian government as well as the

international community. On December 26, President Susilo Bambang Yudhoyono

declared a national disaster (Masyrafah and McKeon, 2008) beginning the emergency

and reconstruction phase.
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2.3 Post-tsunami Reconstruction

The magnitude of death and destruction that followed the tsunami triggered an

extraordinary inflow of disaster relief aid from the public sector, domestic and in-

ternational organizations, religious organizations, and foreign governments. By the

end of 2007, a total of US$7.7 billion had been committed to support post-tsunami

reconstruction. This figure does not include informal sources of aid provided by

families and friends of survivors, including temporary shelter and accommodations

(Jayasuriya and McCawley, 2008). The post-tsunami reconstruction process is note-

worthy for two reasons. First, it mobilized a record amount of resources. Of the

total amount committed to Indonesia, US$ 1.5 billion were in excess to the esti-

mated cost of the reconstruction, which allowed the Indonesian government to set

the goal to “build back better”. Second, under the coordination of the Indonesian

government, the reconstruction brought together multiple players, which contributed

their expertise and own resources to rebuilding post-tsunami Aceh. These players

included multilateral organizations, foreign donors, and domestic and international

NGOs (Masyrafah and McKeon, 2008).

The reconstruction process can be roughly divided in two phases. First, assis-

tance programs concentrated on providing immediate relief for basic needs, such

as food, shelter, and access to clean water. Once these primary needs were met,

tsunami assistance efforts shifted focus to reconstruction and development, includ-

ing housing, health, transportation, water and sanitation, and programs designed to

promote the rehabilitation of livelihoods. To coordinate the reconstruction effort the

government of Indonesia created the Agency for Reconstruction and Rehabilitation

(BRR) to handle a task that involved over 2,000 projects distributed across over 400

organizations (Masyrafah and McKeon, 2008).

The creation of BRR twas an important action to move forward the reconstruc-
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tion effort. Upon its creation BRR received the legislative authority to simplify reg-

ulations to ensure the rapid deployment of reconstruction assistance (Evans, 2010).

BRR not only benefited from streamlined procurement processes, the agency also

managed to attract highly qualified professionals, rolled out financial management

and monitoring tools to track the progress of the many projects happening at the

same time, and managed to effectively decentralize many efforts to external organiza-

tions working simultaneously across many dimensions of the reconstruction (Evans,

2010).

Reconstruction of infrastructure included rebuilding housing, transport, commu-

nications, energy, water and sanitation, schools, hospitals, and government buildings.

This effort received about 40.2 percent (about US$ 3.1 billion) of the total amount of

reconstruction funds. Housing was one of the sectors with the largest needs. Table

2.2 shows official statistics tracking reconstruction and recovery progress by 2008.

These figures support the assessment that the amount of infrastructure that was

rebuilt in less than four years after the tsunami was impressive. In the next chapters I

explore the role that infrastructure reconstruction programs had on the recovery and

resilience of communities and individuals in the aftermath of the most devastating

natural disaster in recent years.
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2.4 Figures and Tables

Figure 2.1: Study Area

Source: DeLorme, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO,
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI,
Esri China (Hong Kong), swisstopo, MapmyIndia, OpenStreetMap contributors,
and the GIS User Community.
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Table 2.1: Estimated Damage Caused by the Tsunami in Indonesia

Type of Damage Total

Housing
Houses destroyed 120, 000
Houses damaged 70, 000

Transportation
Sea ports destroyed or damaged 22
Bridges damaged 119
Roads damaged or impassable (km) 2, 600

Education and Health
Schools damaged 3, 415
Students affected 167, 000
Teachers died 2, 000
Healthcare centers damaged or destroyed 517

Other Infrastructure
Government buildings damaged 669
Religious facilities 1, 090

Livelihoods
Fish ponds damaged 20, 000
Boats 14, 000

Agricultural land damaged (ha) 74, 000
Small and medium enterprises lost 100, 000

Source: BRR, 2007, 2009

Table 2.2: Estimated Progress by August 2008

Type of Reconstruction Total

Housing
Houses 114, 000

Transportation
Sea ports 23
Bridges 119
Roads (km) 3, 700

Education and Health
Schools 1, 750
Teachers trained 40, 000
Healthcare centers 1, 115

Other Infrastructure
Government buildings 1, 000
Religious facilities 3, 800

Livelihoods
Boats 7, 100

Agricultural land (ha) 70, 000
Small and medium enterprises received grants 196, 000

Source: BRR, 2007, 2009
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3

STAR Data:
The Study of the Tsunami Aftermath and Recovery

As I noted in Chapter 1, data limitations can complicate the study of long-run effects

of post-disaster reconstruction. Data collection efforts post-disaster often focus on

the period shortly after the event but reconstruction is a long-term proposition so it

is also important to look at what happens to survivors long-after the disaster. The

second point I discussed in Chapter 1 is the high rate of mobility after a disaster (I

expand on this point in Chapter 5), which is the reason why, to properly measure

the effects of post-disaster reconstruction, it is important to follow people over time

and also across space. However, tracking is not only about trying to find respondents

but actually finding them and re-interviewing them, as a result, even if surveys aim

at following survivors, high rates of survey attrition can still affect sample selection.

In this study of post-disaster reconstruction I overcome these limitations thanks

to a unique population representative, longitudinal dataset collected between 2005

and 2015 on an original sample of 28,372 respondents in 7,157 households in Aceh

and North Sumatra, Indonesia.
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3.1 Longitudinal Data on Survivors, Communities, and Households

The data I use are drawn from the Study of the Tsunami Aftermath and Recovery

(STAR), a longitudinal study of individuals, their households, and their communities

in Aceh and North Sumatra. Baseline data collection took place about 10 months

prior to the tsunami by Statistics Indonesia (BPS ) as part of their annual cross-

sectional survey of the socioeconomic status of households, SUSENAS. The baseline

sample is representative of the pre-disaster population at the kabupaten level. The

survey includes respondents who were living in 487 enumeration areas spread along

the coastlines of Aceh and the west coast of North Sumatra (an enumeration area is

equivalent to a census block).

The first follow-up survey (STAR1 ), which began five months after the tsunami

in May 2005, was completed a year later and was followed by four more annual

follow-ups (STAR2-STAR5 ) with the fifth follow-up completed in May 2010. An

additional survey (STAR6 ), started 10 years after the tsunami, in 2014, and was

completed in 2015.

Every member of a household included in the 2004 SUSENAS was eligible for

follow-up. Given the particularly destructive nature of the tsunami in Aceh and

North Sumatra (in the most devastated communities, over 75 percent of residents

died in the tsunami), the first task to launch the follow-up surveys was to identify

survivors. Survival status has been determined for over 98 percent of the baseline

sample. It is estimated that six percent died in the tsunami. The second challenge

faced by the STAR team was to track and interview all baseline respondents. This

task was a major undertaking since about 25 percent of individuals in the sample

were displaced. All movers within any province on the islands of Sumatra and Java

were eligible for follow ups. As a result of the extensive tracking, over 96 percent

of respondents who are not confirmed to have died in the tsunami have at least one
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recorded interview.

The pre-tsunami baseline collected information about housing ownership and

house characteristics along with detailed demographic and socio-economic informa-

tion. Follow-up surveys added extensive information on experience of the tsunami

and damage to (or loss) to housing, other assets and livelihoods, loss of family in

the tsunami, health and socio-economic status, and multiple measures of subjective

well-being and mental health. Information about aid, including housing aid and the

sources of all aid, is also collected in each wave.

A specially designed community-level survey provides information about popu-

lation characteristics of each community in the survey, as well as information on

economic activities, availability of health and education facilities, as well as other

infrastructure, such as roads, water and sanitation, and electrification. Community

surveys also include data on humanitarian assistance and reconstruction, and have

detailed information on land topography and extent of damage, which is important

to understand tsunami impacts in each community.

Using a combination of high resolution satellite imagery, the community surveys,

as well as ground reports from the survey team working in the field, the STAR team

constructed detailed measures of community level damage. Figure 3.1 shows a map

of Aceh with the location of different areas classified by level of tsunami damage1.

Red and orange areas represent high and moderate levels of damage, respectively,

and yellow and green places correspond to light to no damage, respectively. An

important takeaway from the community damage measures is that there is a lot of

localized variation in the level of exposure of communities to tsunami destruction,

which, in turn, will result in a lot of variation in terms of exposure to the effects of

the tsunami as well as the reconstruction.

1 Areas shown in the map are for illustrative purposes only and do not correspond with any actual
villages.
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Figure 3.1: Variation in Tsunami Damage

Source: STAR Team
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4

There Is No Place Like Home:
The Effects of Housing Reconstruction on

Post-Disaster Well-Being

4.1 Introduction

As I described in Chapter 2, on December 26, 2004 a 9.1 magnitude earthquake with

epicenter 250 km south-west of Banda Aceh, on the northern tip of the Indonesian

island of Sumatra, caused one of the deadliest tsunamis on record. Aceh (and to

a lesser extent North Sumatra) was the location hit hardest. About 60 percent of

losses were accounted for by damages to assets, including damage to or destruction

of about 200,000 houses. In the short-term, the tsunami had a traumatic effect on

those that experienced it directly, who had to cope with both personal and material

losses (Frankenberg et al., 2008).

The magnitude of death and destruction caused by the tsunami triggered an

extraordinary inflow of disaster relief aid from the public sector, domestic and inter-

national organizations, religious organizations, and foreign governments. By the end

of 2007, a total of US$7.7 billion had been committed to support post-tsunami re-
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construction (Jayasuriya and McCawley, 2008). Despite the magnitude and breadth

of the reconstruction effort, little is known about the effects the reconstruction had

on individuals, families and communities, and even less evidence exists on the causal

effects of reconstruction of the infrastructure destroyed during the disaster.

The goal of this chapter is to address this gap in the literature and estimate

the causal effect of post-disaster reconstruction of infrastructure on a multidimen-

sional set of post-disaster well-being measures. In particular, I focus on whether

the reconstruction of the housing stock, which was one of the largest post-tsunami

programs, had any effect on post-traumatic stress, socioeconomic well-being, and

self-rated physical health. This question is important since it has been argued that

poorly designed and executed post-disaster reconstruction initiatives can be more

detrimental to survivors than the disaster itself (Myers, 1994; Quarantelli, 1985).

Further, despite evidence that shows housing is an important dimension for both

physical and mental health (Shaw, 2004; Evans et al., 2003; Dunn, 2000), there is

little empirical research on the identification of causal effects of housing assistance

in the aftermath of a natural disaster.

Using data from the Study of the Tsunami Aftermath and Recovery (STAR), I am

able to overcome important limitations to study the causal impacts of post-disaster

reconstruction of infrastructure on affected populations. First, I show that post-

tsunami housing assistance was largely determined by damage. People in areas that

were more exposed to the destruction, and closer to Banda Aceh, were more likely

to benefit from housing aid and received this aid more promptly. Other pre-tsunami

community, household, and individual characteristics are not, for the most part, sig-

nificant determinants of housing reconstruction assistance. Based on this analysis,

I use an individual fixed effects strategy to identify the causal impact of housing

reconstruction on post-disaster well-being. I show that housing assistance causes

statistically significant reductions in levels of post-traumatic stress reactivity, and
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statistically significant increases in levels socioeconomic well-being. It also lowers

the probability of worse (or much worse) self-assessed physical health, although this

results is not statistically significant. These positive effects of housing reconstruc-

tion are mainly concentrated among those who were living at baseline in communities

that experienced some tsunami damage. These results are not driven by any antici-

patory behaviors on the part of beneficiaries, and are robust to the use of alternative

samples and other falsifications tests. In terms of possible pathways by which hous-

ing reconstruction can affect individual well-being, I am able to rule out as possible

mechanism increased household wealth, use of healthcare, or changes in labor market

outcomes. The primary mechanism appears to be linked to improvements in home

quality.

The analysis in this chapter provides an important contribution to the litera-

ture on the effects of natural disasters on well-being and the role of post-disaster

reconstruction programs.

The rest of this chapter proceeds as follows. In section 4.2, I describe key features

of the housing reconstruction effort in Aceh and discuss the existing literature in

section 4.3. I section 4.4, I explain how housing reconstruction could affect well-

being. I describe the data and measures in section 4.5. Before establishing a causal

relationship between exposure to housing reconstruction and well-being, I explore in

section 4.6 short- and long-term effects of exposure to the tsunami on post-traumatic

stress reactivity, socioeconomic well-being, and self-rated physical health. In section

4.7, I explore community, household and individual determinants of housing aid,

which I use in section 4.8 to build the empirical strategy for the causal identification

of the effects of housing reconstruction. I discuss results, heterogeneous effects,

anticipation and spill-over analyses, robustness checks, and a placebo test in section

4.9. In section 4.10 I explore possible mechanisms by which housing reconstruction

could affect well-being. Finally, I provide concluding remarks in section 4.11.
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4.2 Housing Reconstruction in Aceh

Housing is a fundamental component of health and well-being, and quality housing

contributes to reduce illness and other negative effects (Evans, 2010). As described

in Chapter 2, the housing deficit following the tsunami was over 200,000 houses,

including damaged and destroyed homes. In the emergency phase, housing needs

were met through tents, barracks, and other temporary construction. Long-term

housing reconstruction was one of the most challenging projects undertaken during

the rebuilding phase given the size and the number of players involved. The total

estimated damage to the housing sector in the aftermath of the tsunami was close

to US$1.6 billion, greater than any other sector (Masyrafah and McKeon, 2008).

Housing reconstruction had some highest needs and also is the sector that benefited

the most from infrastructure reconstruction. The total budget for infrastructure was

US$3.1 billion, of which housing was over 50 percent (or about 25 percent of the

total reconstruction budget for Aceh). The goal was to rebuild a total of 140,000

houses. Most of the work was carried out by NGOs, about 120 agencies (including

other domestic and international partners) working on 266 projects.

One of the first housing reconstruction and rehabilitation policy actions issued by

the Government of Indonesia was the provision of housing assistance for all house-

holds negatively affected by the tsunami in the form of a 36 m2 home for homeowners

who lost their home, or funds for rehabilitation of damaged houses. The policy di-

rective also provided assistance to renters rendered homeless by the tsunami that

was equivalent to about 40 percent of the value of a 36 m2 home (Steinberg, 2007).

Figure 4.1 shows a picture of two tsunami assistance homes built by two different

agencies, while the two houses look different, it can be seen from the picture that

structurally they are similar. These houses, referred to as “36-plus” by the GOI,

because even if they were a standard size of 36 m2, they were built in a way that it
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was possible for owners to add additional construction (Elliott, 2015). The typical

house includes two bedrooms, a living room, a kitchen, and a toilet, suitable for a

family of four. Also by policy directive, to the extent possible, house were rebuilt in

the same pre-tsunami location, with designated escape routes. According to a study

by McCaughey et al. (2018), over 90 percent of tsunami houses were occupied by

2014, a high percentage of which had been modified by their owners.

The housing reconstruction initiative in Indonesia was for the most part success-

ful, although some authors have identified certain gaps and areas for improvements.

For example, Kennedy et al. (2008) note that housing programs focused on reaching

the number of targeted houses, which in some cases resulted in organizations engag-

ing in the housing reconstruction effort without much prior experience. Masyrafah

and McKeon (2008) also note that lack of experience of some organizations work-

ing in housing reconstruction was a problem in the post-disaster period, particularly

for NGOs. Despite difficulties and shortcomings, by 2008 they were about 114,000

houses completed and housing reconstruction was on the way to becoming a success-

ful experience (Masyrafah and McKeon, 2008).

4.3 Disasters, Reconstruction, and Well-Being

The field of post-disaster well-being is not new but large scale natural disasters

that happened in recent years have provided strong evidence on the negative effects

that natural disasters can have on mental and physical health (Neria et al., 2009).

Poor mental health is a common sequelae of natural disasters, shocks, and conflict,

since these events can cause serious disruptions to life, alter patterns of daily social

interactions, and affect day to day personal habits and community life (Quarantelli,

1985). Post-traumatic stress (PTS ) is a normal reaction following such a potentially

traumatic experience (Myers, 1994). For example, after the Indian Ocean tsunami

Frankenberg et al. (2008) show that those directly exposed to the disaster had higher
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levels of post-traumatic stress reactivity compared to those that had lower levels of

exposure. They also show that people who lost property during the tsunami also

had higher scores of post-traumatic stress reactivity. Similar results have been found

after other disasters and shocks (Frankenberg et al., 2015).

These findings show that natural disasters can have negative and long-lasting

effects on the well-being of survivors, although effects are not uniform and may also

change depending on the disaster and level exposure. Using the case of the Buffalo

Creek floods1, Erikson (1976) further explores differences among disasters. He dis-

tinguishes between the experience of individual and collective trauma (trauma that

results from the loss of community support), and notes that the loss of community

resources had negative effects on the recovery of those affected by the floods. Norris

et al. (2002) note that community-level disasters are particularly pervasive as they

result not only in individual exposure but also in the loss of community infrastruc-

ture at a time when it is needed the most. The observations made by researchers

focused on the community-dimension of disasters suggest that not only exposure to

the disaster matters for mental health, but also post-disaster reconstruction efforts

can contribute (or not) to the recovery of victims.

In line with Erikson (1976), some of the research available on disasters in the

US shows that the lack of community reconstruction efforts, or of poorly planned

and executed post-disaster recovery initiatives, can have additional negative effects

on disaster victims. These negative effects have been referred to as the “second

disaster” (Myers, 1994). Evidence available supports this notion of the “second dis-

aster” in the sense that insufficient (or inefficient) aid in the post-disaster period

has been linked to worse individual outcomes. Evidence collected by the Disaster

Research Center (DRC ) following the evacuation of 20,000 people due to massive

1 The floods occurred in 1972 and were the result of the burst of a dam owned by a coal company.
As a result, 16 towns along Buffalo Creek were flooded with 132 million gallons of waste water.
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floods in Pennsylvania in 1972, shows that the inadequate assistance received by vic-

tims caused greater psychological distress than the flood itself (Quarantelli, 1985).

Another example follows the 1972 Buffalo Creek disaster during which it was noted

that rehousing efforts2 had negative effects on victims, despite the fact that there

were millions of dollars assigned to the reconstruction (Quarantelli, 1985). These two

examples highlight how research on the consequences of natural disasters on well-

being cannot ignore the potential effects of reconstruction programs. Yet, empirical

evidence on the importance of the reconstruction phase for individual outcomes re-

mains scarce, and particularly rare are papers that seek to establish a causal link

between reconstruction and individual well-being.

A large portion of the research on post-disaster well-being focuses on interventions

targeted at dealing with trauma, but little information exists on the psychological

effects of reconstruction. This connection is important to establish as it can inform

post-disaster policies. In particular, considering that impacts that result from shocks

to the wealth of communities and individuals may have greater negative effects on

mental health than just poverty levels (Do and Iyer, 2012; Das et al., 2007). Recon-

struction could be associated with better mental health outcomes as a result of the

economic recovery of communities and livelihoods, but there is not enough evidence

to support this claim. Using a sample of small business owners from Sri Lanka de Mel

et al. (2008) show that changes in mental health outcomes, related to return to nor-

malcy and changes in life outlooks, were mainly determined by time elapsed since

the tsunami, and not directly related to indicators of livelihood recovery in the 18

months after the tsunami. Using a different shock to resources Friedman and Thomas

(2008) show that economic recovery after the Asian financial crisis was not correlated

with improvements in mental health, which suggests that psychological distress may

outlast economic distress. The evidence focused solely on economic recovery is in-

2 4,000 people were left homeless and 507 houses were destroyed.
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sufficient to understand the potential effects of post-disaster reconstruction, as these

initiatives can extend beyond just economic recovery programs. Reconstruction of

civil infrastructure not only provides a way for future economic growth, it can also

affect important dimensions of well-being by restoring assets that are key to regain

a sense of safety and normalcy, and dealing with the effects of trauma and shock,

including reconstruction of health facilities, and housing infrastructure.

The link between features of the built-environment and well-being is not new.

Available historical and modern evidence show that housing, for example, is one of

the key determinants of health (Shaw, 2004; Evans et al., 2003; Dunn, 2000), so in a

context of post-disaster reconstruction, and community-level shocks, housing plays a

central role as a main source of wealth and well-being. Bolin (1985) argues that post-

disaster recovery processes may overlook phycological needs of victims, in particular

when it comes to housing needs. There are several ways in which housing can affect

health. First, is the role of housing quality, such as dampness, extreme temperature,

allergens and other pollutants, as well as other characteristics of dwellings, including

cleanness, overcrowding, ventilation, that can be a direct source of poor health out-

comes. Second, housing can affect health and, in particular, mental health, through

the “meaning of the home” (Bonnefoy, 2007; Shaw, 2004). Evidence in this area

suggests that the home, as a source of security and privacy, may affect perceptions

of health and mental health. In this case, there are a number of studies in developed

countries, including England, Scotland, Canada and Finland, that link housing char-

acteristics to outcomes related to self-rated health, mental health, and well-being.

In these cases authors find negative effects of poor housing conditions (overcrowd-

ing, dampness, isolation) on anxiety and depression (Shaw, 2004). The association

between housing and health has also been studied indirectly through the role that

housing plays in wealth. In this case, there is evidence in developed countries linking

house ownership to better health outcomes. (Shaw, 2004). For example, increases in
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housing prices have been positively associated with lower rates of depression and im-

proved life satisfaction among older homeowners in the US (although the effects are

not statistically significant) (Hamoudi and Dowd, 2013). Urbanization has shown a

positive association improving symptoms of depression and anxiety (Harpham, 1994),

and the provision of basic housing resulted in fewer symptoms of illness (Thomson

et al., 2009). Studies linking housing to well-being have limitations. Many look at a

limited set of outcomes, and mainly focus on the short-term. Further, most do not

provide identification of a causal effect of housing so it is hard to rule out that other

factors, unrelated to the house, can be explaining changes in well-being.

The limited evidence of the relationship between mental health and housing in

developing countries, in particular reconstruction after natural disasters, reflects the

challenges to establish causal links between mental health (and well-being) and post-

disaster reconstruction. One problem is the small size of the samples often used in

the analyses, which may not be representative of the (pre-disaster) population. There

is also a problem with limited use of standard mental health measures in surveys, as

well as the lack of repeated observations over time to track the evolution of mental

health (Do and Iyer, 2012; Adams and Boscarino, 2006). In this paper I am able to

address all these limitations and further extend the research to focus on the causal

effect that exposure to housing reconstruction has on the emotional and physical

recovery of survivors.

4.4 Conceptual Framework and Mechanisms

As previously discussed, housing is an important dimension of population well-being,

both as a source of shelter and as a major component of wealth. Moreover, residential

location can play a central role in outcomes related to work, schooling, and social

interactions. Researchers have also argued that there is a link between housing

and well-being, in particular, on two key dimensions: mental and physical health.
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Housing can provide a sense of stability and security (Shaw, 2004), which can affect

psychological health and reduce stress. Also, the quality of housing conditions can

reduce exposure to environmental stressors that could have negative effects on health.

Based on these findings in the literature, I begin with a simple model to relate

housing to well-being along the lines of health production models, which have been

often used in the literature (DaVanzo and Gertler, 1990). In this case, well-being

(WB) is the results of a number of different inputs (I). The first equation relates

these inputs to well-being outcomes:

WB “ fpIq (4.1)

Well-being inputs can include, for example, health care usage (including psycho-

logical services), healthy habits, such as use of medications, and diet and sleep, just

to list a few. There are also external factors that can affect well-being. These ex-

ternal factors act indirectly by their effects on inputs. The relationship between the

external factor and well-being inputs is:

I “ gpF q (4.2)

There are many potential external factors that can affect inputs toward improving

well-being, including, for example, availability of health services, household or indi-

vidual wealth, characteristics of housing, characteristics of the community in terms

of other resources available (transportation, water and sewage, electricity), work and

wages, or someone’s stock of health. I argue that many of these factors can be writ-

ten as functions of the characteristics of housing (D). In addition to housing quality,

the house is the largest and most important asset for Indonesian families and, as

such, a main component of wealth, so housing aid can affect well-being outcomes by

restoring lost wealth, which in turn can influence direct inputs. Also, labor market

outcomes, such as work status, wages, and hours worked can be affected by housing
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conditions. A house can provide a permanent connection to a labor market, and

contribute to create an environment that is conducive to increased productivity (i.e.

sleep, diet). Based on these relationships, I re-write equation 4.2 as:

I “ gpQpDq,W pDq, LpDq, R,Xq (4.3)

In 4.3, QpDq refers to the quality of the home, W pDq corresponds to individ-

ual wealth, LpDq includes individual labor market outcomes, R are availability of

resources in the community (that result, for instance, from other reconstruction ini-

tiatives), and X is the individual characteristics that are related to well-being (such

as the stock of health).

Combining equations 4.1 and 4.3, I write well-being as a function of housing:

WB “ fpgpF pDqqq “ fpgpQpDq,W pDq, LpDq, R,Xqq (4.4)

Equation 4.4 shows some potential pathways through which housing could affect

well-being. A reduced form analysis would not allow to disentangle many of these

mechanisms; however, the ideas introduced in this framework provide a way to rule

out key possible pathways for the link between housing and well-being. I will explore

these possible pathways in section 4.10.

4.5 Data and Measures

The study of long-term well-being of natural disaster survivors is challenging. As I

noted, most studies are hampered by two main issues. One, is the lack of standard

measures of well-being, for example mental health, and the other is the short-term

nature of many projects, which only collect information shortly after the disaster.

Similar constrains apply to the analysis of the post-disaster recovery period, therefore

most empirical research has not been able to track the evolution of well-being out-

comes after a natural disaster nor establish a causal link between observed changes
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in well-being and the transformations happening to the built environment during

the post-disaster reconstruction period. In this chapter, I am able to overcome these

limitations by using a panel dataset of survivors of the 2004 Indian Ocean tsunami,

including measures taken before and after the disaster. I focus on the period be-

tween 2005 and 2015, which covers the years when most of the reconstruction was

completed and beyond.

4.5.1 Sample and Descriptive Statistics

The sample for this analysis includes a total of 12,447 adults (25 years or older) that

were interviewed at baseline, survived the tsunami, and have at least two interviews

in the period between 2005 and 2015. I exclude people for whom I could not establish

whether they received housing aid (two percent of eligible adults), those who did not

have at least two post-tsunami measurements (1.7 percent of eligible adults), as well

as people for whom I don’t have complete information on their outcomes of interest

(2.3 percent of eligible adults)3. Table 4.1 includes summary statistics for the sample.

The first column corresponds to the full sample used in this chapter, and the second

and third columns show the distribution of characteristics for those that received

housing assistance and those that did not.

The sample I use is well-balanced in terms of gender with 51 percent females.

The average age is about 40 years, and the majority of adults included were mar-

ried at baseline (80 percent). The baseline sample characteristics show that house

ownership prior to the tsunami was widespread, with 81 percent reporting owning

a home. The data also shows that pre-tsunami home quality was low. Only three

percent of the sample reported having a concrete roof and about 43 percent reported

3 An analysis of correlates of missing values shows that age, gender, marital status, and level of
community damage are important factors explaining missing data. Males, people under the age of
34 years, and those unmarried at baseline are more likely to have missing outcomes. Those living
in areas that sustained high tsunami damage are also slightly more likely to be missing.
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brick walls. These characteristics are important features to ensure that construc-

tions could survive the force of the waves, so naturally they are a bit lower among

the group of people that benefited from housing reconstruction4. In terms of expo-

sure to the tsunami, most people were in areas that sustained either medium or high

tsunami damage. Loss of housing was also fairly widespread and overall about 40

percent reported their house destroyed and about 23 percent reported it damaged.

Finally, an estimated 21 percent of the sample reports housing assistance after the

tsunami. Among those who benefited from receipt of a tsunami assistance house,

over 90 percent experienced either home destruction (78 percent) or home damage

(29 percent). Reports of housing aid receipts were first collected five months after

the tsunami, although, on average, housing aid receipt happened about 23 months

after the tsunami.

4.5.2 Post-tsunami Housing Assistance

A critical measure for this paper is housing reconstruction, both in terms of receipt

of assistance as well as timing of receipt. I define housing assistance based on house-

hold level reports collected between 2005 and 2010, when most of the reconstruction

was happening. In particular, households are asked to identify if they received as

“tsunami assistance” a house, construction materials, or both. I include as beneficia-

ries of housing aid only those households that reported receiving a house (85 percent

of the sample that reported any housing assistance). To create an individual-level

measure of housing reconstruction, I use a broad definition of beneficiary. I consider

a beneficiary of housing reconstruction any individual that was living at the time of

the tsunami in a household that reported receiving housing aid (regardless of whether

they are still living in that household at the time of subsequent interviews).

4 Based on the information collected at baseline almost 60 percent of households had walls made
out of bamboo. About 78 percent of homes had roofs made of iron sheeting, and 16 percent had
roofs made of sugar palm fiber.
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I also constructed a measure of timing of receipt of housing assistance based

on information on the month and year of house receipt for the household, which

is reported by the household head. To create this individual measure of timing of

housing reconstruction, I applied the same date to all individuals that were living in

the same household prior to the tsunami. I faced two main issues working with these

reported dates. First, people can recall information incorrectly (recall bias). For

example, they can report that certain events happened earlier than they really did.

To deal with this problem, I relied on the longitudinal nature of STAR. Questions

that asked about month and year of housing assistance were asked in all waves of

data available between 2005 and 2010. Using these data I checked for inconsistencies

in replies. To minimize recall bias, as a general rule, I assigned as the date of house

receipt the first date reported and cross-checked this value with reports from later

waves. Further, I used reports from community leaders on the beginning and end

dates of housing reconstruction programs to verify that household dates were within

the range reported for the community. Of the total number of people that I assigned

as recipients of a house, about 11 percent reported inconsistent dates throughout the

survey. Using available data sources in STAR, I manually fixed these inconsistencies.

The second problem were missing values, that is, cases where people directly

failed to report when they received a tsunami assistance house. Missing values was

a more significant problem in the sample I use for this paper than inconsistencies

in reporting. While I was able to confirm for 62 percent of the sample the date of

receipt of housing aid, about 38 percent did not have any recorded information on

the date they received this assistance. A reasonable assumption is that once housing

assistance arrives to a community people will get houses around the same date. Based

on this assumption, I developed an imputation algorithm to fill-in missing values.

The algorithm randomly assigned a date of house receipt based on the dates people

reported for the community. The goal was to match the distribution of the timing
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of house receipt for the community after inputing all missing values5.

Figure 4.2 shows the distribution of housing aid by each wave of STAR. Most

of the housing assistance happened between the second and third follow-up waves

of STAR, when nearly 65 percent of the sample that received aid reported having a

tsunami assistance house.

4.5.3 Post-Disaster Well-Being

As I mentioned above, I look at a multidimensional set of measures of well-being,

including mental health, subjective physical health, and socioeconomic well-being.

Table 4.2 shows means for these outcomes for all available waves of STAR.

4.5.3.1 Post-traumatic Stress

I look at post-traumatic stress to assess the role of post-disaster reconstruction on

mental health. Figley (2013) describes post-traumatic stress reactivity as a “set of

conscious and unconscious behaviors and emotions associated with the memories of

the stressors of the catastrophe and immediately afterwards”. I define a primary

outcome, which is a continuous measure of post-traumatic stress, as well as a sec-

ondary outcome, which is a discrete indicator to provide some indicative evidence of

incidence of high levels of post-traumatic stress.

1. Primary Outcome

(a) Post-traumatic stress reactivity (PTSR): Post-traumatic stress is one of

the most common sequelae following the experience of a natural disaster.

In this analysis I use a PTSR index constructed using seven symptom

items from the 17-item PTSD Checklist-Civilian Version (PCL), which is

5 In the cases where there was no information available for the community because all dates were
missing, I applied the imputation algorithm to the dates available for the kecamatan (subdistrict),
which is one administrative unit above the village (desa). About 63 percent of imputed observations
were at the kecamatan or higher level.
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based on the DSM-IV criteria (Weathers et al., 1993). During interviews,

adult respondents provide information on their experiences with certain

reactions post-disaster, as well as the intensity and frequency of the reac-

tion6. Responses to these questions where quantified using a scale ranging

from 0 (no experience) to 3 (experienced often). The sum of the scores

for each questions results in a final PTSR scale, which ranges from 0 to

21 (for those most affected) (Frankenberg et al., 2008).

2. Secondary Outcome

(a) High PTSR Threshold: To estimate incidence of high PTSR levels, I use

the individual items from the 7-item PTSD Checklist to discretize PTSR

scores. To construct this variable, I adapted the criteria described by

Weathers et al. (1993) to fit the 7 item Checklist. I define a binary outcome

that takes the value of one if a person reports at least one symptom from

items 1-2, two symptoms from items 3-4, and at least two symptoms from

items 5-7. Following Weathers et al. (1993) I used a cut-off score of at

least 2. This variable provides information on whether an individual falls

within what the literature considers a high PTSR threshold7.

4.5.4 Self-rated Health

The second set out outcomes I use in this analysis measure the evolution of subjective

physical health based on questions at the time of each interview. These outcomes

provide information on how respondents assess their own health as time progresses.

6 For example, some of the items included are: (a) repeated, disturbing memories, thoughts,
dreams, or experiences of tsunami; (b) feeling very upset when something reminded you of tsunami;
(c) avoiding activities or situations because they reminded you of a stressful experience. See figure
4.3 for the full questionnaire.

7 According to the literature, falling within the high PTSR threshold provides indicative evidence
of possible PTSD (Weathers et al., 1993).
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I defined both the primary and secondary outcomes as binary indicators.

1. Primary Outcome

(a) Self-rated Physical Health: To estimate how subjective physical health

evolves over time, I created a measure based on self-assessments of physical

health at the time of interview. I defined an indicator variable that takes

the value of 1 if at the time of interview a person indicates their physical

health to be worse or much worse relative to the previous year, and 0 if

the assessment of their physical health is the same or better.

2. Secondary Outcome

(a) Activities of Daily Living: ADL’s provide important information about

people’s ability to perform activities related to “self-care”, such as dress-

ing, bathing, grooming, and functional mobility. In each wave of STAR

respondents are asked about whether they experienced, in the month prior

to interview, difficulties (a) taking care of themselves, (b) moving and

walking, and (c) carrying loads. I use these data to create an indicator

variable that track people’s ability to perform ADLs. The variable takes

the value of one if people report having frequent to severe problems or are

unable to perform the tasks.

4.5.5 Socioeconomic Well-Being

To provide a complete picture of the evolution of post-disaster well-being, I include

as the last set of outcomes measures of socioeconomic well-being and quality of life.

1. Primary Outcome

(a) Socioeconomic Status Ladder: I use a subjective measure of socioeconomic

status (SES ) based on a six step ladder. Each individual is asked to pick
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a step that describes where they view themselves at the time of interview.

The lowest step (1) is where the poorest people stand and the highest

step (6) is where the richest people stand. The question is asked at the

individual level, so it provides a measure of individuals’ perceptions of

their relative socioeconomic well-being. And, unlike traditional measures

of resources such as per capita expenditures, the ladder question does not

require adjustments for spatial variation in prices, which is an important

advantage in the post-tsunami period when inflation rates were high.

2. Secondary Outcome

(a) Life quality: To assess changes in perceived quality of life, and the like-

lihood that it returns to pre-tsunami levels (or better), I use information

collected at each interview on how people perceive life for their family rel-

ative to the time prior to the tsunami. To track the likelihood that quality

of life returns to pre-tsunami levels (or improves relative to pre-tsunami),

I created an indicator variable that takes the value of one if the person

reports life for their family is the same (or better) compared to before the

tsunami.

4.6 Exposure to the Tsunami on Well-Being

To provide additional motivating evidence of why I believe post-disaster reconstruc-

tion and, in particular, housing reconstruction are important determinants of post-

disaster well-being, I first establish the short- and long-term effects of exposure to

the tsunami on well-being. In particular, I am interested in the effects related to loss

of housing.

I begin by estimating a simple model that relates the outcomes of interest to three

measures of exposure to the tsunami: (i) An indicator (E1) that takes the value of
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one if the individual had a direct physical experience of the tsunami8; (ii) an indicator

(E2) that takes the value of one if the individual reports the home destroyed during

the tsunami; and (iii) an indicator (E3) that takes the value of one if the individual

reports the home damaged at the time of the tsunami. Using this information, I

estimate the following model:

yijt “
3

ÿ

k“1

βkEki ` γXi ` µj ` δt ` εijt (4.5)

To the extent that exposure to the tsunami, as defined above, was “quasi random”

then the coefficients βk in model 4.5 would be an unbiased estimate of the effect of

exposure to a natural disaster on well-being. Research has also shown that damage

to infrastructure is a direct function of location (i.e. distance to the coast and

elevation), so to account for these differences across communities, and to control for

other unobserved community differences, I include community fixed effects (µj) in

the model. To ensure I get a precise estimate of the effect of exposure I also control

for baseline household and individual characteristics (Xi).Finally, I also account for

time (month and year) of interview (δt).

I first estimate model 4.5 using data collected shortly after the tsunami 9. In

this case, it is a comparison between those exposed and not to the tsunami and

captures the short-term effect of tsunami exposure, in particular loss of housing, on

well-being. Then, I reestimate model 4.5 but in this case I use data collected in the

long-term 10. This model extends the short-term analysis to look at the effect of the

8 I define the indicator as taking the value of one if a person reports experiencing any of the
following: (a) Hear the sound of rushing water? (b) Hear people shouting about the water? (c) See
tsunami come ashore? (d) Swept away in the water? (e) Sustain injuries? (f) See family members
struggle in the water? (g) See family members disappear? (h) See friends/neighbors struggle in the
water? (i) See friends/neighbors disappear?

9 For 94.4 percent of the sample the first observation is between May 2005 and May 2007.

10 For 87.9 percent of the sample the long-term measure would be sometime between 2014 and
2015
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tsunami once the reconstruction process was completed. Finally, I estimate a third

model where I look at changes between short- and long-term outcomes. This model

compares outcomes in the first period ptq to those measured in the second period

pt ` 1q to provide a measure of how tsunami exposure effects change in the longer-

term. This question is key as it can provide suggestive evidence on the possible effects

of reconstruction on the individual recovery process. While very little aid, other than

emergency relief, had been delivered by the time of the second wave of STAR, by the

fifth and sixth follow-ups many highly damaged communities had fully recovered. To

capture differences in the short- and long-term, I estimate the following model:

yijt “
3

ÿ

k“1

βkEki ` σWt`1 `

3
ÿ

k“1

αkWt`1 ˆ Eki ` γXi ` µj ` δt ` εijt (4.6)

In this case the coefficient βk captures the effects of exposure relative to those

that were not exposed. And, αk is a coefficient that captures the differential effect

of exposure at t` 1 compared to the initial measure.

Table 4.3 presents results for these models. The first column shows the effect of

exposure to the tsunami on PTSR measured in the short-term. In this case, there

are strong negative effects caused by exposure. People that directly experienced the

tsunami have PTSR scores that are, on average, 0.79 points higher compared to

those that did not have direct experiences. Further, for most Indonesians, the home

is the most valuable asset they own. In addition to wealth, homes provide security

and stability, which is why people that experienced home destruction or damage to

their homes also have, on average, higher PTSR scores (0.57 and 0.34 respectively)

compared to those whose homes survived the tsunami unscathed. In column 2 we

can see that in the longer-term negative effects from exposure have disappeared.

This model shows that there are no significant differences, at the time of interview,

between PTSR scores of people that experienced directly the tsunami and those that
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did not.

This is an important result. It suggests that people are resilient and negative

effects caused by community disasters are not associated with poor psychological

health in the long-run. The third column shows the differences between the first and

second periods. This model captures how PTSR scores changed when compared to

the measures taken shortly after the tsunami. On average, PTSR measured in the

second period was over two points lower compared to the earlier measurement. Most

importantly, exposure to the tsunami was, in the second period, associated with

additional significant decreases in the level of PTSR. People that had direct physical

exposure to the tsunami experienced an additional decrease of 0.6 points in PTSR

compared to those that did not have direct exposure to the tsunami. However, it is

people whose homes were destroyed during the tsunami that experienced the greatest

improvement in mental health measured by PTSR. Home destruction is associated,

in the long-run, with a decrease of 0.91 points in PTSR.

I find similar patterns when I look at self-rated physical health. In the short-run,

direct exposure to the tsunami results in a 2.4 percentage point increase (column 4) in

the probability a person reports worse (or much worse) physical and emotional health,

respectively, compared to prior to the tsunami. These negative effects disappear in

the long-run (column 5). Comparing short- and long-term outcomes shows that those

that experienced the tsunami directly have a 10.4 percentage point decrease in the

probability of having worse physical health. Exposure to house destruction also has

positive effects in the long-run. People who experienced the loss of their home have

7.1 percentage points decrease in the probability of reporting worse physical health

(columns 6).

Finally, I explore the role of exposure to the tsunami on socioeconomic well-

being. I show that exposure to the tsunami in the form of damage or loss of the

home has significant effects lowering people’s self-assessment of their socioeconomic
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status relative to others in their community in the short-term (column 7). Further,

these negative effects persist in the long-term, although they are slightly lower in

magnitude for those whose homes were destroyed. The comparison between short-

and long-run effects shows that home destruction is associated with higher levels of

socioeconomic well-being (column 9).

As discussed in previous sections, the reconstruction effort that took place in

Indonesia was extraordinary, both in scale and in the amount of resources invested.

Results from this section show that groups most affected by the tsunami also expe-

rienced greater levels of improvements in the long-term. To the extent that aid was

distributed to those that needed it the most, columns 3, 6, and 9 provide suggestive,

yet powerful evidence, of the potential role of post-disaster reconstruction improving

individual well-being. This analysis is an important motivation for the next steps in

this study, where I will directly try to isolate the causal effects of the reconstruction

on these multiple dimensions of well-being.

4.7 Exposure to Housing Reconstruction

Assessing the effects of exposure to post-disaster reconstruction is more complicated.

As noted above, if allocation of aid is not random, a simple comparison between

those that received aid would result in biased estimates of the effect of post-disaster

recovery assistance. Conceptually, the main issue with non-random assignment is

that it breaks the assumption by which treatment and control groups are balanced

(Blundell and Costa Dias, 2000), so a comparison of individuals that received aid to

those that did not would not yield a causal estimate of the effect of housing assistance.

To be exact, if Di is an indicator for housing aid, then EpDiεiq “ 0 is not longer

valid for identification since the outcome of interest would be affected by Di directly

(either by having access or not) and indirectly through εi. A causal estimate of the

effect of reconstruction would need to address this issue. To identify a causal effect
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of housing reconstruction, I will begin by examining community, household, and

individual determinants of housing assistance. If housing reconstruction is mainly a

function of the damage caused by the tsunami, then baseline characteristics, for the

most part, should not predict receipt of housing aid.

4.7.1 Determinants of Housing Assistance

I begin by exploring the determinants of housing assistance. The goal is to establish

whether there are features of the communities or individuals that provide evidence

that in the post-tsunami period there was some differential allocation of housing

reconstruction by which some people benefited more than others. To understand

better these reconstruction patterns, I estimate a series of models at the community

and individual levels. First, I estimated the probability of housing aid receipt for

each STAR community to assess if there are any pre-tsunami characteristics that

made some communities more likely to receive aid, as well as when they were more

likely to benefit from housing reconstruction programs. Second, I estimate individ-

ual level models where I determine the probability of aid receipt by each follow-up

wave of STAR as a function of tsunami damage, characteristics of the communities,

households, and individuals. Results for these models are shown in tables 4.5 and

4.6.

As I noted previously, damage to infrastructure was a function of the destruction

caused by the tsunami, for example, as a function of the force of the wave and the level

of flooding. These tsunami features were, in turn, determined by the topographic

characteristics of the area, including distance to the coast, elevation, proximity to

rivers, etc. If in the aftermath of the tsunami assistance was determined by damage,

then the pattern of aid distribution should show that areas that had higher levels of

damage would also benefit more, and more rapidly, from post-tsunami reconstruction

43



aid. Using data from the National Planning Agency of Indonesia (BAPPENAS )11

on the amount of reconstruction funds disbursed by kabupaten (district), I show in

Figure 4.4 that there is a clear pattern in aid distribution. As expected, areas closer

to Banda Aceh, which was one of the zones hit hardest, received larger commitments

of aid. Based on available evidence these patterns of aid disbursements align with

patterns of damage established after the tsunami, which show destruction was higher

along the west coast, in particular in areas closer to Banda Aceh, and lower as

we move forward down the west coast and along the east coast (Lavigne et al.,

2009, 2013). This descriptive analysis provides suggestive evidence that post-tsunami

reconstruction may have been largely a function of need and also proximity to Banda

Aceh. Next, I test (i) these same patterns in the data, and (ii) whether there are other

features, in addition to damage, that would explain aid allocation at the community

and individual levels.

4.7.1.1 Community Analysis

The community level analysis is based on a total of 487 communities distributed

across the western and eastern coasts of Aceh, the west coast of North Sumatra,

and the islands of Nias, Sabang, and Simeulue. These communities correspond to

STAR enumeration areas, which are roughly equivalent to census blocks. I consider

two main measures in this analysis. First, I created an indicator for “receipt of

tsunami assistance house” that takes the value of one if at least one household from

a community reports receiving an assistance house post-disaster. Second, I define

timing of housing aid based on the average number of months since the tsunami

households from the community report receiving housing aid. Following these two

definitions, a total of 69 percent of communities in the STAR sample received housing

reconstruction programs.

11 For more details see: www.rand.bappenas.go.id
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The Indonesian province of Aceh, given its geographic location and proximity to

the epicenter of the earthquake, was one the locations hit hardest. However, even

within Aceh, damage caused by the tsunami was not evenly distributed. Areas near

the western coast of the province, as well as the small islands near the epicenter,

were more exposed to the damage of the waves compared to places on the east coast.

These differences in exposure may also result in differences in allocation of housing

assistance. For example, over 86 percent of the communities in the northwest area of

Aceh received housing reconstruction compared to only 46 percent for those on the

east coast. Location also shows differences in the timing of aid. On average, com-

munities located on the east coast received housing aid about a year later compared

to those in the northwest coast12.

Differences across regions extend also to other community characteristics, in-

cluding geography and pre-tsunami economic characteristics. Table 4.4 provides a

summary of these regional differences, which can be significant in some cases. For ex-

ample, 40 percent of the communities in the northwest region are urban compared to

only six percent of those on the islands. Also, the average level of education is higher

in northwest and eastern communities (between nine and eight years) compared to

those located on the islands (six years). Communities on the southwest coast have a

smaller number of schools compared to northwest and eastern areas, which have on

average 10 schools vs. six schools in the southwest. Given these differences and their

potential relation with the allocation of housing reconstruction, I next use multi-

variable regression analysis to explore correlations between pre-tsunami community

characteristics and receipt and timing of housing assistance at the community level.

Table 4.5 presents results from the linear regression analysis. Column 1 shows

12 The northwest region (NW) comprises the kabupaten of Banda Aceh, Sabang, Aceh Besar, Aceh
Jaya, and Pidie; the southwest region (SW) includes Aceh Barat, Nagan Raya, Aceh Barat Daya,
Aceh Singkil, Aceh Selatan, and Sibolga, the eastern region (EST) includes Lhokseumawe and
Langsa; and the islands (ISL) include Simeulue and Nias.
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the correlation between community level characteristics (measured pre-tsunami un-

less indicated otherwise) and receipt of housing aid (at the community level). The

model shows that there are two main predictors of housing reconstruction aid at

the community level: (i) level of community damage, and (ii) distance to Banda

Aceh. Compared to areas of low exposure to tsunami damage, communities heavily

damaged are 16 percentage points more likely to receive housing aid. In terms of

location, communities that are further than 50 km from Banda Aceh are less likely

to receive housing assistance.

Timing of housing aid, defined as the mean number of months since the tsunami

households from the community received new houses13, is also highly determined

by the level of exposure of the community to tsunami damage as well as its loca-

tion. Compared to communities with low exposure to tsunami damage, areas highly

exposed received housing aid programs, on average, about six months earlier.

Conditional on damage and location, the likelihood of housing aid receipt and

timing of housing aid are not driven by community level features, such as pre-tsunami

characteristics of the population, level of resources (schools, medical services), eco-

nomic activities, or characteristics of the village leader (age, level of education,

tenure). One exception is aquaculture. Communities that had aquaculture as one

of their main economic activities pre-tsunami were more likely to get housing recon-

struction faster; however, this result does not necessarily imply selection in housing

aid distribution as aquaculture is also highly correlated with vulnerability to tsunami

damage (proximity to the coast, and increased risk of flooding)14.

Collectively, these models show that distribution of housing aid is highly deter-

13 As previously noted, I use the household level reports on month and year of housing assistance
to construct this measure of timing.

14 To account for possible differences across regions, I re-estimated the same models for probability
of receipt and timing of housing aid stratified by region. The analysis for each of the regions shows
very little differences in terms of determinants of housing aid.
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mined by damage and, conditional on damage, distance to Banda Aceh positively

affects the likelihood of getting aid. In terms of timing of aid, the models show that

only level of tsunami damage matters to determined which communities received

housing assistance faster.

4.7.1.2 Individual Analysis

The next step is to look at the main determinants of housing aid at the individual

level to explore if some individuals benefited more than others. I estimate a series of

models to explore correlations between pre-tsunami household and individual char-

acteristics, and receipt and timing of housing assistance. First, I define receipt of

housing as an indicator that takes a value equal to one if, at any point during the

2005-2015 period of analysis, an individual receives housing assistance (regardless

of timing of receipt of aid). Then, I create STAR wave-specific indicators to track

receipt of housing assistance by each STAR follow-up. These indicators take the

value of one if by the STAR interview date the individual reports already receiving

housing aid. Overall, 21 percent of adults on the sample benefited from a tsunami

assistance home. Most of the aid was distributed between 2006 and 2008 (Figure

4.2). Finally, I create a measure of timing of housing aid (similar to the one used

at the community level). It measures time elapsed between the tsunami and the

date a household reported receiving housing aid. As described in section 4.5.2 this

individual measure of housing aid is based on household level reports of receipt of

housing assistance for the pre-tsunami household.

I show results from this model in Table 4.6. First, I estimate the probability of

benefiting from housing assistance (column 1), then I estimate how this probability

changes over time (columns 2 to 7) and finally, I estimate timing of housing aid

(column 8). From the results shown in the community models, I expect the main

drivers of housing aid to be: (i) need, as a function of tsunami damage; and (ii)
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location at baseline, as a function of geographic and topographic characteristics. If

allocation of housing aid post-tsunami was based on damage, then once I control

for these characteristics, household and individual baseline features should not be

significant predictors of housing aid.

Table 4.6 (columns 1 to 7) shows that housing reconstruction follows this expected

pattern. Consistent with the results from the community-level models, areas that

experienced higher levels of tsunami damage were more likely to receive aid earlier

that communities that sustained lower levels of destruction. People whose homes

were destroyed and, to a lesser extent, those whose homes were damaged, were more

likely to receive housing assistance compared to those that didn’t have any home

damage.

In terms of household characteristics, we can see that resources matter. Com-

pared to households at the bottom half of the (per capita expenditure) distribution,

wealthier households are between seven and five percentage points less likely to ben-

efit from housing reconstruction, especially during the earlier reconstruction period.

In terms of individual characteristics, older adults, compared to those between 25-34

years, are about three percentage points less likely to receive housing assistance.

The last column of Table 4.6 shows predictors for timing of housing aid, defined

as the number of months since the tsunami a person reports receipt of a tsunami

assistance house. Similarly to the previous analyses, need is the main determinant of

timing of housing aid. Those in areas that sustained large levels of tsunami damage

benefited from housing aid, on average, six months before compared to those in

communities that were exposed to medium and low levels of destruction. People

that lost their homes also benefited from housing aid about five months earlier than

those who did not have any damage. Results from this model also show that there

are no household or individual correlates that explain people benefiting from housing

assistance sooner. To sum up, housing reconstruction was largely determined by
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damage, which is a function of tsunami characteristics (and arguably exogenous),

and conditional on damage, there are not, for the most part, significant predictors

of housing assistance.

4.8 Empirical Strategy

I take advantage of the longitudinal nature of STAR, which allows me to observe

individuals before and after the receipt of housing aid15, to estimate individual fixed

effects models. From the previous section, I show that once I condition on level of

tsunami damage, and geography and topography, household and individual baseline

characteristics were not, for the most part, significant predictors of either receipt or

timing of housing assistance; however, there may still be some selection on unob-

served heterogeneity. The individual fixed effects strategy addresses this issue and

recovers unbiased estimates of the effect of housing reconstruction on well-being by

absorbing any unobserved variation coming from individual-level heterogeneity that

is fixed over time and affects well-being in a linear and additive way. This strategy

will also address possible observed time-invariant baseline characteristics that are

correlated with receipt of housing assistance. The baseline model also includes time

of interview fixed effects to control for unobserved time trends that are constant

across individuals but that could also be correlated with access to housing aid.

This identification strategy is based on an intent-to-treat (ITT ) approach, which

seeks to minimize the possibility of bias caused by migration induced by housing

reconstruction initiatives and other reconstruction efforts. Similar to the individual

models for determinants of housing aid, and as I described in section 4.5.2, I assign

the measures of exposure to housing aid based on the pre-tsunami household rather

than the current household.

15 For each adult in my sample I have a minimum of two and a maximum of six observations taken
between 2005 and 2015.
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The baseline model takes the following form:

yit “ βDit ` γXit ` µi ` δt ` εit (4.7)

Where Dit is a variable that tracks whether individual i was exposed to housing

assistance at time of interview t, Xit are time varying individual characteristics (in-

cluding marital status and per capita expenditures), and µi and δt are the individual

and time of interview fixed effects, respectively. In this baseline specification, I define

exposure to housing assistance as an indicator that takes the value of one if a person

was living, at the time of the tsunami, in a household from which someone reported

receiving a house (as post-tsunami assistance) on a date prior to the individual inter-

view date for each STAR follow-up. This indicator takes the value of zero if receipt

of house happened after the date of interview or if the pre-tsunami household did

not receive housing aid post-tsunami. Identification of the causal effect in this fixed

effects strategy comes from the assumption that Epεit|Dit, Xit, µi, δtq “ 0.

However, there are some threats to identification. Any sources of time-varying

heterogeneity correlated with housing reconstruction initiatives and not included in

the model would violate the assumption for the causal identification of the effects of

housing reconstruction. For example, housing reconstruction programs are likely one

of multiple reconstruction initiatives happening at the same time in a community.

If indeed housing programs are happening at the same time as other reconstruction

projects, such as improvements of health facilities, the estimate of β from equation

4.7 would be biased. To address these concerns, I modify the baseline model in two

ways. First, I use STAR community level surveys to create a series of variables that

track other key reconstruction initiatives happening in these communities over time

(Cjt)
16. These variables include, for the period 2005-2015, whether the community

received block grants, public works programs, reconstruction of roads and bridges,

16 STAR community surveys are answered by the leaders of each village that include survey enu-
meration areas. They respond a large set of questions about community experiences before and
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and reconstruction of health facilities. Second, I replace the interview time fixed

effects for kecamatan-time of interview fixed effects (δkt). These interactions should

swipe the variation coming from time-varying heterogeneity, which is constant for

each individual, but varies across subdistricts. This set of fixed effects should not

only control for time trends but also for how each different subdistrict is evolving

over time. This final specification takes the following form:

yijt “ βDit ` γXit ` ηCjt ` µi ` δkt ` εijt (4.8)

Where identification of the causal effect of housing aid on well-being is based

on the assumption that now Epεit|Dit, Xit, Cjt, µi, δktq “ 0. Equation 4.8 exploits

variation coming from changes in individual exposure to house reconstruction at each

STAR follow-up to provide a causal estimate (β) of the effect of housing assistance

on well-being. The coefficient β is an average for the entire period of exposure but

fails to give any insights on the effects of length of exposure to housing assistance.

It is also important to understand how the effect of housing assistance changes as

a function of housing tenure. To directly test the effects of length of exposure to

housing aid, I modify equation 4.8 to include instead of the binary measure Dit

a continuos variable Ait, which measures the number of years a person has been

exposed to housing assistance at each interview date.

yijt “ σAit ` γXit ` ηCjt ` µi ` δkt ` εijt (4.9)

While 4.9 provides a better estimate of the importance of timing of exposure

to housing aid, it still does not provide any information as to whether the effects

of housing assistance on well-being are stronger in the shorter or the longer term.

This distinction is particularly important considering the period of analysis covered

after the tsunami, including detail questions about reconstruction programs and the timing of those
initiatives.
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is about 10 years. To further explore the role of timing, I modify equation 4.9 to

take the following form:

yijt “
4

ÿ

s“1

θsApsqit ` γXit ` ηCjt ` µi ` δkt ` εijt (4.10)

Where A1 is an indicator for whether the individual will receive a house six

months in the future, A2 is an indicator for house tenure six months or less, A3 is

an indicator for house tenure between 6 and 24 months, and A4 is an indicator for

house tenure over 24 months. This last model provides evidence on two important

points. First, if the effect of housing on well-being is a function of the expectation of

receiving a house or is the result of the actual possession of the asset. And, second,

it shows whether the effects of housing aid are concentrated on specific intervals

along the time continuum. Based on the conceptual framework, expectations should

not matter, as any effects of housing assistance on well-being come from having a

tsunami assistance home.

I estimate all models using OLS with fixed effects. Estimates of standard errors

take into account heteroskedasticity of arbitrary forms and clustering of sampled

respondents at baseline community level (Huber, 1967).

4.9 Results

4.9.1 Benefits of Housing Reconstruction

Table 4.7 shows results for models 4.8 in Panel A, 4.9 in Panel B, and 4.10 in Panel

C, for both the primary outcomes and the secondary outcomes. Results support the

hypothesis that housing assistance has a positive effect in the recovery from trauma,

both lowering PTSR scores, and the the likelihood of falling within a high PTSR

threshold. Housing reconstruction has a positive relationship with self-rated physical

health, and lowering the probability of experiencing frequent difficulties with ADLs,
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although these effects are not statistically significant. Finally, housing reconstruction

has statistically significant positive effects improving socioeconomic well-being, both

in terms of increasing people’s perceptions of their position in the socioeconomic

ladder as well as increasing the likelihood of reporting that life is the same or better

than before the tsunami.

To be specific, Panel A (column 1) shows that receipt of housing reconstruction

results in lower levels of PTSR by 0.21 units, although this result is not statistically

significant. To understand the possible implications of a reduction in PTSR score,

column 2 explores a secondary outcome. Column 2 shows that people that received

post-tsunami housing assistance are 1.2 percentage points less likely to fall within a

threshold for high PTSR (which is a signal of possible PTSD incidence). As noted

previously, results from these models only provide a partial picture of the potential

effects that receiving housing aid could have on victims of natural disasters as model

4.8 fails to capture the importance of “length of exposure” to the home may be in

the recovery from trauma.

Panel B also in table 4.7 shows results for model 4.9, which replaces the indicator

for receipt of housing aid for a continuous measure of years elapsed at the time of

interview since the person received housing assistance. Results from this model are

consistent with the hypothesis that not only exposure to housing aid matters (model

4.8) but tenure of the home is also an important factor. Panel B, column 1, shows

that each additional year of housing tenure reduces levels of PTSR by 0.06 points

(statistically significant at the one percent level). This reduction represents a one

percent decrease in the average PTSR score after the tsunami (2005-2006). Further,

looking at the secondary outcome, each additional year of exposure to housing aid

reduces the probability that a person would fall within a threshold for high PTSR

by 0.2 percentage points (also statistically significant at the one percent level). This

result establishes that not only housing matters, the length of time a person has been
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benefiting from the house is also important. However, imposing a linear relationship

between PTSR and housing tenure may fail to capture the full extent of benefits

from exposure to housing assistance.

I explore possible non-linear effects of exposure to housing aid in Panel C, which

shows results from model 4.10. Column 1 supports the hypothesis that effects of

exposure to housing assistance are non-linear and most of the positive effects are

concentrated on exposures to housing reconstruction greater than two years. People

who received housing assistance for two or more years at the time of interview have a

0.32 point reduction in PTSR levels (statistically significant at the five percent level).

This reduction accounts for a six percent decrease in the average PTSR score after

the tsunami (2005-2006). Longer exposures to aid are also associated with positive

effects on the secondary outcome. People that had been exposed to post-tsunami

assistance housing for more than 6 months are more likely to fall outside the high

PTSR threshold. In particular, column 2 shows that exposure to housing for 6 to

24 months at the time of interview results in 1.3 percentage point reduction of the

probability of a high PTSR levels. And, exposure to housing assistance of two or

more years results in a 2.1 percentage point decrease in the likelihood to fall within

a threshold for possible PTSD (column 2).

Columns 5 and 6 show results for models 4.8, 4.9, and 4.10 for outcomes related

to socioeconomic well-being. Panel A shows that, similarly to the case for PTSR,

housing reconstruction results in a 0.11 point increase (statistically significant at the

one percent level) in self-assessed socioeconomic status, which represents a positive

change of 4.4 percent with respect to the average in 2005. Housing reconstruction

also reduces by 4.7 percentage points the likelihood that quality of life would be worse

(or much worse) relative to before the tsunami. Panel B in columns 5 and 6 show

that longer housing tenure also significantly improves socioeconomic well-being. A

one year increase in tenure of a tsunami assistance home results in a 0.015 increase in
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the socioeconomic ladder (a 0.6 percent change with respect to the average in 2005),

and a 0.01 percentage point increase the likelihood that quality of life recovered to

pre-tsunami levels (or better) (columns 5 and 6). Finally, Panel C shows that effects

of housing reconstruction on socioeconomic well-being also accrue in the long-term

(columns 5 and 6). Tenure of a tsunami assistance home for more than 6 months

results in a 0.12 point increase (tenure 6-24 months) and 0.10 point increase (tenure

over 24 months) in the socioeconomic ladder (column 5). These changes represent a

4.8 and 4.2 percent increase over the average in 2005. Longer exposure to housing

reconstruction lowers the chance of reporting worse (or much worse) life quality by

over four percentage points (column 6).

Table 4.7 has important implications. It shows that housing assistance in the

aftermath of natural disasters is important but it may not be enough to maximize

the positive effects that reconstruction initiatives can have on affected populations.

The timing of when the assistance reached victims is a significant factor driving the

recovery from post-disaster trauma both on the primary and secondary outcomes in

the sense that the sooner housing reconstruction arrives the longer people will be

exposed to the assistance house. This analysis underscores another important point.

Since most effects are concentrated for longer-term exposure to housing reconstruc-

tion, studies focused on the short-term will likely miss these effects.

4.9.2 Heterogenous Effects

In the previous section I established that housing assistance has significant positive

effects on post-traumatic stress levels and socioeconomic well-being of tsunami sur-

vivors. However, there is no reason to assume that all population subgroups will

benefit from housing aid in the same way. While a home is important for well-being,

certain subgroups may be more susceptible both to the loss of housing as well as

to the receipt of aid. In this section I focus on understanding if effects of housing
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reconstruction vary by three key subgroups. First, I look at survivors living in high

damage areas17 compared to those from areas that experienced no damage. From a

policy perspective this is an important analysis that shows how reconstruction ini-

tiatives can also be powerful tools to aid in the process of individual recovery from

trauma. Table 4.8 shows that most of the positive effects of housing reconstruction

on post-traumatic stress are concentrated on people from communities that experi-

enced high levels of tsunami damage. For people from these highly damaged villages,

each year they had a tsunami assistance home causes a reduction of 0.07 points in

their PTSR scores. And, the receipt of a home for two years or more results in a

decrease of PTSR levels of 0.33 points (column 1), which is a six percent decrease

with respect to the average after the tsunami (2005-2006). In terms of the secondary

outcomes, tenure of housing is also important in these high damage areas to reduce

the likelihood that tsunami victims would fall within a high PTSR threshold. Each

additional year of housing tenure reduces the likelihood of high PTSR (which is a

marker for possible PTSD) by 0.3 percentage points (column 2). People in high dam-

age areas that received assistance homes for two years or more are 2.2 percentage

points less likely to score within a high PTSR threshold.

Improvements in socioeconomic well-being are also concentrated on people living

in highly damaged areas. Columns 5 and 6 of Panel A show that housing reconstruc-

tion results in an increase of 0.11 points in the SES ladders, which represents an

improvement in socioeconomic well-being of 4.2 percent with respect to the baseline

after the tsunami, and also an increase of 4.2 percentage points in the likelihood

that family life will return to pre-tsunami conditions (or improve). Panels B and C

show that tenure also matters, and, consistent with the main results, most of the

17 High damage areas comprise areas that experienced high damage as well as medium damage.
This indicator of damage combines satellite imagery on post-tsunami ground coverage with ground
reports from community leaders. Observations were also validated by the survey team working in
the field after the tsunami.
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effect of housing reconstruction accrue in the long-term. Exposure to housing aid

for 6 months or more results in an increase in the SES ladder of 0.11 points (Panel

C, column 5). And, exposure to housing reconstruction for 6-24 months results in

a 4.4 percentage point increase in the likelihood that quality of life will recover to

pre-tsunami levels.

About 75 percent of women in the sample take care of the home as their primary

activity so receiving a new house post-tsunami could have added benefits for them

compared to men. At the same time, housing assistance could have positive effects

for men on well-being by restoring a safe and more stable environment that could

allow them to focus on work outside of the home, or other activities. Benefits of

housing assistance extend to both men and women (table 4.9). A one year increase

in tenure of housing lowers PTSR scores for men by 0.08 points (column 1), which

represents a 1.5 percent decrease from the 2005 average. The length of exposure to

housing aid has significant effects reducing the probability that either women or men

will fall within a high PTSR threshold. In particular, each additional year of housing

tenure lowers this probability by 0.3 percentage points (column 2) for women and

0.2 percentage points (column 2) for men. Women that had assistance housing for

two or more years experience the largest benefits in terms of reducing their chance

of a having high PTSR levels. They show a 2.7 percentage point reduction in PTSR

levels(column 2) compared to 1.7 percentage points for men (column 2).

Differences among women and men become more evident in terms of the effects on

socioeconomic economic well-being. Both men and women experience improvements

from housing reconstruction (and housing tenure) on the SES ladder. Tenure of

the assistance home is an important factor for women’s perceptions of improvements

in quality of life for the family. Each additional year of exposure to housing aid

contributes to improve women’s assessment of life quality by 0.6 percentage points.

And, having an assistance house for over 6 months results in a 5.2 percentage point
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improvement in the likelihood that quality of life will return to pre-tsunami levels

(column 6).

Table 4.10 shows that positive effects of housing aid are mainly concentrated on

younger people (those aged 25 to 35 years). Column 1 shows that each additional year

of housing tenure lowers PTSR scores for people aged 25 to 35 years by 0.07 points,

which is a 1.3 percent reduction from the post-tsunami average in 2005. Column 1

also shows that these positive effects on PTSR scores are mainly happening shortly

after receiving a house. People that at the time of interview had an assistance

house for less than 6 months have a 0.46 point reduction in their PTSR scores,

which represents a nine percent reduction from the average score post-tsunami (2005-

2006). Housing aid also benefits younger people in terms of the probability that they

would be within a high PTSR threshold. In particular, housing aid results in a

2.8 percentage point reduction in this probability (column 2, Panel A). And, each

additional year of housing tenure results in a reduction of the probability of high

PTSR of 0.3 percentage points. As previously noted, for younger people most of

the effects of housing aid on the risk of high PTSR occur in the longer term. Young

people that received a home for at least six months are between 3.2 and 3.5 percentage

points less likely to fall within the threshold for high PTSR.

Finally, columns 5 and 6 show that housing reconstruction improves socioeco-

nomic well-being across all ages, although effects are more salient for younger adults

and the elderly. Adults over the age of 45 who have been exposed to housing aid for

6-24 months experience an increase in the SES ladder of 0.15 points, which repre-

sents a 6.1 percent increase with respect to the measures after the tsunami (column

5). They are also 6.3 percentage points more likely to report quality of life returned

to pre-tsunami levels (column 6).

The heterogeneity analysis shows that while housing reconstruction initiatives

can provide important contributions to offset negative effects of trauma caused by
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natural disasters, these positives effects will not reach everyone in similar ways. In

particular, certain groups that are specially vulnerable after a disaster, such as the

elderly, will still require post-disaster initiatives to target their specific needs.

4.9.3 Spill-over Effects

Patterns of housing aid (Table 4.1) show that not everybody received housing as-

sistance, and that there are communities where some people benefited from post-

tsunami housing aid while others did not. In this section, I explore the hypothesis

that housing aid could create spill-over effects and also affect the well-being of people

that did not benefit from reconstruction programs. However, the direction of these

spill-over effects, if any, is unclear. On one hand, housing reconstruction initiatives

could have positive spill-over effects that, for example, result from improvements to

the community that help to restore a sense of normalcy for everyone. On the con-

trary, people who did not benefit from housing aid may experience negative effects if,

for instance, they perceive their own situation to be more disadvantaged compared

to the people that received assistance.

To test for spill-overs, I re-estimated models 4.8, 4.9 and 4.10 on the sample of

people that did not receive aid but are in communities where others benefited from

housing reconstruction. I use the first date a household from a community reports

a tsunami assistance house as the reference date for the community. Results for

this analysis (table 4.11) show that there are no significant spill-overs from housing

reconstruction. Panel B in Table 4.11 shows that each additional year of aid in the

community results in a statistically significant 0.007 point reduction in PTSR scores,

but this only represents a 0.13 percent reduction in the average PTSR score after

the tsunami. Even if this analysis does not result in significant spill over effects, it

still is important, from a policy perspective, to consider potential unintended effects

of reconstruction initiatives on those who are not part of these programs.
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4.9.4 Robustness of Results

4.9.4.1 Anticipatory Behavior

The results presented thus far provide evidence that housing reconstruction has pos-

itive effects on post-disaster well-being. And, further, that it is the actual receipt of

the new asset that results in significant improvements, which, as noted previously, is

consistent with the conceptual framework introduced in section 4.4. In this section,

I show that results from this paper are not affected by beneficiaries of housing aid

anticipating the receipt of assistance. To rule out that there is this anticipatory

behavior, I redefine the main treatment variable as an indicator that will take the

value of one if the community received housing assistance but the beneficiaries of

housing reconstructions did not benefit yet18. Using this new definition I re-estimate

models 4.8 and 4.10. If there is no anticipatory behavior we would not expect well-

being to be positively affected by the fact that housing reconstruction arrived to the

community.

Results from this analysis, shown in Table 4.12, allow me to rule out that well-

being of housing reconstruction beneficiaries improved as a result of reconstruction

happening in the community. In particular, results are in the opposite direction,

which shows that before receiving housing assistance people are not doing necessarily

better. And, in particular, with respect to subjective socioeconomic well-being, which

is measured relative to others, they are significantly worse.

4.9.4.2 Alternative Samples

To further test the robustness of the results presented in the previous sections, I

re-estimated models 4.8 and 4.9 and 4.10 using alternative samples. The first sample

only includes people that had at least five waves of data. This restriction reduced

the number of eligible adults to 9,379. Then, I re-estimated the model with a sample

18 They have been exposed to housing assistance for ď 0 months.
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that only includes adults that were interviewed in all six waves of STAR (using the

full balanced panel). This second alternative sample includes a total of 5,990 adults.

I present results from these models in Table 4.13.

The robustness check shows that results are not sensitive to the sample used.

While in some cases smaller samples result in a loss of power to detect statistically

significant changes, the magnitude and direction of estimated coefficients does not

change, which supports the robustness of the identification strategy for the paper 19.

4.9.5 Falsification of Results

I designed a falsification test to rule out possible issues with the identification strat-

egy. In this case, I estimate models 4.8 and 4.9 for the primary outcomes on the

sample of people that did not receive housing assistance 20. To estimate the models,

I created an algorithm that draws a date of receipt of an assistance house from the

pool of all available dates and randomly assigns it to a member of this non-treated

sample, such that the proportions of treated and non-treated individuals remains the

same as for the main analysis. Once I defined the treated and non-treated groups

based on the random assignment, I estimate models 4.8 and 4.9. I repeated this

sequence 250 times to rule out results due to chance. For each model, I plotted the

distribution of the the t-statistics, and estimated the percentage of cases where the

t-statistic was ď |1.96|.

Figure 4.5 shows the distribution of the t-statistics for models 4.8 and 4.9, re-

spectively, for PTSR, and low self-rated physical health, and the SES ladder. The

results are consistent with the hypothesis that there should not be any effect in this

sample from the random assignment of treatment. After 250 replications, I reject

19 The results presented in the previous section are also robust to the use of different specifications,
including time-varying community controls as well as the use of kabupaten-time of interview fixed
effects.

20 This is the group for which I would not expect to see any result form exposure to housing aid
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significant effects for PTSR in 94.4 percent of cases (model 4.8) and 96.8 percent of

cases (model 4.9), for physical well-being, I reject significant effects in 99.6 percent of

cases (model 4.8) and 98.6 percent of cases (model 4.9). And, for the SES ladder, I

reject significant effects in 99.2 percent of cases for model 4.8 and and 98.8 for model

4.9.

4.10 Possible Pathways

The coefficient for β in models 4.8, 4.9, 4.10 provides the causal effect of housing

assistance on well-being of tsunami survivors, controlling for additional factors but it

does not provide any information on which are the pathways through which housing

can cause this positive effect. In this section, I explore some of the pathways described

in section 4.4 through which housing reconstruction assistance can contribute to

reduce the negative effects of trauma among tsunami survivors. In particular, I

focus on the relationship of housing aid with quality, wealth, labor market outcomes,

and health service availability.

4.10.1 Housing Quality

For this analysis, I define quality based on the construction materials of the house.

I consider a house to be of good quality if it has either brick walls, a roof made of

concrete tiles, or non-dirt floors. Prior to the tsunami, 43.9 percent of the sample

had quality homes. By 2015 about 78.4 percent of people had a home of good

quality. Columns 1 to 3 in Table 4.14 present results for the models linking housing

reconstruction to quality.

We can see that housing reconstruction is associated with a 13.4 percentage point

increase in the likelihood that a home will be of good quality. Table 4.14 (column

2) shows that housing reconstruction results in an 18.4 percentage points increase

in the likelihood of having brick walls, and in a 1.7 percentage point increase in the
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probability a home will have concrete tile roofs. This results are consistent with the

“build back better” policy undertaken by the government of Indonesia during the

reconstruction.

4.10.2 Household Expenditures

The house is one of the principal assets of Indonesia families so it is a major com-

ponent of wealth. One possible pathway that housing aid can improve well-being

is through the restoration of wealth. The first approach to test this pathway is by

exploring the relationship between housing reconstruction and household per capita

expenditures21. I estimate this model on those people that were the head of the

household at baseline. The fourth column of Table 4.14 shows that there is no

significant effect of housing reconstruction increasing household expenditures.

4.10.3 Wages and Hours Worked

I also explore the role of wages and hours worked as possible pathways through which

housing aid can improve mental health. There are two key variables for this analysis.

First, I use individual level information for all waves of STAR on the total number

of hours respondents work on a typical week. Second, to estimate hourly wages I use

individual reports on earnings, which I divided by the total number of hours worked

in the previous week multiplied by 4.33 (Strauss et al., 2004).

There are a number of reasons why housing aid could have a positive effect on

labor market outcomes, which in turn can affect well-being. A permanent home can

help create links with the community so that people can benefit more for the charac-

teristics of labor markets, especially in cases when housing reconstruction initiatives

are followed by other community investments that could generate employment op-

portunities that can improve wealth. Also, a permanent home can contribute to

21 This measure is constructed based on detailed information on household expenditures collected
in each wave
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increase productivity, which in turn could also have a positive effect on individual

wealth and the health choices made by people.

From the results shown in columns 5 and 6 (table 4.14) I rule out wages and

hours worked as pathways through which housing aid can affect well-being, which

does not mean there could not be a direct relationship between post-traumatic stress

and labor market outcomes, it just means that housing aid does not affect well-being

by improving wages or hours worked.

4.10.4 Use of Healthcare

Finally, I investigate if housing aid plays any role directly on usage of health services

(or if it only acts indirectly through other pathways, such as wealth). I created two

variables to measure health service usage. The first one is binary indicator that takes

the value of one if there was a report of usage of health services in the month of the

interview. The second variable is a continuous measure of the number of times a

person sought care. In this case, health services are broadly defined as “outpatient

care”.

Results for these models show that there is no relationship between usage of

health services and housing assistance (columns 6 and 7 of table 4.14). This is an

interesting result as it supports the earlier hypothesis that the role of housing aid

on well-being operates through other channels, which, in turn, can increase access to

medical services.

4.11 Discussion

Natural disasters are expected to become more intense and frequent, so this chap-

ter provides an important contribution to the literature on the impacts of natural

disasters. It shows that programs that target reconstruction of infrastructure, in par-

ticular in areas that are central for individual well-being, such as housing, can have
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significant positive effects on the recovery of disaster victims. While this research is

based on one particular disaster, it is one of the few papers that provide a causal

link between reconstruction of post-disaster individual outcomes and, therefore, it

has important policy implications. It shows that the rapid deployment of resources

to rebuild can result in important gains for the recovery of victims suffering from

poor mental health and trauma, loss of economic resources, and physical ailments.

Further, lower levels of trauma, and improved mental and physical health can have

additional positive effects on the overall recovery process of affected communities as

people may be more willing to engage in community activities, are able to return to

work, and resume their daily activities with an increased sense of normalcy.

To be specific, I show that housing reconstruction has significant effects lowering

levels of post-traumatic stress, and increasing socioeconomic well-being and percep-

tions of quality of life. Housing reconstruction also has positive effects on self-rated

physical health and activities of daily living (ADLs), although these effects are not

statistically significant. Further, people from communities that were highly damaged

by the tsunami, and those younger than 35 years of age, benefit the most from the

positive effects of housing reconstruction. Findings of this paper cannot be explained

by beneficiaries of housing assistance anticipating the receipt of reconstruction pro-

grams, and spill-over effects among non-beneficiaries are limited.

Using data from a panel of 12,447 survivors of the 2004 Indian Ocean tsunami,

I begin by showing that housing reconstruction was mainly driven by the damaged

caused by the tsunami, and that pre-tsunami community, household, and individual

characteristics are not, for the most part, significant determinants of allocation or

timing of housing reconstruction programs. I build the empirical strategy for this

paper based on this finding. I rely on individual fixed effects models to identify the

causal effects of housing reconstruction programs. I also show that this identification

is robust to the use of alternative samples. And, a placebo replication analysis further
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confirms that the main effects can indeed be attributed to the receipt of tsunami

assistance housing.

There could be many possible pathways through which reconstruction of the

housing stock could impact well-being, in this chapter I explore four main ones. I

rule out that increased in household wealth (measured by HH PCE), changes in the

labor market, and access and usage of health services explain the impact of housing

reconstruction on well-being. I show that there is a strong association between

housing reconstruction improving quality of housing, in particular the use of brick

walls (versus bamboo). This result is consistent with research that document the

importance of house quality on health, for example.

This analysis has a few limitations. First, I use a measure of housing reconstruc-

tion at the household level, which means I consider as “beneficiaries” of housing

assistance both people that benefited directly from aid as well as indirectly by virtue

of being part, prior to the tsunami, of a household that received a house. This

definition misses the dynamic nature of the post-disaster context. Fully capturing

the dynamics of post-disaster reconstruction and individual decisions can be very

difficult to do; however, in the next chapter I explore some of the dynamics of hous-

ing reconstruction as they relate to migration decisions. Second, another limitation

is the focus on outcomes related only to mental health and subjective well-being,

which may be missing additional impacts of housing reconstruction initiatives. A

third limitation relates to the population I use in this study. In particular, I focused

on adults, so it is unclear what the role of housing reconstruction could be on chil-

dren. Fourth, the focus of this paper is mainly on housing reconstruction, which was

a priority policy area for the government of Indonesia.
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4.11.1 Research Extensions

This chapter provides some of the first causal evidence of the impact of reconstruction

of the built-environment on the well-being of disaster survivors. And, in particular,

it sheds light on the importance of housing reconstruction during the post-disaster

period to restore well-being across multiple dimensions. From a policy perspective,

these results underscore the importance for emergency and reconstruction programs

to implement the necessary mechanisms that would ensure reconstruction assistance

is effectively deployed not only in terms of “access” but also of “quality”. Further,

because most benefits accrue in the long-term, the sooner the reconstruction period

begins the faster disaster survivors can experience some of these benefits. The results

of this research extend the literature on natural disasters but they also contribute

to the overall literature on housing by providing causal evidence on the importance

that access to adequate housing has on multiple dimensions of well-being.

In future work I plan to extend these analyses to explore the role of housing

reconstruction programs on a set of objective measures of well-being, in particular

related to physical health. We know that exposure to the tsunami resulted in positive

effects on children (Frankenberg et al., 2013), so in further research I plan to extend

the analysis of this paper to look at the role of housing reconstruction on child

well-being.

Finally, in this chapter, I only provide information after one natural disaster, the

2004 Indian Ocean tsunami. The tsunami is a good context for this analysis given

the level of destruction and subsequent aid. While it is reasonable to assume results

should extend to other similar disasters, even of lesser magnitude, further research

in different contexts would be important to shed light on this point. In future work,

my goal is to compare the reconstruction experience after the Indian Ocean tsunami

with the 2010 earthquake in Haiti.
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4.12 Figures and Tables

!

Figure 4.1: Tsunami Assistance Houses

Source: Peter Katz, STAR Team, 2008
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Figure 4.2: Timing of Receipt of Housing Assistance

Source: Author’s calculations based on STAR data
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Post Traumatic Stress Disorder (PTSD) Checklist-Civilian Version: 7 items 
(administered to adults aged 15 years or older) 
 
For each item (A) through (G): 
 
Questions 1: Since the tsunami, have you ever experienced (item)? 
 
If yes,  
 
Question 2: During the time, you experienced (item) most strongly, did it occur 
         (1) Rarely, (2) Sometimes, (3) Often? 
 
Question 3: When did (…) start? 
 
Question 4: Do you still experience (item)? 
                   (1) No, (2) Sometimes, (3) Often 
 
If not experiencing, 
 
Question 5: How long did it last? 
 
Items 

a. Repeated, disturbing memories, thoughts, dreams, or experiences of tsunami 
b. Feeling very upset when something reminded you of tsunami 
c. Avoiding activities or situations because they reminded you of a stressful experience 
d. Feeling as if your future will somehow be cut short 
e. Trouble falling or staying asleep 
f. Feeling irritable or having angry outburst 
g. Being “super alert”, watchful, or on guard 

 

Figure 4.3: PTSR Questionnaire
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Figure 4.4: Disbursements of Post-tsunami Reconstruction Funds

Source: National Planning Agency of Indonesia (BAPPENAS)

71



	  	  	  

PTSR	  (Model	  8)	   PTSR	  (Model	  9)	  

Physical	  Health	  (Model	  8)	   Physical	  Health	  (Model	  9)	  

SES	  Ladder	  (Model	  8)	   SES	  Ladder	  (Model	  9)	  

0
.2

.4
.6

D
en
si
ty

-2 -1 0 1 2 3
t-statistic

0
.1

.2
.3

.4
.5

D
en
si
ty

-2 -1 0 1 2 3
t-statistic

0
.1

.2
.3

.4
.5

D
en
si
ty

-2 -1 0 1 2
t-statistic

0
.1

.2
.3

.4
.5

D
en
si
ty

-4 -2 0 2 4
t-statistic

0
.2

.4
.6

D
en
si
ty

-2 -1 0 1 2
t-statistic

0
.1

.2
.3

.4
.5

D
en
si
ty

-2 -1 0 1 2 3
t-statistic

Figure 4.5: Placebo Test -250 Replications
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Table 4.1: Sample Characteristics Pre-Tsunami

Full House Non-
sample Receipt Receipt

Demographic characteristics
Avg age 40.8 40.3 40.9
Avg yrs of educ 7.5 7.5 7.6
% female 50.8 47.8 51.7
% married 80.0 78.9 80.3

Household characteristics
Avg household size 4.9 4.9 4.9
% urban 30.7 24.4 32.3
% own house 81.3 84.3 80.5
% concrete roof 3.3 3.0 3.4
% brick wall 43.2 37.7 44.6

Tsunami experience
% high damage communities 15.6 43.4 8.1
% med damage communities 53.8 45.0 56.1
% low damage communities 30.7 11.6 35.8
% house damaged 23.2 12.6 26.1
% house destroyed 39.7 78.9 26.2
% direct physical exposure 63.2 83.8 57.6

Housing aid
% house 21.1 100.0 -
Avg time of receipt 22.9 22.9 -

N 12, 447 2,629 9,818

Table 4.2: Summary of Primary and Secondary Outcomes

Outcome 2005/06 2006/07 2007/08 2008/09 2009/10 2014/15

Post-traumatic Stress
Avg PTSR 5.2 4.6 3.6 3.2 3.3 1.7
% High PTSR 2.6 2.7 1.6 1.1 1.5 0.9

Poor Self-rated Health
% Physical 18.5 17.3 18.1 18.1 19.4 22.7
% ADL 56.9 52.2 54.8 45.7 51.7 51.6

Socioeconomic Well-Being
Avg SES Ladder 2.5 2.7 2.8 2.9 3.0 2.8
%Life Quality 76.7 94.1 86.1 90.1 88.2 85.2
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Table 4.3: Short- and Long-Term Effects of Exposure to the Tsunami on Well-Being

PTSR Poor Physical Health Socioeconomic Well-Being

Short Long Diff Short Long Diff Short Long Diff

Tsunami exposure
Physical exposure 0.787*** 0.130 0.764*** 0.024** -0.014 0.057*** 0.009 0.003 0.014

(0.093) (0.072) (0.091) (0.009) (0.010) (0.009) (0.018) (0.019) (0.018)
Asset damage/loss

House destroyed 0.567*** 0.167 0.783*** 0.033*** -0.006 0.049*** -0.065*** -0.046** -0.115***
(0.115) (0.095) (0.109) (0.011) (0.011) (0.011) (0.024) (0.023) (0.024)

House damaged 0.341*** 0.029 0.296*** 0.001 -0.002 0.005 -0.116*** -0.118 -0.137***
(0.102) (0.081) (0.104) (0.010) (0.011) (0.011) (0.021) (0.021) (0.022)

Differences 2015-2005
2015 -2.320*** 0.147*** 0.205***

(0.125) (0.013) (0.027)
Physical exposure x 2015 -0.604*** -0.104*** -0.018

(0.122) (0.013) (0.024)
House destroyed x 2015 -0.911*** -0.071*** 0.119***

(0.132) (0.014) (0.029)
House damaged x 2015 -0.256** -0.010 0.037

(0.128) (0.016) (0.027)

N 12,447 12,447 12,447 12,447 12,447 12,447 12,447 12,447 12,447
a *** pă0.01, ** pă0.05.
b Models control for baseline household and individual characteristics including: HHpce, construction materials of house, household size and composition, gender, marital status,
education, and age. Models also include time of interview and community fixed effects. Standard errors clustered at the pre-tsunami community level.
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Table 4.4: Community Characteristics

Total Region

NW SW EST ISL

Tsunami damage
% communities high tsunami damage 19.7 43.0 11.1 - 15.6

Housing Aid
% communities that received housing aid 68.6 86.6 59.6 46.1 81.3
Avg number of months since tsunami community received aid 29.6 27.2 30.6 35.3 29.7

Geography
Avg distance to the coast (in km) 7.0 5.4 9.3 5.8 4.7
Avg elevation (in meters) 25.2 20.3 18.3 9.9 76.0
Avg distance to Banda Aceh (in km) 250.0 48.1 322.3 259.3 484.9
Avg distance to Meulaboh (in km) 178.9 152.2 154.4 183.8 311.0
Avg distance to Lhokseumawe (in km) 215.0 184.8 232.4 63.6 411.5
Avg distance to Langsa (in km) 228.8 289.6 206.6 62.0 354.5
Avg distance to the epicenter (in km) 216.0 230.4 180.8 259.2 240.0

Pre-tsunami economic characteristics
% communities that had aquaculture 13.8 18.1 12.1 19.7 1.6
% communities that had livestock 67.6 60.4 70.7 53.9 90.6

Top economic activities (2004)
% communities that had fishing only 14.0 12.8 19.2 13.2 1.6
% communities that had farm only 47.8 40.3 60.1 2.6 53.1
% communities that had both 21.2 30.9 12.1 5.3 45.3
% communities that had none 17.0 16.1 8.6 55.3 0.0
Avg log expenditures (based on HH expenditures) 12.7 12.9 12.6 12.6 12.4
Avg years of education 8.0 9.3 7.6 8.3 5.7
% communities that are urban 32.0 40.3 33.3 34.2 6.3
% number of posyandus 1.9 2.0 2.1 1.8 1.3
% communities that had midwife 69.0 71.1 77.3 0.6 0.5
Avg number of schools 8.0 10.1 6.5 10.0 5.0

Village leader characteristics (1st follow-up)
Avg age of village leader 45.2 45.2 45.1 46.6 43.5
Avg tenure of village leader (in years) 5.4 5.0 4.9 7.1 5.8
Avg years of education of village leader 11.6 11.9 11.5 12.1 10.6
% communities a village leader died 6.2 13.4 5.1 0.0 0.0

N 487 149 198 76 64
a (i) Northwest: Banda Aceh, Sabang, Aceh Besar, Aceh Jaya, and Pidie; (ii) Southwest: Aceh Barat, Nagan Raya, Aceh Barat Daya, Aceh Singkil,
Aceh Selatan, and Sibolga; (iii) East: Lhokseumawe and Langsa; and (iv) Islands: Simeule and Nias.
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Table 4.5: Community Determinants of Housing
Reconstruction

Receipt
Aid

Timing
Aid

Community damage level
High tsunami damage 0.16*** -5.64***

(0.05) (1.84)

Geography and location
Distance to Banda Aceh ą50 & ě 200 km -0.32*** 5.05

(0.09) (3.02)
Distance to Banda Aceh ą200 & ě 300 km -0.46*** 0.75

(0.12) (4.45)
Distance to Banda Aceh ą300 & ě 400 km -0.60*** -1.59

(0.13) (4.84)
Distance to Banda Aceh ą400 km -0.21 5.32

(0.12) (4.18)

Village characteristics pre-tsunami
Average lnPCE 26 - 50 pctile 0.01 4.44

(0.07) (2.50)
Average lnPCE 51 - 75 pctile 0.03 4.35

(0.07) (2.48)
Average lnPCE 76 - 100 pctile 0.00 4.21

(0.08) (3.57)
Average education ď 6 yrs -0.02 0.30

(0.11) (4.15)
Average education ą6 & ď 9 yrs -0.01 -1.24

(0.09) (3.54)
Average education ą9 & ď 12 yrs 0.02 -2.82

(0.08) (2.86)
Urban community -0.06 0.50

(0.07) (2.46)
Village ě 2 posyandus -0.12 1.07

(0.07) (2.79)
Village midwife -0.05 1.11

(0.05) (1.90)
Village ď 5 schools 0.02 -2.35

(0.05) (1.52)
Village ą5 & ď 10 schools 0.16 -3.36

(0.11) (5.19)

Economic activities pre-tsunami
Aquaculture 0.01 -5.24***

(0.06) (2.02)
Livestock -0.06 -0.06

(0.05) (1.73)
Fishing only 0.12 -2.40

(0.08) (3.02)
Farming only 0.08 -1.80

(0.08) (2.71)
Fishing and farming 0.15* -2.29

(0.09) (3.04)

Village leader characteristics (1st follow-up)
Age village leader ą40 & ď 45 yrs -0.09 2.16

(0.06) (1.83)
Age village leader ą45 & ď 50 yrs -0.03 -1.80

(0.05) (2.13)
Age village leader ą55 yrs 0.01 0.61

(0.05) (2.02)
Educ village leader ď 6 yrs 0.11 4.09

(0.07) (2.56)
Educ village leader ą6 & ď 9 yrs 0.05 2.66

(0.07) (2.41)
Educ village leader ą9 & ď 12 yrs -0.00 2.10

(0.05) (1.94)

Tenure village leader ą2 & ď 5 yrs 0.00 -0.85
(0.05) (1.70)

Tenure village leader ą5 yrs -0.08 -0.52
(0.05) (1.72)

Leader died in tsunami -0.04 1.19
(0.05) (1.95)

N 487 334

a *** pă0.01, ** pă0.05.
b Models control for distance to the coast, elevation, distance to the epicenter,
region of the community, and household composition. Robust standard errors
clustered at the pre-tsunami community level.
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Table 4.6: Household and Individual Determinants of Housing Reconstruction

Ever
received

Received house by Months
since

house 2005-06 2006-07 2007-08 2008-09 2009-10 2015-16 tsunami

Damage level
High tsunami damage 0.18*** 0.02 0.20*** 0.07** 0.05 -0.00 -0.00 -6.26***

(0.04) (0.02) (0.04) (0.03) (0.03) (0.02) (0.00) (2.18)
House damaged in tsunami 0.05*** 0.00 0.01** 0.01** 0.01 0.01** 0.00 -0.31

(0.01) (0.00) (0.01) (0.01) (0.00) (0.01) (0.00) (2.15)
House destroyed in tsunami 0.20*** 0.03*** 0.10*** 0.05*** 0.05*** 0.02*** -0.00 -4.83**

(0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (1.88)

Household characteristics at baseline

lnPCE 26-50 pctile -0.02 0.01 -0.02 -0.01 -0.00 -0.01 -0.00 -0.22
(0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (1.02)

lnPCE 51-75 pctile -0.05*** -0.00 -0.02 -0.02** -0.02** -0.01 0.00 0.18
(0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (1.18)

lnPCE 76-100pctile -0.07*** -0.00 -0.05*** -0.03*** -0.01 -0.01 -0.00 2.01
(0.02) (0.01) (0.02) (0.01) (0.01) (0.01) (0.00) (1.43)

Owned house -0.00 -0.00 0.00 0.01 -0.00 -0.01 0.00 -1.16
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (1.10)

House had tile roof -0.02 -0.00 0.00 0.00 -0.01 -0.01 -0.00 -1.01
(0.03) (0.01) (0.02) (0.02) (0.01) (0.01) (0.00) (2.02)

House had brick walls -0.00 0.00 0.01 -0.01 0.01 0.00 -0.00 0.16
(0.01) (0.00) (0.01) (0.01) (0.01) (0.00) (0.00) (0.82)

Urban -0.02 -0.00 -0.00 -0.01 -0.01 -0.01 0.00 -0.23
(0.02) (0.01) (0.02) (0.01) (0.01) (0.01) (0.00) (1.47)

Individual characteristics at baseline

Educ 1-6 yrs -0.01 -0.01 -0.01 -0.00 -0.00 0.01 -0.00 1.15
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (0.89)

Educ 7-9 yrs -0.03 -0.01 -0.02 -0.01 -0.01 0.01 -0.00 1.49
(0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (1.09)

Educ 10-16 yrs -0.03 -0.01 -0.02 -0.01 -0.01 -0.00 -0.00 0.51
(0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (1.17)

Female -0.01 0.00 -0.02** -0.01 -0.00 0.00 0.00 0.07
(0.01) (0.00) (0.01) (0.01) (0.01) (0.00) (0.00) (0.63)

Age 35-44 -0.03*** 0.00 -0.01** -0.01** -0.00 -0.00 -0.00 0.36
(0.01) (0.00) (0.01) (0.01) (0.00) (0.00) (0.00) (0.69)

Age ě 45 -0.03*** 0.00 -0.01 -0.02** 0.00 -0.01** -0.00 0.19
(0.01) (0.00) (0.01) (0.01) (0.01) (0.01) (0.00) (0.86)

Married -0.01 -0.00 0.01 -0.00 -0.01 0.00 -0.00 -0.51
(0.01) (0.00) (0.01) (0.01) (0.01) (0.01) (0.00) (0.94)

Widow 0.03 0.00 0.03 0.02 -0.00 0.01 -0.01 -2.54
(0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (1.50)

HH head -0.01 -0.00 -0.01 -0.00 -0.01 0.00 0.00 0.29
(0.01) (0.00) (0.01) (0.01) (0.01) (0.00) (0.00) (0.68)

N 12,446 12,446 12,189 11,181 10,515 10,100 9,861 2,555

a *** pă0.01, ** pă0.05.
b Models control distance to the coast, elevation distance to Banda Aceh, distance to the epicenter, kecamatan (subdistrict) fixed effects, and household composition.
Robust standard errors clustered at the pre-tsunami community level.
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Table 4.7: Effects of Housing Reconstruction on Well-Being

Post-traumatic Stress Poor Self-rated Heath SE Well-Being

PTSR High
PTSR

Physical ADLs SES
Ladder

Life
Quality

Panel A
House by interview date -0.211 -0.012** -0.006 -0.010 0.110*** 0.047***

(0.117) (0.005) (0.012) (0.013) (0.024) (0.013)

Panel B
Years of exposure to house -0.064*** -0.002*** -0.001 -0.001 0.015*** 0.006***

(0.019) (0.001) (0.002) (0.002) (0.004) (0.002)

Panel C
House 6 months in the future 0.036 -0.005 -0.014 -0.003 -0.031 -0.013

(0.175) (0.009) (0.017) (0.022) (0.032) (0.018)
House for 6 months or less 0.111 -0.002 -0.023 -0.012 0.028 0.022

(0.136) (0.006) (0.016) (0.018) (0.028) (0.015)
House for 6-24 months -0.238 -0.013** -0.013 -0.009 0.120*** 0.045***

(0.136) (0.006) (0.015) (0.016) (0.025) (0.015)
House for ą24 months -0.319** -0.021** -0.003 -0.012 0.104*** 0.041**

(0.144) (0.006) (0.015) (0.017) (0.030) (0.018)

N 63,145 63,145 63,145 63,145 63,145 63,145
a *** pă0.01, ** pă0.05.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-time of interview fixed effects, time varying
community characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities),
and controls for marital status and household expenditures. Robust standard errors clustered at the community level.
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Table 4.8: Effects of Housing Reconstruction on Well-Being, by Level of Tsunami
Damage

Post-traumatic Stress Poor Self-rated Heath SE Well-Being

PTSR High
PTSR

Physical ADLs SES
Ladder

Life
Quality

1. HIGH DAMAGE

Panel A
House by interview date -0.179 -0.011 -0.014 -0.015 0.105*** 0.042***

(0.130) (0.006) (0.013) (0.015) (0.026) (0.015)

Panel B
Months of exposure to house -0.070*** -0.003*** -0.002 -0.003 0.014*** 0.006***

(0.022) (0.001) (0.00) (0.003) (0.005) (0.003)

Panel C
House 6 months in the future 0.026 -0.008 -0.007 -0.002 -0.031 -0.017

(0.192) (0.010) (0.019) (0.024) (0.033) (0.020)
House for 6 months or less 0.176 0.001 -0.026 -0.012 0.026 0.015

(0.148) (0.007) (0.017) (0.019) (0.029) (0.016)
House for 6-24 months -0.238 -0.013 -0.019 -0.012 0.114*** 0.044**

(0.148) (0.007) (0.02) (0.017) (0.027) (0.017)
House for ą24 months -0.326** -0.022** -0.010 -0.022 0.091*** 0.030

(0.165) (0.007) (0.020) (0.020) (0.030) (0.020)

N 43,858 43,858 43,858 43,858 43,858 43,858

2. NO DAMAGE

Panel A
House by interview date -0.454 -0.014 0.051 0.019 0.088 0.028

(0.290) (0.013) (0.032) (0.034) (0.066) (0.029)

Panel B
Months of exposure to house -0.032 -0.001 -0.000 0.006 0.009 0.005

(0.045) (0.002) (0.006) (0.007) (0.009) (0.005)

Panel C
House 6 months in the future 0.055 0.025 -0.025 0.044 -0.032 -0.007

(0.489) (0.026) (0.055) (0.082) (0.129) (0.042)
House for 6 months or less -0.447 -0.013 0.020 -0.024 0.039 0.027

(0.446) (0.014) (0.046) (0.063) (0.104) (0.036)
House for 6-24 months -0.510 -0.017 0.042 0.028 0.121 0.012

(0.361) (0.014) (0.044) (0.046) (0.085) (0.037)
House for ą24 months -0.339 -0.008 0.049 0.055 0.096 0.043

(0.329) (0.015) (0.043) (0.048) (0.087) (0.038)

N 19,287 19,287 19,287 19,287 19,287 19,287
a *** pă0.01, ** pă0.05.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-time of interview fixed effects, time varying
community characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities),
and controls for marital status and household expenditures. Robust standard errors clustered at the community level.
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Table 4.9: Effects of Housing Reconstruction on Well-Being, by Gender

Post-traumatic Stress Poor Self-rated Heath SE Well-Being

PTSR High
PTSR

Physical ADLs SES
Ladder

Life
Quality

1. FEMALES

Panel A
House by interview date -0.223 -0.013 -0.001 0.019 0.103*** 0.048***

(0.162) (0.007) (0.016) (0.017) (0.028) (0.017)

Panel B
Months of exposure to house -0.043 -0.003** -0.002 -0.001 0.013*** 0.006**

(0.026) (0.001) (0.003) (0.004) (0.005) (0.003)

Panel C
House 6 months in the future 0.060 -0.009 -0.007 0.022 -0.028 0.003

(0.274) (0.011) (0.024) (0.032) (0.044) (0.024)
House for 6 months or less -0.014 -0.004 -0.025 0.013 0.042 0.025

(0.200) (0.010) (0.022) (0.025) (0.035) (0.017)
House for 6-24 months -0.335 -0.016 0.002 0.028 0.110*** 0.052***

(0.191) (0.010) (0.021) (0.021) (0.032) (0.019)
House for ą24 months -0.276 -0.027*** -0.006 0.020 0.097*** 0.052**

(0.189) (0.009) (0.022) (0.023) (0.035) (0.023)

N 33,413 33,413 33,413 33,413 33,413 33,413

2. MALES

Panel A
House by interview date -0.229 -0.014** -0.017 -0.042** 0.116*** 0.046**

(0.160) (0.007) (0.019) (0.021) (0.035) (0.020)

Panel B
Months of exposure to house -0.083*** -0.002** -0.002 -0.002 0.016** 0.007

(0.028) (0.001) (0.003) (0.004) (0.007) (0.004)

Panel C
House 6 months in the future -0.060 -0.000 -0.021 -0.021 -0.044 -0.022

(0.222) (0.012) (0.026) (0.031) (0.046) (0.026)
House for 6 months or less 0.174 0.002 -0.029 -0.046 0.011 0.020

(0.197) (0.010) (0.021) (0.026) (0.039) (0.024)
House for 6-24 months -0.176 -0.011 -0.031 -0.051** 0.132*** 0.041

(0.203) (0.008) (0.021) (0.026) (0.039) (0.022)
House for ą24 months -0.404 -0.017** -0.010 -0.041 0.103** 0.031

(0.214) (0.008) (0.023) (0.026) (0.043) (0.025)

N 29,732 29,732 29,732 29,732 29,732 29,732
a *** pă0.01, ** pă0.05.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-time of interview fixed effects, time varying
community characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities),
and controls for marital status and household expenditures. Robust standard errors clustered at the community level.
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Table 4.10: Effects of Housing Reconstruction on Well-Being, by Age

Post-traumatic Stress Poor Self-rated Heath SE Well-Being

PTSR High
PTSR

Physical ADLs SES
Ladder

Life
Quality

1. AGE 25-34

Panel A
House by interview date -0.289 -0.028*** -0.017 -0.005 0.135*** 0.061***

(0.188) (0.009) (0.017) (0.025) (0.039) (0.019)

Panel B
Months of exposure to house -0.071** -0.003*** -0.00 -0.004 0.026*** 0.007**

(0.031) (0.001) (0.003) (0.005) (0.007) (0.003)

Panel C
House 6 months in the future 0.362 -0.003 -0.001 0.045 -0.069 -0.027

(0.293) (0.016) (0.026) (0.026) (0.053) (0.029)
House for 6 months or less 0.460** -0.010 -0.009 0.008 0.051 0.038

(0.206) (0.011) (0.024) (0.023) (0.043) (0.023)
House for 6-24 months -0.155 -0.032*** -0.015 -0.032 0.120*** 0.053**

(0.221) (0.010) (0.018) (0.018) (0.041) (0.022)
House for ą24 months -0.218 -0.035*** -0.004 -0.025 0.143*** 0.046

(0.233) (0.010) (0.022) (0.021) (0.047) (0.025)

N 23,562 23,562 23,562 23,562 23,562 23,562

2. AGE 35-44

Panel A
House by interview date -0.188 -0.016 -0.021 -0.025 0.087** 0.044

(0.216) (0.010) (0.025) (0.028) (0.044) (0.025)

Panel B
Year of exposure to house -0.075 -0.002 -0.001 0.004 0.006 0.008**

(0.041) (0.002) (0.004) (0.005) (0.008) (0.004)

Panel C
House 6 months in the future -0.545 -0.011 0.020 0.007 -0.037 -0.032

(0.328) (0.015) (0.038) (0.041) (0.067) (0.030)
House for 6 months or less 0.041 -0.007 -0.041 -0.021 0.076 0.040

(0.252) (0.012) (0.027) (0.030) (0.050) (0.026)
House for 6-24 months -0.415 -0.014 -0.036 -0.020 0.071 0.026

(0.258) (0.011) (0.032) (0.029) (0.043) (0.029)
House for ą24 months -0.541 -0.023 -0.031 -0.034 0.044 0.042

(0.285) (0.014) (0.029) (0.031) (0.054) (0.031)

N 19,594 19,594 19,594 19,594 19,594 19,594

81



Post-traumatic Stress Poor Self-rated Heath SE Well-Being

PTSR High
PTSR

Physical ADLs SES
Ladder

Life
Quality

3. ě45

Panel A
House by interview date -0.146 0.007 0.011 0.002 0.084** 0.042

(0.197) (0.011) (0.027) (0.025) (0.038) (0.024)

Panel B
Months of exposure to house -0.031 -0.001 -0.002 0.001 0.007 0.009

(0.035) (0.001) (0.005) (0.005) (0.008) (0.005)

Panel C
House 6 months in the future 0.062 -0.005 -0.047 -0.020 0.021 0.019

(0.308) (0.012) (0.039) (0.036) (0.054) (0.030)
House for 6 months or less -0.283 0.015 -0.037 -0.034 -0.034 -0.014

(0.296) (0.013) (0.033) (0.028) (0.046) (0.029)
House for 6-24 months -0.169 0.007 0.003 -0.018 0.152*** 0.063**

(0.234) (0.013) (0.033) (0.029) (0.046) (0.027)
House for ą24 months -0.125 -0.004 0.015 -0.035 0.103** 0.062

(0.254) (0.010) (0.035) (0.031) (0.048) (0.033)

N 19,989 19,989 19,989 19,989 19,989 19,989
a *** pă0.01, ** pă0.05.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-time of interview fixed effects, time varying
community characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities),
and controls for marital status and household expenditures. Robust standard errors clustered at the community level.

Table 4.11: Spill-over Effects of Housing Reconstruction

Post-traumatic Stress Poor Self-rated Heath SE Well-Being

PTSR High
PTSR

Physical ADLs SES
Ladder

Life
Quality

Panel A
House by interview date 0.195 0.002 -0.003 -0.002 0.014 -0.004

(0.106) (0.004) (0.012) (0.015) (0.023) (0.012)

Panel B
Years of exposure to house -0.007** -0.000 0.000 0.001 -0.000 0.001

(0.004) (0.000) (0.000) (0.001) (0.001) (0.000)

Panel C
House 6 months in the future -0.045 0.006 -0.011 -0.010 0.050 0.001

(0.165) (0.006) (0.014) (0.018) (0.031) (0.019)
House for 6 months or less 0.065 0.004 0.000 0.006 0.006 -0.002

(0.129) (0.005) (0.014) (0.019) (0.027) (0.015)
House for 6-24 months 0.229 0.002 -0.013 -0.005 0.060 -0.003

(0.147) (0.005) (0.016) (0.020) (0.035) (0.016)
House for ą24 months 0.037 -0.002 -0.006 0.023 0.055 0.003

(0.199) (0.007) (0.021) (0.028) (0.048) (0.022)

N 49,648 49,648 49,648 49,648 49,648 49,648
a *** pă0.01, ** pă0.05.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-time of interview fixed effects, time varying
community characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities),
and controls for marital status and household expenditures. Robust standard errors clustered at the community level.
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Table 4.12: Anticipation Effects of Housing Reconstruction

Post-traumatic Stress Poor Self-rated Heath SE Well-Being

PTSR High
PTSR

Physical ADLs SES
Ladder

Life
Quality

Panel A
House after community 0.103 0.007 0.005 -0.000 -0.115*** -0.039**

(0.136) (0.006) (0.015) (0.016) (0.027) (0.017)

Panel B
House 0-6 months after community 0.255 0.007 -0.002 0.003 -0.110*** -0.044**

(0.201) (0.010) (0.021) (0.025) (0.039) (0.022)
House 6-12 months after community 0.063 0.011 0.008 0.008 -0.165*** -0.054**

(0.229) (0.008) (0.023) (0.026) (0.035) (0.027)
House 12-24 months after community 0.067 0.002 0.014 0.010 -0.086** -0.011

(0.202) (0.010) (0.025) (0.031) (0.044) (0.027)
House ą24 months after community -0.252 0.005 -0.001 -0.059 -0.044 -0.034

(0.312) (0.018) (0.035) (0.044) (0.065) (0.035)

N 63,145 63,145 63,145 63,145 63,145 63,145
a *** pă0.01, ** pă0.05.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-time of interview fixed effects, time varying community
characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities), and controls for
marital status and household expenditures. Robust standard errors clustered at the community level.
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Table 4.13: Robustness Check: Alternative Samples

Post-traumatic Stress Poor Self-rated Heath SE Well-Being

PTSR High
PTSR

Physical ADLs SES
Ladder

Life
Quality

1. SAMPLE: ě 5 WAVES

Panel A
House by interview date -0.153 -0.012** -0.004 -0.006 0.110*** 0.050***

(0.122) (0.005) (0.012) (0.014) (0.025) (0.013)

Panel B
Years of exposure to house -0.060*** -0.002** -0.001 -0.000 0.015*** 0.007***

(0.020) (0.001) (0.002) (0.003) (0.005) (0.003)

Panel C
House 6 months in the future -0.084 -0.013 -0.013 0.003 -0.013 -0.015

(0.186) (0.011) (0.018) (0.023) (0.034) (0.020)
House for 6 months or less 0.207 -0.002 -0.017 -0.027 0.020 0.027

(0.140) (0.007) (0.016) (0.019) (0.029) (0.015)
House for 6-24 months -0.231 -0.015** -0.011 -0.001 0.134*** 0.044***

(0.142) (0.006) (0.016) (0.017) (0.027) (0.015)
House for ¿24 months -0.277 -0.021*** -0.002 -0.006 0.114*** 0.046**

(0.148) (0.007) (0.016) (0.017) (0.031) (0.019)

N 52,885 52,885 52,885 52,885 52,885 52,885

2. SAMPLE: “6 WAVES

Panel A
House by interview date -0.126 -0.011 0.001 -0.002 0.104*** 0.042***

(0.146) (0.006) (0.015) (0.017) (0.031) (0.016)

Panel B
Years of exposure to house -0.053** -0.002** -0.000 -0.000 0.015*** 0.007**

(0.023) (0.001) (0.003) (0.003) (0.005) (0.003)

Panel C
House 6 months in the future -0.126 -0.017 -0.028 0.003 0.014 -0.016

(0.228) (0.010) (0.022) (0.029) (0.043) (0.022)
House for 6 months or less 0.268 -0.000 -0.016 -0.024 0.038 0.018

(0.155) (0.007) (0.021) (0.024) (0.035) (0.018)
House for 6-24 months -0.267 -0.016** -0.003 0.006 0.131*** 0.039**

(0.167) (0.007) (0.018) (0.022) (0.033) (0.019)
House for ą24 months -0.209 -0.023*** -0.010 -0.013 0.116*** 0.050**

(0.175) (0.008) (0.019) (0.022) (0.037) (0.022)

N 35,940 35,940 35,940 35,940 35,940 35,940
a *** pă0.01, ** pă0.05.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-time of interview fixed effects, time varying
community characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities),
and controls for marital status and household expenditures. Robust standard errors clustered at the community level.
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Table 4.14: Possible Pathways

House Quality
LN PCE

Labor Health Services

Overall Walls Roof Hours Wages Usage No.times

Panel A
House by interview date 0.134*** 0.184*** 0.017*** 0.025 0.136 -0.009 0.012 0.061

(0.018) (0.020) (0.006) (0.024) (0.771) (0.039) (0.013) (0.038)

Panel B
Years of exposure to house - - - -0.003 -0.248 -0.028 0.001 0.003

(0.004) (0.353) (0.017) (0.002) (0.007)

Panel C
House 6 months in the future - - - -0.046 0.0278 0.0162 0.0197 -0.0255

(0.034) (0.019) (0.065) (0.019) (0.047)
House for 6 months or less 0.014 -0.000 0.001 -0.014 0.021

- - - (0.027) (0.014) (0.053) (0.016) (0.046)
House for 6-24 months 0.013 0.025 -0.027 0.025 0.058

(0.029) (0.014) (0.047) (0.014) (0.051)
House for ą24 months - - - -0.002 0.015 -0.076 0.027 0.057

(0.033) (0.018) (0.055) (0.017) (0.048)

N 63,145 63,145 63,145 29,320 29,332 29,332 63,145 63,145
a *** pă0.01, ** pă0.05.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-time of interview fixed effects, time varying community characteristics
(block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities), and controls for marital status. Models for
quality of housing, labor outcomes, and health services also control for household expenditures. The model for household PCE controls for household size.
Models for labor market outcomes are restricted to the population whose primary activity of work. The model for PCE is restricted to people that were
household heads at baseline. Robust standard errors clustered at the community level.
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5

Should I Stay or Should I Go?
Displacement, Housing Reconstruction, and

Long-Term Well-Being

5.1 Introduction

In this chapter we explore the link between housing reconstruction, migration de-

cisions after the tsunami, and self-rated socioeconomic well-being. This chapter

provides an additional dimension to the analysis in Chapter 4, which focused on

multiple dimensions of well-being and ignored population movements in the after-

math of the 2004 tsunami in Aceh. Specifically, in this chapter we answer three key

question, which, collectively, aim to provide a more complete picture of post-disaster

population movements that has been possible until now:

1. Who was more likely to relocate after the tsunami, and do the correlates of

relocation vary as a function of community-level vulnerability to the disaster?

2. What are the correlates of receiving housing assistance and do relocation deci-

sions play a role?

86



3. And, to what extent are relocation decisions and receipt of housing aid related

to the evolution of subjective well-being in the short- and long-term since the

tsunami?

In particular, we focus on the question of how the housing reconstruction pro-

gram benefited various population subgroups in terms of their “migrant” status. We

consider those for whom the disaster impelled migration away from their pre-tsunami

residences, but also those who stayed put in heavily damaged communities, and those

for whom the community-level impacts of the disaster where minimal, some of whom

moved towards opportunities in areas of reconstruction, some of whom did not.

We examine what are the most salient characteristics underlying relocation de-

cisions in a short period after the Indian Ocean tsunami. Then, we estimate if,

and how, the likelihood of receiving housing aid varies across these subgroups, and

whether there is a relationship between relocation and timing of housing aid. Fi-

nally, we consider how measures of subjective well-being evolve after the disaster as

a function of relocations, receipt of housing assistance, and the interaction of the

two. Results show that predictors of relocation vary significantly across individu-

als depending on the level of exposure of communities to the physical damage of the

tsunami. Relocation decisions, and the relationship to damage to housing, are highly

related to the likelihood of benefiting from housing aid. And, changes in subjective

well-being not only depend on receipt of housing aid but also on interactions between

relocation decisions and housing assistance.

The rest of the chapter is structured as follows. In section 5.2 we provide an

overview of the literature on post-disaster migrations. In section 5.3 we present

a conceptual framework to understand migration decisions in post-tsunami Aceh,

including predictions on the relationship between migration, housing assistance, and

well-being. We describe the data and measures we use in section 5.4. Section 5.5
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presents our empirical strategy and we discuss results in section 5.6. Finally, in

section 5.7 we discuss research extensions and concluding remarks.

5.2 Migration in post-tsunami Aceh

Patterns of migration in the aftermath of a natural disaster are not clear cut. While

some people may choose to relocate to areas that were spared from damage, oth-

ers may decide not to leave their home (or its location), regardless of the level of

community destruction. At the same time, community reconstruction may attract

new migrants looking for new opportunities. These complicated patterns of post-

disaster relocations are not unique to the Indian Ocean tsunami; researchers have

documented the complexities of human movements in many post-disaster settings.

Other disasters of the last decade have resulted in displacement of hundreds of

thousands. It is estimated, for example, that after the 2010 earthquake in Haiti, Port-

au-Prince lost 23 percent of its permanent residents due to the massive resettlement

of people that followed the destruction of the capital (Kolbe et al., 2010). Cyclone

Nargis resulted in the relocation of about 800,000 individuals (Suwanvanichkij et al.,

2009). Similar displacement patterns, although perhaps less extreme, have occurred

following other disasters including earthquakes in China and Pakistan. Displacement

is not unique to developing countries. Hurricane Katrina caused one of the largest

movements of people in the United States with some 1.5 million people leaving the

region (Groen and Polivka, 2010).

In the particular case of the Indian Ocean tsunami, Gray et al. (2014) look at

mobility patterns in the immediate aftermath of the disaster. Specifically, they

look at the three-month window since the tsunami by using data from the first

wave of STAR. They show that mobility in post-tsunami Indonesia may challenge

some traditional assumptions. For example, even in areas that sustained heavy

damage not everyone moved to temporary locations, such as camps. More than half
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of the population either relocated to private homes or stayed in their community

despite the potentially adverse living conditions. Individuals living in areas that were

largely spared from damage also show increased patterns of mobility, in particular

among the more educated. The study does not provide any additional information

about mobility beyond the immediate aftermath, and given the short period does

not capture changes that may have resulted from the beginning of the reconstruction

period. However, these data underscore the likely value-added of studies that are

designed to be population representative and capture both immediate impacts of

disasters as well as responses to disasters over time, which is what this chapter

begins to explore.

In another paper that looks at migration patterns after the tsunami, Gray et al.

(2011) relate characteristics of individuals, their families, and their exposure to the

tsunami to return migration measured 30 months after the tsunami. They show a

very clear pattern in high damage areas: shortly after the tsunami migration outside

of the community is high but also is the rate of people returning soon afterwards.

In a 2017 paper we explore migration decisions after the tsunami even further

and look at the role of reconstruction. We address the question of what post-tsunami

migration patterns look like in the short- and long-term for people exposed to dif-

ferent levels of damage. Then we examine key correlates of short- and long-term

migration decisions. We explore how determinants of migration change over time

and as a function of community characteristics. Our results show that the level of

community damage explains the decision to live outside the pre-tsunami community,

and this effect extends five years after the tsunami. We also show that the proba-

bility of living away from the pre-tsunami community five years after the tsunami

is correlated with recovery, in particular housing reconstruction (Frankenberg et al.,

2017).
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5.3 Conceptual Framework

I present a standard conceptual framework of migration decisions, following consid-

erations related to post-disaster relocation decisions as conceptualized in Gray et al.

(2011). Migration decisions can be a complex function of individual characteristics

as well as characteristics of the origin and destination locations, which can change

over time. In the standard framework individual i will chose to leave (vs. stay) to

maximize utility, U . We generally write U as Uij “ uijpxq ` εij, where uij relates

observed factors to the utility individual i receives from choosing option j, and εij is

only observed to the individual. Let O be the origin location and A the alternative,

in this standard framework, i will chose the one that yields the highest utility. It is

possible to move from the estimates of the utility function to the expected utility.

In this case, individual i is going to choose the best alternative based on the ex-

pected utility from the best choice, Vij, which is given by: Vij “ Ermaxpuijpxq` εijs.

The moving decision is the result of a comparison between the expected utility from

staying in the origin location with the utility a person expects to get from mov-

ing to an alternative place (minus any moving and other costs, which we ignore in

this description). If the expected utility from resettling is higher compared to that

of staying, then the person will decide to move, that is, migration will happen if:

Eruiapxq ` εias ą Eruiopxq ` εios. If we define time t as the time the tsunami hit,

then at time t´1 this comparison of expected utility, which is a function of decision-

specific observed and unobserved factors, would correspond to the calculation behind

the migration that “naturally” occurs in the population.

However, it is reasonable to assume at time t the tsunami may have affected this

comparison. Areas that sustained damage experienced significant losses on many

important dimensions that factor into the calculation of expected utility. Mortality

caused the disruption of social networks, damage to livelihoods and natural resources
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caused a transformation of labor markets and other income generating opportunities,

and the destruction of key infrastructure lowered the value of community amenities.

The tsunami also caused the loss of individual property and wealth, such as housing,

land, and transportation so, overall, after the tsunami many people saw their entire

lives and environments completely transformed. We still model the decision to leave

at time t, or any time afterwards, as a utility maximization problem; however, we

cannot ignore tsunami-induced transformations in the location of origin.

As described in Chapter 2, the post-tsunami period was a challenging time for

many given the level of destruction caused by the tsunami. At the same time, it was

also a period of opportunity from the unprecedented assistance received by Indonesia

as a combination of domestic and international funds. So, while at time t there are

some for whom community and individual resources available in community O may

be worse relative to those in community A, such difference may have been easily

reverted as the reconstruction progresses. For the purpose of this paper, we define

individual utility in community j as a function of individual (I) and community (C)

resources:

Uij “ pI, Cq (5.1)

Individual resources I can be many things, for the purpose of this paper we define

it as receiving housing assistance H. As noted in 4, the home is one of the most

important asset for individuals in Indonesia and home ownership rates in our sample

are high. We focus our analysis in the two year period following the tsunami so, for

the moment, we do not consider in detail other community resources1. Then we can

rewrite equation 5.1 as as a function of housing aid H:

Uij “ pIpHq, Cq (5.2)

1 In the paper Frankenberg et al. (2017) we explore migration decisions as a function of community
damage and reconstruction over a five year period and find that house reconstruction is the main
predictor of migration decisions in this early period of relocation.
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Following this framework, staying or returning to the pre-tsunami community

(at least in highly damaged areas) should be positively correlated with housing as-

sistance, which would be consistent with the idea that the expected utility in the

origin will be higher to the extent that individual resources (i.e. the house) are re-

stored. Similarly, such decisions and the benefit of housing reconstruction aid should

also translate into improvements in well-being. We will test some of these ideas in

the next sections of this chapter.

5.4 Data and Measures

5.4.1 Sample and Descriptive Statistics

The study of post-disaster migration can be challenging as it requires data collection

efforts to track people across multiple locations to be able to properly assess post-

disaster relocation decisions. As described in Chapter 3, the STAR survey was

specially designed to answer questions about migration and relies on an extensive

tracking effort conducted by the survey team. As a result, it is one of the few

population representative studies that captures both immediate impacts of disasters

on migration as well as relocation responses to the disaster over time.

To identify patterns of relocation and their relationship to housing damage and

housing-related aid we drew a sample form STAR including individuals from the

baseline who: (i) survived to the first post-tsunami follow-up interview; and (ii)

were 15 years or older at baseline. There are a total of 17,550 individuals in the

final sample. About 18 percent of the sample was living in communities exposed

to high tsunami impact, whereas 82 percent were in areas of lesser impact. Table

5.1 includes summary statistics of the individual sample, including disaggregation

by level of exposure to the tsunami.

For the full sample, males and females are represented in roughly equal propor-
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tions. The average age is 35 years and respondents have an average of eight years

of education. Sample characteristics between high exposure and other areas differs

somewhat, in part because of differential tsunami mortality and in part because sev-

eral of Aceh’s urban areas were highly vulnerable to the tsunami. Women make up

47 percent of the sub-sample from heavily damaged areas, versus 52 percent for those

from other areas. In addition, the average education level is higher (by just over a

year) for those from high exposure communities.

The distribution of housing damage and destruction, and the subsequent flows of

housing-related aid vary substantially by level of physical exposure to the tsunami.

At the first STAR follow-up, about 70 percent of the individuals in communities

with high physical exposure to the tsunami reported experiencing destruction of

their home, and another 15 percent reported damage. In areas with moderate/low

physical exposure to the tsunami, 34 percent of individuals reported experiencing

destruction of their home, and 25 percent reported damage (some of which is likely

to have resulted from the earthquake, which was felt throughout the province). Table

5.1 also shows the relationship between housing aid and home damage. In the period

between the tsunami and the second STAR follow-up (fielded in 2006-2007), 25

percent of the individuals in the sample in high exposure areas had benefited from

some form of housing aid (provision of a home or rebuilding materials), compared to

only 4 percent for individuals from low and moderate exposure communities.

Level of exposure is also related to patterns of relocation after the disaster.

Fully, 70 percent of individuals from highly exposed areas reported leaving their

pre-tsunami home at some point between the tsunami and the second STAR follow-

up (which ended in May 2007), compared to 24 percent of those originally from low

and moderate exposure communities. Among those who left their home, 92 percent

also left the community in high physical exposure areas, versus 66 percent in low

and medium exposure communities (Table 5.2). We can also consider the decision to
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return to one’s pre-disaster location. Among those who left their pre-tsunami com-

munity at some point between the tsunami and the second STAR follow-up, about

60 percent of those from high exposure communities returned to their pre-tsunami

locations, whereas only 36 percent of those from low and medium exposure areas

went back to pre-tsunami communities (Table 5.3). The patterns suggest that mo-

tivations behind post-tsunami relocations can vary significantly depending on levels

of exposure to physical damage caused by the tsunami. Level of community damage

may be a more important driver for high exposure areas, whereas other factors may

be more important for medium/low exposure areas.

5.4.2 Measures of Relocation

We constructed measures of relocation using detailed migration histories collected

in STAR. These migration histories provide detailed, individual-level information on

the dates and location of all moves that happened since the tsunami. Migration

histories also have data on the reason for each move, the type of dwelling people

moved to, and a list of people that were also part of each relocation. Using this

information we define three possible “types of moves” relative to the pre-tsunami

(origin) community:

1. Stayed : This is an indicator variable that will take the value of one if someone

reports in the migration histories that they were living continuously since the

tsunami in the same (pre-tsunami) location but not in their pre-tsunami house.

If at any point in the two-year period we analyze a person left the pre-tsunami

village, or was continuously living in the pre-tsunami home, then they get a 0.

2. Returned : We defined this variable also as an indicator that takes the value of

one if in the two-year period of analysis, migration histories show that a person

left the community at some point but eventually returned and stayed in the
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origin village. Anyone who never left the community (or home) or is still away

two years after the tsunami will get a 0.

3. Away : This variable we also define it as an indicator, which takes the value

of one if a person, at any point in the two-year period, left the pre-tsunami

village and was not back when migration histories were collected in the second

STAR follow-up. Otherwise, we coded this variable as a 0.

5.4.3 Measures of Housing Reconstruction

We define housing reconstruction following a similar idea to the one I described in

Chapter 4. It is an indicator variable that takes the value of one if, in the two-year

period after the tsunami, a household reports receiving either a house or construction

materials (including construction materials is a difference with Chapter 4). This

variable will apply to anyone that, at baseline, was living in a household where

someone reported aid in the study period.

5.4.4 Measures of Well-Being

To track changes in well-being associated with migration decisions, we also use the

SES ladder measure from Chapter 4. As previously described in Chapter 4, each

individual is asked to picture a six step ladder and pick a step that describes where

they view themselves, if the lowest step (1) is where the poorest people stand and the

highest step (6) is where the richest people stand. Although the ladder measure is a

subjective assessment based on an ordinal ranking, it has two important advantages

for this study. First, because the question is asked at the individual level, it provides

a measure of individual perceptions of relative socioeconomic well-being. Second,

unlike traditional measures of resources such as per capita expenditures, the ladder

question does not require adjustments for spatial variation in prices, which is an

important advantage in the post-tsunami period when inflation rates were high.

95



Figure 5.1 shows the evolution of individual assessments of well-being relative

to their pre-tsunami status (that is, the gap between well-being after versus before

the disaster), measured one year, two years, and five years after the tsunami. We

distinguish individuals originally from communities with high exposures from those

from communities with medium/low physical exposure to tsunami. The comparison

shows that individuals from high exposure communities report a large drop in their

step one year after the tsunami relative to before it, but that those from the other

communities do not (their change in step is very close to zero). By two years after

the tsunami, those from high exposure communities have regained lost ground, and

by five years after the tsunami respondents are about where they were before the

tsunami, in both types of communities.

5.4.5 Sample Stratification

Following from the conceptual framework, migration decisions will likely vary de-

pending on the level of damage caused by the tsunami. For this reason, we stratify

the sample by level of exposure to the tsunami. Our stratification of communities

into two categories of physical exposure to the tsunami provides a simple but power-

ful depiction of the differences in patterns by exposure. We note, however, that those

from communities with lower exposure were not completely protected from the costs

of the disaster (they also experienced housing damage and loss), and also exhibit

considerable mobility in the aftermath of the disaster.

We define this measure of exposure to the tsunami based on a combination of

characteristics. At the community level, tsunami wave characteristics and coast-

line topography were key determinants of death and destruction at the time of the

tsunami. We have constructed a community-specific indicator of geographic expo-

sure based on the location of each of the community of respondents at the time of

the tsunami that combines elevation above sea level, proximity to the coastline, and
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tsunami wave height at the closest coastal point.

We turn now to multivariate regression techniques to further explore the relation-

ship between housing aid, subjective socioeconomic well-being, and post-tsunami re-

location decisions across the two different levels of physical exposure to the tsunami.

5.5 Empirical Strategy

5.5.1 Post-tsunami Relocations

We begin with an examination of the characteristics that predict post-tsunami relo-

cations. The main outcome variables, yi, measured at the individual level, are (a)

an indicator that takes a value of one if at any point in the two-year period since the

tsunami the individual left the home (it is zero for those remaining continuously in

their pre-tsunami homes), and (b) conditional on leaving the home, an indicator that

takes a value of one if in the two-year period since the tsunami the individual left the

community (it is zero for those who left their home but stayed continuously in their

pre-tsunami community). To construct these measures, we used migration histories

collected for all individuals in the sample in the post-tsunami rounds of STAR, and

then we matched those histories to pre-tsunami individual and household character-

istics.

The first model relates each outcome to a vector of housing damage measures,

Di, a vector of pre-tsunami household-level characteristics, Xh, and a vector of pre-

tsunami individual level characteristics, Xi, along with unobserved heterogeneity εi.

Given the complexity of the tsunami and earthquake damage, measurement of all

community-level characteristics with the potential to affect relocation decisions is

complex. To focus attention on comparisons among individuals within communities

the model also includes a fixed effect, µc, for each community (defined by survey

enumeration areas, which are roughly equivalent to census blocks). The model we
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estimate is:

yi “ α ` θDh ` βXh ` γXi ` µc ` εi (5.3)

Household level characteristics, measured at the pre-tsunami baseline, include

(Dh) whether the home was damaged or destroyed during the tsunami or earth-

quake, whether the household owned the home, land, or means of transportation.

We include per capita expenditure in the models, which is a measure of overall re-

source availability. However, since the marginal cost of each household member is

not the same, we also control for demographic composition of the household and so

allow children, prime adults and older adults to have different impacts on the out-

comes2. Individual characteristics include marital status, age, education and gender

as well as individual level measures of exogenous exposure to the tsunami. Measures

of exposure capture individual experience during the tsunami and include whether

a person saw or heard water, personal (or family/friends) struggles with water, for

example.

5.5.2 Receipt of Housing Aid

We turn next to the correlation between receipt of housing aid and post-tsunami relo-

cations. Differences in the correlates of different relocation decisions provide evidence

on whether receipt of housing aid varies across the different relocation subgroups.

We write the model as follows:

yi “ α ` θDh ` βXh ` δRi ` γXi ` µc ` εi (5.4)

In model 5.4, the outcome variable, yi, is an indicator that takes on a value of one

for individuals who were living (at baseline), in a household that ultimately reported

2 Household demographic structure captures two potential effects. First, controlling per capita
expenditure assumes all household members cost the same and so demographic composition is a
simple way to further adjust for resource availability. Since adults typically cost more than children,
more adults in the household can be interpreted as reducing resource availability and thus perhaps
limiting opportunities to leave the community. At the same time, more adults in the household could
free up opportunities for younger members to leave communities in search of new opportunities.
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benefiting from housing aid (receipt of a house or building materials) in the two-year

period since the tsunami. We include the same set of covariates as in model 5.3,

but we add three additional indicators to capture correlations between relocation

and housing aid (Ri), as defined in section 5.4.2: (a) whether the individual left the

pre-tsunami home but stayed in the same community, (b) whether the individual left

the pre-tsunami community and later returned, and (c) whether the individual left

the pre-tsunami community and had not returned two-years since the tsunami.

5.5.3 Subjective Well-Being

We next turn our attention to explore how subjective well-being relates to housing aid

and post-tsunami relocations. The dependent variables in this case are continuous

measures based on the SES ladder that capture (a) the change in the individual

ladder position between the pre-tsunami period (this is a retrospective measure)

and the first follow-up of STAR, (b) the change in the ladder position between the

first and second follow-up of STAR, (the second year after the tsunami), and (c) the

change in the ladder position between the first and fifth follow-up of STAR (five years

after the tsunami). Negative values indicate that the individual reports a position

on a lower step relative to what was reported in the previous period (a decline in

status), while positive values signal and improvement in subjective well-being. We

chose these comparisons based on the evidence presented in Figure 1, to attempt to

capture any improvements in subjective well-being that are correlated with housing

aid. The model we estimate is:

yi “ α ` θAi ` δRi ` βXh ` γXi ` µc ` εi (5.5)

Model 5.5 controls for the same household and individual level characteristics

and community fixed effects as models 5.3 and 5.4, including the vector of relocation

decisions, with the exception that we replace measures related to house destruction
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and damage with an indicator for whether the individual benefited from housing aid

in the two-year period since the tsunami (Ai). We make this replacement because

house damage/destruction and receipt of housing aid are highly correlated. Model

5.5 shows the overall relationship between receipt of housing aid and changes in sub-

jective well-being, but it is possible that the relationship varies across different values

of the predictors. To address this possibility we re-estimate model 5.5 including in-

teractions between relocation subgroups and receipt of housing aid. This extended

model is:

yi “ α ` θAi ` δRi ` τpAi ˆRiq ` βXh ` γXi ` µc ` εi (5.6)

For the binary outcomes we report results from linear probability models (LPM)

using OLS with community fixed effects and stratifying by level of physical exposure

of the community to the tsunami (high and medium/low). In all models, estimates of

standard errors take into account heteroskedasticity or arbitrary form and clustering

of sampled respondents at baseline community level (Huber, 1967).

5.6 Results

5.6.1 Damage, Destruction, and Relocation Decisions

House damage or destruction is associated with relocations from home and from the

community.

The first two columns of Table 5.4 present results from estimation of 5.3, where

the dependent variable is whether the individual left the pre-tsunami home for more

than two weeks at any time in the two-years after the tsunami, the third and fourth

columns present results for leaving one’s community, conditional on having left home.

The results are stratified by whether the respondent’s pre-tsunami community was

in a high rather than moderate or low exposure area. All models include community

fixed effects and thus focus on how relocation outside the home within a community
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varies with baseline household and individual level characteristics.

Not surprisingly, in both high and medium/low physical exposure areas, destruc-

tion of the house is positively correlated with leaving the pre-tsunami home for two

weeks or more (the likelihood that individuals will leave the home if destroyed is

15.4 and 12.7 percentage points for high and medium/low exposure areas, respec-

tively (relative to those whose homes were undamaged by the disaster). Damage (as

opposed to destruction) has a significant and positive relationship with relocation

from the home only in medium/low exposure areas, where individuals are 4.8 per-

centage points more likely to leave the home compared to those that did not sustain

damage. Columns 3 and 4 show that, conditional on leaving the pre-tsunami home,

destruction of the house does not push individuals to leave the pre-tsunami commu-

nity, regardless of the level of physical exposure of the community to the tsunami.

In high exposure areas; however, home damage is negatively related to the likelihood

of leaving the community: individuals are about nine percentage points less likely to

leave the community compared to those whose homes were undamaged. In this case,

damage to the house may be correlated with characteristics that also hamper the

ability to leave the communities. At the same time, in the context of the framework

introduced in section 5.3, there may be other factors that result from people still get-

ting higher utility from their origin community relative to another destination. For

example, even if their utility is negatively affected by the loss of their house, support

networks, relief aid, or the expectation of reconstruction assistance may result in the

origin location still yielding higher utility.

Turning to other characteristics, the results for household resources (measured

by lnPCE) indicate that among those from medium/low exposure communities, in-

dividuals from households with the most resources at baseline (in the top quartile of

the PCE distribution) were much more likely to leave their home and, conditional

on leaving the home, to also leave the community. Relative to households in the two
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middle quartiles of the PCE distribution, individuals from the richest households

are five percentage points more likely to leave their pre-tsunami home, and seven

percentage points more likely to leave their pre-tsunami community in low/medium

exposure areas (columns 2 and 4). There are no significant differences across resource

groups in high exposure areas, which suggests that neither relocation from home nor

community is significantly related to household economic resources.

Individual characteristics show interesting patterns in terms of predicting relo-

cations. Compared to people with the lowest level of education, those with more

years of education are more likely to leave their pre-tsunami homes both in high and

medium/low exposure areas (columns 1 and 2). However, conditional on leaving the

pre-tsunami home, only those with the highest level of education in medium/low

physical exposure areas are more likely to also leave the community (column 4).

Generally, individual characteristics have a greater influence on migration decisions

for those from medium/low exposure communities than for those from high exposure

communities. These differences suggest that different factors influence the decision

to leave the community in low/moderate versus high exposure communities. Age and

marital status are strongly related to relocation from the home for those from mod-

erate/low exposure areas, but not for those from high exposure areas. Marital status

also influences the decision to leave the community for those from moderate/low

exposure areas.

Taken together these results suggest that predictors of relocation differ across

community types. Individual and household level characteristics appear more signif-

icant in explaining relocations in medium/low physical exposure areas compared to

high exposure ones, where level of damage to housing is extremely salient.
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5.6.2 Housing Reconstruction and Relocation Decisions

Housing aid is correlated with level of house damage, and the likelihood of benefiting

from this aid varies by relocation subgroup3

Table 5.5 shows the results for model 5.4, where the dependent variable is an

indicator for whether the individual benefited from housing aid. Columns 1 and

2 show that home damage is highly predictive of benefitting from housing aid in

the first two years since the tsunami. Individuals living in high exposure areas who

lived in a home that was destroyed are nine percentage points more likely to benefit

from housing aid in the immediate aftermath of the tsunami compared to those

whose homes were not damaged. Damage, as opposed to destruction of the home is

positive but the association is not statistically significant. Similar results hold for

at medium/low exposure areas: those whose home was destroyed are five percentage

points more likely to benefit from housing in the two-year period since the tsunami

(column 2). These positive associations between home destruction and housing aid

suggest that even is losing the house is a significant shock for Indonesian families,

the fact that they are more likely to benefit from aid could explain the decision of

many to stay in the pre-tsunami community (i.e. why according to the conceptual

framework the expected utility from the origin location is higher).

In terms of relationships between relocation and housing aid, staying in the pre-

tsunami community for the two years after the tsunami is positively correlated with

benefiting from housing aid. Relative to remaining in the community, the likelihood

of benefiting from housing aid is 17 percentage points higher for those from high ex-

posure areas, and five percentage points higher for those from medium/low exposure

communities. The likelihood of benefiting from housing aid for those who left but

3 We conducted preliminary analysis to look at community level characteristics that could have
an impact on timing of housing aid. These initial models showed that the percent of people in the
community that had to relocate is a significant predictor in terms of reducing the average number
of months since the tsunami a community gets aid.
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returned to their community in the two-year period is nine percentage points and

two percentage points for high and medium/low exposure communities, respectively

(columns 1 and 2). Only in medium/low tsunami exposure areas is remaining away

positively correlated with housing aid, compared to those that did not leave their

homes. Those who were continuously away in the two-years since the tsunami are two

percentage points more likely benefit from housing aid (column 2). In medium/low

exposure areas, benefiting from housing aid may contribute to the decision to migrate

away from the community to look for new opportunities, so it is unclear whether this

relationship reflects a pattern of allocation or simply the correlation between aid and

characteristics related to migration. These results support our previous assessment

that housing reconstruction may contribute to individual expected utility, which re-

sult in their decision to either stay (or returned) to the origin community, especially

for those who were living in high damage areas at the time of the tsunami.

As discussed extensively in Chapter 4, neither household resources nor individual

characteristics appear to be significant predictors of housing aid receipt in the two

year since the tsunami, which suggests that at least in the first several years after the

tsunami, housing assistance was not targeted based on individual features such as

age, marital status, or personal exposure to the tsunami (net of the impact of housing

damage and destruction). Only in medium/low exposure areas are individuals with

the highest level of education more likely to benefit from aid compared to those with

low levels of education (column 2). Instead, level of home damage and relocation

decisions are the factors most closely correlated with receipt of aid in the two years

after the tsunami.

5.6.3 Well-Being, Housing Reconstruction, and Relocation Decisions

Changes in subjective socioeconomic well-being are positively associated with housing

aid two years after the tsunami, including significant and positive interaction effects
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between those that stayed in pre-tsunami communities and received housing aid.

Tables 5.6 and 5.7 show the results of models 5.5 and 5.6 respectively, where the

outcome variable is change in subjective socioeconomic well-being between STAR

follow-ups, measured by comparing each respondent’s self-reported (subjective) po-

sition on the SES ladder at a particular time point relative to an earlier period.

Columns 1-3 in Table 5.6 show the effects of housing aid, relocation decisions, and

household and individual characteristics on changes in subjective well-being one year

after the tsunami (relative to before the event), two years after the tsunami (relative

to one year after the event) and five years after the tsunami (relative to one year

after the tsunami). For respondents originally from high exposure areas, receipt of

housing aid has no effect on subjective well-being one year after the tsunami (column

1). This result may be because many respondents had not yet received aid by this

point. Between the first and the second year, however, receipt of housing assistance

is strongly associated with higher relative ladder positions. The change in ladder po-

sition in year two relative to year 1 is 0.14 points more positive for those who received

aid than for those who did not, which is consistent with the analysis in Chapter 4.

This positive impact diminishes and is no longer statistically significant with respect

to the year five versus year one comparison, perhaps because the assistance has faded

in salience. By that point many others in the comparison group had also received

assistance, and although the fact that we are looking within communities addresses

this issue to some degree, as shown in Chapter 4 when we turn to a within individual

comparison, housing assistance has strong and positive effects on well-being in the

long-term.

In medium/low exposure communities, subjective well-being decreases by 0.08

points among individuals who benefited from housing aid by two years, compared to

those that did not get aid (column 4). This negative relation may reflect the fact that

those who eventually benefit are more likely to have experienced home destruction,
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so that in the moderate/low exposure communities, eventual receipt of assistance

is simply a proxy for home damage in the first year after the tsunami. Unlike in

the high exposure communities, the year 2 to year 1 comparison (column 5) is not

related to receipt of housing assistance.

For both types of communities, relocation patterns are associated with changes in

subjective well-being. In the very short term, returning to one’s pre-tsunami location

is associated with more negative views of post-tsunami economic well-being in the

high exposure communities (-0.13, column 1), but neither of the other relocation

choices play a role. This negative correlation could be reflecting the fact that those

who left but then returned to pre-tsunami communities were worse off compared to

those that stayed. Even if they have lower subjective well-being, they still returned,

which in light of section 5.3 would suggest that their expected utility was higher in

the origin location. The SES ladder only captures one dimension of well-being so

there are many other things (networks, personal attachments, property, aid, etc.)

that could explained why some people decided to return.

Column 4 shows that in medium/low exposure areas, all the relocation decisions

have small but significant and negative effects on subjective well-being compared

to those who stayed in their homes. These negative effects disappear when looking

at the difference in subjective well-being measures between year 1 and year 2 and

between year 1 and year 5 (columns 5 and 6). Again, these negative values in the

immediate aftermath could be showing that individuals in this group suffered more

damage and were in a more precarious position compared to the rest of the members

in the community, or that the experiences of relocation were not positive.

In terms of individual level characteristics associated with changes in subjective

socioeconomic well-being, column 1 in Table 5.6 shows that pre- to post- changes in

well-being are more positive for individuals with higher levels of education. These

education differences disappear when comparing subjective well-being one year and
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two years after the tsunami, and one year and five years after the tsunami (columns 2

and 3 respectively). In these high exposure communities, compared to the youngest

age group, older people (45 years or older) experienced more negative changes in

subjective well-being, especially between year 1 and 5 (column 3). This result is con-

sistent, although the effects are smaller and less significant, in medium/low tsunami

exposure areas (and only for the group between 45 and 54 years old when com-

pared to the youngest group, column 6). Marriage seems to have a positive long-

term impact on subjective socioeconomic well-being, both in high and medium/low

tsunami exposure areas (column 3 and 6). Individual exposure to the tsunami af-

fects subjective-socioeconomic well-being only in the immediate aftermath of the

tsunami (comparing pre-tsunami measures to those taken one year after) and only

in medium/low exposure areas (column 4).

Finally, Table 5.7 shows the results from model 5.6, which includes interaction

terms between receipt of housing aid and relocation decisions. It turns out that

the benefits of receiving housing assistance on subjective well-being differ a great

deal across relocation decisions. The interaction between receipt of housing aid

and staying in the pre-tsunami community is associated with a 0.57 point increase

in subjective socioeconomic well-being at year two 2 year 1, relative to those who

stayed in the same home (column 2). A similarly large and positive additional

difference is seen for those who benefited from housing aid but stayed away from

the pre-tsunami community (although it is only significant at the 10 percent level).

If housing reconstruction is an important component of increasing utility for each

location it is not surprising to see that the interaction with the decision to stay is

positive, which is consistent with the idea that the origin location, in this case, will

result in higher expected utility.

In areas with medium/low physical exposure, those that returned to the commu-

nity and eventually benefited from housing aid report socioeconomic well-being that

107



is 0.16 points lower (significant at the 10 percent level) one year after the tsunami

(column 4) relative to before (as noted previously, this may be a proxy for home

damage).

5.7 Discussion

This chapter provides some preliminary evidence regarding the complex interlink-

ages among post-disaster relocation decisions, receipt of housing assistance, and the

evolution of well-being after a major natural disaster. We also show that results are

consistent with some of the predictions we made in section 5.3.

First, we identify characteristics associated with individual decisions to leave their

homes and pre-disaster communities. We show that home destruction plays a signif-

icant role in the decision to leave the pre-tsunami residence, regardless of the level of

exposure to physical damage of the community. For those from heavily damaged ar-

eas, it is the main factor that matters. In areas with medium/low physical exposure

to the tsunami, other factors, such as household and individual level characteristics,

have higher predictive power in explaining decisions to leave the pre-tsunami com-

munity. The young and educated people are more likely to leave their communities,

probably in search of new opportunities elsewhere. In this case, although the disaster

can still be seen as a reason by which people leave, it is not the level or exposure to

damage what appears to be the main mechanisms behind relocations in communi-

ties with low levels of exposure, but perhaps the pull of employment opportunities

outside the original location. The opposite is the case for those from highly exposed

areas who relocate. In those areas housing damage is the main channel that explains

those moves. These differences suggest a broader definition of displacement or reloca-

tion in this post-tsunami period which should account for community and individual

vulnerability to damage, and also individual and household characteristics.

Second, we explored the correlates of receipt of housing aid. We showed that
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regardless of level of community exposure to tsunami damage, house destruction is

perhaps the most important determinant of receiving housing aid, which is consistent

with the results shown in Chapter 4. In terms of relocation, remaining in the pre-

tsunami community is also predictive of housing aid, particularly for those from high

exposure areas. Household and individual characteristics are generally not important

determinants of receiving housing aid.

Third, we looked at the determinants of the evolution of well-being before relative

to just after the tsunami, between the first and second year after the tsunami, and

between the first and fifth year after the tsunami. Importantly, receipt of housing aid

is associated with greater improvements in well-being between the first and second

years after the tsunami for those from heavily damaged communities, and particularly

so for those who stayed in their pre-tsunami communities.

5.7.1 Research Extensions

The results presented in this chapter provide a sense of the complexity of the relation-

ships between determinants of post-disaster relocations and housing reconstruction.

We only consider a short period after the tsunami, so it can only partially capture

the complexities of movements of people in the immediate aftermath and during the

reconstruction period. People that by year two stayed in the community may leave

in subsequent years. Similarly, those that did not return by year two may do so by

year five or 10. Studying the immediate period after the tsunami is interesting and

provides valuable insights of how relocations may be a way for people to cope with

the dead and destruction caused by natural disasters; however, the limited avail-

ability of research on long-term outcomes of post-disaster migrants, and the role of

reconstruction on migration decisions are important gaps that extending our research

to cover the 10 year period since the tsunami can help to address.

Along, these lines, extensions to this research will incorporate full migration his-
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tories from 2005 to 2015, which will enable us to test more precisely some of the

hypotheses that emerged from this analysis. Additionally, our models provide evi-

dence of statistically significant correlations between housing aid and relocations but

do not include any detailed information of timing of reconstruction. Further analy-

sis will attempt to understand how timing and value of aid may affect decisions to

relocate.
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5.8 Figures and Tables
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Figure 5.1: Change in Position on SES Ladder

Source: Author’s calculations based on STAR data
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Table 5.1: Sample Characteristics Pre-Tsunami

Full High Med/Low
sample Exposure Exposure

Demographic characteristics
Avg age 35.4 34.9 35.5
Avg yrs of educ 8.0 8.9 7.8
% female 51.0 47.0 51.9
% married 61.7 59.2 62.3
% widow 5.7 5.6 5.8

House damage and aid
% house destroyed 41.2 70.4 34.8
% house damaged 23.4 14.5 25.4
% received housing aid 8.1 25.8 4.2

Post-tsunami relocation
% left pre-tsunami home 32.6 70.9 24.2
% left pre-tsunami community 24.9 65.3 16.0
% stayed in pre-tsunami community 7.7 5.6 8.1
% returned to pre-tsunami community 11.9 39.5 5.8
% away from pre-tsunami community 13.0 25.8 10.2

N 17, 550 3, 178 14, 372

Table 5.2: Post-tsunami Relocations Among Those That Left Their Homes

Full High Med/Low
sample Exposure Exposure

Post-tsunami relocations
% left home and stayed in community 23.5 7.9 33.7
% left pre-tsunami community 76.5 92.1 66.3

N 5, 724 2, 253 3, 471

Table 5.3: Post-tsunami Relocations Among Those That Left Their Community

Full High Med/Low
sample Exposure Exposure

Post-tsunami relocations
% returned to pre-tsunami community 47.8 60.5 36.4
% remained away from pre-tsunami community 52.2 39.5 63.6

N 4, 378 2, 074 2, 302
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Table 5.4: Models of Relocation from Pre-Tsunami Home and Community

Away from Home Away from Community

High Med/Low High Med/Low
Exposure Exposure Exposure Exposure

Tsunami exposure
Home damaged 4.79 4.80*** -9.10** 0.12

(3.04) (1.03) (4.04) (2.86)
Home destroyed 15.46*** 12.74*** -0.19 2.39

(3.83) (1.36) (2.95) (2.39)
Baseline Household Characteristics

ln PCE 50pctle 0.43 0.34 -3.45 2.52
(2.17) (1.18) (2.19) (3.07)

ln PCE 75pctle 2.43 1.62 -2.89 1.20
(2.95) (1.35) (2.21) (3.64)

ln PCE 100pctle 3.75 5.31*** -2.21 6.96
(3.48) (1.63) (2.33) (4.00)

Baseline Individual Characteristics
Education 1-6 yrs 2.59 2.71** 1.03 2.80

(3.03) (1.29) (3.50) (3.33)
Education 7-9 yrs 7.57** 3.43** 3.81 7.14*

(3.62) (1.64) (3.54) (3.92)
Education 10-16 yrs 8.77** 7.64*** 4.72 8.58

(3.46) (1.60) (3.90) (3.87)
Female 0.17 -0.97 0.27 -2.18**

(1.02) (0.59) (0.80) (1.05)
Age 25-44 -3.03* -6.28*** 0.53 -0.36

(1.77) (0.98) (1.12) (2.33)
Age 45-54 -2.30 -5.54*** -1.94 0.18

(2.27) (1.28) (1.53) (2.90)
Age ě55 -3.64 -5.82*** -1.45 -3.23

(2.50) (1.45) (2.22) (3.74)
Married -1.26 -6.01*** -0.71 -10.68

(2.08) (1.19) (1.16) (2.23)
Widow 1.55 -4.42** -3.86 -5.33

(3.79) (1.98) (2.96) (4.51)
Tsunami exposure 5.75 6.88*** -1.12 1.07

(3.84) (1.05) (3.99) (2.09)
Constant 45.45*** 20.38*** 93.26*** 61.60***

(2.08) (1.19) (1.16) (2.23)

N 3,178 14,372 2,253 3,471
a *** pă0.01, ** pă0.05.
b Models control for baseline household and individual characteristics including: Baseline household composition and
baseline household assets (land, house, transportation). Standard errors clustered at the pre-tsunami community level.
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Table 5.5: Models of Housing Aid

Away from Home

High Med/Low
Exposure Exposure

Tsunami exposure
Home damaged 4.30 -0.08

(2.87) (0.56)
Home destroyed 9.21*** 4.79***

(2.98) (1.06)
Post-tsunami relocation

Stayed in community 16.72*** 5.26***
(4.60) (1.80)

Returned to community 9.27*** 2.17*
(2.70) (1.28)

Away from community 0.32 2.44***
(2.69) (0.81)

Baseline Household Characteristics
ln PCE 50pctle -4.09 -0.09

(3.22) (0.79)
ln PCE 75pctle -1.67 -0.11

(4.04) (0.97)
ln PCE 100pctle -0.27 -0.86

(5.22) (1.13)
Baseline Individual Characteristics

Education 1-6 yrs -2.53 1.23*
(3.39) (0.66)

Education 7-9 yrs -3.60 -1.24
(3.90) (0.85)

Education 10-16 yrs -4.85 1.86**
(4.08) (0.95)

Female 0.00 -0.03
(1.01) (0.22)

Age 25-44 -0.73 -0.70
(2.39) (0.54)

Age 45-54 -2.03 -0.23
(3.08) (0.66)

Age ě55 -2.01 -0.13
(2.59) (0.76)

Married 1.00 -0.28
(2.36) (0.51)

Widow -3.88 0.84
(4.09) (0.86)

Tsunami exposure 0.78 -0.41
(2.32) (0.41)

Constant 28.17*** 4.02**
(7.36) (1.60)

N 3,178 14,372
a *** pă0.01, ** pă0.05.
b Models control for baseline household and individual characteristics including:
Baseline household composition and baseline household assets (land, house, trans-
portation). Standard errors clustered at the pre-tsunami community level.
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Table 5.6: Models of Subjective Well-Being

Changes in subjective well-being

High Exposure Med/Low Exposure

1st year 1st & 2nd 1st & 5th 1st year 1st & 2nd 1st & 5th
after year since year since after year since year since

tsunami tsunami tsunami tsunami tsunami tsunami

Tsunami exposure
Any aid two years after tsunami -0.06 0.14** 0.07 -0.08*** 0.06 0.10

(0.05) (0.06) (0.07) (0.02) (0.05) (0.06)
Post-tsunami relocation

Stayed in community 0.02 -0.00 0.09 -0.04** 0.01 0.02
(0.05) (0.12) (0.11) (0.02) (0.04) (0.05)

Returned to community -0.13*** -0.00 0.08 -0.05*** 0.05 0.01
(0.04) (0.07) (0.07) (0.02) (0.05) (0.05)

Away from community -0.04 -0.04 0.10 -0.03*** 0.04 0.03
(0.04) (0.07) (0.08) (0.01) (0.04) (0.04)

Baseline Household Characteristics
ln PCE 50pctle 0.01 0.01 -0.03 0.01 0.07*** 0.04

(0.06) (0.07) (0.07) (0.01) (0.03) (0.04)
ln PCE 75pctle 0.03 0.04 0.02 0.00 0.07* -0.00

(0.06) (0.08) (0.08) (0.01) (0.04) (0.04)
ln PCE 100pctle 0.00 -0.00 -0.05 0.01 0.04 -0.01

(0.08) (0.09) (0.09) (0.01) (0.04) (0.05)
Baseline Individual Characteristics

Education 1-6 yrs 0.15** -0.04 0.02 0.00 -0.02 -0.06
(0.08) (0.12) (0.10) (0.01) (0.04) (0.04)

Education 7-9 yrs 0.13* 0.02 0.09 0.00 0.03 -0.03
(0.07) (0.13) (0.11) (0.01) (0.04) (0.05)

Education 10-16 yrs 0.17*** -0.04 0.09 0.00 0.00 -0.05
(0.08) (0.14) (0.12) (0.01) (0.04) (0.05)

Female 0.02 -0.00 0.03 0.00 0.00 -0.03
(0.02) (0.04) (0.04) (0.01) (0.02) (0.02)

Age 25-44 -0.03 0.02 -0.05 -0.00 0.02 -0.01
(0.04) (0.06) (0.07) (0.01) (0.02) (0.03)

Age 45-54 -0.08* 0.00 -0.22** -0.00 0.00 -0.06*
(0.05) (0.08) (0.08) (0.01) (0.03) (0.03)

Age ě55 -0.05 -0.06 -0.29** -0.02* -0.03 -0.08
(0.07) (0.08) (0.10) (0.01) (0.04) (0.05)

Married -0.03 -0.07 0.13* -0.01 -0.01 0.09***
(0.04) (0.06) (0.07) (0.01) (0.03) (0.03)

Widow -0.04 -0.02 0.24* 0.01 -0.07 -0.01
(0.07) (0.13) (0.13) (0.02) (0.05) (0.06)

Tsunami exposure -0.04 -0.10 -0.08 -0.01** -0.02 -0.01
(0.05) (0.13) (0.17) (0.01) (0.03) (0.03)

Constant 0.35*** 0.45** 0.44* -0.00 0.16** 0.62***
(0.11) (0.22) (0.23) (0.02) (0.07) (0.08)

N 2,552 2,006 1,738 12,062 9,803 8,630

a *** pă0.01, ** pă0.05.
b Models control for baseline household and individual characteristics including: Baseline household composition and baseline household
assets (land, house, transportation). Standard errors clustered at the pre-tsunami community level.
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Table 5.7: Models of Subjective Well-Being, with Interactions

Changes in subjective well-being

High Exposure Med/Low Exposure

1st year 1st & 2nd 1st & 5th 1st year 1st & 2nd 1st & 5th
after year since year since after year since year since

tsunami tsunami tsunami tsunami tsunami tsunami

Tsunami exposure
Any aid two years after tsunami 0.02 -0.09 -0.08 -0.05* 0.08 0.18**

(0.08) (0.13) (0.12) (0.03) (0.07) (0.09)
Post-tsunami relocation

Stayed in community 0.01 -0.13 0.06 -0.04** 0.00 0.03
(0.07) (0.12) (0.12) (0.02) (0.04) (0.05)

Returned to community -0.12*** -0.00 0.08 0.04** 0.06 0.03
(0.04) (0.08) (0.08) (0.02) (0.05) (0.06)

Away from community -0.04 -0.07 0.07 -0.03*** 0.05 0.03
(0.04) (0.07) (0.08) (0.01) (0.04) (0.04)

Interactions: housing aid ˆ relocation
Housing aid ˆ stayed in community -0.11 0.57*** 0.21 -0.07 0.05 -0.18

(0.13) (0.18) (0.25) (0.06) (0.11) (0.18)
Housing aid ˆ returned to community -0.10 0.18 0.11 -0.16* -0.21 -0.27

(0.10) (0.14) (0.12) (0.09) (0.19) (0.20)
Housing aid ˆ away from community -0.06 0.26* 0.22 -0.01 -0.10 -0.03

(0.11) (0.16) (0.16) (0.06) (0.17) (0.17)
Baseline Household Characteristics

ln PCE 50pctle 0.01 0.02 -0.03 0.01 0.07** 0.04
(0.06) (0.07) (0.07) (0.01) (0.03) (0.04)

ln PCE 75pctle 0.03 0.04 0.02 0.00 0.07* -0.00
(0.06) (0.08) (0.08) (0.01) (0.04) (0.04)

ln PCE 100pctle 0.00 -0.00 -0.05 0.01 0.04 -0.01
(0.08) (0.09) (0.09) (0.01) (0.04) (0.05)

Baseline Individual Characteristics
Educ 1-6 yrs 0.15** -0.04 0.02 0.00 -0.02 -0.06

(0.08) (0.12) (0.10) (0.01) (0.04) (0.04)
Educ 7-9 yrs 0.13* 0.02 0.09 0.00 0.03 -0.03

(0.07) (0.13) (0.12) (0.01) (0.04) (0.05)
Educ 10-16 yrs 0.17** -0.05 0.09 0.00 0.00 -0.05

(0.09) (0.14) (0.12) (0.01) (0.04) (0.05)
Female 0.02 -0.00 0.02 0.00 0.00 -0.03

(0.02) (0.04) (0.04) (0.01) (0.02) (0.02)
Age 25-44 -0.03 0.02 -0.05 -0.00 0.02 -0.01

(0.04) (0.06) (0.07) (0.01) (0.02) (0.03)
Age 45-54 -0.08* -0.00 -0.22*** -0.01 -0.00 -0.06*

(0.05) (0.08) (0.08) (0.01) (0.03) (0.03)
Age ě55 -0.05 -0.07 -0.30*** -0.02* -0.03 -0.08*

(0.07) (0.08) (0.10) (0.01) (0.04) (0.05)
Married -0.03 -0.07 0.13* -0.01 -0.01 0.09***

(0.04) (0.06) (0.07) (0.01) (0.03) (0.03)
Widow -0.04 -0.00 0.25** 0.01 -0.06 -0.01

(0.07) (0.13) (0.13) (0.02) (0.05) (0.06)
Tsunami exposure -0.04 -0.10 -0.07 -0.01** -0.02 -0.01

(0.05) (0.13) (0.17) (0.01) (0.03) (0.03)
Constant -0.35*** 0.45** 0.44* -0.00 0.16** 0.62***

(0.11) (0.22) (0.23) (0.02) (0.07) (0.08)

N 2,552 2,006 1,738 12,062 9,803 8,630

a *** pă0.01, ** pă0.05.
b Models control for baseline household and individual characteristics including: Baseline household composition and baseline household assets
(land, house, transportation). Standard errors clustered at the pre-tsunami community level.
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6

On the Road in Aceh:
Economic Effects of Rebuilding Road Infrastructure

6.1 Introduction

As I mentioned in previous chapters, the effects on individuals and communities

that result from shocks to community infrastructure have not been widely explored

in the economic and development literature. Some of the largest natural disasters

in recent times have shown that massive destruction of infrastructure is followed by

large influxes of resources aimed at the reconstruction of damaged property. After

the 2004 Indian Ocean tsunami, Indonesia alone received enough aid to deal with

the estimated seven billion dollars in infrastructure losses. While there are studies

that address how money was allocated, there is hardly any good empirical evidence

that provides a causal estimate of the effect that large reconstruction programs have

had on targeted beneficiaries.

In this chapter, I extend the research I have presented so far on housing recon-

struction to look at the effects of reconstruction of community infrastructure. In

particular, I answer the question of what are the economic effects of road recon-
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struction on individuals and households. This question is particularly important if

we take into account that after the tsunami there were about 2,700 km of roads

damaged or destroyed, and that over the course of the reconstruction period 3,700

km were replaced or repaired (Evans, 2010). To answer this questions, first, I take

advantage of having access to panel data covering the period between 2005 and 2015

to exploit variation in timing of road reconstruction projects at the community level.

I show that road reconstruction may not be enough to cause significant economic ef-

fects and that quality of road construction matters, specifically access to all-weather

roads. Further, I also show that road reconstruction that happens in combination

with public works programs have additional positive effects. In this paper, I also

document different effects depending on whether road projects happened in rural or

urban areas.

Second, I provide further evidence on the effects of road reconstruction post-

disaster by looking at the specific case of the reconstruction of the Banda Aceh-

Meulaboh road. The Banda Aceh-Meulaboh road is a good example of a project

that seeks to restore large public infrastructure after a major shock to the built

environment under the assumption that it would contribute to restore economic

activity in the area. Using a difference-in-differences strategy, I exploit changes in

access to the road between the short aftermath of the tsunami (2005) and the post-

reconstruction (2015). I show that gaining access to the road has positive and modest

effects both on individuals and households and, in particular, on households in rural

areas. I do not find any statistically significant negative effects of losing access to

the road but results from this case study point that losing access may be hindering

some progress, for example, to translate work opportunities into higher wages.

The rest of this chapter continues as follows, in section 6.2, I discuss previous

research looking at the effects on roads on economic development. I present the

conceptual framework, and the data and measures I use in the analysis in sections
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6.4 and 6.5, respectively. In section 6.6, I explain my empirical strategy, and show

results in section 6.7, including a heterogeneity analysis by community type (urban

vs. rural). In section 6.10, I develop a case study looking in particular at the

reconstruction of the Banda Aceh-Meulaboh road, one of the main coastal routes

linking the two largest cities in Aceh. I discuss extensions to this research and

concluding remarks in section 6.11.

6.2 Roads to Development

It has been argued that road infrastructure has positive effects and contributes to

economic development. In a 2000 paper Jacoby (2000) tests the hypothesis that

access to road infrastructure could improve household welfare. Using data from

Nepal, he develops a model that relies on the value of farmland and the distance to

rural markets to derive the benefits of roads on households. He shows that roads

result in significant benefits, in particular for rural households (Jacoby, 2000).

Empirical strategies in infrastructure research have mainly relied on non-experimental

methods. In the case of roads, the paper by Gonzalez-Navarro and Quintana-

Domeque (2016) is the exception as it uses a randomized experiment of street pave-

ment in Mexico. In this paper, the authors take advantage of a municipal street

paving program to design an experiment to test the effects of access to road in-

frastructure reducing poverty in urban areas. The experiment is based on a street

pavement project initiated by the municipality of Acayucan, which selected 56 eligi-

ble urban streets but due to budgetary constrains was only able to pave 28 of the

total eligible projects. The authors were able to randomly select the 28 streets that

were paved, while the remaining 28 unpaved streets constitute the control group.

Results from this paper show that pavement contributes to increase property values,

which in turns translate into welfare improvements for households, such as credit

availability, higher asset accumulation, and higher per capita expenditures.
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There are two main points worth highlighting. First, the challenge with the pa-

per by Gonzalez-Navarro and Quintana-Domeque (2016) is that finding the right

situation in which randomization of infrastructure is feasible is difficult, similar cir-

cumstances as the ones in Acayucan may not be common and also provide limited

information about widespread effects of road infrastructure. Second, because the pa-

per focuses on street pavement it is really more an estimation on the effects of access

to pavement at a localized level, and while interesting it does not provide information

on how improvements to roads connecting different communities can affect house-

holds and individuals, as well as community-level outcomes. More common than

randomized studies is the research that uses other econometric techniques to identify

causality. In the case of infrastructure in general, but in particular in the case of

road projects, taking advantage of natural experiments can be a viable strategy for

identification of causal effects.

In a 2011 paper Mu and Van de Walle (2011) rely on data from a rural trans-

port project in Vietnam, which had the goal to rehabilitate 5,000 kilometers of rural

roads between 1997 and 2001, to estimate the effects of road rehabilitation on market

development and other development outcomes at the commune level. A total of 18

provinces in Vietnam benefited from the program, and were responsible to select the

roads to be rehabilitated. While hardly comparable to randomization, selection of

roads was based on a cost minimization rule, taking also into account population

density in the area likely to benefit from the road. Given limited availability of

funds, not all eligible roads were treated, and it in unclear which selection mecha-

nism determined the final subset of roads that were rehabilitated (Mu and Van de

Walle, 2011). A simple comparison of treated and untreated roads would not yield

causal estimates of the effects of road rehabilitation on market development. For

example, as noted by Burgess et al. (2015), while eligibility may have been done

based on cost considerations, actual assignment of the program could have been
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based on political issues, such as party affiliation of the local government. To ad-

dress the issue of endogenous selection of projects, Mu and Van de Walle (2011)

combine a difference-in-differences approach with propensity score methods. They

use a propensity score to match a comparison group to the treatment based on the

probability of participation in the improvement project, and a difference in difference

estimator to isolate causal effect of the rehabilitation project. Their findings suggest

that average impacts from road improvements are only significant in the long-run

(two years following a rehabilitation project). These impacts include new markets,

availability of new products, changes in household production from agricultural to

non-agricultural activities, and lasting increases in completion rates for elementary

education (Mu and Van de Walle, 2011). The analysis also highlights the importance

of evaluating heterogeneity in effects. Their results show that poorer communities

benefit more from road improvements, which makes sense since they have more scope

for improvements. The analysis by Mu and Van de Walle (2011) provides a good ex-

ample of why road infrastructure research is important, not only to assess the effects

of new projects but also uncover evidence on the effects that reconstruction initia-

tives (such as those following infrastructure shocks) can have improving conditions

in underdeveloped areas.

Another paper that specifically addresses the impacts of a road construction pro-

gram is a 2015 working paper by Banerjee and Sachdeva (2015), where they take

advantage of a national transportation program in India. As a “natural” source

of variation, this program enables the use of regression discontinuity design to esti-

mate causal effects of the road construction program on healthcare related outcomes.

Banerjee and Sachdeva (2015) use an fuzzy regression discontinuity design as their

main estimation strategy to deal with the issue of endogeneity in placement of in-

frastructure. Their identification is based on the characteristics of the transportation

program. The requirement for eligibility imposed by the government was such that
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any village with a population of at least 500 would be connected to the nearest road

with an all-weather road (Banerjee and Sachdeva, 2015). This eligibility requirement

can be seen as an assignment rule where the first cutoff point is at 1,000 inhabitants,

so villages with populations greater than the cutoff would get the infrastructure first,

and the second cutoff is at 500 inhabitants, so villages with over 500 people get the

infrastructure second. The first problem for estimation of causal effects is that, as

is often the case with infrastructure research, placement of the program is obviously

non-random, but further, given eligibility rules are only based on a population cutoff,

it is also uncertain to what extent this rule was followed strictly, and if cities with

fewer inhabitants also benefited from this program. Issues such as the ones high-

lighted by Burgess (2015) or problems with corruption (Olken, 2007) could likely

result in an application of the assignment rule where cities with fewer than 500 in-

habitants get the new road, or cities with fewer than 1,000 people get a road first,

while cities with more than 500 inhabitants do not get selected for the infrastructure

project. For this reason, the authors decide to use a fuzzy design, which should en-

able to address the issue of having eligible and non-eligible villages on both sides of

the cutoff point. The main assignment variable is village population and the authors

estimate the model placing the cutoffs at 1,000 and 500 inhabitants. Banerjee and

Sachdeva (2015) look at individual level outcomes related to healthcare usage, which

represent a set of outcomes researchers have not explored much in the infrastructure

literature. Use of preventive healthcare services increases in villages that benefited

from the new roads. Also, they see an increase in rates of usage of antenatal care

and contraception. They also find evidence that new roads improve the supply of

healthcare services, as well as improvements in awareness of government programs.

Although results are interesting, in particular because they provide evidence on indi-

vidual level outcomes, it is unclear form the evidence provided in the paper if these

positive effects can be interpreted entirely as causal. This paper is a good example
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of how identification of causal effects in infrastructure research can be complicated

and results in estimates that are easily questionable.

Akee (2006) looks at the effects of a construction of a new road (the Babeldaob

road) in the Republic of Palau that connects rural areas to urban communities, and

therefore creates new access to wage employment. For this analysis Akee (2006) has

two waves of data that match the road construction period and therefore allow for

a difference-in-differences strategy to recover the effects of the new road on labor

market outcomes. Akee (2006) finds that the road results in households increasing

participation in the wage sector, likely at the expense of agricultural self-employment.

Household also increase ownership of transportation. However, there are no signifi-

cant effects on household wages or income (Akee, 2006).

Other papers have looked at transportation more broadly, including roads but

also railways and other transportation networks. Banerjee et al. (2012) use a fixed

effects strategy to estimate the causal effect of transportation on long-run economic

outcomes in China, in particular per capita GDP levels and GDP growth, using a

panel of counties from 1986 to 2006. The basic empirical strategy relies on a compar-

ison of areas close to historical transportation corridors to those farther away. They

estimate a linear model where the main independent variable is the shortest distance

to the line from the center of a county and include province and year fixed effects to

absorb any variation coming from unobserved characteristics of the provinces as well

as time trends, and a set of baseline controls. Their strategy provides interesting

results. They show that there are modest gains in per capita GDP levels in regions

closer to transportation networks, but no significant differences in terms of GDP

growth.

In terms of analysis of the impact of road infrastructure in Indonesia, the evidence

is even more limited. In a working paper, Gertler et al. (2014) looks at the effect

of road quality on local economic activity in Indonesia using community data from
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the Indonesian Family Life Survey (IFLS) and road quality data from Indonesia‘s

Integrated Road Management System (IRMS ). The main goal of the paper is not

to assess the impact of access to new infrastructure but to estimate how differences

in quality of infrastructure can affect certain economic outcomes, including house-

hold income and expenditures, agricultural profits, and manufacturing outcomes.

To address endogeneity concerns, the authors use an IV strategy based on a new

instrument for road quality that relies on Indonesia‘s budgeting process for road im-

provements. Results from the paper show that road quality is directly related to

labor market opportunities, including transition to the manufacturing sector as well

as effects on agricultural outcomes. While improved quality positively affects these

outcomes, bad quality roads can have undesired negative impacts, which provides

interesting preliminary evidence about how quality infrastructure investments can

have significant effects on communities and individuals.

Also, using data from four rounds of IFLS, Thiede and Gray (2016) estimate the

effect of roads on migration within and outside the province of origin, also looking

at how demographic characteristics may impact these moves. They find that all-

weather roads (asphalt or cement) have significant effects predicting within province

migration but no major effects explaining out-of province migration. They also

find that duration of moves suggests that roads play a larger roles on temporary

than permanent migration. Thiede and Gray (2016) also show that the relationship

between migration and road development is stronger for less advantaged populations

(poorer and less educated).

Using data from a panel of households collected in 2007 and 2011 in 98 villages in

seven provinces in Indonesia, combined with the Village Potential Survey (PODES ),

Yamauchi et al. (2011) show that road quality (all-weather roads) contributes to

income growth and the transition to non-farm sectors. Using the same panel of

households and villages, Yamauchi (2016) focuses on the effects of roads on labor
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supply and wages in Indonesia. This analysis relies on a combination of IV with

fixed effects and shows that changes in transportation speed, associated with road

improvements, has positive effects on wages both for farm and non-farm employment.

In the particular case of Aceh there are hardly any papers that look at road recon-

struction, and further that seek to establish a link between road reconstruction and

post-disaster outcomes. In a 2012 paper examining transportation issues in Aceh in

the aftermath of the tsunami, Mikami et al. (2012) provide some qualitative evidence

on technical issues of road reconstruction, and also provide some idea of the potential

impacts of the reconstruction of the Banda Aceh-Meulaboh road on communities.

For example, they note that having two donors involved in the reconstruction re-

sulted in imbalances between two tranches and uneven road quality. Their analysis,

which relies on observational data and interviews, suggests possible effects of the

reconstruction of this major route on economic outcomes for communities, as well

as on individual feelings of inequality (Mikami et al., 2012). The challenge is that

available data usually does not allow to formally tests these effects, in particular at

the individual level.

In this paper, I will address some of the gaps in the literature by estimating the

long-term effects of road reconstruction in post-tsunami Aceh, including an analysis

of the impacts of the reconstruction of the Banda Aceh-Meulaboh road.

6.3 Road Reconstruction after the Tsunami

Prior to the tsunami, road infrastructure in Aceh was problematic. As of 2004, only

17 percent of roads were in good condition, and over 20 percent were in bad condition

(Hayat and Amaratunga, 2012). The tsunami had a significant negative impact on

the road network in Aceh, to further deteriorate the situation, in particular on the

areas near the west coast of the province. Most roads on the western coastal areas

were destroyed (Darma and Karim, 2009), and in total BRR estimates that in the
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aftermath of the tsunami over 2,700 km of roads were damaged or destroyed, which

represents about 15 percent of the total road network. Some estimates suggest that

after housing, the road network was the other infrastructure component affected the

most by the tsunami. Figures 6.1 and 6.2 show examples of road destruction and

road quality after the tsunami. Figure 6.1 shows a segment of a road that was totally

destroyed by the tsunami waves, and in Figure 6.2 pictures a segment of a dirt road

that was flooded during tsunami and a small boat beached next to a building (2005).

Road reconstruction and rehabilitation did not limit itself to the recovery of the road

infrastructure, by late 2008, about 3,700 km of road had been rebuilt, which means

that about 1,000 km of road (five percent of the total network) that were not directly

affected by the tsunami still benefited from the reconstruction effort (Evans, 2010).

Figure 6.3 shows a picture of the same area as Figure 6.2 but taken three years

later (2008). The dirt road had been replaced with a new all-weather road made of

asphalt.

The road reconstruction masterplan focused on the reconstruction and rehabil-

itation of the pre-tsunami roads, with the exception that it also included roads

designated as tsunami escape routes (Matsumaru et al., 2012). Most of the work

centered on rebuilding roads in the same place, and following the same routes, and

not on rerouting roads (Darma and Karim, 2009). Transportation reconstruction

projects were fewer, compared to other initiatives such as housing, but larger in

size (Masyrafah and McKeon, 2008) and led by large international donors (such as

USAID and Japan International Cooperation Agency). The total estimated bud-

get used for reconstruction of the transportation sector was around US$800 million

(about 26 percent of the infrastructure budget), with an average cost per projects of

US$12 million, the highest of all reconstruction initiatives (Masyrafah and McKeon,

2008).

One of the major road reconstruction project that happened in post-tsunami

126



Aceh was the reconstruction of the Banda Aceh-Meulaboh road, a major coastal road

of about 240 kilometers connecting the two largest cities in the province. Given its

proximity to the coast, the road was severely damaged by the tsunami. It is estimated

that about 57 km were totally destroyed, and 140 km suffered high levels of damage.

In additiona, over half of the bridges along the road were damaged or destroyed

(Matsumaru et al., 2012). Reconstruction was undertaken by development agencies

from the United States (Banda Aceh to Calang) and Japan (Calang to Meulaboh).

The overall project was completed in 2012, although by 2008 the tranche from Calang

to Meulaboh was already operational (Matsumaru et al., 2012). Some authors have

argued delays in the reconstruction of the Banda Aceh to Meulaboh road may have

hindered post-tsunami recovery, in particular for those communities that heavily

relied on the road to transport good and people (Matsumaru et al., 2012).

In the next sections, I will explore the role of road reconstruction on economic

recovery of individuals and household, and I will do a simple analysis to also try to

understand the effects of the reconstruction of the Banda Aceh to Meulaboh road.

6.4 Conceptual Framework

As previous research has shown there are multiple ways in which roads can af-

fect economic development of communities and individuals. For example, in the

post-tsunami context, road reconstruction can create new employment opportuni-

ties. More broadly, roads are a way to open access to communities to new markets,

as argued by Mu and Van de Walle (2011), and for each location, roads can con-

tribute to change the value of amenities. As a result, road reconstruction can affect

both individual and household level outcomes on measures related to, for example,

employment and household wealth.

In general terms, as noted by Dalenberg and Partridge (1997), public infrastruc-

ture has resulted in positive effects on employment. Changes in employment could be
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either because labor demand increases or labor supply increases. In the reconstruc-

tion phase, it could be the case that both situations happen. On the one hand, road,

and other reconstruction programs, create employment opportunities, at the same

time the reconstruction can improve local amenities and attract new households,

which increases supply. Amenities, therefore, can also be determinants of wages

(Enrico, 2011; Dalenberg and Partridge, 1997). At the same time, road reconstruc-

tion and, in particular, better quality roads, can introduce changes in prices as well,

for example, from access to new markets. A simple way to capture how roads can

affect individual and household outcomes related to employment and consumption,

is by simply considering that any change would come from changes in amenities,

prices, or both. Let W be either a measure of labor market participation (employ-

ment, wages) or wealth (socioeconomic status, consumption, assets), then we can

think of a simple framework that relates these outcomes with the transformations

introduced by road reconstruction:

W “ fpA,P,Xq (6.1)

Where A are local amenities, P are prices, and X are individual or household

characteristics. This simple framework suggests some ways to explore how road

reconstruction can change individual and household outcomes. For example, a sig-

nificant relationship between road reconstruction and road quality could support the

role of improvement in community amenities as a potential pathway. Similarly, a

significant relationship between road reconstruction and market access could suggest

prices are important determinants of infrastructure benefits. I will test some of these

possible pathways in section 6.8. Finally, it is important to recognize that effects of

road reconstruction can be different for rural and urban areas, I will explore these

possible differences in section 6.7.1.
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6.5 Data and Measures

6.5.1 Sample and Descriptive Statistics

To understand the effects of road reconstruction after a natural disaster, I use a

combination of community, household, and individual-level data from STAR, the

population representative, longitudinal dataset of tsunami survivors, which I describe

in Chapter 3. For this analysis, I created two samples, one to study the effect of road

reconstruction on individual outcomes, and the second to focus on household level

measures.

For the individual-level analysis, I created a sample of adults (age 15 years or older

at baseline) that were interviewed at the time of the tsunami and reinterviewed in

at least two other STAR follow-ups. Table 6.1 shows baseline characteristics. This

sample has a total of 18,059 adults of which 68.9 percent are in rural areas. The

sample is balanced in terms of gender, with about 51 percent female. The average

education is 8.5 years and, as expected, it is higher in urban (10.6) compared to rural

areas (7.5). About 54 percent of the sample reports working in the week prior to

interview, and among males, this figure climbs to 77 percent. Finally, the majority

of people in the sample are in communities that sustained medium to high tsunami

damage.

For the household level sample, I used the same criteria to create the individual-

level sample, but I only keep those respondents that were, at baseline, the head of

the household. Table 6.2 shows characteristics for this sample. There are a total of

6,189 respondents of which the majority (85.7 percent) are male and report working

in the week prior to the follow-up survey (89.9 percent). Home ownership in this

sample is high and mainly due to rural households, where ownership rates are about

87 percent. Average household size at baseline was 4.5.
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6.5.2 Measures of Road Reconstruction

The STAR sample includes a total 487 baseline communities, which I use in my

analysis. Most of the communities in the sample benefited from road reconstruction

programs, mainly between 2006 to 2008, when about 74 percent of all communities

reported receiving road reconstruction activities.

I define the main measure of reconstruction that I use in this paper as an indicator

that will take the value of one if the community reports any works done to roads or

bridges, and zero otherwise. I create this measure for 487 baseline communities and

assign each individual adult to their community of origin, regardless of whether they

moved in later waves. I track this measure from 2005, shortly after the tsunami,

to 2015. Figure 6.2 shows the cumulative percent of communities where the village

leader reported having a road reconstruction program at the time of interview.

6.5.3 Individual Outcomes

Based on the conceptual framework described in section 6.4, I will focus primarily

on outcomes related to economic well-being and the labor market.

1. SES Ladder : As described in Chapter’s 4 and 5, this outcome is a subjective,

self-assessed measure of socioeconomic well-being. Each individual is asked to

pick a step that describes where they view themselves at the time of interview.

The lowest step (1) is where the poorest people stand and the highest step (6) is

where the richest people stand. The question is asked at the individual level, so

it provides a measure of individual perceptions of their relative socioeconomic

well-being.

2. Labor market outcomes

(a) Probability of working: I defined this measure as an indicator variable
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that takes the value of one if someone reports, at the time of the survey,

that they worked within the past week.

(b) Primary activity work: This variable is an indicator that takes the value

of one if, at the time of the interview, working is the activity that took

most of the time in the previous week.

(c) Hours worked: Conditional on working, this measure is a continuous vari-

able that tracks the number of hours a person reported working in the

previous week.

(d) lnwage: Conditional on working, I estimate wages based on reported earn-

ings divided by the number of hours worked per week, multiplied by 4.33

(Strauss et al., 2004).

6.5.4 Household outcomes

1. Household expenditures : This is a continuous variable that measures per capita

household expenditures, which provides a way to understand changes in house-

hold consumption and, therefore, is an alternative to measure improvements in

household resources.

2. Household assets : To further measure changes in household resources some

authors have looked at changes in asset ownership (Gonzalez-Navarro and

Quintana-Domeque, 2016). For this analysis, I focus on three key assets for

Indonesian households to track how road reconstruction may affect asset own-

ership and wealth:

(a) Gold: I define household ownership of gold as an indicator variable that

takes the value of one if at each follow-up wave the household reports

having gold (or gold jewelry) as part of their list of assets.
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(b) Cash: This variable I define as a binary measure that takes the value of one

if the household reports having, at the time of interview, cash (including

stocks or bonds) as one of their household assets.

(c) Transportation: Is an indicator variable that takes the value of one if,

at each interview time, the household reports having some form of trans-

portation.

6.6 Empirical Strategy: Rebuilding Road Infrastructure

6.6.1 Road Reconstruction

I begin my analysis by first looking at individual and household effects of recon-

struction of roads and bridges. Specifically, I take advantage of having six waves

of available data ranging from 2005 to 2015 to exploit variation in the timing each

community received road reconstruction projects. As I described in section 6.5, the

analysis in this chapter is an intent-to-treat (ITT) by which I consider that anyone

living at the time of the tsunami in a community that received a road reconstruction

project benefits from this project as well. The ITT analysis will result in downward

biased estimates but protects from any other bias introduced by migration decisions,

which can be related to access to roads. I begin by estimating the following model:

yijt “ βRjt ` αXit ` γCjt ` µi ` δkt ` εijt (6.2)

Where Rjt is an indicator for whether community j received road reconstruction

projects at time t, Xit are individual time-varying controls (household PCE, marital

status, age) or household time-varying controls (household size), Cjt are time-varying

community controls for other reconstruction programs, including whether the com-

munity received block grants, public works programs, reconstruction of housing, and

reconstruction of health facilities, and µi and δkt are individual and kecamatan-

wave fixed effects, respectively, to eliminate variation coming from unobserved time-
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invariant individual characteristics as well as heterogeneity that is constant for each

district at different survey waves.

6.6.2 Quality of Reconstruction

Model 6.2 provides information on the effects of road reconstruction programs; how-

ever, it does not distinguish the characteristics of the projects. It is important to

consider that it may not just be the fact of having access to roads what matters but

road characteristics, such as the surface of the road, may be more important. To test

whether the quality of the reconstruction project has any effect, I modified model

6.2 as follows:

yijt “ ηpSjt ˆRjtq ` ρSjt ` βRjt ` αXit ` γCjt ` µi ` δkt ` εijt (6.3)

Where Sjt is an indicator variable that takes the value of one if the surface of

roads in the village is either asphalt or cement (“all-weather”). In model 6.3 the

coefficient of interest is η, which captures the effect of having “higher quality” road

reconstruction programs.

6.6.3 Other reconstruction initiatives

Road reconstruction does not happen in isolation and, further, it can be argued

that roads are an important component of other reconstruction programs, as they

help connect villages and contribute to bring reconstruction materials, people, and

recovery assistance. I explore this possibility in model 6.4, where, specifically, I

explore the relation between road reconstruction and public works programs:

yijt “ σpPjt ˆRjtq ` βRjt ` αXit ` γCjt ` µi ` δkt ` εijt (6.4)

Where Pjt is an indicator variable that takes the value of one if the community

reports having benefited from public works programs. In model 6.4, σ is the coeffi-
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cient that captures the effect above and beyond road reconstruction or public works

programs alone.

The majority of individuals that work are males, but for statistical power, in all

of these analyses I will pool males and females together since results do not change

with using the pooled sample or just the male sample.

6.7 Effects of Road Reconstruction

First, I explore the effects of road reconstruction on individual outcomes. Results

from Table 6.3, Panel A, show that reconstruction of roads does not have any sta-

tistically significant effects on most individual economic outcomes. I fund a positive

relationship with subjective well-being, and a positive and statistically significant

relationship with wages (at the 10 percent level). Panel B, also in table 6.3, supports

the idea, often discussed in the literature, that quality of the reconstruction matters.

People living in communities that benefited both from road reconstruction as well as

all-weather surfaces (asphalt or cement) have 2.5 percentage point higher probability

of working, and a 2.6 percentage point higher probability that working is their pri-

mary activity (both statistically significant at the five percent level). There are no

other statistically significant effects, although, as it was the case in Panel A, there

is a positive relationship with self-reported well-being and wages. Finally, Panel C

(table 6.3) shows that road reconstruction does not have an additional effect when

the village also benefited from public works programs. There is a positive relation

between the interaction of road reconstruction and public works with self-rated well-

being, the probability of working, that work is the primary activity, as well as wages,

but neither one of these relationships is statistically significant.

Table 6.4 shows results for household outcomes. Road reconstruction has pos-

itive effects on household consumption and assets, although none of these effects

are statistically significant. However, Panel B shows that the interaction of road
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reconstruction with an all-weather road results in a 4.8 percentage point increase

in the probability the household will have cash (statistically significant at the one

percent level). And, there are also significant effects from the interaction between

road reconstruction and public works programs (Panel C in Table 6.4), which results

in higher household consumption (0.055 statistically significant at the one percent

level), and a 3.7 percentage point increase in the probability that a household will

own transportation (significant at the five percent level). There are also positive

effects on the probability that a household will report having gold (not significant)

and cash (statistically significant at the 10 percent level). It is unclear how the asset

portfolio of the household would change. Increases in transportation could be ex-

plained by people now finding a reason to own transportation since roads are better

quality. At the same time, transportation could lead to other income opportunities

and maybe explain changes in the other assets (cash or gold).

This analysis shows that for certain economic outcomes having information on

whether a village benefited from reconstruction initiatives may not be enough to fully

capture the effect that road reconstruction can have on the economic recovery of

disaster victims. As with many road projects, the characteristics of the road matter,

especially having an all-weather surface. In the particular case of reconstruction, the

potential role that roads play facilitating other reconstruction initiatives reaching

communities is also important to consider.

6.7.1 Heterogeneity Analysis

It is important to take into account that road reconstruction may have very different

effects depending on whether road reconstruction initiatives happened in rural or

urban settings. I focus on this dimension to explore heterogeneous effects. I show

results from this analysis in Tables 6.5 and 6.6. Effects from road reconstruction

are different for rural and urban communities. In the case of individual economic
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outcomes, road reconstruction has positive and significant effects on self-rated well-

being for urban areas, which experience 0.064 points higher values of the SES ladder

(statistically significant at the five percent level), and shown in Panel A of Table 6.5.

For rural areas, road reconstruction has a positive relationship with subjective socio-

economic well-being, the probability of working in the week prior to the interview,

and wages, but none of these relationships is statistically significant. However, rural

areas experience statistically significant improvements in the probability of working

when the reconstruction is combined with all-weather roads (Table 6.5, Panel B).

In this cases, people in rural areas have 2.7 percentage points higher probability

of working and 2.8 percentage points increase in the probability that work was the

activity that took the most time in the week prior to the interview (both statistically

significant at the five percent level).

There are also differences when looking at household-level outcomes. For urban

households (Table 6.6, Panel A), road reconstruction projects result in 4.1 percentage

points higher probability of having transportation as a household asset (statistically

significant at the 10 percent level). For rural households, road reconstruction is

positively related to household economic outcomes; however, these effects are not

statistically significant (Table 6.6, Panel A). As previously discussed, quality of the

reconstruction matters and, as shown in Panel B of Table 6.6, road reconstruction

involving all-weather surfaces results in higher household consumption (significant at

the five percent level) and a 3.7 percentage point increase in household ownership of

cash (significant at the five percent level). For urban household (second half of Table

6.6) all-weather surfaces also contribute to increase the probability that the household

will own transportation by 6.8 percentage points (significant at the 10 percent level).

Finally, Panel C of Table 6.6 shows the effect of both road reconstruction and public

works programs, which is particularly important in urban areas, where the interaction

of these two initiatives results in 0.123 higher PCE (significant at the one percent
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level) as well as 8.0 percentage points higher probability of cash savings (statistically

significant at the five percent level). I do not see similar effects for rural households

(top section of Table 6.6), where the additional effect of both road reconstruction

and public works programs only results in a 3.7 percentage point higher probability

of transportation ownership (significant at the 10 percent level).

Result from the heterogeneity analysis suggest that for rural communities re-

construction of roads, and in particular reconstruction of all-weather roads, matters

more as a way, perhaps, to access new opportunities outside of the village, since

all-weather roads facilitate transportation and reduce travel times. In the case of

urban households, for which all-weather roads may have been more common prior

to the tsunami, benefits of road reconstruction may be coming from involvement in

the reconstruction activities.

6.8 Possible Pathways

In this section I explore possible pathways through which road reconstruction can

affect individual and household outcomes related to labor markets and consumption.

As I discussed in section 6.4, I will focus on the relationship between road reconstruc-

tion and road quality (an indicator that takes the value of one if the village leader

reports quality improvements of roads), market access (defined as an indicator that

takes the value of one if the village has a market near that people normally use), and

new opportunities to earn income (a variable that takes the value of one if the village

leader reports improvements in opportunities to earn income). To tests these path-

ways, I use within community variation in the timing of road reconstruction projects

to identify community changes in any of these outcomes. The model is simple and

links pathways to road reconstruction as follows:

wjt “ βRjt ` γCjt ` σj ` δt ` εjt (6.5)
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In equation 6.6, Rjt is the same indicator variable used in the previous models

for wether a community reports road reconstruction at a given time t, Cjt are time

varying community characteristics, including other reconstruction initiatives as well

as village-level average household consumption, and village-level average education,

σj and δt are community and time (survey wave) fixed effects. Table 6.7 shows results

for this analysis.

Based on the results from Panel A (Table 6.7), there is no statistical evidence

that access to markets is a pathway through which road reconstruction can affect

individual and household outcomes; however, I cannot reject that improvements in

road quality and in earning opportunities are possible mechanisms to explain the

role of road reconstruction on economic well-being. Panel B, also in Table 6.7, shows

results for rural areas. Similarly, based on this analysis, I can rule out market access

as a possible pathway, but improvements in road quality (i.e. amenities) and earning

opportunities have a statistically significant relationship with road reconstruction

and, therefore, I cannot reject that their may be possible pathways. Finally, Panel

C (Table 6.7) shows results for urban areas. In this case, I reject both market

access and improvements in income earning opportunities as possible pathways, but

improvements in road quality still has a statistically significant relationship with road

reconstruction, so I can not reject it as a possible mechanism. The lack of effects in

market access provides some evidence that changes in prices may not be important,

or that there are off-set by something else. Earning opportunities could be the result

of changes in prices or in new income opportunities from transitioning away from

farm labor, as some research suggests.

6.9 Road Reconstruction and Migration

As I discussed above, some research has linked roads to migration outcomes (Thiede

and Gray, 2016), and since migration is such an important sequelae of natural disas-
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ters, in this section I explore the relationships between road reconstruction and mi-

gration. A priori it is hard to predict what this relationship would look like. While

road reconstruction may lead to higher migration rates by facilitating movements

of people across villages, it could also reduce migration rates if the reconstruction

is also linked to improved employment opportunities and access to markets in the

origin community. And, if roads do not play a significant role in permanent migra-

tion, as argued by Thiede and Gray (2016), then it is possible that I do not find any

relationship.

To explore the relationship between road reconstruction and migration, I use

data on household location collected at each STAR follow-up to track households

that moved away from the pre-tsunami village. I define migration as an indicator

variable that takes the value of one if at each follow-up STAR survey (between 2005

and 2015) the household is in a different location than prior to the tsunami. For this

analysis, I re-estimate equations 6.2, 6.3, and 6.4 on the household sample.

Table 6.8 shows results for any move that happened between 2005 and 2015.

The table shows that there is not a statically significant relationship between road

reconstruction and migration (Panel A). The fact that reconstruction may have im-

proved roads to all-weather surfaces is also not a predictor of migration away from

the pre-tsunami village (Panel B). There are also no differences whether pre-tsunami

communities where urban or rural (columns 2 and 3 of Table 6.8). One reason that

could explain the lack of significant effects is that I base my analysis on house-

hold location at each follow-up, this analysis only considers long-term moves, so any

transitory migration correlated with road reconstruction will not be included if it

happened between data collection periods.
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6.10 Case Study: Reconstruction of the Banda Aceh-Meulaboh Road

In this section I will explore the effects of road reconstruction more specifically by

looking at the effects of reconstruction of a particular project. A major shock to

Aceh’s infrastructure was the destruction of the road connecting Banda Aceh and

the city of Meulaboh, an important economic center in the province. The Banda

Aceh-Meulaboh road (BAM ) was not only one of the major transportation routes

for people and commercial activities prior to the tsunami, it was also a complex

work of engineering extending over 240 km and including more than 110 bridges.

Most of these structures were either destroyed or heavily damaged during the 2004

tsunami. In addition to the destructive effect on the built environment, the force of

the tsunami also transformed Aceh’s coastal landscape, reshaping the morphology of

entire areas. As a result, reconstruction of the Banda Aceh-Meulaboh road required

adaptation to these changes, as well as other engineering considerations to improve

durability of rebuilt infrastructure.

Reconstruction of the road was a joint effort between USAID, which identified

this project as key element of the restoration of economic development in Aceh, and

Japan International Cooperation System, which paved and widened the emergency

road between Calang and Meulaboh.

The Banda Aceh-Meulaboh road is a good example of a project that seeks to

recover large public infrastructure after a major shock to the built environment

under the assumption that it would contribute to restore economic activity in the

area. In this section, I use community data collected in STAR in 2015, specifically

on this road, to explore the effects on individuals and households on gaining access

to the Banda Aceh-Meulaboh Road.
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6.10.1 Banda Aceh-Meulaboh Road Data and Measures

In the sixth follow-up of STAR, community leaders provided detailed information

on the the reconstruction of the BAM road. Of the 487 communities a total of 168

reported that the BAM road is the main route taken when traveling to Banda Aceh.

Looking specifically at the communities that use the BAM road I define a measure

to track changes in access from 2005 to 2015 using community-level reports. In this

sense, a community will have better access if community reports indicate that the

BAM road goes through the community in 2015 but it did not pass through it at

the time of the tsunami. In addition, I use reports of distance from the community

to the BAM road to classify any community that in 2015 reports the distance to the

road to be closer (compared to the baseline) also as having better access. Similarly, a

community will have worst access if the BAM road no longer goes through the village

in 2015 or the reported distance to the road is greater than prior to the tsunami.

Table 6.9 shows the distribution of communities based on these criteria.

In the next section, I will exploit this variation in access to estimate the effects

of the reconstruction of the BAM road.

6.10.2 Empirical Strategy

An important fact, which I will use to conduct the empirical analysis, is that in

the 10 year period between 2005 and 2015 some communities gained access to this

main road while others lost access due to some rerouting that took place during the

reconstruction, mainly to reduce the vulnerability of the road to another tsunami or

coastal hazard, as shown in Table 6.9. I take advantage of this variation to understand

the effects of the reconstruction of the BAM road. I use a difference-in-differences

strategy (with individual fixed effects) between 2005 and 2015 based on change of
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access of the community to the BAM road. I estimate the following model:

yijt “ β1pA1jt ˆWt`1q ` β2pA2jt ˆWt`1q ` αXit ` γCjt ` µj ` δkt ` εijt (6.6)

In model 6.6, β1 captures the effect of gaining access to the BAM road (A1)

and β2 captures the effect on losing access. Model 6.6 also includes controls for

time-varying individual or household characteristics (Xit), time-varying community

characteristics (Ci), individual fixed effects (µj), and kecamatan-wave fixed effects

(δkt).

6.10.3 Effects of Access to BAM Road

Table 6.10 shows there are a few significant differences between people in communities

that gained and lost access to the BAM road. People living in communities that

gained access to the road have a positive relationship with changes in wages, although

not significant. For people in communities that lost access to the road there is also

a negative relationship with wages, also not significant. However, there a significant

effect of loosing access to the road on the probability of work taking most of the

time in the prior week. In this case, people in communities that lost access to the

road have 4.8 percentage point increase in the probability that work was their man

activity (significant at the five percent level).

The effects of the individual-level analysis are stronger when we look at rural

areas, which are the majority of the communities that experienced changes in their

relative position to the road. The bottom part of table Table 6.10 presents results

for the rural subsample. This analysis shows that loosing access to the BAM road

results in a 7.6 percentage point increase in the probability of working in the week

prior to the interview and in 7.0 percentage point increase in the probability work was

the activity that took the most time (both statistically significant at the five percent

level). However, these positive effects do not translate into better outcomes related
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wages or subjective well-being. The contrary happens in areas that gained access,

where there are no significant differences in the probability of working but wages

are significantly higher in these areas that now have access to the road (statistically

significant at the one percent level).

Table 6.11 shows results for the analysis on household level outcomes. This table

shows that there are not many differences in terms of consumption and assets, but

gaining access to the road results in a 6.0 percentage point increase in the probability

that the household reports gold as an asset (significant at the 10 percent level). At

the same time, gaining access results in a 7.3 percentage point decrease in household

ownership of cash (significant at the five percent level). Losing access to the road

does not result in any statistically significant difference. These result supports an

initial assessment that gaining access to the road has positive effects as households

increase their holdings of gold, even if they seem to be using their cash, perhaps to

buy other assets.

I present results for the rural subsample in the bottom half of Table 6.11. Rural

households that gained access to the road have a 8.9 percentage point decrease in

the probability of owning cash (significant at the five percent level) and, while both

the probability of owning gold and transportation increase, these changes are not

statistically significant.

Taking together, results from the BAM road case study show that gaining access

to the road has positive effects both on individuals and households and, in particular,

in households in rural areas. I did not find any statistically significant negative effects

of losing access to the road but results from this case study point that losing access

may be hindering opportunities, for example, to translate work opportunities into

higher wages. Although, this idea is just a hypothesis that merits further research.
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6.11 Discussion

In this chapter I provide initial estimates of the effects of road reconstruction on

post-disaster recovery of economic outcomes related to labor market outcomes, and

household consumption and assets. Taking advantage of variation in the timing

when communities received road reconstruction projects, I show that quality of the

reconstruction, in particular extending access to all-weather roads, matters in terms

of economic recovery over time. Next, I did a simple case study and looked at the

effects of reconstruction of a high profile road project: the Banda Aceh-Meulaboh

road. I show in Table 6.9 that by 2015 about 24.4 of baseline communities gained

access to the road and that 8.3 percent lost it. Using this variation in access I estimate

a difference-in-diffences model and show that access to the Banda Aceh-Meulaboh

road results in higher wages for those that gained access, especially those living in

rural communities. Further, people in communities that lost access to the BAM road

have higher probability of working, but these opportunities do not translate in higher

wages or improvements in household well-being. For the household level analysis,

gaining access to the road results in increases in the likelihood of having gold but

reduces the probability of having cash, although I do not find changes in household

consumption.

The analysis I do in this chapter represents an important first step toward improv-

ing our understanding of the effects of reconstruction of community infrastructure.

Specifically, it contributes to the literature of the effects of access to road infras-

tructure in developing countries by focusing specifically on the post-disaster period.

This focus is important for two reasons. First, there is hardly any research looking

at the effects of road reconstruction post-disaster, a gap that the research is this

chapter contributes to address. Second, my analysis covers a period of 10 years,

something that for most research is very difficult to do, but that is particularly im-
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portant for road reconstruction, especially, taking into consideration that the Banda

Aceh-Meulaboh road reconstruction extended between 2005 to 2012.

6.11.1 Causal Interpretation of Results

As I discussed in section 6.2 one of the issues to estimate causal effects of roads

relates to non-random placement of road infrastructure. If the same non-random

assignment applies to road reconstruction then the “road reconstruction treatment”

will be related to certain community characteristics that make some areas more

likely to get reconstruction projects than others, that is ErRjtεijts ‰ 0. As I argued

in Chapter 4, for the most part, disbursements of post-disaster aid went to areas

that experienced higher levels of damage so to the extent that damaged caused by

the tsunami to roads is quasi-random, and communities were not able to secure

reconstruction aid differentially, then result from this chapter can be given a causal

interpretation. However, I remain cautious about this point. Roads are a critical

component of the distribution of aid so, for example, communities that had a role as

aid distribution centers may have received reconstruction projects sooner. There is

further work to do on this issue of causality.

First, it is important to understand what are the community determinants of

road placement projects. A preliminary analysis exploring community determinants

of road reconstruction assistance using OLS shows that tsunami damage is the main

(and statistically significant) determinant of a community getting road reconstruction

aid see Table 6.12. Contrary, all weather-roads were not targeted based on damage

but to communities that clearly needed improvements in road quality, mainly ru-

ral, less wealthy, and less educated communities, as shown in the second column of

Table 6.12. This empirical evidence suggests that post-tsunami road reconstruction

not only replaced destroyed (or damaged) infrastructure, but also resulted in im-

provements of existing road infrastructure in communities that lacked quality roads
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pre-tsunami.

The empirical strategy exploiting within community variation in the timing of

road reconstruction aid should address any concerns of time-invariant community

characteristics related to access to road reconstruction. Further, controls for time-

varying factors should help minimize endogeneity concerns. However, in extensions

to this research I should attempt to strengthen the identification strategy of causal

effects.

6.11.2 Research Extensions

Even if the analysis in this chapter has some limitations, it provides an interesting

first step that opens multiple areas of research. There are ways to reinforce the

identification strategy used in this chapter. For example, it would be an improvement

to have detailed variation on the start and end date of reconstruction projects to get

a more precise measure of how long individuals in the community have had access

to new roads. Second, additional sources of data on road quality and access could

help refine the definition of treatment and maybe provide additional information

to expand the identification strategy with other methods (such as an instrumental

variable approach). Additional empirical strategies would be particularly interesting

to reinforced identification of the causal effects of changes in road quality. In this

sense, in this paper I focus primarily in the post-tsunami period; however, a valuable

feature of STAR is having baseline data on individuals and households, as well as

retrospective information on pre-tsunami community infrastructure. As a next step

to strengthen the causal argument of improvements in road quality, I could use a

difference-in-differences strategy to compare pre- and post communities that have

improvements in road quality with those that did not.

In the particular case of the reconstruction of the Banda Aceh road one of the

key shortcomings is that there is not a lot of variation in terms if communities that
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gained or lost access to the road. One of the main issues constraining this analysis

is that I only use data from STAR. These data have the advantage of enabling me

to link household and individual outcomes with information on access to the BAM

road; however, the subset of communities that use the road as the main way to

get to Banda Aceh is small, which limits available variation and the ability to detect

significant effects. A next step to address this issue is to construct a detailed measure

of timing when the reconstruction of the BAM road happened in each community.

The current analysis just exploits changes in access (gain vs loss), while having more

detailed time of reconstruction will provide variation in access at different points in

time (for example, those that gained access first relative to those that got it later,

as well as those that lost it).

Another alternative is adding more communities to the analysis, which would

help to increase sources of variation in terms of access to the BAM road, espe-

cially in urban areas, where the data in STAR is more limited. The ideal group of

communities for expanding the case study on the BAM road would include those

that are similar but have access to different quality sections of the road, and those

for which the reconstruction happened at different times. Possible sources of data

for these communities include, in addition to STAR, the Village Potential Statistics

(PODES ), which has information about village characteristics for all of Indonesia.

It includes about 68,000 communities and data is collected in tandem with peri-

odic censuses (Agriculture, Economy, Population). It also has useful information on

village characteristics, including the main sources of income.

An important extension to this paper also relates to further exploring the mech-

anisms by which roads could affects communities. In practice, roads provide connec-

tivity to new areas with all sorts of new opportunities. It is an interesting question

to understand how is post-tsunami road reconstruction changing the “connections”

of communities and what advantages they are getting from these new links.
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Finally, there is a lot more work to do on the relationship between roads and

migration. Using STAR, I can not only look at short-term migration, as some other

research as done, but also I can look at rates of returned migration to see if roads

explain the decision to move back to the pre-tsunami community as the local infras-

tructure changes.
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6.12 Figures and Tables

Figure 6.1: Tsunami Damage to Roads, Bridge Destruction, 2005

Source: STAR Team, Kabupaten Banda Aceh
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Figure 6.2: Tsunami Damage to Roads, Road Quality, 2005

Source: STAR Team, Kabupaten Banda Aceh
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Figure 6.3: Post-Tsunami Road Reconstruction, 2008

Source: Peter Katz, STAR Team, Kabupaten Banda Aceh

151



20
40

60
80

10
0

Pe
rc

en
t R

oa
d 

R
ec

on
st

ru
ct

io
n

2005-2006 2006-2007 2008-20092007-2008 2009-2010 2014-2015

Figure 6.4: Timing of Road Reconstruction

Source: Author’s calculations based on STAR data
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Table 6.1: Individual Characteristics Pre-Tsunami

Full Rural Urban
sample Sample Sample

Demographic characteristics
Avg age 34.1 34.4 33.3
Avg yrs of educ 8.5 7.5 10.6
% female 50.9 51.1 50.8
% married 59.0 60.8 55.2
% work 54.4 57.8 46.8
% work | male 77.0 80.4 69.3
% household head 33.1 34.2 30.54

Tsunami experience
% high damage communities 15.9 12.2 24.0
% med damage communities 53.4 55.7 48.4
% low damage communities 30.7 32.2 27.6

Reconstruction
% road reconstruction 87.3 85.9 90.2

N 18, 058 12,433 5,625

Table 6.2: Household Characteristics Pre-Tsunami

Full Rural Urban
sample Sample Sample

Demographic characteristics
Avg age 44.4 44.7 43.8
Avg yrs of educ 7.3 6.3 9.8
% female 14.6 15.0 13.6
% married 83.5 83.9 82.6
% work 89.9 91.3 86.2

House characteristics
% Own house 78.9 87.2 59.9
% Tile roof 3.1 1.9 6.0
% Brick wall 40.2 33.0 57.5
% Size 4.5 4.4 4.6

Tsunami experience
% high damage communities 16.0 13.2 22.6
% med damage communities 54.8 56.4 51.0
% low damage communities 29.2 30.4 26.3

Reconstruction
% road reconstruction 86.9 85.8 89.8

N 6, 189 4,374 1,815
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Table 6.3: Effects of Road Reconstruction, Individual Outcomes

SES Labor Market

Ladder Work PrWork Hours lnWage

Panel A
Road reconstruction 0.011 -0.003 -0.007 -0.457 0.035*

(0.016) (0.007) (0.007) (0.474) (0.018)

Panel B
Road reconstruction ˆ All-weather surface 0.013 0.025** 0.026** -0.852 0.010

(0.025) (0.012) (0.011) (0.738) (0.032)

Panel C
Road reconstruction ˆ Public works programs 0.024 0.008 0.005 -0.559 0.036

(0.021) (0.010) (0.010) (0.633) (0.026)

N 87,961 87,961 87,961 41,672 41,672
a *** pă0.01, ** pă0.05, * pă0.10.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-wave fixed effects, time varying community
characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities), and
controls for marital status, household expenditures, and age. Robust standard errors clustered at the community level.

Table 6.4: Effects Road Reconstruction, Household Outcomes

lnPCE Household Assets

Gold Cash Transp

Panel A
Road reconstruction 0.022 0.012 0.003 0.004

(0.018) (0.011) (0.011) (0.012)

Panel B
Road reconstruction ˆ All-weather surface 0.047 0.010 0.048*** 0.036

(0.030) (0.022) (0.018) (0.023)

Panel C
Road reconstruction ˆ Public works programs 0.055*** 0.012 0.027* 0.037**

(0.025) (0.016) (0.016) (0.016)

N 34,619 34,619 34,619 34,619
a *** pă0.01, ** pă0.05, * pă0.10.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-wave fixed effects, time varying
community characteristics (block grants, public works programs, rebuilding housing, and rebuilding of health facilities),
and controls for marital status, household expenditures, and age. Robust standard errors clustered at the community
level.
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Table 6.5: Effects of Road Reconstruction, Individual Outcomes, by Community
Type

SES Labor Market

Ladder Work PrWork Hours lnWage

1. RURAL

Panel A
Road reconstruction 0.002 0.004 -0.003 -0.722 0.033

(0.018) (0.009) (0.008) (0.537) (0.022)

Panel B
Road reconstruction ˆ All-weather surface 0.020 0.027** 0.028** -0.476 0.024

(0.030) (0.014) (0.014) (0.920) (0.038)

Panel C
Road reconstruction ˆ Public works programs 0.014 -0.002 -0.001 -1.003 0.060*

(0.025) (0.012) (0.012) (0.739) (0.033)

N 62,276 62,276 62,276 28,446 28,446

1. URBAN

Panel A
Road reconstruction 0.064** -0.011 -0.007 0.521 0.044

(0.031) (0.014) (0.014) (0.945) (0.032)

Panel B
Road reconstruction ˆ All-weather surface -0.001 0.032 0.018 0.227 -0.059

(0.041) (0.022) (0.023) (1.542) (0.055)

Panel C
Road reconstruction ˆ Public works programs 0.060 0.025 0.008 0.391 -0.022

(0.039) (0.018) (0.018) (1.244) (0.045)

N 25,685 25,685 25,685 13,226 13,226
a *** pă0.01, ** pă0.05, * pă0.10.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-wave fixed effects, time varying community
characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health facilities), and
controls for marital status, household expenditures, and age. Robust standard errors clustered at the community level.
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Table 6.6: Effects of Road Reconstruction, Household Outcomes, by Com-
munity Type

lnPCE Household Assets

Gold Cash Transp

1. RURAL

Panel A
Road reconstruction 0.029 0.008 0.000 -0.011

(0.021) (0.013) (0.011) (0.015) )

Panel B
Road reconstruction ˆ All-weather surface 0.077** 0.028 0.037** 0.012

(0.034) (0.024) (0.017) (0.028)

Panel C
Road reconstruction ˆ Public works programs 0.037 0.011 0.009 0.037*

(0.031) (0.019) (0.017) (0.020)

N 24,960 24,960 24,960 24,960

1. URBAN

Panel A
Road reconstruction 0.022 0.022 0.002 0.041*

(0.037) (0.023) (0.030) (0.023) )

Panel B
Road reconstruction ˆ All-weather surface 0.006 -0.009 0.077 0.068*

(0.060) (0.043) (0.048) (0.036)

Panel C
Road reconstruction ˆ Public works programs 0.123*** 0.038 0.080** 0.025

(0.076) (0.034) (0.042) (0.035)

N 9,659 9,659 9,659 9,659
a *** pă0.01, ** pă0.05, * pă 0.10.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-wave, time varying commu-
nity characteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health
facilities), and controls household size. Robust standard errors clustered at the community level.
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Table 6.7: Possible Pathways

Road Market Earning
Quality Access Opps

Panel A: Full Sample
Road reconstruction 0.212*** -0.023 0.078**

(0.029) (0.022) (0.034)

N 2,435 2,435 2,435

Panel B: Rural Areas
Road reconstruction 0.204*** -0.017 0.075*

(0.034) (0.027) (0.040)

N 1,790 1,790 1,790

Panel C: Urban Areas
Road reconstruction 0.234*** -0.037 0.074

(0.059) (0.036) (0.070)

N 645 645 645
a *** pă0.01, ** pă0.05, * pă0.10.
b Each panel is a separate model. All models include community fixed ef-
fects, survey wave fixed effects, time varying community characteristics (block
grants, public works programs, rebuilding housing, and rebuilding of health
facilities), and controls for average household PCE and average education.
Robust standard errors clustered at the community level.

Table 6.8: Road Reconstruction and Migration

Moved from Pre-tsunami Village

All Rural Urban

Panel A
Road reconstruction -0.004 -0.008 -0.003

(0.009) (0.009) (0.025)

Panel B
Road reconstruction ˆ All-weather surface 0.006 -0.003 0.031

(0.017) (0.015) (0.049)

Panel C
Road reconstruction ˆ Public works programs 0.001 -0.008 0.021

(0.015) (0.014) (0.041)

N 34,619 24,960 9,659
a *** pă0.01, ** pă0.05, * pă0.10.
b Each panel is a separate model. All models include individual fixed effects, kecamatan-wave fixed effects,
time varying community characteristics (block grants, public works programs, rebuilding housing, and
rebuilding of health facilities), and controls for marital status, household expenditures, and age. Robust
standard errors clustered at the community level.

157



Table 6.9: Changes in Community Access to BAM Road

Full Rural Urban
sample Sample Sample

Access relative to 2005
Better 24.4 25.9 16.0
Worst 8.3 9.1 4.0
No change 67.3 65.0 80.0

N 168 143 25

Table 6.10: Effects of Access to BAM Road, Individual Outcomes

SES Labor Market

Ladder Work PrWork Hours lnWage

Panel A: Full Sample
Gained access to BAM -0.020 -0.014 0.011 0.998 0.121

(0.050) (0.027) (0.026) (2.629) (0.086)
Lost access to BAM -0.060 0.043 0.048** 2.843 -0.028

(0.052) (0.030) (0.021) (3.651) (0.173)

N 9,736 9,736 9,736 1,789 1,789

Panel B: Rural Sample
Gained access to BAM 0.024 -0.016 -0.003 -0.913 0.213***

(0.049) (0.025) (0.020) (2.742) (0.091)
Lost access to BAM -0.42 0.076** 0.070** 1.315 0.200

(0.062) (0.030) (0.020) (5.266) (0.213)

N 8,288 8,288 8,288 1,388 1,388
a *** pă0.01, ** pă0.05, * pă0.10.
b All models include individual fixed effects and kecamatan-wave fixed effects, time varying community char-
acteristics (block grants, public works programs, rebuilding transport infrastructure, and rebuilding of health
facilities, and rebuilding houses), and time varying individual characteristics (lnpce, marital status, age).
Robust standard errors clustered at the community level.
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Table 6.11: Effects of Access to BAM Road, Household
Outcomes

lnPCE Household Assets

Gold Cash Transp

Full Sample
Gained access to BAM 0.079 0.060* -0.073** 0.058

(0.052) (0.037) (0.036) (0.039)
Lost access to BAM 0.041 0.035 -0.010 0.077

(0.066) (0.049) (0.046) (0.068)

N 4,145 4,145 4,145 4,145

Rural Sample
Gained access to BAM 0.061 0.048 -0.089** 0.060

(0.055) (0.038) (0.038) (0.042)
Lost access to BAM 0.078 0.033 0.008 0.067

(0.064) (0.055) (0.041) (0.066)

N 3,630 3,630 3,630 3,630
a *** pă0.01, ** pă0.05, * pă0.10.
b All models include individual fixed effects and kecamatan-wave fixed effects, time vary-
ing community characteristics (block grants, public works programs, rebuilding transport
infrastructure, and rebuilding of health facilities, and rebuilding houses), and time varying
household characteristics (household size). Robust standard errors clustered at the commu-
nity level.
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Table 6.12: Community Determinants of Road Re-
construction

Receipt
Aid

Timing
Aid

Community damage level
High tsunami damage 0.130** 0.043

(0.060) (0.050)

Village characteristics pre-tsunami
Average lnPCE 26 - 50 pctile 0.10 0.01

(0.06) (0.05)
Average lnPCE 51 - 75 pctile 0.06 0.05

(0.06) (0.05)
Average lnPCE 76 - 100 pctile 0.11 -0.05

(0.07) (0.06)
Average education ď 6 yrs 0.01 -0.21***

(0.10) (0.06)
Average education ą6 & ď 9 yrs 0.02 -0.15***

(0.10) (0.05)
Average education ą9 & ď 12 yrs 0.09 -0.11***

(0.09) (0.04)
Urban community -0.06 -0.10**

(0.05) (0.04)
Village ě 2 posyandus 0.02 0.03

(0.05) (0.04)
Village midwife -0.03 0.01

(0.04) (0.04)
Village ď 5 schools 0.01 0.00

(0.04) (0.03)
Village ą5 & ď 10 schools 0.06 -0.07

(0.06) (0.08)

Economic activities pre-tsunami
Aquaculture 0.01 0.03

(0.05) (0.03)
Livestock -0.06 0.05

(0.04) (0.03)
Fishing only 0.14** -0.05

(0.06) (0.06)
Farming only 0.03 -0.04

(0.07) (0.05)
Fishing and farming 0.07 -0.05

(0.09) (0.05)

Village leader characteristics (1st follow-up)
Age village leader ą40 & ď 45 yrs -0.02 0.03

(0.05) (0.04)
Age village leader ą45 & ď 50 yrs 0.02 -0.02

(0.04) (0.04)
Age village leader ą55 yrs -0.02 0.07

(0.05) (0.04)
Educ village leader ď 6 yrs -0.05 -0.01

(0.07) (0.05)
Educ village leader ą6 & ď 9 yrs -0.10 -0.03

(0.06) (0.04)
Educ village leader ą9 & ď 12 yrs -0.06 -0.01

(0.046) (0.030)
Tenure village leader ą2 & ď 5 yrs 0.04 -0.00

(0.04) (0.03)
Tenure village leader ą5 yrs 0.07 -0.03

(0.04) (0.03)
Leader died in tsunami 0.01 0.02

(0.06) (0.06)

N 487 334

a *** pă0.01, ** pă0.05.
b Models control for distance to the coast, elevation, distance to the epicenter,
region of the community, and household composition. Robust standard errors
clustered at the pre-tsunami community level.

160



7

Conclusion

The main goal of this study was to provide empirical evidence on the long-term

economic and demographic effects of post-disaster reconstruction on individuals and

communities. As I identified in Chapter 1, there are two main reasons why there is

a persistent gap in the existing economic literature about long-term effects of post-

disaster reconstruction. First, I noted the lack of available data that tracks survivors

over time and across space. Second, and closely related to the lack of long-term

data, are the difficulties to disentangle causal effects of reconstruction projects. In

this dissertation I address these two concerns and provide some of the first causal

evidence of the impact of post-disaster reconstruction using a unique, population

representative panel of survivors of the 2004 Indian Ocean tsunami.

I begin my empirical analysis in Chapter 4, where I provide causal evidence of

the impact of reconstruction of the built-environment on the well-being of disaster

survivors. To be specific, I look at the long-term effects of housing reconstruction on

a multidimensional set out well-being measures. This research sheds light on the im-

portance of housing reconstruction during the post-disaster period as a contributing

factor to restore well-being across multiple dimensions. From a policy perspective,

161



these results underscore the importance for emergency and reconstruction programs

to implement the necessary mechanisms that would ensure reconstruction assistance

is effectively deployed not only in terms of “access” but also of “quality”. Further,

because most benefits accrue in the long-term, the sooner the reconstruction period

begins the faster disaster survivors can experience some of these benefits. The results

of this research extend the literature on natural disasters but they also contribute

to the overall literature on housing by providing causal evidence on the importance

that access to adequate housing has on multiple dimensions of well-being.

In Chapter 5, I present a study on post-disaster migration, an important demo-

graphic consequence post-disaster. The study of migration is challenging, in partic-

ular, when trying to establish a causal effect; however, the analysis of this chapter

provides unique evidence linking migration decisions, exposure to a natural disaster,

and post-disaster reconstruction. Further, it also provides a link between migration,

reconstruction, and long-term socioeconomic well-being, which has not been studied

before in the literature.

Chapters 4 and 5 focus on the effects of reconstruction of individual property,

the house, in Chapter 6, I study the effects of reconstruction of community infras-

tructure. Chapter 6 answers the question about the effects of road reconstruction

on economic outcomes. Roads are considered an important element to advance eco-

nomic development, as they provide access to new markets, improve travel times, en-

courage migration, and labor opportunities. However, during natural disasters they

can severely deteriorate and become a burden on communities, delaying the arrival

of aid, and creating difficulties for people to access better opportunities elsewhere.

The analysis I do in Chapter 6 represents an important first step toward improving

our understanding of the effects of reconstruction of community infrastructure and,

specifically, it contributes to the literature of the effects of access to road infrastruc-

ture in developing countries by focusing specifically on the post-disaster period. This
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focus is important for two reasons. First, there is hardly any research looking at the

effects of road reconstruction post-disaster, a gap that the research in this chapter

contributes to address. Second, my analysis covers a period of 10 years, something

that for most research it is very difficult to do, but that is particularly important

for road reconstruction, especially, taking into consideration that, for example, the

Banda Aceh-Meulaboh road reconstruction extended between 2005 to 2012.

Thanks to the access I have to a unique, population representative dataset of

disaster survivors, the Study of the Tsunami Aftermath and Recover (STAR), which

I describe in Chapter 3, this dissertation fills an important gap in our understanding

of what happens to disaster victims in the long-run, how they benefit from recon-

struction programs, and how these programs can have long-lasting consequences on

economic and demographic trajectories of populations. As a result, my study not only

represents an important contribution to existing literature, but it also underscores

the importance of having data collection projects that account for the long-term na-

ture of infrastructure reconstruction projects, and provides valuable information to

understand what works and why in post-disaster recovery.

Natural disasters are projected to become increasingly more common, and re-

search like my dissertation can improve our understanding of how disaster victims

cope, which strategies work best and why, and create lessons that can inform disaster

management and policies that will result in successful reconstruction experiences.
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