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Abstract 

Ecological factors and the policy environment are central constraints on 

population well-being. This dissertation emphasizes the role of shocks to help 

understand the nature of such constraints, and explores the relationship between 

population, environment, and development in greater detail than is typically possible.  

Chapter 1 opens by contributing to a growing body of evidence around the 

impacts of old-age pensions on the well-being of pension recipients and their families. I 

draw from the unique disbursement structure of a popular, widely utilized benefits 

program in rural Brazil, and data from two nationally representative surveys conducted 

in 2013 by the Brazilian Institute of Geography and Statistics. I first employ regression 

discontinuity design to measure the direct effect of the program’s age threshold on 

pension take-up. Second, I compare differences in reports of health and well-being 

among age-eligible and age-ineligible adults in rural areas to the same differences 

among populations that generally do not qualify for the benefit (i.e., urban populations). 

This difference-in-differences shows robust evidence of a beneficial pension effect, 

though along somewhat different dimensions by gender. I then show evidence of two 

credible mechanisms for improved health and well-being: first, improved food security 

within households that have eligible pension recipients; second, the cohabitation of 

younger family members, potentially providing support to aging family members. 

Taken together, this chapter demonstrates that the rural benefits program in Brazil leads 
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to tangible health benefits for its recipients, through channels that are likely to 

complement rather than crowd out other public services.  

Chapter 2 moves on to explore how a massive natural disaster affected smoking 

behavior, a common coping mechanism. External stressors are commonly hypothesized 

to play a role in the adoption of certain health behaviors, but understanding the role of 

exposure is frequently hampered by research designs and data that are inadequate for 

tracing causality. I use this study to evaluate the relationship between unanticipated 

exposure to a natural disaster and smoking behaviors using longitudinal data collected 

from families in Aceh, Indonesia before and after the 2004 Indian Ocean tsunami. 

Exposure to the tsunami is measured as a community indicator of physical proximity to 

damage, and as individual indicators of personal experiences at the time of the tsunami. 

My analysis indicates that the effect of exposure on smoking uptake varies considerably 

by age, and that most forms of exposure increase smoking volume. These effects appear 

to be temporary, but even in the context of Indonesia’s extraordinarily high smoking 

rates an impact is perceptible even ten years after the tsunami. 

Chapter 3 delves further into the effects of the tsunami, exploring the 

distribution of resources after the broad destruction of infrastructure and subsequent, 

fast-paced reconstruction. I evaluate multiple aspects of water access for roughly 6,000 

families through 2014. Logit regression analysis show increasing disparities in access to 

basic amounts of water, and multinomial logit regression analysis indicates that shifts 

are driven by a massive increase in the market for privately distributed bottled water. 
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This study disentangles key distributional processes to show how reconstruction 

influenced a central social determinant of health among an already vulnerable 

population. 

The chapters to follow aim to relate the well-being of individuals to the 

influences that arise from interconnected policy choices and ecological factors. The first 

chapter emphasizes a policy shock, the second an ecological shock, and the second seeks 

to identify a combined effect of the two. This original research is intended to help 

illuminate the role that institutions might play in improving population well-being. 
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Introduction 

This dissertation presents research that explores relationships between 

population, environment and development. It is intended to contribute to a growing 

literature that examines how ecological factors and development choices interact with 

various dimensions of human well-being.  In acknowledgment of the dominant 

competing explanations for population well-being, these chapters explore what are often 

thought of individual as well as social determinants of health, and outcomes both 

among individuals and more general systems. I begin Chapter 1 with a novel evaluation 

of a specific policy initiative aimed at bridging the gap between rural and urban 

populations. I move to consider ecological influences in Chapter 2, where I measure the 

effect of exposure to the massive 2004 Indian Ocean tsunami on smoking behavior. My 

final chapter aims to unite the role of the institution with that of the natural environment 

by studying how access to water resources has evolved since the tsunami.  

Chapter 1, Public Pensions and the Health and Well-Being of the Elderly: Evidence from 

Brazil, is a collaborative project with Marcos Rangel. This paper reviews a policy aimed 

at bridging the divide between urban and rural populations, and provides evidence of 

positive impacts on the health and well-being of elderly Brazilians. I draw from a 

pension program’s unique disbursement structure, for which the only relevant personal 

characteristics are sex and age. Using data from two nationally representative surveys 

conducted in 2013 by the Brazilian Institute of Geography and Statistics, I first employ a 
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regression discontinuity design to measure the direct effect of the program’s age-based 

threshold on pension receipt. I take advantage of the sharp discontinuity in pension 

receipt to compare differences in reports of health and well-being between eligible 

(rural) and ineligible (urban) populations, and those above and below the age threshold. 

This difference-in-differences demonstrates robust evidence of a beneficial pension 

effect. I then provide evidence of two credible mechanisms for improved health and 

well-being: first, improved food security within households that have eligible pension 

recipients; second, the cohabitation of younger family members, potentially providing 

support to aging family members. This chapter demonstrates that Brazil’s rural benefits 

program generates tangible health benefits for its recipients, through channels that are 

likely to complement rather than crowd out extant government services. In light of the 

persistent health and economic disparities between urban and rural populations, this 

brand of public program shows considerable promise in narrowing a persistent social 

divide. Dr. Rangel suggested public use datasets and helped develop the main 

identification strategy. I was responsible for conducting analysis and writing. 

Chapter 2, Traumatic Experiences and Smoking Behaviors, is a joint work with 

Elizabeth Frankenberg that explores the role that stressors play in the adoption of certain 

health behaviors. The relationship between stress and health behaviors is central to 

understanding psychosocial well-being, risk and policy response, but the role of 

exposure is typically obfuscated by data and research designs that are inadequate for 

tracing causality. In this study, I evaluate the relationship between unanticipated 
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exposure to a natural disaster and the adoption and intensification of smoking 

behaviors. I do so using longitudinal data collected from families in Aceh, Indonesia 

before and after the massive 2004 Indian Ocean tsunami. Exposure to the tsunami is 

measured in multiple ways: as a community indicator of physical proximity to damage, 

and as individual indicators of personal experiences at the time of the tsunami. My 

analysis indicates that the effect of exposure on smoking uptake varies considerably by 

age, and that most forms of exposure are linked to increased smoking volume. These 

effects appear to be temporary, but even in the context of Indonesia’s extraordinarily 

high smoking rates some impact is perceptible even ten years on. Dr. Frankenberg 

provided access to proprietary data, analytical guidance, and constant feedback. I was 

responsible for designing the analytical strategy, conducting analysis and writing. 

Chapter 3 is entitled Water Provision in the Poor World: Disaster Recovery and 

Resource Inequality. In this paper I consider access to drinking water, a central social 

determinant of health, as a function of the destruction wreaked by the same 2004 

tsunami and of the agents of reconstruction that intervened in its aftermath. During this 

period, reconstruction was guided by an ad-hoc government agency with the slogan 

“build back better”. I examine the long-term efficacy of efforts to restore water services 

through a framework seeking to disentangle the distributional processes underlying 

disaster recovery. I do so in a setting of more general questions about the expansion of 

water services to areas without them, at a time during which doing so was an explicit 
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development goal. I take sole responsibility for this final chapter, which aims to blend 

the ecological with the institutional.  

The research questions in these three chapters reflect a research interest in 

relating population well-being to positive and negative influences that arise both 

independently from ecological factors and policy choices, and from the interplay 

between them. The central motivation of myriad institutions is to improve population 

well-being, and it is my hope that these chapters might contribute to a more complete 

understanding of how our relationship with ecological influences and public institutions 

might be modified to our collective benefit. 
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1. Public Pensions and the Health and Well-Being of the 
Elderly: Evidence from Brazil 

This paper reviews and contributes to a growing body of evidence around the 

impacts of old-age pensions on the well-being of pension recipients and their families. I 

draw from the unique disbursement structure of a popular, widely utilized benefits 

program in rural Brazil, and data from two nationally representative surveys conducted 

in 2013 by the Brazilian Institute of Geography and Statistics. I first employ regression 

discontinuity design to measure the direct effect of the program’s age threshold on 

pension take-up. Second, I compare differences in reports of health and well-being 

among age-eligible and age-ineligible adults in rural areas to the same differences 

among populations that generally do not qualify for the benefit (i.e., urban populations). 

This difference-in-differences shows robust evidence of a beneficial pension effect, 

though along somewhat different dimensions by gender. I then show evidence of two 

credible mechanisms for improved health and well-being: first, improved food security 

within households that have eligible pension recipients; second, the cohabitation of 

younger family members, potentially providing support to aging family members. 

Taken together, this study demonstrates that the rural benefits program in Brazil leads 

to tangible health benefits for its recipients, through channels that are likely to 

complement rather than crowd out other public services.  
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1.1 Introduction 

The aging population that characterizes the demographic transition makes the 

measurement and improvement of elderly well-being a central policy concern in lower 

and middle-income countries. These demographic forces are further exacerbated by the 

mass migration of young people to urban areas, and the accompanying disruption of 

traditional family structures in which younger people are traditionally more likely to 

adopt roles as caretakers for elder family members. Old-age pensions are the main 

channel through which policy-makers engage with the lives of the elderly in lower and 

middle-income countries (Lloyd-Sherlock and Agrawal 2014). The ways in which 

pension benefits are used, and the welfare outcomes that accrue to recipients and their 

families, are of considerable interest to those seeking to understand the benefits and 

costs of redistributive policies, especially when the resources devoted to them might 

take other more direct forms, such as health care or food assistance. The importance of 

this policy question has been reflected in a substantial literature and an array of 

interrelated research agendas, together largely oriented around quantifying the impacts 

of old-age pensions and other forms of cash benefits.  

There are complex political and economic considerations underlying the 

deployment of large social programs like pensions, so most efforts at evaluating their 

impact utilize observational rather than experimental data. The evaluation of 

observational data is complicated by the fact that pensions are typically linked to 

fundamental recipient characteristics, such as labor force participation or socio-economic 
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status, which are in turn likely to turn on outcomes of interest like health, financial 

security, and living conditions. A few prominent programs are designed in such a way 

as to circumvent criteria like labor force participation or financial means, instead 

distributing benefits on the basis of age, geography, or some other more general 

targeting instrument. These sorts of programs appear rooted in a strong (and likely 

credible) assumption that the targeted population would, until that point, have been 

unable to devote meaningful portions of earlier income to more common contributory 

pension schemes. They also reflect an acknowledgement that under normal 

circumstances, many beneficiaries would simply continue laboring intensively 

throughout old age until death. This study considers one such unconditional program, a 

universal benefits program aimed at rural workers nearing retirement age in Brazil.  

The literature that documents the impact of pension programs is extensive and 

multi-disciplinary, reflecting the many potential functions and impacts of social benefits 

and a widespread interest in their evaluation. The economic portion of this literature, 

itself expansive, generally considers how household expenditures change when 

pensions are introduced, how new resources might be shared among household and 

family members, and how unconditional benefits influence a recipient’s likelihood of 

participating in the labor force. Sociological analyses of pensions tend to emphasize the 

impact of benefit programs on living arrangements, noting changes in household 

structure and family roles that might result from changing sources of income. Public 

health experts often focus on the ways in which individual behavior, attitudes, or health 
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outcomes are modified in positive or negative ways by new pension income. This paper 

sits at the intersection of these literatures, drawing on multiple analytical methodologies 

to address multiple substantive questions. The next section describes in greater detail 

the literature, and the contribution of this study to it. The section to follow presents the 

details of the Brazilian rural pension program and the population it serves, delineating 

the strategy through which I measure changes in recipient and family well-being. The 

results show improvements along multiple health dimensions for both men and women, 

and explore a pair of plausible mechanisms through which these improvements might 

be attributed. I conclude with a brief discussion of the policy relevance of these findings.     

1.2 Overview of the literature 

Our study is framed by the considerable research on the impact of benefit 

programs on recipients and their families. I mainly draw from research on pension-

related benefits and retirement, but where relevant I also apply lessons from more 

general findings on benefit programs. This study is a modest contribution to an 

interactional research agenda that seeks to quantify specific improvements linked to the 

receipt of government benefits, and relate them to broader household behavior.  

As described in the introduction, most pension programs are structured in ways 

that complicate their straightforward evaluation, so a large body of extant research is 

devoted to specific instances that approximate a natural experiment. The South African 
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Old Age Pension1 is one of these instances, and has been closely studied because of its 

generous eligibility criteria.  It is also accompanied by a gender-specific threshold that 

makes age the main determinant of eligibility. A pair of key insights about the use and 

distribution of benefits have emerged from this line of inquiry. First, the effects of 

supplemental income are not exclusively felt by program recipients. Instead, households 

and families of pensioners also benefit measurably from this redistributive mechanism, 

as observed through changes in health, school attendance, labor market participation, 

and other dimensions. (Bertrand, Mullainathan and Miller 2003; Duflo 2003; Edmonds 

2006). Second, household composition responds to pension income such that impacts on 

the broader family cannot be straightforwardly interpreted without controlling for the 

presence and characteristics of other household members (Hamoudi and Thomas 2005). 

This set of findings has important analytical implications. Any effort to observe changes 

for individual recipients might be obstructed by the overall dilution of impact as 

resources are spread amongst a family, the composition of which is likely to change 

alongside pension receipt. Correspondingly, measures that reflect family or household 

well-being are likely to complement individual analysis. Effects on other household 

                                                      
1 The South African pension above is similar in nature to the Brazilian program in this paper, 

qualitatively (broad targeting and age-/gender-based eligibility) and quantitatively (both 

represent around a median income). The major differences between the two are that the Brazilian 

pension is targeted by occupation rather than by race, and that the Brazilian pension begins 5 

years earlier than the South African pension. Brazil has a considerably longer life expectancy (at 

birth and at age of receipt), suggesting that the Brazilian program is of relatively greater 

relevance (and greater net present value) to its recipients than the South African program.   
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members, however, must be interpreted with caution, since their presence or absence 

may be endogenous to the benefits program itself. 

Policy discourse frequency invokes the potential for government monies to 

subsidize behaviors that could generate negative externalities. A substantial literature 

explores the extent to which pension benefits might be translated into unhealthy 

behaviors through the purchase of “temptation goods” like alcohol, cigarettes, soda, or 

candy which would in turn increase morbidity and mortality among the recipient 

population. Several studies, generally from rich countries, support these concerns. In 

New Zealand, receipt of an unconditional cash transfer has been linked to declines in 

self-rated health; the authors however do not present any reasonable mechanisms 

behind the apparent observed declines (Pega et al. 2016). Studies of at-risk populations 

(like known drug users) in the US tend to show that benefit receipt is associated with an 

increase in unhealthy behaviors, though these findings do not appear to apply to the 

population at large (Ayyagari 2016; Cotti, Gordanier and Ozturk 2016). European 

populations show increased risk of obesity, though the risk appears restricted to men 

retiring from strenuous labor (Godard 2016). Other research exploits the same 

exogenous changes to European retirement schedules to find evidence of a detrimental 

impact on mental health, and the authors propose that keeping the elderly in the 

workforce longer could stave off mental health declines (Heller-Sahlgren 2017). This set 

of studies reinforces the idea that retirement is fraught with new health risks, and goes 

beyond physical mechanisms to speak to a growing interest in elderly anxiety, 
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depression, and loneliness (Pinquart and Sorensen 2001). However, endogenous 

selection into benefit receipt in conjunction with an absence of mechanisms means that 

the association with negative health outcomes is tenuous.   

The aforementioned studies do take advantage of exogenous variation in 

retirement age, but are unable to separate the act of retirement – intricately linked not 

just to household economics but to social interaction and personal psychology – from 

the policy tool of government benefits, operating mostly through an economic channel. 

A meta-analysis of evidence from lower- and middle-income countries (the context of 

this study) sheds some light on how benefit programs might directly influence 

recipients’ purchasing and consumption decisions but finds no systematic relationship 

between government cash transfers and consumption of alcohol or tobacco. The authors 

use this evidence to argue that there is no basis for the fear that cash transfers might 

facilitate unhealthy behaviors (Evans and Popova 2014). This finding reinforces that of 

Case and Deaton (1998) who observe that, in South Africa, “a rand is a rand” – pension 

income is treated like any other. More recent work, exploiting changes in the pay-off 

schedule of a large cash transfer program in Peru, has contested the generalizability of 

these findings, showing that evidence that decreasing payment frequency without 

changing the total amount (i.e., aggregating benefits into fewer, larger payments) can 

increase spending on temptation goods like alcohol and sweets by small but statistically 

significant amounts. The authors lean on intuition from psychology to justify their 

findings, hypothesizing that a combination of present bias and projection bias puts 
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consumers into a “visceral state” of purchasing when they receive the transfers (White 

and Basu 2016). The proposed visceral state mechanism is not directly tested. 

Policy tools for improving elderly well-being can be deployed through multiple 

channels, so the specific ways in which pensions might improve well-being are 

important to understand for institutions that aim to justify public expenditure. Noting 

that evaluations tend to emphasize improvements in elder health, Lloyd-Sherlock and 

Agrawal (2014) argue that resources would be better spent on direct health services 

aimed at keeping people alive, rather than transferring the same resources directly to 

people. This assertion (which once more draws on the South African pension program) 

is likely to be more relevant in contexts where basic health needs are not being met 

among the target population (like South Africa), and perhaps less generalizable to 

contexts where health care access is more or less universal (like Brazil), and where other 

channels might be more responsive to policy changes (Cohn 2009; Macinko and Lima-

Costa 2012; Szwarcwald, Souza-Júnior and Damacena 2010). Clearly, the extent to which 

pension income might be spent on healthcare is highly dependent upon context. It 

follows that studying pension receipt in a context where healthcare is widely available is 

likely to demonstrate other ways that recipients opt to devote resources, and whether 

those choices improve their overall well-being.  

There is a large portion of the economics literature that relates retirement to 

consumption. A recent set of studies looks specifically to food security as one obvious 

way in which resources might be deployed to improve well-being. There are conflicting 
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findings over whether food consumption patterns change at retirement and, if so, to 

what such a change might be attributed. A notable study testing the permanent income 

hypothesis argued that retirement shifts expenditure away from food only to 

compensate via increased home production (Aguiar and Hurst 2005). Aguiar and Hurst 

make a strong case for differentiating between what is purchased on the market, versus 

what is actually consumed.  However, these conclusions have been called into question 

by a study accounting for changing survey design and response; the authors find that 

food intake does indeed fall at retirement, with a larger effect than that associated with 

unemployment (Stephens Jr and Toohey 2018). At the intersection of health and 

household economics, the impact of retirement on food security is of growing interest to 

the scientific community. 

Last, there have been some efforts to evaluate certain impacts of the Brazilian 

rural pension program that I study in this paper. This line of work is sparse relative to 

the wealth of research around South Africa’s program. Most extant research exploits the 

program’s 1991 reform, when the current age thresholds were introduced and the scope 

of the program dramatically increased (to be described in more detail in the next 

section). In general, the program has been shown to dramatically reduce poverty, a fact 

that helps justify its enormous popularity (Barrientos 2003). Perhaps unsurprisingly, the 

modified pension structure has been linked to labor force departure during the five 

years after eligibility (de Carvalho Filho 2008). Consistent with findings from South 

Africa (though estimated in different ways), children in pension-eligible or beneficiary 
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households appear to obtain higher levels of education and enjoy better measures of 

health than their counterparts (Ponczek 2011; Reis 2010). This study seeks to add to this 

comparatively small set of findings by drawing from methodologies used to evaluate 

similar benefits programs. I also look to a new set of outcome measures that may 

provide additional insight about the channels through which government benefits might 

improve the well-being of their recipients.  

I proceed below with a brief discussion of Brazil’s rural benefits program, or 

aposentadorias rurais.     

1.3 Brazil Rural Benefits Program 

Since 1991, Brazil’s central government has provided a generous pension for all 

rural workers. This enormously popular non-contributory pension is equivalent to 100% 

of a minimum wage, which in 2013 was 678 Brazilian Reals, or around $300 US. Access 

to the benefit is not means-tested, nor are recipients required to stop working. Whereas 

workers in formal sectors trigger pension receipt by documenting the length of their 

contribution, rural workers (in sectors like agriculture, fisheries, ranching, and extraction 

where contributions would be challenging or impossible) must only document the 

length of their service. Because the program is financed mainly through a payroll tax in 

the formal employment sector, the program aproximates a large-scale subsidy from 

urban to rural areas, on the order of 1% of GDP (Schwarzer and Querino 2002).  

This particular program – while always extremely popular and well-known – has 

changed substantially since its more modest beginning. Prior to the 1960s, Brazilian 
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benefit policies were contributory and, as such, were restricted to the formal, urban, 

blue- and white-collar labor force where wages were high enough to permit pension 

contributions. Rural workers and other economically weak social groups (such as 

domestic workers and indigenous people) were mostly excluded from pension coverage 

until the late 1960s. Such a structure did little to mitigate inequality, since the people 

with the most reliable and highest-paying jobs also had access to the most secure 

benefits. The convergence of two major social forces – the mobilization of rural workers 

into labor unions in the 1960s, and the [1964-1984] military regime’s desire for social 

stability – led to the 1971 introduction of a standard old-age benefit to be paid out to 

household heads working in rural industries. Men and women both qualified for a flat 

benefit, equal to 50% of a minimum wage and without any obligation to quit work, at 

age 65. The program was tremendously popular and was further enhanced by the 1988 

Constitution, which listed a set of program improvements to be implemented in 1991 

with the expansion of the Instituto Nacional do Seguro Social (INSS).2 First, the new 

constitution reduced the age of eligibility by 5 years (to 60) for men, and by 10 years (to 

55) for women. Second, minimum pensions were doubled to 100% of the minimum 

wage.3 Third, pensions were extended to any household members meeting the eligibility 

criteria regardless of headship, meaning that many married women (who were until 

                                                      
2 This change falls under the auspices of the much broader [1991] Social Security Acts. 
3 Alternatively, 70% of earnings benefit when this amount is greater than the minimum benefit. However, 

because wages are low in rural areas the vast majority of rural benefits are equivalent to a minimum wage 

(de Carvalho Filho 2008). 
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then disqualified because of the eligibility of their husbands) were newly eligible to 

receive benefits. The expansion of eligibility was technically implemented in 1991 but 

took several years to come into force. Between 1992 and 1994, the program expanded by 

over 50%. The effect of the rural benefits program on lifting families out of poverty is 

well-documented, and income from this pension program has become a substantial 

overall part of total monetary income among recipient households in rural areas 

(Barrientos 2003; de Carvalho Filho 2008; Schwarzer and Querino 2002).  

Because of its 1971 introduction as FINRURAL the program is still referred to 

colloquially as a rural pension, but the name is something of a misnomer. In fact, 

recipients are targeted on the basis of their occupation rather than their location. 

Subsistence workers in agriculture, mining, fishing, and informal sectors qualify for the 

pension so long as they have no record of contributing to social insurance or having 

acted as employers. Brazil is a highly urbanized country - roughly 85% of the population 

lives in urban areas – and the majority of people living in rural areas do in fact 

participate in forms of labor making them eligible for the rural pension. There is a 

technical requirement of fifteen years of rural work to qualify, but in practice the 

absence of any record of contributing to social insurance or having acted as an employer 

is the main criterion for eligibility (Barrientos 2008). A wide variety of documents are 

accepted as evidence of rural work (tenancy contracts, sharecropping agreements, labor 

contracts) such that collecting the pension is straightforward for its intended recipients 

(Ponczek 2011).  
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The rural pension program provides an additional financial benefit to the 

population it serves. Beyond serving as a reliable source of income for beneficiaries who 

may no longer be in a position to work as day laborers, beneficiary banking cards 

eventually began to be treated as signs of creditworthiness. This has enabled pensioners 

to borrow against future earnings (van Ginneken 2003). In 2004 financial regulations 

were lifted and pensioners could borrow against future pension flows, increasing access 

to credit in rural areas still further.  

The next section will describe the data sources and analytical strategy I use to 

explore the effect of pension receipt in rural Brazil.     

1.4 Data and methods 

The data I turn to come from two nationally representative surveys implemented 

by the Brazilian Institute of Geography and Statistics, or Instituto Brasileiro de Geografia 

e Estatística (IBGE). First is the National Household Survey, or Pesquisa Nacional por 

Amostra de Domicilios (PNAD), conducted every non-census year. PNAD is 

representative of the population of Brazil at the level of the country, region, and federal 

district, and is designed to capture basic socio-economic characteristics of the whole 

population. The main survey covers topics like education, labor, income, and housing. 

Supplemental modules that explore various other social and economic phenomena are 

intermittently conducted. Information is provided by one respondent on behalf of the 

entire household, as is common in household surveys in the developing world. PNAD’s 

detailed information about the basic characteristics of household members make it a 
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valuable tool for understanding household composition. The survey year primarily 

explored in this study includes a supplemental module with questions about household 

food security, which I describe in more detail later in this section. 

The second data source I turn to is a 2013 national health survey - Pesquisa 

Nacional de Saúde, or PNS. PNS is conducted every five years and is designed to help 

describe the lifestyles, eating habits, physical activity, and alcohol & tobacco use of the 

Brazilian population (Malta et al. 2015). PNS is a population-based household survey 

collecting data from over 60,000 households, and elicited a roughly 92% household-level 

response rate from target households found to be occupied at time of interview. 

However, the PNS interview process did not involve proxy interviews, which results in 

large quantities of missing data from household members that would elsewise be 

included in the analytical sample. At younger ages, household members were less likely 

to be interviewed than at older ages, a pattern potentially due to labor force 

participation or household structure.  

Main analysis is restricted to men and women within 6 years of the gender-

specific eligibility threshold (i.e., to women 49-60 years old and to men 54-65 years old) 

who are living in rural areas (and so are more likely to be eligible for the pension) or are 

living in urban/peri-urban areas and have achieved more than a mandatory level of 

education (so as to exclude respondents living in those areas who might still be 

receiving the pension, which is targeted by occupation and not by geography). The 

samples for each survey, listed by sex and by geography, are presented in Table 1.  
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My main regression analysis compares treated to untreated populations to 

estimate a causal effect of the pension on recipient and family health and well-being. 

There are several potential confounding factors in this analysis, which I review here 

before proceeding through my analytical strategy. First, the baseline characteristics of 

rural workers are different from those of urban workers, so the outcomes for the 

population targeted for pension receipt are not directly comparable. Second, most 

outcomes of interest are also a function of age, so without appropriate controls for age 

the true effect of the pension will not obtain. Third, pensions are typically linked to 

retirement, and although the rural pension is not contingent upon labor market 

departure, its receipt is a determinant of retirement over the medium-term (de Carvalho 

Filho 2008). If the act of retirement influences outcomes of interest like mental or 

physical health, an analytical strategy that does not account for labor market withdrawal 

will obtain biased outcomes. To overcome these confounding factors I first compare 

differences in reports of health and well-being between eligible and ineligible recipients 

in rural areas. I compare this difference to the same difference among urban 

populations, where few or no respondents receive a pension strictly by crossing the age 

threshold. The first difference helps control for first threat to validity by comparing rural 

workers after the eligibility threshold to rural workers before the threshold, and the 

second difference helps control for the latter two threats by comparing rural workers to 
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urban workers of the same age and undergoing comparable aging and retirement 

patterns.4 I interpret this difference-in-differences as the causal effect of the pension.  

Two assumptions from the above identification strategy are critical to the 

analysis to follow. First, that the pension’s eligibility criteria are indeed meaningful: if 

rural workers are easily able to receive benefits prior to the relevant date or do not 

bother to receive benefits soon after, then the first difference may not be particularly 

informative. Second, that labor market participation is unresponsive to the threshold: if 

retirement is equally well identified by pension eligibility, then the analysis will not 

disentangle benefit receipt and retirement. Third, that labor market participation 

declines at a similar rate in rural and urban areas: if pre- and post-eligibility trends are 

substantially different, then the second difference will be less helpful. Descriptive 

statistics, displayed in Table 2, suggest that the eligibility threshold is meaningful for 

rural workers in terms of pension take-up; among elderly women, just 7% of women 

ages 50-54 report receiving a pension, a figure that increases by over 50 percentage 

points for the eligible group of 55-59 year olds (Column I).5 The absolute magnitude of 

the jump is even larger among men. Column II shows that while survey respondents are 

departing the labor market over this same period, the departure takes place at a much 

slower rate, and one not strikingly dissimilar from urban areas. I begin my analysis by 

                                                      
4 I also include linear and squared terms for age (in months) to sweep out additional changes due to aging. 
5 Table 2 uses 5-year age groups to demonstrate that a jump in eligibility occurs at the expected thresholds. 

Formal analyses to follow use two 6-year age groups, one before and one after each respective threshold.  
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testing these three assumptions more formally through regression discontinuity design, 

employed to estimate the causal effect of the rural benefits program on (1) benefit receipt 

and (2) labor market departure.  

The generalized equation for this test is: 

Equation 1: , where 

          

The above equation is stylized for ease of interpretation. PNAD and PNS both permit 

the estimation of age in days, which I take advantage of to establish the extent of 

responsiveness to the threshold. I estimate this regression using Stata’s rdrobust package, 

with one common mean squared error-optimal bandwidth selector, and with bias-

corrected estimates with robust variance estimators (options which are built into the 

statistical package). Standard errors are clustered on date of birth, and I further employ 

a donut estimator (dropping births within two weeks of either side of the threshold) to 

address the risk of heaping that may generate a biased treatment effect (Barreca, Lindo 

and Waddell 2016). This framework is employed to justify my main analysis, which 

employs a difference-in-differences estimator to take advantage of the discontinuous 

increase in pension receipt around the age-eligibility threshold.  

The difference-in-differences estimator can be written as: 

Equation 2:       
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where  is the outcome of interest (described in more detail below);   is the effect 

of age-based eligibility (over 60 for men and over 55 for women);  is the 

effect of geography-based eligibility (living in a rural area);   is the 

interaction of the two forms of eligibility (the full “treatment effect”); and  contains 

the personal characteristics deployed as controls (which practically speaking are 

education, work history, and age). Table 2, Columns III-IV provide an overview of these 

characteristics, drawing from the PNAD sample.  

The analytical framework I propose modifies in several ways extant efforts to 

understand the impact of benefits programs in Brazil and elsewhere. Past work has 

attempted to understand the effect of the pension by directly comparing beneficiary to 

non-beneficiary households, an approach that risks ignoring selection into pension 

receipt (Lloyd-Sherlock and Agrawal 2014; Reis 2010). Instead, I utilize an intent-to-treat 

model, taking advantage of the known relevance of the benefits program within rural 

communities. This approach follows other, similar evaluations that use a benefit 

program’s age-eligibility threshold for identification (Carvahlo 2008, Ponczek 2011), but 

with the additional advantage of an urban comparison group that does not have access 

to the same benefits but is experiencing similar trends in aging and labor force 

departure. Unlike some similarly structured evaluations (like Duflo 2003), I strengthen 

my claims to identification by presenting direct evidence that receipt of benefits amongst 

the rural population is highly responsive to the age cut-off. 
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Next, I describe some of the main dependent variables in the analysis to follow. 

A text description of each dependent variable is also presented in Table 3, alongside 

coefficients from linear regression using survey weight and clustering standard errors 

on the primary sampling unit. I begin with a set of outcomes from the PNS survey that 

pertain to health and health behaviors. The first set of questions is designed to capture 

information about anxiety and depression. These questions are similar in nature to the 

Generalized Anxiety Disorder Scale and the Centre for Epidemiologic Studies 

Depression Scale. They do not in this context have any diagnostic power, but further the 

analysis by demonstrating the prevalence of these characteristics at the population level. 

Sentiments range from having trouble sleeping, all the way to feelings that one would be 

better off dead; respondents rate each sentiment between never, some days, most days, 

and every day. I dichotomize each indicator by presence and ignore intensity, such that 

any report of each sentiment has the same effect. I also combine all reports of anxiety (of 

which there are 6) and depression (3) into aggregate indicators, such that any report of 

any indicator is treated identically. As shown in Table 3, reported symptoms of anxiety 

are more common among men and in rural areas 

Another main outcome from PNS is self-rated health, a coarse measure of well-

being that is commonly treated as a proxy for health, and is hypothesized to contain 

information about trajectories of one’s own development (Kaplan and Baron-Epel 2003). 

There is a robust association between poor self-rated health and mortality, though the 

relationship differs by age group (Frankenberg and Jones 2004; Jylhä 2009). Self-rated 
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health is significantly higher in urban areas, consistent with other comparisons in 

multiple countries and likely a function of differences in material resources (Leinsalu 

2002; Monnat and Pickett 2011).  

Other measures from PNS relate to more objective health behaviors and 

outcomes. I consider the extensive margin of every-day smokers and recent binge-

drinkers, pursuant to the literature exploring short-term consumption behaviors. To 

capture changes in dietary trends I include two constructed measures of whether 

respondents have consumed at least 7 servings of vegetables or protein over the course 

of the past week at the reference period. Rural women and men are less likely to 

consume this quantity of vegetables and protein, though the difference is larger and 

statistically significant (at 1%) only for vegetables. Finally, I include two objective 

measures of health that were collected from most PNS respondents at time of survey: 

blood pressure (using the clinical definition of high blood pressure) and Body Mass 

Index (or BMI, evaluating whether individuals fall outside of the “normal” range of 18.5-

25.0). Rural men in the sample smoke more and drink less than their urban counterparts, 

and are measured as having lower blood pressure and BMI. There are no significant 

differences between rural and urban women.  

I draw my next set of outcomes from PNAD, a larger survey with improved 

coverage of rural areas relative to the smaller and less frequent PNS. The first set of 

outcomes arise from a household module in which respondents report on their 

perceptions of food insecurity, as well as the reality of whether a nutritious diet is 
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available throughout the month to working-age adults (18-45 years old) and children 

(up to age 18) in the household. Food insecurity is well-documented among the elderly 

in lower- and middle-income countries; rural, low-SES populations are especially 

vulnerable to insufficient nutrition unhealthy dietary patterns (Mayén et al. 2014). 

Nutritional risk has also been associated with lower levels of self-rated health as well as 

higher levels of depression and anxiety, reflecting both the empirically demonstrated 

physical pathways between food security and nutritional outcomes, and the potential for 

complementary psychological pathways (Bhattacharya, Currie and Haider 2004; Choi et 

al. 2004; Hadley and Patil 2006). Differential reports of food insecurity are extremely 

clear in the descriptive statistics (among households with male and female pension 

recipients), so it is reasonable to presume that food insecurity is a tangible material 

concern for many respondents in this sample.  

PNAD also provides detailed household rosters that include information on the 

age, sex, labor force participation, educational attainment, and relation to head (among 

other things) of all household members. Following Hamoudi and Thomas (2005) I look 

to so-called fixed characteristics of household members to evaluate whether changes 

within the household might be because of changes induced by the pension to people 

already living in the household, or to changing household composition as family 

members re-situate themselves in response to new income. With respect to the 

possibility of changing household composition and the possibility of new arrivals filling 

important family functions, I turn last to a pair of questions reflecting whether and the 



 

40 

extent to which respondents are involved in domestic affairs, or housework. Descriptive 

statistics indicate that on average, women are less likely to self-report as household 

head. Rural households are somewhat larger than corresponding urban households.     

1.5 Results 

Whether the elderly rural population of rural areas can be thought of as 

“exposed” to the pension is contingent upon the extent to which that population 

transitions into pension receipt at the gender-specific age threshold, so the first test 

evaluates the relevance of the eligibility threshold using the framework described in the 

above section. Table 4, Column I shows the results of these tests on three separate 

samples: the 2013 PNS, the 2013 PNAD, and a pooled 1996-2015 PNAD sample. Each 

test is conducted on men and women in urban and rural areas (separately). Among the 

2013 samples the coefficients are different (likely due to variations in sampling strategy 

between PNS and PNAD) but show a strong, positive effect of pension eligibility on 

receipt. In PNS, the effect of the age eligibility threshold on pension receipt for men (at 

the level of the month) is 28.9 percentage points (p<0.01), which is to say the population 

of rural men at age 60 years and 1 month is nearly 30 percentage points more likely to 

receive a government than the population of rural men at age 59 years and 11 months. 

This I interpret as the causal effect of pension eligibility on receipt. In the PNS sample 

the effect is similar among rural women, though in PNAD the effect is smaller (but still 

highly significant). Among men in the 2013 PNAD, the effect size is similar at around 27 

percentage points (p<0.01). The effect size is smaller in the pooled sample, suggesting 
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that the response varies from year to year, but is on average large and positive. Such a 

change over time might be because of better knowledge about programs or economic 

changes that influence responsiveness, but I do not try to differentiate between possible 

mechanisms for response in this paper. Relevant to the identification strategy is that 

there is a strong, consistent effect around the age-eligibility threshold, and that the same 

does not hold among populations identified as urban (that is, respondents not expected 

to be eligible for the rural pension).  

Past work has mostly failed to separate the effect of retirement from the receipt 

of pension income, and Column II of Table 4 demonstrates that while I observe a large 

increase in pension eligibility at the age threshold, there is no corresponding decrease in 

labor force participation among men or women. Naturally, labor force participation is 

dropping overall over the time in study (the same trend described in Carvalho 2008), but 

if it is dropping at similar rates in urban as in rural areas, this fact will not challenge the 

identification strategy. Figure 1 (men) and Figure 2 (women) show the trends in pension 

take-up and labor force participation over time within the PNAD sample, in rural and 

urban areas. With respect to pension take-up there is a visible jump at the eligibility 

threshold for men and for women, but over the years in study, trends are not markedly 

different for labor force departure between rural and urban populations. This finding, 

essentially a visualization of the regression discontinuity results shown in Table 4, 

supports this analysis.  
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I now move to consider the outcomes of interest, applying the main analytical 

strategy which differences out the effect of more general aging from the effect of 

crossing the pension threshold, as described in the prior section. Table 5 presents 

outcomes drawn from the PNS, which relate to psychosocial well-being and physical 

health. Among women, I observe consistent evidence of improved health outcomes 

along multiple dimensions. While rural women in general have a lower likelihood of 

reporting being in good health, those who have passed the eligibility threshold are 

around 19 percentage points more likely to rate their own health as good or excellent. 

Women within this set are also less likely to report symptoms of anxiety or depression, 

although these effects are insignificant at traditional levels. There do not appear to be 

any meaningful changes in smoking or drinking behavior among the treated group, 

which is consistent with most regional evidence but runs counter to generally-held 

notions about the use of benefits for short-term consumption goods. On the contrary, 

there is some reasonably consistent evidence that recipients are using income to improve 

their diets; recipient women are about 13 percentage points more likely to have eaten 

vegetables 7 times in the past week (p<0.05), and about 7 percentage points more likely 

to have eaten protein 7 times during this same period (though this effect is insignificant). 

There is no effect on the likelihood of having high blood pressure or a BMI outside of the 

normal range among this group, which I interpret as additional evidence that new 

resources are not generating negative health impacts that might accumulate over the 

period of time in study.   
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Measurably positive effects also accrue to rural pension recipients who are men, 

although along different dimensions. No more or less likely to report being in good or 

excellent health as a result of pension receipt, treated men are nearly 15 percentage 

points less likely to report symptoms of anxiety. While every constituent measure has a 

negative coefficient (suggesting that pension receipt is broadly beneficial), the largest 

gains are observed in the realm of sleep. Effects on symptoms of depression are smaller 

and are not statistically significant. I observe no statistically significant changes in 

behavior, diet, or biomarkers among this group; effects on smoking and drinking are 

negative and effects on dietary measures are positive, however, and do not suggest that 

resources are being used for unhealthy behaviors.  

The PNS data demonstrate positive impacts on health among women and men. 

Based upon dietary reports, the improved reports of good health among women might 

be related to a better diet facilitated by additional pension income. Table 6 shows this 

mechanism to be credible. Households with elderly female recipients are around 4 

percentage points less likely to report concerns about food security (from a baseline of 

around 24 percentage points, so this represents a reduction of roughly 17%). These 

diminished concerns appear related to material reality, with the same set of treated 

households around 3 percentage points less likely to report any material shortages of 

food or lack of ability to afford food (p<0.1 for the whole household, p<0.05 for adults).6 

                                                      
6 Results associated with the responses to the individual questions used to evaluate food security can be 

found in Table 7 (aggregate measures are reported in Table 6). 
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There is a much larger effect size for children, but the coefficient is imprecisely estimated 

– at any rate, in light of the age and household structure of respondents targeted in the 

main analysis, this is a complicated coefficient to interpret. I directly consider household 

structure to better understand the nature of this relationship. Women are about 4% less 

likely to report headship, indicating some changes in composition (i.e., cohabitating with 

other family members who instead report as household heads). The natural log of 

household size also shows a positive and strongly significant effect; on average treated 

households are about 5 percent larger. This change appears to be driven by the addition 

of working-age family members. Looking to domestic affairs, it seems likely that this 

modified household composition is changing the housework patterns of elderly women; 

this group of women is on average doing about 2 hours less housework per week, 

although they are no less likely to be engaged with it on the extensive margin.  

Men do not report changed diets or improved health to accompany pension 

receipt, and the economic and bargaining literature suggests that income accruing to 

men might be treated differently than income accruing to women. PNAD’s food security 

module suggests that though reports may indeed differ, the end-use of new resources 

may be the same. The effect of the pension on concerns about food security is less among 

households with male recipients than with female recipients, although the effect sizes 

are not differentiable (-0.031 for men versus -0.038 for women). Effects on material food 

security, however, appear marginally larger for men – roughly a 5 percentage point 

reduction in financial constraints on any food purchasing and on adult hunger (both 
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significant at 1%). Once again, the effect on child hunger is even larger, but on a much 

reduced and highly selected sample. Household size undergoes a larger (roughly 9%) 

change among male recipients, and is again driven by working age family members 

joining the household. Men, who are less likely in the first place to contribute to 

domestic affairs and when they do tend to contribute less, do not systematically change 

their behaviors after pension eligibility.  

Past work demonstrates changes in household composition by considering the 

fixed characteristics of working-age household members. Hamoudi and Thomas (2005) 

answer this question in South Africa using longitudinal data; here I conduct a variation 

of the same tests described above, measuring years of education for household members 

co-residing with pension-eligible men and women. These results are not as strong as 

those found with longitudinal data, but provide some suggestive evidence that the same 

trends observed in South Africa are at play in Brazil. Table 8 displays the results of a 

regression measuring the years of education of co-residents. On average, working-age 

(18-45 years old) co-residents of pension recipients (male or female) are 1 year less 

educated than the comparison; because education levels for this group is mostly fixed, 

this result indicates that lower-education women and men (whose labor would be 

relatively less rewarded on the market) are moving in with their elderly, pension-

recipient family. Stratifying by sex of co-resident, women’s education “declines” more 

than men’s education. This dynamic could point to these lower human-capital family 

members joining their elderly relatives to perform basic caretaking functions, serving the 
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dual function of extending the pension’s benefits to new family members, and 

improving the well-being of the pension’s primary recipient through an additional non-

economic mechanism. I conduct the same tests for children ages 0-18 (a period during 

which education levels are still changing) and observe no differences. This indicates that 

my findings for working-age people are not a result of more general migration trends, 

and suggests that changing co-residence is both a feature of the rural pension program, 

and a potential mechanism for improved elder well-being. 

1.6 Discussion and conclusions 

Prior work has shown the positive effect of the Brazilian rural pension program 

on lifting people out of poverty, as well as the program’s longer-run impact on labor 

force participation. The specific ways in which the elderly recipients of the pension and 

their families have materially benefited from this large benefits program has been much 

less well demonstrated, despite the massive popularity of the program and the regular 

pressure under which the Brazilian pension system has come in recent years. I show that 

benefit receipt fosters improved physical and psychosocial well-being for elderly men 

and women. Women are significantly more likely to report good or excellent health, and 

are on average less likely to report symptoms of anxiety like poor sleep, low energy, and 

trouble paying attention (although psychological results are not highly significant). 

Elderly men benefit from large, consistent improvements in mental health, driven by 

improvements in sleep but also evident in other categories like energy levels, interest, 

and appetite.  
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We also highlight two probable mechanisms for these positive changes. One 

mechanism is almost certainly food security; regardless of the gender of the pension 

recipient, rural households with pension-eligible residents are significantly less likely to 

run out of food or not have access to nutritious food. The results for women suggest that 

this could contribute to a reduction of stress, and that elderly women themselves are 

direct beneficiaries of improved purchasing power and eating habits. Together, this 

provides strong evidence that direct services are not, as implied by Lloyd-Sherlock and 

Agrawal (2014), the only important channel through which the health of the elderly can 

be meaningfully improved, and that even in an environment in which health service 

provision is fairly robust it is possible to generate meaningful welfare improvements 

through cash benefits. Conversely, these findings reinforce other findings that food 

insecurity is likely to result from labor force departure when unaccompanied by a 

meaningful social safety net (Stephens Jr and Toohey 2018).  

In direct contrast to Ponczek’s 2011 evaluation of the program, I also observe 

statistically and practically significant changes in household composition within 

recipient households. Younger, working-age people are joining their rural elderly family 

members. These younger people are less well-educated and as a result are less likely to 

be highly rewarded on the labor market. In addition to growing the household, these 

individuals are likely finding valuable non-market alternatives to poorly-compensated 

labor, thereby reducing domestic responsibilities for their elderly parents by taking on 

something of a caretaker role. This phenomenon is extremely similar to that observed in 
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South Africa, and is all the more relevant in light of broader trends of urbanization, 

shrinking rural households, and diminished family support for the elderly. While 

Hamoudi and Thomas (2005) stop short of making welfare claims about changes in 

household composition and instead center their argument on the challenges of drawing 

conclusions in the midst of shifting co-residence patterns, here I find suggestive 

evidence that the arrival of new family members improves mental and physical health of 

primary pension recipients. 

Prior work (mostly in the rich world) sometimes goes so far as to propose that 

pension delivery should be postponed to prevent various mental and physical health 

declines for retirees (Ayyagari 2016; Godard 2016; Heller-Sahlgren 2017). The tendency 

to associate negative outcomes that are more likely linked to labor force departure with 

the receipt of government benefits grows from a literature which typically does not 

make a serious effort to separate the two. This study, which uses an identification 

strategy intending to sweep out the effect of retirement during a period in which overall 

mental and physical health are undeniably in decline, finds that the provision of a 

government pension in fact provides significantly positive effects along multiple 

dimensions, at least among the resource-poor population under study. In light of this 

finding, elder well-being might be better served by seeking to mitigate the social effects 

of retirement instead of postponing or eliminating the economic tools which, designed 

to facilitate retirement from the labor force, have also made it possible for recipients to 

measurably improve their own well-being and that of their families.      
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Tables and figures  

Table 1: PNS and PNAD sample sizes7. 

 PNS PNAD 

 Women Men Women Men 

Urban 8,854 6,020 4,829 2,651 

Rural 2,240 2,425 3,971 3,809 

 

  

                                                      
7 Analytical sample includes survey respondents within 6 years of pension eligiblity and either residing 

either in rural areas, or in urban areas with more than primary education. Rural/urban definitions vary by 

survey, and thus by dataset. 
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Table 2: Descriptive statistics, including pension take-up and labor force 

participation by sex and age. 

 

I. Percentage reporting 

pension receipt 

II. Percentage reporting 

active participation  

in labor force 

Group Urban Rural Urban Rural 

Women     

50-54 17.1% 6.7% 77.0% 61.9% 

55-59 38.3% 57.0% 59.4% 54.8% 

60-64 64.9% 78.1% 40.0% 45.0% 

     

Men     

50-54 10.2% 5.7% 92.3% 91.4% 

55-59 29.2% 11.9% 81.8% 86.4% 

60-64 51.9% 66.2% 68.0% 75.3% 

 III. Age of respondent upon 

entering labor force 

IV. Percentage achieving 

more than primary 

education 

 Women Men Women Men 

Women     

50-54 19.1 15.8 - 43.9% 

55-59 19.2 15.5 - 38.4% 

60-64 18.6 15.4 - 32.0% 

     

Men     

50-54 18.9 15.4 - 42.3% 

55-59 18.9 15.1 - 39.1% 

60-64 18.8 15.0 - 32.1% 
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Table 3: Descriptive statistics of outcome measures. 

Outcome 
Women Men 

Urban Rural (diff) Urban Rural (diff) 

Psychosocial well-being     

Good self-rated health 0.65 -0.33* 0.64 -0.22* 

Symptoms of anxiety 0.57 0.12* 0.38 0.15* 

Symptoms of depression 0.33 0.04 0.17 0.04 

     

Physical health     

Active smoker 0.16 0.02 0.19 0.12* 

Active binge drinker 0.05 -0.02 0.17 -0.05* 

Eats vegetables 7x/week 0.76 -0.29* 0.65 -0.22* 

Eats protein 7x/week 0.65 -0.05 0.74 -0.10 

Has high blood pressure 0.60 0.04 0.76 -0.06* 

Mean BMI 27.8 -0.20 27.6 -2.4* 

     

Household composition     

Respondent headship 0.41 -0.18* 0.79 0.08* 

Number of cohabitants 3.2 0.35* 3.15 0.14* 

     

Food security     

Has some concerns 0.08 0.24* 0.05 0.22* 

Experiences financial 

constraints 0.06 0.26* 0.03 0.27* 

Resident adults go hungry 0.02 0.13* 0.01 0.13* 

Resident children go 

hungry 0.23 0.35* 0.09 0.52* 

For women and men, the leftmost number represents the proportion or mean of urban 

respondents associated with the accordant row, with the number in the subsequent 

column representing the coefficient of a univariate regression. All estimates account for 

survey weights provided by PNAD/PNS. 
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Table 4: Effect of pension eligibility on take-up and labor force participation. 

 I. Pension take-up 

 Rural Urban 

Source Women Men Women Men 

PNS 0.319*** 0.289*** -0.002 0.021 

(2013) (0.075) (0.095) (0.036) (0.051) 

     

PNAD 0.151** 0.270*** 0.033 0.041 

(2013) (0.073) (0.083) (0.027) (0.045) 

     

PNAD 0.076*** 0.146*** 0.017* 0.040*** 

(1996-2013) (0.028) (0.029) (0.009) (0.013) 

 II. Labor force participation 

 Rural Urban 

 Women Men Women Men 

PNS 0.094 0.005 -0.048 -0.030 

(2013) (0.123) (0.091) (0.049) (0.047) 

     

PNAD 0.071 0.029 0.009 -0.025 

(2013) (0.087) (0.064) (0.035) (0.036) 

     

PNAD -0.024 -0.018 0.023* -0.008 

(1996-2013) (0.021) (0.011) (0.012) (0.016) 

The coefficients presented are the robust regression discontinuity 

estimates for each indicated variable, all from separate regressions.  
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Table 5: Effect of pension eligibility on health (difference-in-difference). 

Women N=4,834 

 Psychosocial well-being  

 Good health Anxiety Depression  

Rural 
-0.280*** 0.097** 0.048  

(0.047) (0.044) (0.060)  

     

Age-eligible 
-0.116** 0.026 0.033  

(0.049) (0.052) (0.054)  

     

Rural x  

Age-eligible 

0.188*** -0.075 -0.075  

(0.052) (0.055) (0.056)  

     

 Physical health 

 Smokes 

(daily) 

Binge drinks 

(monthly) 

Vegetables 

7x/week 

Protein 

7x/week 

Rural 
0.000 -0.028** -0.182*** -0.105* 

(0.040) (0.012) (0.060) (0.058) 

     

Age-eligible 
-0.007 0.001 -0.036 -0.066 

(0.040) (0.017) (0.046) (0.046) 

     

Rural x  

Age-eligible 

-0.069 -0.013 0.126** 0.067 

(0.043) (0.019) (0.052) (0.054) 

     

 Physical health, cont.   

 High blood 

pressure 

“Normal” 

range BMI 

  

Rural 0.016 0.055   

(0.045) (0.046)   

     

Age-eligible 0.035 -0.048   

(0.043) (0.051)   

    

Rural x  

Age-eligible 

-0.015 -0.002   

(0.052) (0.053)   
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Men N=3,107 

 Psychosocial well-being  

 Good health Anxiety Depression  

Rural 
-0.090* 0.101* 0.062  

(0.050) (0.053) (0.043)  

     

Age-eligible 
0.043 0.002 -0.006  

(0.063) (0.055) (0.045)  

     

Rural x  

Age-eligible 

0.012 -0.145** -0.037  

(0.055) (0.065) (0.053)  

     

 Physical health 

 Smokes 

(daily) 

Binge drinks 

(monthly) 

Vegetables 

7x/week 

Protein 

7x/week 

Rural 0.013 -0.071** -0.071 -0.104* 

(0.044) (0.033) (0.061) (0.061) 

     

Age-eligible 0.088 0.111** -0.012 0.054 

(0.066) (0.051) (0.062) (0.056) 

     

Rural x  

Age-eligible 

-0.045 -0.008 0.041 0.077 

(0.061) (0.036) (0.060) (0.070) 

     

 Physical health, cont.  

 High blood 

pressure 

“Normal” 

range BMI 

  

Rural 0.162*** -0.040   

 (0.060) (0.045)   

     

Age-eligible 0.158*** -0.060   

 (0.054) (0.063)   

     

Rural x  

Age-eligible 

-0.067 0.060   

(0.055) (0.057)   

Each set of three coefficients (by panel and column) represent the main 

regression results testing the relationship between rural residence, age 

eligibility, and the combination of the two on the outcome measure 

indicated by column.  
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Table 6: Effect of pension eligibility on food security, household composition, 

and domestic affairs. 

 Food Security (Aggregate Measures) 

 Any 

concerns 

Any limited 

availability 

Limited for 

adults 

Limited for 

children 

Women 
-0.038** -0.026** -0.172 -0.028* 

(0.015) (0.011) (0.105) (0.015) 

     

Men 
-0.031* -0.052*** -0.328** -0.053*** 

(0.018) (0.013) (0.158) (0.018) 

     

 Household Composition 

 Recipient 

headship 

Log HH size Family 

coresidents 

Adult 

coresidents 

Women 
-0.041** 0.054*** 0.105* 0.097** 

(0.021) (0.018) (0.057) (0.040) 

     

Men 
-0.023 0.087*** 0.251*** 0.177*** 

(0.019) (0.022) (0.066) (0.045) 

     

 Domestic Affairs   

 Any Hours   

Women 
-0.013 -1.832***   

(0.013) (0.670)   

     

Men 
0.009 -0.079   

(0.025) (0.633)   

     

Each coefficient represents the difference-in-difference (rural relative to 

urban, and above the age threshold relative to below) of the outcome 

measure indicated by column, for the sex indicated by row. 
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Table 7: Detailed results of food security measures. 

 Food Security: Household Access 

 Food supply 

ended 

No money 

for healthy 

diet 

Can’t afford 

food 

Stopped 

eating 

Women 
-0.020* -0.019** -0.015** -0.188* 

(0.011) (0.008) (0.007) (0.105) 

     

Men 
-0.044*** -0.023** -0.025*** -0.236 

(0.013) (0.009) (0.008) (0.160) 

     

 Food Security: Adult Access 

 Not eating 

enough 

Hungry but 

didn’t eat 

Skipped 

meal 

 

Women 
-0.111 -0.216** -0.061  

(0.093) (0.090) (0.074)  

     

Men 
-0.163 -0.266* -0.212*  

(0.149) (0.145) (0.114)  

     

 Food Security: Child Access 

 Decreasing 

meal size 

Stopped 

making 

meals 

Hungry but 

didn’t eat 

Skipped 

meal 

Women -0.023* -0.038*** -0.034** -0.014* 

 (0.013) (0.014) (0.014) (0.008) 

     

Men -0.045*** -0.054*** -0.060*** -0.027*** 

 (0.016) (0.017) (0.016) (0.010) 

     

Each coefficient represents the difference-in-difference (rural relative to 

urban, and above the age threshold relative to below) of the outcome 

measure indicated by column, for the sex indicated by row. 
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Table 8: Coresident years of education. 

 

Years of education  

(difference-in-difference) 

 

 Pooled Women Men 

18-45 year olds 
-1.025*** -1.233*** -0.653*** 

(0.172) (0.224) (0.225) 

    

N 10,185 5,425 4,760 

R2 0.363 0.375 0.351 

    

0-18 year olds 
0.261 0.436 0.090 

(0.237) (0.308) (0.336) 

    

N 6,183 3,259 2,924 

R2 0.059 0.076 0.051 

Each coefficient represents the difference-in-difference 

(rural relative to urban, and above the age threshold 

relative to below) of the years of education for the age 

group indicated in the leftmost column, for the sex 

indicated by column.   
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Figure 1: Direct effect of eligibility on pension take-up and labor force 

participation among rural and urban men. 
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Figure 2: Direct effect of eligibility on pension take-up and labor force 

participation among rural and urban women. 
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2. Traumatic Experiences and Smoking Behaviors  

Stressors are commonly hypothesized to play a role in the adoption of certain 

health behaviors, but understanding the role of stress exposure is frequently hampered 

by research designs and data that are inadequate for tracing causality. In this study, I 

evaluate the relationship between unanticipated exposure to a natural disaster and 

smoking behaviors using longitudinal data collected from families in Aceh, Indonesia 

before and after the 2004 Indian Ocean tsunami. Exposure to the tsunami is measured as 

a community indicator of physical proximity to damage, and as individual indicators of 

personal experiences at the time of the tsunami. My analysis indicates that the effect of 

exposure on smoking uptake varies considerably by age, and that most forms of 

exposure increase smoking intensity among those who already smoke. These effects 

appear to be temporary, but even in the context of Indonesia’s extraordinarily high 

smoking rates an impact is perceptible even ten years after the tsunami. 

2.1 Introduction 

A large body of research documents a strong association between traumatic 

exposure and smoking. Another literature focuses on the adoption of risky behaviors 

and their prevalence among the general population. This paper sits at the intersection, 

focusing on how traumatic exposure modifies the adoption and intensity of smoking 

behaviors among both adolescents and adults on the island of Sumatra in Aceh, 

Indonesia. I consider the impact of various forms of exposure to the 2004 Indian Ocean 
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tsunami on a large sample of Indonesian families surveyed by the Study of the Tsunami 

Aftermath and Recovery (STAR) from 2004 to 2014. 

My approach advances the literature in several key ways. First, the tsunami was 

abrupt and unexpected. Mainland Sumatra, where the data collection for this survey 

takes place, had not experienced a tsunami in roughly 600 years. Only around 15 

minutes passed between the earthquake and the resulting tsunami reaching the 

Sumatran coastline, leaving virtually no time for evacuation. The tsunami had 

devastating impact on the communities it struck, yet because of idiosyncrasies in force 

and geophysical land features, proximate communities were often spared much damage 

(Frankenberg et al. 2011). The comparison between families living in more and less 

affected communities provides a unique opportunity to study the short- and medium-

term results of an external shock, or turning point. 

Second, STAR data are collected prospectively, which substantially reduces 

concerns about recall bias with respect to both exposure and smoking behavior. The 

baseline data were collected just months before the tsunami in 2004, and the STAR 

survey team fielded six follow-up waves between 2005 and 2014. These data provide 

information about each household member including young children, and so 

functionally reveal the onset of smoking for many in the sample, showing in some detail 

how smoking behaviors have changed over time.  
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The next section describes how this study advances a rich literature that relates 

stress and trauma to health and risky behaviors. The following two sections characterize 

the context for the study as well as the data and methods to be employed. In the final 

two sections, I present the results of this analysis and discuss implications for the 

academic literature and for policymakers.  

2.2 Framework 

The literature on the relationship between exposure to stress over the life-course 

and the use of substances such as nicotine, alcohol, and cannabis is vast and 

interdisciplinary. It encompasses laboratory studies (usually on animals but in some 

instances on humans), and clinical and population-based studies.  

The biological pathways through which exposure to an acute or chronic stressor 

increase susceptibility to substance use are of great interest to scientists from a number 

of disciplines, but precisely establishing these pathways is complicated. We know from 

the biological sciences that stress exposure can result in dysregulation of the 

hypothalamic-pituitary-adrenal (HPA) axis, that dysregulation is connected to substance 

use initiation, and that tobacco use is an effective mediator between stress and the HPA 

axis (Duffing et al. 2014; Olff et al. 2006). The process has been traced to a molecular 

level, with evidence that exposure to acute stressors both enhances nicotine uptake and 

increases proteins that regulate the transcription of genes involved in stress and 

addiction (Briand and Blendy 2010; Hutchinson and Emley 1985). 
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An extensive literature based on observational studies of humans provides 

insight to how these mechanisms might manifest in the population, but only a handful 

of studies examine a well-defined external event, and these differ substantially from one 

another with respect to the measures and methodologies they employ. This literature, 

described in more detail below, demonstrates a consensus that exposure to traumatic 

experiences is associated with increased likelihood and intensity of smoking (Feldner, 

Babson and Zvolensky 2007). The range of results across individual studies likely arises 

in part because of the wide variety of outcome measures considered, each of which is 

likely to be differentially sensitive to measurement at different points along the life 

course. A few studies ask respondents whether cigarette smoking increases after an 

event of interest, while others assess smoking levels before and after. Relatively few 

studies collect specific information about smoking status and intensity at multiple points 

in time. Despite these differences in study design, the literature shows a consistent 

association between exposure to stressful experiences and higher levels of smoking.  

Cross-sectional surveys are commonly employed to understand smoking and 

other risky behaviors at the population level. Two such surveys were conducted by 

telephone one and six months after the 11 September 2001 attacks in New York City, 

demonstrating sustained increases in smoking intensity among each set of respondents, 

especially among those reporting psychological symptoms (Vlahov et al. 2004). The 

authors deploy survey questions intended to capture both the status and intensity of the 
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risky behaviors under study. A similar 9/11 study conducted later on finds increased 

cigarette use among exposed individuals with probable PTSD relative to those without 

symptoms, suggesting differences in response according to intensity of experience 

(Nandi et al. 2005). A cross-section of adults surveyed after the 2004 Florida hurricanes 

showed no apparent relationship between exposure (measured in this case by physical 

proximity and economic losses) and reported increases of cigarette use, demonstrating 

that some forms of exposure are likely to be more influential than others (Ruggiero et al. 

2009). Each of these studies identifies the relevant event very clearly, but in the absence 

of baseline respondent information causality is not made explicit.  

The studies that address this gap with the use of longitudinal data provide 

several important insights. Researchers studying the impact of a major Australian 

bushfire in 2003 built from a nationally representative sample of young adults (ages 20-

24 in 2004) to resurvey respondents about their general smoking behavior after the 

disaster (Parslow and Jorm 2006). They show that respondents who reported a greater 

number of fire-related experiences during the bushfires also reported increased levels of 

smoking, even four years after the event. A younger group of secondary students who 

experienced a café fire in the Netherlands were no more likely to smoke than students 

who were not affected (although they were more likely to drink alcohol), demonstrating 

the likelihood of variation in response by age (Reijneveld et al. 2003). These studies 

benefit from prospective questioning, drawing from surveys that took place prior to the 
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traumatic event. However, each study employs coarse measures of smoking behavior 

and lacks a suitable comparison group.  

A number of panel studies are not framed around external events, but collect 

retrospective information about trauma and link it to current smoking status. Research 

drawing from the National Longitudinal Study of Adolescent to Adult Health (Add 

Health) finds that trauma exposure during the past year is associated with increased 

smoking both with respect to the likelihood of smoking and to the number of cigarettes 

smoked per day (Roberts et al. 2008). These findings are possible because of the detailed 

reports on smoking prevalence as well as intensity that are collected by Add Health, but 

could be influenced by recall bias since they rely on self-reports of trauma exposure. An 

earlier study of Harlem residents found that self-reported exposure to lifetime trauma 

positively predicts current smoking status but not smoking intensity among adults age 

18 through 65 (Ganz 2000). Similar but weaker results were found in the analysis of data 

from the National Survey of Adolescents; certain types of trauma increased risk of 

smoking, although only family substance use predicted smoking among adolescent 

males (Acierno et al. 2000). Among Israeli adolescents, exposure to acts of terrorism 

appears to drive alcohol and cannabis consumption, but without a clear effect on 

smoking behaviors (Schiff et al. 2007). A longitudinal study of young adults in Michigan 

shows an increase in nicotine dependence among respondents with PTSD, though 

exposure to trauma in itself did not predict nicotine dependence (Breslau, Davis and 
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Schultz 2003). In San Diego, HMO members who retrospectively reported more adverse 

childhood experiences were more likely to take up smoking at younger ages (Anda et al. 

1999). Other work with the same data show that current smoking status among men is 

much less affected by adverse childhood experiences, and that differences driven by 

trauma exposure could be masked by long term trends (Strine et al. 2012). A handful of 

studies that examine the relationship between military experience and smoking 

emphasize the relationship between exposure to trauma and increased smoking, with 

time and intensity of exposure again emerging as important predictors of behavior 

(Beckham et al. 1997; Boscarino 2006; Hooper et al. 2008; Koenen et al. 2005).  

There are notable measurement challenges, many of which are acknowledged in 

various places by authors of the studies described above (Sinha 2009; Stewart et al. 1998; 

Vlahov et al. 2004). With respect to its plausible role as a mediator, substance use might 

either mute symptoms of psychological distress or else worsen them, making a clearly 

defined external event preferable to reports of symptoms for clear interpretation. Recall 

bias about past consumption behaviors, concurrent changes to them, and the nature of 

trauma mean that prospective measures are likely to provide stronger insight into the 

relationship between trauma and substance use. Two papers, each using the same 

dataset, arrive at opposite conclusions about the impact of adverse childhood events on 

smoking, a difference likely due to the decision of one to model age of smoking uptake 

and the other current status (Anda et al. 1999; Strine et al. 2012). Differences linked to 
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trauma could be washed out over time, so more frequent measurements taken 

throughout critical periods may be informative. 

The social mechanisms underlying the impact of trauma on human behaviors 

have also been explored in some detail, and the nature of the relationship likely has 

many complicated interactions. Kai Erikson’s groundbreaking study of the 1972 Buffalo 

Creek flood describes a context in which a community’s collective trauma manifested 

itself in attitudes and behaviors that could not be attributed to the summation of 

individual experiences or physical measures of recovery (Erikson 1976). More recent 

qualitative work demonstrates how the line dividing the influence of a disaster from 

more commonplace behavior can be blurred when the trauma itself becomes inseparable 

from the community (Erikson 1995). Community cohesion, which might emerge or 

dissipate in the face of broader trauma, may serve as a moderating factor between 

exposure to trauma and psychological response (Kaniasty 2012; Leventhal and Brooks-

Gunn 2003).  

The vast majority of the research described above takes place in the Global 

North. Susceptibility to risky behaviors demonstrably interacts with other aspects of 

social and economic well-being to exacerbate long-term risks, potentially heightening 

the vulnerability in the relatively resource-poor populations of the Global South 

(Cannon 1994; Krueger and Chang 2008). That disasters have a disproportionately large 

and devastating impact on populations in the Global South leaves a considerable gap in 
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the scientific understanding of the link between disasters and population health 

(Johnson and Galea 2009; Kahn 2005).1  

This paper contributes to the literature by linking several forms of trauma 

exposure to smoking behavior, utilizing a data set uniquely well suited to exploring 

changes as they unfold over time. The clarity and extremity of the tsunami as an external 

shock and a turning point in the lives of STAR survey respondents event makes this 

study unique from much of the literature. Like Parslow and Jorm (2006), STAR converts 

a pre-event baseline into a longitudinal panel with post-event follow-ups, but with the 

advantage of a relatively well-defined comparison group. Following Vlahov et al. (2002 

and 2004) the survey uses multiple post-event surveys to trace the evolution of effects 

over time, although STAR does so with a longitudinal panel rather than multiple cross 

sections. Like Roberts et al. (2008) I use detailed measures of smoking behavior, 

including smoking status and estimates of average daily cigarette intake count at each 

resurvey, rather than more general questions about higher or lower levels of smoking. 

This approach captures changes in smoking behavior along multiple dimensions, 

adding nuance to the understanding of behavioral changes over time.  

                                                      
1 A study after the earthquake in Bam, Iran finds a spike in drug abuse, but only amongst a small sample of 

drug users Movaghar, A.R., R.R. Goodarzi, E. Izadian, M.R. Mohammadi, M. Hosseini, and M. Vazirian. 

2005. "The impact of Bam earthquake on substance users in the first 2 weeks: a rapid assessment." Journal of 

urban health 82(3):370-377. Older Chinese adolescents exposed to a 2008 Wenchuan earthquake showed signs 

of negative coping, including smoking Zheng, Y., F. Fan, X. Liu, and L. Mo. 2012. "Life events, coping, and 

posttraumatic stress symptoms among Chinese adolescents exposed to 2008 Wenchuan earthquake, China." 

PLoS One 7(1):e29404.  
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2.3 Context 

This study takes place in the northernmost two provinces of the Indonesian 

island of Sumatra. Aceh, the province in which most of STAR’s respondents are located, 

is at the northern tip of Sumatra at the periphery of the Indonesian archipelago; North 

Sumatra (where around ¼ of STAR respondents are located) borders Aceh to the south 

and, like Aceh, sits adjacent to the Indian Ocean. In the decades following Indonesia’s 

1949 independence from the Dutch, Aceh expressed a strong desire for provincial 

autonomy. These sentiments were exacerbated through the exploitation of Aceh’s 

abundant natural resources at the beginning of the 1970s, and the uneven distribution of 

its benefits. Acehnese separatists seized upon these complaints and other disagreements 

over the application of Islamic law to form the Free Aceh Movement (Gerakan Aceh 

Merdeka, or GAM), which fought for years against the Indonesian military (Reid 2004; 

Ross 2005).  

The Sumatra-Andaman earthquake of December 26, 2004 registered a 9.3 on the 

Richter scale and generated a 1,200 kilometer break along the floor of the Indian Ocean, 

lifting the sea bed along the rupture by 10 meters. The energy generated by this shift 

manifested in the form of a tsunami that spread thousands of miles across the Indian 

Ocean. As shown in Figure 3, the wave reached coastlines thousands of miles away, but 

hit nearby Sumatra with particular force. At least 100,000 deaths were confirmed, and 

many more people were missing and presumed dead (Doocy et al. 2007; Kanamori 2006; 
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Lay et al. 2005; Marris 2005). GAM gave up its call for independence and disbanded in 

the year after the tsunami, marking the beginning of political and economic cooperation 

oriented toward rebuilding (Rist 2010). 

Two features of the tsunami are important to the empirical approach taken in 

this study. First, the tsunami was not expected. Geological evidence documents that 

mainland Sumatra had not experienced a tsunami for more than 600 years, and in 2004 

no early warning systems were in place (Marris 2005). Second, the severity of the impact 

varied in ways that could not be anticipated even within small areas. Areas where the 

water hit full force experienced the greatest damage, but sites nearby were often 

protected from the worst inundation thanks to topographical features along the coastline 

(Frankenberg et al. 2011). Idiosyncratic physical features of the landscape like coastal 

slope and water depth played an important role in the degree of devastation caused by 

the tsunami, so exposure to its immediate impacts was not within the control of the 

individuals under study (Ramakrishnan et al. 2005).  

Smoking is common in Indonesia; thanks to high prevalence and a large 

population it is the fifth largest consumer of cigarettes in the world (Achadi, Soerojo and 

Barber 2005). More than 40% of Indonesian adults are smokers, but the rate is many 

times higher for men than for women, amongst whom cigarette smoking is uncommon 

(Ng et al. 2014). A survey of school children ages 13-15 revealed that over 60% of boys 

reported "ever smoking, even one or two puffs.” 24% were current smokers, and 28% of 
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ever-smokers initiated smoking before age 10 (Aditama et al. 2008). Qualitative work on 

Java explores young men's views about smoking, documenting the strong role smoking 

plays with respect to male identity, the construction of masculinity, and the transition to 

adulthood (Ng, Weinehall and Öhman 2007). The prominence of anti-smoking 

campaigns demonstrates the importance of this public health issue within Indonesia; the 

Indonesian government has responded via various initiatives to try to curb the 

“smoking pandemic”, though with little success so far (Aditama et al. 2008). 

The young men interviewed in this survey are in the midst of experimentation, 

during a period in which uptake is already the most likely to occur. Based upon 

historical precedent and current trends (smoking among adolescents in Indonesia is, 

overall, still on the rise), many or most of these young men are likely to become smokers 

(Al-Sadat et al. 2010). The next section will describe the data and strategy with which I 

seek to identify the role of external trauma on this process.  

2.4 Data and methods 

STAR is a longitudinal survey that is designed to measure a wide range of 

impacts associated with the Indian Ocean tsunami. Its baseline data are drawn from a 

socioeconomic survey conducted by Statistics Indonesia a few months before the 

tsunami. The baseline sample is representative of the pre-tsunami population at the 

district level. Follow-up surveys were conducted beginning May 2005, with annual 
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surveys until 2009 and a ten-year follow-up in 2014. Throughout this paper I refer to the 

baseline survey as STAR0, with the subsequent resurveys STAR1 through STAR6.  

For this analysis, I focus on male respondents who were between the ages of 5 

and 65 at the time of the tsunami. My analysis does not include women, because rates of 

smoking among women in this sample (and in Indonesia in general) are extremely low - 

less than 2% of the STAR1 sample. I report on the smoking outcomes of 3,850 

nonsmoking adolescents (at the time of the tsunami) and 7,818 smoking adults located in 

482 communities (at the 2004 baseline) across 13 districts in Aceh and 3 in North 

Sumatra. Each respondent was interviewed at least once since the 2004 tsunami, and 

around 91% were interviewed in person at least 4 times. The high frequency of 

interviews provides a close view of the adoption of smoking behavior as respondents 

progress into adulthood. Individuals who are 15 or older when interviewed are 

administered the questionnaire for adults, which asks about smoking behaviors. 

Individuals younger than 15 are not yet asked questions about smoking behaviors, but 

over time they age into eligibility for the adult questionnaire.  

STAR’s survey module on smoking addresses several aspects of smoking 

behaviors. Every respondent is first asked whether he smoked in the last month (answer 

options are "Yes, everyday", "Yes, sometimes", "No, but have smoked", and "Never 

smoked"). Respondents who answer “Yes” are asked how many cigarettes they smoke 

per day. In STAR4-6 respondents that indicated any past or present smoking were asked 
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the age at which they began to smoke (in addition to these reported ages, it is possible to 

assess the timing of transition into smoking based on the first wave at which a 

respondent reports a "yes" answer to having smoked in the past month).  

We construct pre-tsunami smoking status based on data either from STAR0 (the 

smoking module was administered to 4% of the analytical sample) or from the post-

tsunami data on age at uptake and on transitions in smoking behavior between waves.2 

By combining data from wave-by-wave reports of smoking behavior with reports of the 

age at which smoking began, it is possible to ascertain the year (but not the month) 

during which a respondent started smoking.3  

In addition to data on smoking behaviors, STAR measures a variety of exposures 

to the tsunami, and at different levels. In this study, I consider the impact of exposure 

that originates from living in a community that was badly damaged by the tsunami, 

such that everyone in a particular origin measure are assumed to have experienced the 

same exposure. I also consider the impact of exposure that occurs as a function of 

individual and family experiences, a measure that varies between households in a 

community and even within households themselves.  

                                                      
2 STAR0 did ask about smoking behaviors in a random subsample of 895 STAR respondents. For these 

respondents overall, smoking rates at baseline were similar between those in heavily damaged (77%) versus 

other (74%) areas. The gap is larger among younger respondents but because there are only a few from 

heavily damaged communities, it is difficult to know whether the difference is important (it is not 

statistically significant). 
3 Of the 11,507 respondents in the main analytical sample, 74% provided reports of age of first smoking, 24% 

report never smoking, and the remaining 2% did not report age but reported transitioning to smoking, from 

which it is possible to infer timing of smoking take-up.  
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The communities in STAR experienced considerable variation in exposure. When 

the sample was originally drawn, it was not known precisely which areas were 

damaged and which were not. Drawing on data from multiple sources, the original 

survey team created measures of damage for each of the 464 study sites. The damage 

measure was constructed using several biophysical measures derived from satellite 

imagery, drawing on Global Positioning System (GPS) measurements that were 

collected in the field during the follow-up survey in each study site. One measure was 

constructed by comparing satellite imagery from NASA’s Moderate Resolution Imaging 

Spectroradiometer (MODIS) for December 17, 2004 to imagery for December 29, 2004 

(nine days before and three days after the tsunami). The proportion of land cover that 

changed to bare earth between image dates (through scouring or sediment deposition) 

was manually assessed for a 0.6 km2 area centered on each GPS point. This measure was 

cross-validated with other estimates of damage derived from remotely sensed imagery 

prepared by the USGS, USAID, the Dartmouth Flood Observatory, and the German 

Aerospace Center (Gillespie et al. 2009).  

Information is also collected from two sources “on the ground” to validate the 

satellite imagery. In each village, local leaders provided their own assessments of the 

extent of destruction to the built and natural environments. Survey supervisors also 

completed a questionnaire that detailed damage from the tsunami and earthquake based 

their own direct observation of the community. 
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This information was combined to construct a three-category indicator of 

physical exposure to the enumeration area. This indicator classifies 22.6% of 

enumeration areas as experiencing high levels of physical exposure, 23.7% of areas 

medium exposure, and 53.7% percent low exposure. The community damage indicator 

is a strong and significant predictor of many tsunami-related outcomes derived from the 

household data including mortality, injuries, post-traumatic stress response and extent 

of damage to the built and natural environments (Frankenberg et al. 2008; Frankenberg 

et al. 2011). The measure can be linked to individuals based upon their location of 

residence at the time of STAR0, the pre-tsunami baseline. 

Exposure at the individual level is measured in three ways: whether the 

respondent reports the experience of seeing family members, friends, or neighbors 

struggle in the water or disappear when the tsunami hit their community (which for the 

purposes of this analysis I term “individual exposure”), whether any family member of 

the respondent died in the tsunami (“family death”), and whether a close family 

member (spouse, parent, child, or sibling) died in the tsunami (“close family death”). 

Past work has shown that individual exposure is highly correlated with post-traumatic 

stress response, and family death is linked more closely to depression (Frankenberg et 

al. 2008). 

Our analytical sample is of 11,507 male respondents living in 482 communities 

that were physically exposed to low, medium, or high levels of damage from the 
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tsunami. Table 9 presents descriptive statistics related to exposure along that damage 

indicator and the three individual measures characterized above, divided by synthetic 

cohorts of four-year age groups for younger respondents and larger age groups for older 

respondents. Between 34 and 43% of each synthetic cohort was in an origin community 

that experienced a high or medium level of community exposure. Few members of the 

youngest cohort experienced individual level trauma or loss of a close family member. 

This is likely a result of differential mortality – very young children were 

disproportionately likely to perish in the wave, and the survival of parents was a strong 

predictor of survival of young children (Frankenberg et al. 2011). Over one-third of the 

analytical sample lost a family member, and about 1 in 7 reported individual trauma.   

There are marked differences in pre-tsunami smoking status by age cohort, as 

presented in Table 10. The youngest cohort (ages 5-8) contains no smokers; about 2% of 

9-12 year olds smoke (all of which would be captured by retrospective reporting later 

on); roughly ¼ of 13-16 year olds smoke; and almost ¾ of 17-20 year olds smoke. I do not 

consider uptake among men older than 20, but observe that smoking is nearly universal 

among these older adults. By STAR6, roughly 30% of the youngest cohort has taken up 

smoking, and smoking levels among the 17-20 year old cohort exceed 90%.   

Smoking levels also increase over time, but much more so within the younger 

cohorts (Table 9, Panel III). At the first post-tsunami resurvey 17-20 year olds smoked 

around 10 cigarettes per day, and around 15 by 2014-2015. Smoking levels range 
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between 13 and 15 cigarettes per day in other cohorts and trend upwards over time for 

younger respondents and are fairly stable among older respondents.  

This paper discusses both uptake and intensity of smoking behavior. First, I 

examine whether exposure to the tsunami affected whether and when non-smoking 

individuals take up smoking afterward. My sample for this analysis is composed of male 

survey respondents ages 5-20 who were not smokers at the baseline survey in 2004 

(N=3,850). Second, I examine how tsunami exposure affects how much people smoke. In 

this analysis I consider all male respondents ages 17-65 who were smokers at the first 

post-tsunami survey in 2005 (N=7,818). 

 To measure smoking uptake, I estimate the linear probability of non-smokers 

taking up smoking at each year since the tsunami. The outcome is a dichotomous 

measure of whether the respondent smoked in that year, and each observation 

corresponds to one year between the tsunami and the most recent (2014) resurvey. 

Respondents contribute one observation for each post-tsunami survey in which they are 

interviewed, until they are observed to transition into smoking or are censored by the 

end of the survey period. Standard errors are adjusted to account for the fact that each 

individual typically contributes multiple observations.  

I estimate four different specifications, each of which models exposure to 

stressors from the tsunami differently. In the first model, I include the community-level 

measure of physical exposure to the tsunami, modeled by an indicator of whether the 
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respondent lived, at the time of the tsunami, in a community that experienced heavy or 

medium physical exposure. This indicator is retained in subsequent models, each of 

which also contains one of the individual-level measures of exposure: whether the 

respondent witnessed family and friends struggling in the water (“individual 

exposure”), whether the respondent lost any family in the tsunami (“family death”), and 

whether the respondent lost a close family member such as a parent, sibling, spouse, or 

child (“close family death”). I also test models using community-level fixed effects that 

explicitly test individual exposure, as well as individual-level fixed effect models that 

sweep out individual characteristics. 

Except for the individual fixed effects model, in each specification I control for a 

set of individual characteristics that are likely to affect smoking, including age, school 

enrollment, and parental presence in the household. Each of these characteristics is 

permitted to vary with time. I also control for the level of household resources prior to 

the tsunami, modeled as the quartic root of all family assets reported at the 2004 

baseline, and whether the respondent lived in an urban location at the time of the 

tsunami. To account for potential for price sensitivity I include the natural log of the 

average price of cigarettes within the respondent’s community at the first post-tsunami 

resurvey, when the likelihood of a price shock from the tsunami is the greatest. Past 

work has indicated that cigarette price is important for overall cigarette consumption, 

though potentially less so for adolescent experimentation (Emery, White and Pierce 
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2001). Indicator terms for each year of observation are included to capture potentially 

nonlinear time trends.  

In addition to smoking initiation, I test whether smoking intensity (measured as 

number of cigarettes smoked per day) was affected by exposure to the tsunami. This 

analytical sample is limited to men ages 17-65 at the time of the tsunami who had 

already started smoking by the first post-tsunami follow up wave. Observations are 

pooled across survey waves to estimate an OLS model.4 I test the same model using 

community-level fixed effects, but because observations on smoking intensity are first 

collected after the tsunami, individual-level fixed effects cannot be considered. 

For each set of analyses, I test additional models that interact indicators for 

survey year with each measure of exposure to assess heterogeneity in smoking patterns 

over time. These results are reported where relevant, with later waves aggregated into 

one indicator term for ease of interpretation. 

2.5 Results 

Smoking rates among adolescent respondents increase dramatically during the 

ten years after the tsunami. Figure 4 shows cohort smoking rates over this period. By the 

most recent 2014 round, more than 90% of respondents in the older age groups (17-20 

                                                      
4 Because I analyze smoking intensity among current smokers and very few smokers report 0, I consider the 

number of cigarettes as the dependent variable. Over the full analytical sample, the outcome variable has a 

mean of 14.6, a median of 12, a standard deviation of 8.1, and a slight positive skew of 1.6. 
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year olds at the time of the tsunami) have taken up smoking. Among the youngest 

respondents, none of whom smoke in 2004, about 30% smoke by STAR6.   

Table 10, Panel I shows the results of analysis of smoking uptake. Model 1 

includes an indicator for whether the respondent lived, before the tsunami, in a 

community that was classified as being physically exposed to the wave. There is 

considerable heterogeneity in the effect of community exposure. The youngest cohort (of 

which virtually none smoked in 2004) and the oldest (of which many already smoked) 

are only marginally more likely to have taken up smoking by 2014 when exposed to 

community damage (a magnitude of less than 1 percentage point for the youngest and 

around 5 for the oldest, with both significant only at 90% confidence). There is a small, 

positive effect (β=0.019, p<0.01) among 9-12 year olds, and a much larger effect on 13-16 

year olds (β=0.040, p<0.01). The second specification (Table 10, Column 2) adds an 

indicator for whether the respondent witnessed family or friends struggling in the 

tsunami waters as the waves came ashore, while controlling for community-level 

exposure (which is highly correlated with individual exposure). There is no effect of this 

form of individual exposure at traditional levels of significance for any cohort; this 

experience does not seem to have hastened the uptake of smoking over the ten years 

since the tsunami. The next specification (in Table 10, Column 3) includes the measure of 

losing a family member, the effect of which is similarly ambiguous. Finally, I include the 
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measure of losing a closely-related family member. The effect is large and significant 

only for the oldest cohort of 17-20 year olds (β=0.168, p<0.01).  

As the literature suggests, certain social and economic variables are likely to 

serve as particularly important terms for which to control. Without exception, current 

school enrolment exercises a powerful protective effect against smoking; the effect is 

strongest (-0.17, p<0.01) for the 9-12 cohort, and weakest (-0.08, p<0.05) for 17-20 year 

olds Correspondingly, lower levels of completed education are predictive of uptake 

within each cohort. Cigarette price does not appear to play an important role in intensity 

or uptake. This could be because of the consistently low price of cigarettes, as well as the 

numerous off-market options, like hand-rolled cigarettes. Among 5-12 year olds there is 

a negative relationship between family wealth and smoking, a trend running contrary to 

more general smoking patterns in Indonesia. Exploring this relationship further, I 

extend this model by dividing wealth into quartiles and adding interaction terms with 

community damage. Among unexposed groups the relationship between wealth and 

smoking is mostly flat, but the pattern among exposed populations follows an inverted 

“U” shape for 9-16 year olds, with the middle two quartiles disproportionately taking up 

smoking. Results from these tests are presented in Table 12. 

This initial set of results reveals heterogeneity by cohort in the relationship 

between trauma and smoking initiation. Among survey respondents at transitional ages 

(9-16), the immediate trauma of community-level exposure drives up smoking rates. 
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Among those mostly too young to react through immediate take-up, the immediate 

trauma has no effect, but the more lasting impact of losing a close family member tends 

to increase rates over time. Older respondents (who have already beaten the odds by 

avoiding smoking until that point) are pushed into smoking as a response to the loss of a 

close family member.  

The next analysis (Table 10, Column 5) focuses on individual-level exposures by 

employing community-level fixed effects, which sweep out place-based variation 

(including community exposure) in smoking initiation. Once more, there is no consistent 

relationship between individual exposure or loss of a family member, but among 13-16 

year olds the effect is positive and highly significant (β=0.152, p<0.01). For the eldest 

cohort of 17-20 year olds, the effect is even larger (0.265) but, potentially due to the 

smaller numbers within this cohort, significant only at 10%. Last, I employ a model with 

fixed effects at the level of the individual (Table 10, Column 6), which again ignore the 

impact of community-based exposure but reveals more about the relationship between 

the individual transition into exposure and smoking uptake, while sweeping out fixed 

individual characteristics. The coefficients resulting from this individual fixed effects 

model remain large and positive for the two eldest cohorts, but are not statistically 

significant at traditional thresholds.  

I also explore the timing of transition by interacting the main effect of 

community-level damage with each post-tsunami round (shown in Table 11, Panel I). 



 

 
83 

The effects of community exposure are largest at outset for the eldest cohort and decline 

correspondingly for each younger cohort. The effect in later years is largest (though 

significant at only 10%) for the youngest cohort, and large and negative for the eldest. 

For this older group, the comparison group mostly catches up with time. That is to say, 

among each cohort with a positive effect, the disproportionate transition into smoking 

occurred at about the same phase in the life course. This phase coincides with the period 

of steepest overall transition from non-smoking into smoking. A study without 

relatively high frequency observations and multiple measures of exposure would fail to 

identify what appears to be a particularly sensitive developmental period. For the two 

eldest cohorts I observed earlier that there is an additional effect of losing a close family 

member on increasing the likelihood of uptake; this effect is immediately visible in the 

year after the tsunami, with no additional increases over time. The modified trajectory of 

change associated with this particular type of exposure represents a strong likelihood 

that this form of trauma operates differently than the more general exposure of the 

community measure.  

Next I turn to smoking intensity, recalling from the descriptive statistics in Table 

9 that among the youngest smoking cohort (17-20 at the time of the tsunami) the average 

smoker smoked about 10 cigarettes per day at the time of STAR1, up to around 14 by 

STAR6. In Table 10, Panel II I present the results of OLS regression for smoking intensity 
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among the 7,818 respondents who were smokers at the time of the STAR1 interview 

(individuals who were already smoking at baseline are included in this regression).  

The main effect of community-level exposure is large and significant for each 

sample of respondents. The cohort of 17-20 year old smokers who were living in more 

physically exposed communities at the time of the tsunami smoke, ten years later, 1.4 

cigarettes more per day (p<0.01). Among 21-30 year olds, the effect is similar but smaller 

at roughly 1.1 cigarette per day more (p<0.01). Exposed 31-45 year olds smoke on 

average 0.9 (p<0.01) more cigarettes per day, and 46-65 year olds nearly 1 more per day 

(p<0.05). Community exposure to damage persistently increases smoking intensity on 

the order of 5-10% per day, a difference that is detectable even 10 years after the shock. 

There is also an irregular relationship between individual-level traumas and increased 

smoking behavior, which suggests that younger smokers are most profoundly impacted 

by individual exposures and the loss of any family members, but the oldest cohort too 

tends to increase its smoking intensity in response to the loss of family members.   

Education level had a negative association with smoking uptake, but does not 

meaningfully predict intensity. Young urban men (17-20) smoke marginally less than 

their rural counterparts, but there is no difference in intensity between older rural and 

urban cohorts. Once again, price is not an important predictor of smoking behavior. I 

observe a generally positive relationship between family assets and smoking intensity, 

especially among working age adults (21-45 years old). I explore the potential for an 
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interaction with damage as described above, and find no differential trends by wealth 

among exposed populations. Conditional upon smoking at all, the wealthiest appear to 

smoke the most.   

The application of community-level fixed effects to the same model demonstrates 

the same effect of individual exposure on 17-20 year olds (β=2.3, p<0.05), and a smaller, 

insignificant effect associated with the loss of a family member for the oldest cohort 

(roughly 1 cigarette per day, p<0.15). The effect of community-level exposure is 

reasonably consistent, though strongest for the youngest cohort, and the effect of 

individual exposure and family loss varies across cohort.  

Next, I explore whether there is a time-varying relationship between exposure 

and smoking intensity, focusing on community-level exposure (Table 11, Panel II). 

Within each cohort there is a sharp increase in smoking intensity at the time of the first 

post-tsunami resurvey, an effect largest with the youngest cohort and which declines 

with time. The decline is largest for the two younger cohorts that also experience the 

largest increase after the disaster, suggesting that the effect of initial exposure is larger 

among younger smokers but that the effect also declines the most among this group. The 

smoking intensity of the oldest respondents who experienced community-level exposure 

more quickly returns to a level approximating that of the less exposed, suggesting that 

older populations return more quickly to prior patterns. However, within this longer 
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time frame mortality selection must also be taken into consideration, so these results are 

not necessarily as straightforward to interpret. 

2.6 Discussion and conclusions 

The 2004 Indian Ocean tsunami exposed families to a collection of traumatic 

events that included the death of kin and friends, the loss of assets, and the destruction 

of many aspects of community. Elements of the massive reconstruction effort that 

followed continues through to today, more than a decade after it began. Similarly, the 

psychological recovery among people who were exposed and survived is a constantly 

evolving process with a wide variety of manifestations that are of interest to an 

academic and policy community that seeks to understand and mitigate the harm 

resulting from traumatic exposures. In this study I show how exposure to the tsunami 

affected smoking patterns, from its immediate aftermath through to a full decade on. 

I measure smoking uptake among 3,850 young men who were nonsmokers 

before the tsunami. Among these young men, I find that physical exposure affecting the 

whole community accelerates smoking uptake among all groups, but most meaningfully 

among those 9-16 years old at the time of exposure. Exposure to the loss of a close family 

member generates perceptible differences in smoking uptake among the older cohorts, 

hinting at a complex psychosocial response potentially related to the need to move more 

quickly than usual into an adult role with which smoking might be expected or 

considered to be normal. Among the oldest group of non-smokers under consideration – 
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a group composed of many adolescents who would have actively refused smoking for 

years - the transition into smoking occurred quite quickly after exposure. The rapidity 

with which smoking is adopted after the tsunami is inversely related to the age of the 

exposed. Continued enrolment in school plays an important role in diverting 

adolescents away from smoking behavior. Further, the impact of physical exposure to 

damage appears relatively greater on youth from the middle two wealth quartiles.  

Taken together, these findings suggest a uniquely sensitive period for the 

accelerated formation of smoking behavior. This developmental period coincides with 

the period of the fastest overall smoking uptake for Indonesian adolescents. The nature 

of this data source is critical to capturing these effects: without surveying soon after the 

tsunami it would not be possible to observe the increase within the oldest non-smoking 

cohort, and without continuing to follow respondents for years it would not be possible 

to observe the later increases within the younger cohorts and relative declines of the 

older. To a public health practitioner, these results show that specifically targeted anti-

smoking interventions may be particularly valuable among these sensitive cohorts as a 

more general practice, and especially in the aftermath of a traumatic event that might 

drive people toward unhealthy coping behaviors. In light of the likely coping function of 

smoking, it may also be important to consider the substitution of other coping 

mechanisms that are not accompanied by the same health costs as cigarettes.  
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I also observe changes in smoking intensity among 7,818 adult men between the 

ages of 21 and 65 who were smoking at the time of their first post-tsunami interview. 

Along every cohort across this group, community-level exposure to trauma results in a 

substantial increase in smoking intensity. This increase appears to be largest in the initial 

aftermath of the tsunami, but is perceptible a full decade on. The effect of traumatic 

exposure on the number of cigarettes smoked daily is also consistent with the concept of 

smoking as a coping mechanism: individuals who are already smoking around the time 

of trauma increase their intensity, conceivably for psychological relief. This effect is also 

consistent with the biological literature which has demonstrated that prolonged stress 

can increase dependency and compulsive behaviors (Schwabe, Dickinson and Wolf 

2011). Though the effect immediately after the tsunami was almost large for all age 

groups, youngest cohorts experienced the greatest increase in intensity as well as the 

greatest decrease over time. Given the nature of the event and the data, it is difficult to 

establish whether this trend represents a true decline for exposed populations, or a fast 

initial increase matched by the more gradual increase of the rest of the population, or if 

it is driven by mortality selection. In either case, the observer might expect levels of 

smoking to converge given sufficient time. Once more, high frequency observations are 

essential; the largest effect, measured immediately after the tsunami, would easily be 

missed by a survey that made contact later on, and the decline over time would be 

missed without follow-up surveys.  
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These results demonstrate that the experience of familial loss resulting from 

exposure to trauma can play an important role in driving even more young men toward 

smoking behavior. The collective experience of trauma, too, increases smoking intensity 

among those who are already smokers. The effects of the tsunami appear to fade with 

time, although in this context it is difficult to differentiate “catch-up” from the general 

accumulation of trauma over the life course or from mortality patterns. In light of 

already nearly universal heavy smoking among adult men in Indonesia, the immediate 

public health implications of these findings are not necessarily obvious. However, it 

seems clear that trauma is linked to perceptible, long term changes in smoking behavior 

that are likely to both reflect and determine aspects of individual well-being. 
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Tables and figures 

Table 9: Descriptive statistics, including tsunami exposure, smoking rates, and 

smoking intensity throughout the survey period. 

I. Exposure     

 

N Community Individual 
Family 

Death 

Close 

Family 

Death 

5-8 years 1,249 40.19% 2.00% 25.30% 1.84% 

9-12 years 1,309 41.71% 9.47% 26.13% 2.67% 

13-16 years 1,300 41.77% 11.38% 34.69% 6.15% 

17-20 years 1,230 43.50% 15.77% 35.04% 7.56% 

21-30 years 2,478 44.43% 16.83% 38.74% 9.81% 

31-45 years 3,017 46.27% 16.75% 44.68% 13.96% 

46-65 years 1,744 44.27% 13.65% 45.99% 15.71% 

Total 12,327 43.76% 13.40% 37.72% 9.48% 

      

II. Smoking rates1     

 STAR0 STAR1 STAR5 STAR6  

5-8 years 0.00% 0.08% 4.08% 30.50%  

9-12 years 1.99% 6.04% 42.09% 67.61%  

13-16 years 24.54% 45.46% 83.23% 86.62%  

17-20 years 72.60% 85.69% 93.17% 93.74%  

21-65 years 91.21% 93.46% 95.90% 95.97%  

      

III. Smoking intensity2    

  STAR1 STAR5 STAR6  

17-20 years  10.3 13.6 15.0  

21-30 years  13.2 14.8 14.7  

31-45 years  15.0 15.2 15.5  

46-65 years  14.7 14.2 13.9  

1. Based upon report of ever smoking;  2. Measured as cigarettes per day 
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Table 10: Main results of tsunami exposure on smoking uptake and intensity. 

I. Uptake      

 (1) (2) (3) (4) (5) (6) 

 
Community 

Exposure 

Individual 

Exposure 

Family 

Death 

Close 

Family 

Death 

Close 

Family 

Death 

Close 

Family 

Death 

Fixed Effects None Community Individual 

5-8 years 0.005* 0.004 -0.001 0.013 0.004 0.006 

(0.003) (0.010) (0.003) (0.013) (0.015) (0.015) 

9-12 years 0.019*** 0.010 0.012 0.00 0.022 0.029 

(0.006) (0.014) (0.008) (0.023) (0.024) (0.042) 

13-16 years 0.040*** 0.013 0.002 0.047 0.152*** 0.109 

(0.013) (0.025) (0.016) (0.034) (0.043) (0.069) 

17-20 years 0.053* -0.037 -0.036 0.168*** 0.265* 0.277 

(0.029) (0.036) (0.029) (0.051) (0.156) (0.194) 
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II. Intensity      

 (1) (2) (3) (4) (5) (6) 

 
Community 

Exposure 
Individual  

Family 

Death 

Close 

Family 

Death 

Individual 

Exposure 

Close 

Family 

Death 

Fixed Effects None Community 

17-20 years 1.445*** 2.249*** 0.899* 3.119*** 2.311** 0.209 

 (0.507) (0.726) (0.497) (1.057) (0.950) (1.074) 

21-30 years 1.074*** 0.131 0.410 0.754* -0.116 0.359 

 (0.284) (0.356) (0.308) (0.411) (0.403) (0.521) 

31-45 years 0.889*** 0.494 0.215 -0.023 0.340 -0.438 

 (0.276) (0.359) (0.289) (0.415) (0.428) (0.503) 

46-65 years 0.989** 0.211 1.089*** 1.001** 0.260 0.923 

 (0.388) (0.486) (0.380) (0.509) (0.619) (0.563) 

Each cell contains the main coefficient of interest from separate regressions, with the standard error in 

parentheses. In Panels I and II, models 2-4, community exposure is interacted with each individual 

measure. The coefficient on community damage does not vary meaningfully across models. Fixed 

controls include age at interview, year of interview, parental presence in household, parental smoking 

status, school enrolment, and log per capita expenditure at baseline, urban EA at baseline. 
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Table 11: Supplemental results for uptake and intensity, including time 

interactions. 

I. Uptake (selected cohorts)   

 
Community  

exposure1 

Loss of close family 

member2 

 2005  Later 2005  Later 

5-8 years 
0.001 0.007* 0.000 0.014 

(0.001) (0.004) (0.013) (0.025) 

9-12 years 
0.010* 0.013 0.024 0.011 

(0.005) (0.009) (0.036) (0.058) 

13-16 years 
0.043*** -0.004 0.200** -0.067 

(0.015) (0.024) (0.098) (0.113) 

17-20 years 
0.074** -0.087** 0.733*** -0.363 

(0.035) (0.042) (0.271) (0.462) 

 

II. Intensity 

   

 Community  

exposure1 

Loss of close family 

member1 

 2005  Later 2005  Later 

17-20 years 
2.304*** -1.108 3.404*** -0.353 

(0.741) (0.812) (1.268) (1.565) 

21-30 years 
2.134*** -1.443*** 1.527** -1.042 

(0.489) (0.517) (0.763) (0.807) 

31-45 years 
1.360*** -0.665 1.170* -1.725*** 

(0.425) (0.452) (0.634) (0.663) 

46-65 years 
1.553*** -0.817 1.192* -0.553 

(0.541) (0.540) (0.638) (0.683) 

1.Does not include any fixed effects 2. Includes individual-level fixed 

effects. Each pair of coefficients by exposure represent results from one 

regression testing the effect of exposure on the smoking behavior of the 

cohort defined in the leftmost column. 
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Table 12: Supplemental results testing wealth as a mediator of exposure. 

I. Uptake    

 5-8 years 9-12 years 13-16 years 17-20 years 

Community 

Exposure 

0.002 -0.019 -0.025 0.029 

(0.010) (0.013) (0.026) (0.049) 

1st Quartile 
0.011 0.025 -0.043 -0.012 

(0.009) (0.016) (0.029) (0.046) 

2nd Quartile 
0.017* 0.009 -0.048* 0.055 

(0.009) (0.015) (0.028) (0.049) 

3rd Quartile 
0.001 -0.007 -0.055** 0.021 

(0.009) (0.015) (0.026) (0.047) 

Exp. x 1Q 
0.011 0.022 0.101* -0.064 

(0.014) (0.022) (0.059) (0.072) 

Exp. x 2Q 
-0.001 0.069*** 0.129*** 0.019 

(0.014) (0.021) (0.046) (0.081) 

Exp. x 3Q 
0.004 0.063*** 0.084** 0.021 

(0.013) (0.023) (0.037) (0.080) 

     

II. Intensity   

 17-20 years 21-30 years 31-45 years 46-65 years 

Community 

Exposure 

0.124 0.239 0.949 1.045 

(0.859) (0.597) (0.641) (0.767) 

1st Quartile 
-2.407*** -1.251** -1.456** -0.485 

(0.839) (0.627) (0.597) (0.844) 

2nd Quartile 
-1.610* -1.582** -1.130* 0.330 

(0.913) (0.634) (0.626) (0.804) 

3rd Quartile 
-2.787*** -0.882 -0.757 -0.123 

(0.861) (0.638) (0.630) (0.896) 

Exp. x 1Q 
1.238 0.551 0.413 -0.454 

(1.240) (0.779) (0.825) (1.086) 

Exp. x 2Q 
1.223 1.468* 0.195 -0.800 

(1.450) (0.832) (0.824) (0.987) 

Exp. x 3Q 
2.033 1.382* -0.568 0.870 

(1.275) (0.818) (0.831) (1.145) 

Each column presents results from a separate regression testing 

differential effects of tsunami exposure by level of wealth on smoking 

uptake, stratified by cohort.  
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Figure 3: Tsunami energy map. 
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Figure 4: Age trajectories of smoking uptake, by cohort.  

  



 

97 

 

3. Water Provision in the Poor World: Disaster Recovery 
and Resource Inequality 

The accelerated development processes associated with disaster reconstruction 

bring policy-makers new resources to meet public goals, and researchers a unique 

framework for evaluating outcomes. Debates around the distributional processes 

underlying disaster recovery deserve a closer look, especially with respect to whether 

reconstruction efforts meet their oft-stated goal of increasing resilience. This study 

focuses on the region hit the hardest by the massive 2004 tsunami, and subsequently 

targeted with billions in reconstruction funds. I turn to data from a unique longitudinal 

survey to evaluate multiple aspects of water access for roughly 6,000 families through 

2014. Logit regression analysis show increasing disparities in access to basic amounts of 

water, and multinomial logit regression analysis indicates that shifts are driven by a 

massive increase in the market for privately distributed bottled water. This study 

disentangles key distributional processes to show how reconstruction influenced a 

central social determinant of health among an already vulnerable population. 

3.1 Introduction 

The tsunami that struck Aceh on December 26, 2004 was generated by an 

undersea megathrust earthquake just off the island’s coast, and its waves – up to 30 

meters tall – reached mainland Sumatra after about 15 minutes. The tsunami’s waves 

were unexpected and catastrophic. Around 150,000 people died, and economic damage 

was estimated at nearly $5 billion (BRR 2010). Regional infrastructure was devastated. 
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For years in the grips of civil war with guerilla fighters seeking independence, Aceh was 

already regarded as one of the poorest and least-developed parts of Indonesia (Reid 

2004; Shaw 2008). With an eye toward rebuilding, the separatist movement gave up its 

demands for full independence in return for economic cooperation (Aspinall 2009). 

The $7 billion reconstruction was the largest coordinated recovery effort in 

history (McMahon, Nyheim and Schwarz 2006). Early rounds of aid met immediate 

needs of food, water, shelter, and medical equipment. Long term reconstruction was 

motivated by the idea of “building back better” – replacing destroyed infrastructure 

with modern tools for economic and social development (McMahon et al. 2006). Aspects 

of the housing and transportation reconstruction has been explored, but the extent to 

which efforts to build safe, sustainable water infrastructure were successful has not been 

systematically evaluated, despite the high cost of the reconstruction effort, and the 

centrality of water and sanitation to the global development agenda. 

Extant research links disasters to a wide variety of social outcomes, including the 

differential vulnerability of certain groups, the emergence of altruism and community 

cooperation among affected populations, and political processes that might exacerbate 

population-level inequalities. A related aid evaluation literature emphasizes 

reconstruction’s short-term outcomes. This study draws from theory that places the 

roots of vulnerability in social processes and direct measurement of access to resources 

to offer concrete evidence about reconstruction as a mechanism that might directly 

influence inequality and vulnerability.  
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The data for this study come from the Study of Tsunami Aftermath and 

Recovery, or STAR. STAR is a longitudinal survey that began in 2004, a few months 

before the tsunami, and completed its 6th follow-up in 2015. The survey sample is 

representative of Aceh’s pre-tsunami population to the level of the district, and includes 

respondents from communities that were more and less damaged by the tsunami. I 

explore data from STAR’s household survey that interviews heads of household about 

their family’s status and experiences, and the community survey that interviews village 

leaders about local resources and conditions. I take advantage of longitudinal data by 

reporting changes over time among communities and households, and combine reports 

of household source use with information on damage, reconstruction, and water 

availability at the community level. The next section will describe the theoretical, 

empirical, and substantive background to this study.    

3.2 Background 

Natural disasters intersect with a range of social, political, economic, and 

ecological issues, so the research on natural disasters is vast and interdisciplinary. This 

study sits at the intersection of multiple literatures that explore water delivery. One line 

of inquiry aims to quantify various benefits of improvements to water delivery - usually 

at the level of the individual or household - relative to some estimate of costs (Jessoe 

2013; Jeuland et al. 2016; Pattanayak et al. 2010). This brand of study generally measures 

short-term response amongst a small sample of respondents, typically favoring 

experimental or quasi-experimental approaches that facilitate causal claims, and link 
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public investment to presumptions around individual valuations and economic growth 

(Whittington and Pattanayak 2015). Another thread delves into features of water 

projects that seem to “work” or not, typically eliciting feedback from beneficiaries or 

their representatives, or surmising from continued functionality (Marks and Davis 2012; 

Prokopy 2005; Sara and Katz 1997; Whittington et al. 2009). This study connects these 

approaches by linking community changes to the experiences of people living there.   

The emphasis of this study is the relationship between social determinants of 

health, and the public resources intended to manipulate them. I begin this section by 

describing the relationship between water and health and exploring its common 

treatment in the economic and epidemiological literature. Since this study is motivated 

efforts to characterize the processes that distribute risk, I then describe the debate 

around the role of disaster recovery. I conclude by summarizing the relevance of this 

study as it pertains to the extant literature.  

3.2.1 Systems of water provision 

The provision of clean water is a foundational health and social issue, has been 

declared a human right by the United Nations, and is a globally comparable condition of 

household life. The costs of low-quality water are calculated in time, money, and health, 

and the literature documenting these costs is extensive. Diseases arising from poor water 

and sanitation account for a substantial proportion of the disease, disability, and 

mortality burden in poor countries (Jeuland et al. 2013; Prüss et al. 2002). This disease 

burden occurs early in life and generates lifelong costs, yet methods of prevention are 
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well-known (Ashbolt 2004). Efforts by US cities at filtering and chlorinating water led to 

enormous reductions in infant mortality and mostly eliminated typhoid, demonstrating 

the efficacy of centralized water services (Cutler and Miller 2005). In the Global South, 

the costs of acquiring clean water tend to be the highest the extremely poor (Banerjee 

and Duflo 2007; WaterAid 2016). Experimental evidence shows that resource-poor 

populations are eager to adopt household water connections, though, with the large 

resultant welfare benefits attributed to time savings even without considering health 

impacts (Devoto et al. 2012). The benefits of water infrastructure have led public health 

advocates to argue for its expansion as a development priority (Giles and Brown 1997). 

The practical challenges of implementing large-scale infrastructure solutions in poor 

countries, though, compel some prominent voices in development to argue that the case 

for community infrastructure – over individual interventions like hand-washing, water 

filters, and chlorine tablets – still needs to be made (Zwane and Kremer 2007). In either 

case, the consensus among development organizations is that the Global South is in the 

middle of a mass transition from unprotected water sources of variable quality toward 

increasingly safe and reliable forms of water delivery. 

Measuring how people access water, though, is not entirely straightforward. 

Large organizations like the United Nations and World Health Organization often 

classify access along quantity and quality, using definitions more easily captured in 

household surveys (Organization 1996). The minimum quantity constituting “basic 

access” is 20 liters per capita per day, an uncontroversial threshold (though still 
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considered a high level of risk). Source quality is typically captured through 

classification as “improved” or “unimproved”, a distinction that lends itself to 

measurement but is in many contexts trivial. Experimental evidence from rural Africa 

suggests that this measure is not a meaningful predictor of source use or of health 

outcomes (Kremer et al. 2007).  

Some argue that the more salient choice is the source itself (Devoto et al. 2012). The 

relationship between source type and the individual burden of accessing it – termed 

“coping costs” by the economics literature – is relatively clear, with lower quality, more 

decentralized resources placing more burden on the individual (Pattanayak et al. 2005). 

Expansion of piped water and wells are community investments intended to improve 

water quality and reduce coping costs. But since piped water systems with centralized 

treatment and in-home delivery are rare outside of areas with relatively high population 

density, decisions about community water provision often devolve to small local 

authorities, community groups, or informal collections of households for whom the 

economies of scale of large infrastructure projects are hard to realize. As a result, access 

to clean water varies by factors like administrative region, history, and physical 

geography, and individual factors like socioeconomic status and information (Komives, 

Whittington and Wu 2003; Priscoli 2000; Thompson 2001).  

Broadly, the transition to clean water has been positive but uneven, with the greatest 

obstacles in delivery emerging where improvements are most needed (Rheingans, 

Dreibelbis and Freeman 2006). The UN set a universal target for water access in its 
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Millennium Development Goals (MDG), aiming to halve the global population without 

access to improved drinking water by 2015 (Sachs and McArthur 2005). This goal was 

broadly met, in large part thanks to a massive expansion of piped water, but Indonesia 

has fallen well short of its goal (Lundine, Hadikusumah and Sudrajat 2013; UNICEF 

2015). The reasons for this shortfall have not been much discussed. Because improving 

access to safe, sustainable water sources remains a development priority in Aceh and in 

Indonesia as a whole, exploring recent trends will inform expectations of how the 

expansion of access (and the concomitant reduction in disparities of access) might 

proceed.  

Since disasters exert unique influence on development trajectories, decisions 

about post-disaster reconstruction generate costs and benefits that persist long beyond 

the recovery period. The next section describes how popular conceptions of disaster 

might predict how reconstruction influences resource distribution. 

3.2.2 Theoretical foundations 

Social scientists increasingly acknowledge the role of ongoing social processes in 

exposing vulnerable populations to ever-greater risk from hazards like floods, 

hurricanes, and earthquakes. In their account of pre-Katrina New Orleans, Freudenburg 

et al. argue that the forced juxtaposition of economic investment against ecological 

preservation set the stage for the observed mortality and economic loss (Freudenburg et 

al. 2009). Decades earlier, Erikson tracked a similar progression toward increased 

industry and vulnerability in Logan County, West Virginia leading to the disastrous 
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Buffalo Creek flood (Erikson 1976). This literature tends to agree that development 

certain groups to increased risk, with differential exposure to ecological degradation 

serving as a primary mechanism. By this characterization, more vulnerable groups 

neither have a voice in the political process that selects this development path, nor 

benefit from the accompanying growth (Albala-Bertrand 1993). As a result, disasters set 

back still further back those already behind, so that pre-disaster conditions are better 

than anything else at predicting post-disaster outcomes (Baker 2012; Susman, O’Keefe 

and Wisner 1983). Vulnerability to hazards, then, is a function of social relations, 

determined by inequality and power asymmetry.  

Looking past immediate vulnerability, there are competing interpretations of the 

role reconstruction might play in a disaster’s aftermath. Besides being the slogan of the 

recovery effort examined in this study, “build back better” effectively serves as the 

ideology of global agents of reconstruction. The US Agency for International 

Development (USAID) describes part of its mission as helping “people not only get back 

to where they were before the disaster, but also helps them move toward continued 

growth and resilience” (USAID 2016). President Bill Clinton, reporting on behalf of the 

UN in 2006, made the case that the “key test of a successful recovery effort is whether it 

leaves survivors less vulnerable to natural hazards” (Clinton 2006). The reference to 

vulnerability is the opposite of the oft-cited resilience, which the International Panel on 

Climate Change’s defines as “the ability of a system and its component parts to 

anticipate, absorb, accommodate or recover from the effects of a hazardous event in a 
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timely and efficient manner, including through ensuring the preservation, restoration or 

improvement of its essential basic structures and functions” (Field et al. 2012). With over 

$500 million earmarked for water and sanitation projects, the reconstruction represented 

an unusual opportunity to manipulate, on a large scale, the conditions of one such basic 

function (BRR 2010). An engineer described a mentality resembling the broader strategy 

to build back better, commenting “we were well aware that we had to leave behind a 

legacy of sustainable inputs. Whatever we did, we had to make it sustainable” (Ward 

2014).  

The presentation of relief in other forms, like post-conflict aid or official 

development assistance, has been challenged elsewhere for “promising something 

different, [but leaving] underlying assumptions and relations unchanged”; critiques of 

disaster aid are somewhat less prominent, likely due to the obvious and immediate 

needs of affected populations (Duffield 2005). Certain egregious instances are an 

exception. Reconstruction after the lethal 2010 earthquake in Haiti, for example, was 

marred by bungled projects, rising inequality, and an opaque aid disbursement process 

that failed to reach the population in the greatest need (Dupuy 2010). New Orleans’ 

experience with Hurricane Katrina further demonstrates multiple dimensions of the 

political mechanisms underlying natural disasters - those left behind to face the storm 

were primarily poor and black, and the subsequent relief process turned on race and 

class while empowering private business interests (Elliott and Pais 2006; Klein 2005).  
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From these observations, some posit that “relief and reconstruction are…often 

disproportionately focused upon restoring the infrastructural arrangements of the more 

powerful institutions of the economy, the state and international system, rather than 

direct responses to the needs of victims” (Hewitt 1983). However, this line of thought 

tends to lack measurement of specific outcomes or representation of a specific 

population. Additionally, many studies of social processes that generate and exacerbate 

vulnerability, like those by Freudenberg and Erikson outlined above, begin by observing 

the social outcomes of a major disaster and then working backwards, describing the 

mechanisms through which affected populations were disproportionately exposed to 

risk, in effect sampling on the dependent variable. Other more matter-of-fact disaster 

evaluations take the form of an incidence count (along the lines of mortality or economic 

losses), often without access to baseline information that could facilitate a pre- versus 

post-disaster comparison. This project instead begins at the moment of a catastrophe, 

and moves forward to consider how the dramatic changes occurring in its aftermath 

impact future vulnerability. 

I examine the distribution of clean water as a central mediator of vulnerability. 

Water is among the classical examples of social determinants of health, or the resources 

and factors that shape population well-being through influential causal pathways 

(Braveman, Egerter and Williams 2011). The tsunami came a few years after the United 

Nations announced its 15 year goal “to halve the proportion of people who are unable to 
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reach or to afford safe drinking water”, and a few years before water was declared a 

universal human right (UN 2000, 2010).1  

This study’s primary goal is to understand how agents of reconstruction might 

mitigate or exacerbate population-level inequality (and accompanying vulnerability). I 

specifically look to the potential for the manipulation of social determinants of health 

that, under normal conditions and because of far-reaching economic and political 

constraints, tend to change very slowly but exercise enormous influence. Figure 5 

contains a theoretical model placing this study along the causal chain of health. The 2004 

Indian Ocean tsunami in Indonesia is a useful context for this study. The relief and 

recovery process in Indonesia, while at times criticized, is rarely classified as a failure 

the scale of New Orleans, Haiti, or Puerto Rico. It was an extraordinarily well-funded 

recovery with well-documented goals. By combining this context with a detailed 

longitudinal survey, I take advantage of a unique opportunity to study the evolution of 

an important social determinant of health.  

3.2.3 Empirical background 

There is a large body of research into the social changes that occur in the 

aftermath of disasters. One consistent line of inquiry notes increases in cooperation and 

altruism after catastrophic events, changes which could theoretically serve to “level the 

playing field” by making new resources and networks available to the those in the most 

                                                      
1 This goal was later revised to reference more easily measured “improved” sources of water. 
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need (Douty 1972; Kaniasty, Norms and Murrell 1990; Montalva 2015). Such reports 

echo news reports of the worst disasters “bringing out the best in people” and 

encouraging them to work together to solve problems – until, at least, the feeling wears 

off (Figley 1995; Szalavitz 2012). Such individual analyses do not speak to the political-

economic mechanisms through which modified preferences might in fact operate to 

induce broader social change. The authors tend to link individual psychology to 

broadly-held beliefs about participation in democratic society, claims as credible as the 

context in which they are made.  

The impact evaluation literature generally aims to measure the tangible result of 

some specific intervention. Such an evaluation is often generated by the intervention’s 

implementing agency, and is measured by how many people, households, or 

communities were “reached”, with little effort made to evaluate the quality or longer-

term reliability of assistance (see, for example, the Red Cross two-year report on the 

tsunami recovery program). More rigorous evaluations might consider the scope of aid 

relative to the affected population, usually focusing on short term outcomes, even when 

aid may be aimed at the medium- or long-term. Another group of studies looks more 

closely at the mechanisms through which post-disaster recovery might be made more or 

less successful, often arguing that efforts with more community input (or “horizontal 

integration”) are likely to better meet community need (Berke, Kartez and Wenger 1993; 

Kweit and Kweit 2004). A 2010 case study of the Marmara earthquake notes that the 

occurrence of a disaster can itself create a “potential tipping point for political change” 
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by offering new opportunities for groups to either participate in the political process, or 

be shut out entirely (Pelling and Dill 2010). But differential benefits from community-led 

projects have been observed in a number of efforts to locally manage common pool 

resources (Adhikari 2005; Fisher et al. 2010). Numerous accounts of the Indonesian 

recovery indicate more of a “top-down” feel that failed to empower local community 

organizations, but other reports celebrated the community-led orientation of the 

recovery (Chang et al. 2011; Jha 2014; Telford 2006). In either case, such broad structural 

factors are likely to have downstream impacts.  

Within this broad collection of relevant work there is considerable research into 

both the short- and long-term effects of disaster and recovery, but the recovery process 

itself is (with notable exceptions) rarely linked directly to emergent inequality. 

Inequality is typically treated as an obstacle to, rather than a feature or potential 

outcome of, recovery (Green, Bates and Smyth 2007). Inequality in this study’s context 

has been a past topic of research and reporting. Work with the same data source 

indicated that previous levels of – and differences in – wealth were restored (in the 

aggregate) by the 2009 resurvey (Frankenberg et al. 2009). More recently, the departure 

of aid agencies after the ten-year anniversary of the tsunami generated fears of spiking 

poverty, failing economic projects, and uneven development progress between rural and 

urban areas (Lee 2014). This study studies whether one arm of the recovery effort 

exacerbated or mitigated resource inequality, and so contributes to a collective 

understanding of the relationship between disaster, recovery, and vulnerability.   
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3.3 Data and methods 

To address these questions, I turn the Study of Tsunami Aftermath and 

Recovery. STAR converted a national, pre-tsunami survey conducted by Statistics 

Indonesia in early 2004 into a high frequency panel survey. The first resurvey was 

conducted between 5 and 15 months after the tsunami, and the sixth was initiated in 

2014. The full implementation schedule is presented in Figure 6. Field teams sought 

household members and community leaders throughout the province (and beyond, 

when feasible), gathering information on around 10,000 original respondent households. 

Ultimately, survival status was acquired for 97% of individual respondents. Household 

and individual surveys, which include questions about topics including health, 

household economy, and household characteristics, are augmented with community 

and facility surveys which collect data on public services and environmental features. 

Because STAR links respondents and communities, it is possible to associate households 

with the community resources available to them.  

3.3.1 Sample 

The full STAR survey is multipurpose and facilitates analysis of the individual, 

household, or community as the primary unit of observation. This project focuses on the 

household and restricts analysis to households targeted for multiple interviews, such 

that changes can be compared across periods. The main results relate to the household 

units originally interviewed, but I include a set of results that take full advantage of 

STAR’s extraordinarily rich household data: the survey follows household “split-offs” – 
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family members that depart one household to form another – making it possible to track 

changes within families that do not remain stationary within their origin household. 

This was a vital methodological decision, with migration particularly high after the 

tsunami (Gray et al. 2014).  

The baseline survey was conducted in early 2004 and included over 13,000 

households. The household sample grows to over 16,000 by the 2014. I exclude from 

analysis all households that lost all members to the tsunami (over 400) and 12 that did 

not provide baseline reports of water source, generating a baseline sample of 5,950 

households. Nearly universally, households that were not reached during the first 

resurvey were contacted at a later resurvey. Round-by-round refusal rates vary from 

0.5% to 2.5%, but no households refused an interview in every wave, keeping the overall 

sample remains intact. Split-off households increase the overall sample to well over 

13,000 households by the 2014 resurvey. Both sets of results are presented in the analysis 

to follow. 

3.3.2 Independent variables 

Tsunami damage can be evaluated in different ways because of the myriad 

impacts felt by individuals, their families, and whole communities. I take advantage of 

STAR’s direct observation of damage to community water sources, which is reflected by 

a few different measures. First, in the initial resurvey after the tsunami village 

informants were asked whether the village water supply was contaminated by the 

tsunami (around 90% of contaminated sources were taps or wells).  Second, in the 2005 
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and 2006 surveys, village informants were asked whether accessibility to clean water 

was affected by the tsunami (roughly 70% of communities reporting contamination from 

the tsunami reported also reported worsened access in 2005). Third, I interpret 

widespread use of emergency water provision in a community as evidence of damage to 

a water source. Figure 7 displays the distribution of communities with and without 

reported damage to their water sources using this measure.2  

STAR collects detailed information from household respondents about 

socioeconomic status. I treat family wealth as the primary measure of economic 

wellbeing because it varies less over time than income or consumption, and because 

habits around water access tend to be longer-term, more habitual, and less elastic than 

most daily consumption decisions. I collect the reported value of all household and 

business assets within each household, and across all family households within a family, 

as an aggregate measure of family wealth.  

Other household characteristics in most models include the presence of children 

in the household to capture relative benefits of safe water, and the highest education 

status achieved within a household to capture the potential for better information. 

Community characteristics include distance to the coast and elevation (which might 

affect the possibilities of source provision, or make certain sources more practical or 

                                                      
2 Random noise has been added to measurements of all geographic locations such that they do not directly 

correspond to any particular survey community. 
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preferable). Urban status is included throughout, primarily because of the improved 

ease of coverage for population-dense areas. 

3.3.3 Dependent variables 

I begin with an analysis of dichotomous measures standard to the water delivery 

literature. I first evaluate whether each household head reports all members having 

regular access to 20 liters of water per day, a straightforward measure of quantity. This 

question is asked of a 20% subsample in 2004, and of every household thereafter. For 

quality, I measure primary access to an “improved” source. STAR respondents are asked 

to select their primary source of water for drinking and cooking at each survey from a 

list of 11 possible sources. Table 13 presents the distribution of sources in each survey 

round among panel households. Taps, pumps, protected wells/springs, and rainwater 

are considered “improved”, while unprotected wells/springs, river water, and 

tankers/bottles of water are “unimproved”. Bottled water can be thought of as improved 

when the secondary source (unreported in STAR) is improved. These measures aid an 

understanding of traditional thresholds for safe water, and how organizations like WHO 

and the UN might quantify development progress. 

Next I consider modes of water delivery, Water sources are grouped into 5 

categories - bottles (typically, 20-liter refillable containers purchased at a central shop, or 

else delivered directly to the home), piped source (either directly to dwelling, to a yard, 

or to some common area), well (protected or unprotected), or natural source (spring, 

river, or rainwater). The expected proximity and provider of these groups roughly 
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corresponds to higher or lower level of perceived community (versus individual) 

responsibility for meeting needs. Conceptually, individual responsibility corresponds to 

the “coping costs” described above. Piped sources are at the lowest (most community-

managed) end of that spectrum, followed by wells, natural sources, and finally bottled 

water, which households must decide to purchase on their own and at much greater 

unit cost than any other source. This measure is intended to provide more detail than 

the standard dichotomous measures described above.  

3.3.4 Analytical framework 

I employ logit regression to model dichotomous outcomes, with the household 

as the unit of observation. For ease of interpretation, results are presented as 

exponentiated coefficients, which for logit regression are odds ratios and for 

multinomial logit regression are relative-risk ratios. The two are interchangeable in that 

the exponentiated coefficients of a multinomial logit regression with just two outcomes 

are equivalent to an odds ratio produced through logit regression. The general model I 

use relates outcome measures to be a function of damage from the tsunami and from a 

vector of household and community characteristics:   

Equation 3: Pr(𝑌ℎ𝑐 = 1|𝑋ℎ , 𝑋𝑐) = 𝐹(𝛽0 + 𝛽1𝑋ℎ + 𝛽2𝑋𝑐 + 𝜀ℎ𝑐) 

𝑋ℎ represents the household characteristics (such as expenditure, wealth, 

education, and household structure) hypothesized to influence water source use.  𝑋𝑐 

models the community characteristics thought to be relevant structural influences (like 

distance from the coast, elevation, and urban status). Indicator DMG appears when 
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households are in a community that experienced direct damage to water sources from 

the tsunami, and 𝜑 the relative risk that these households will experience the outcome of 

interest. Error term 𝜀ℎ𝑐 contains unobserved factors of household h in community c. All 

household-level analyses cluster standard errors at the level of the community. In most 

models I also include interactions between damage and household and community 

characteristics. I also explore models that look exclusively at households within 

communities that experienced damage.  

Because this analysis goes on to explore multiple source types, I modify this 

model to accommodate multinomial logit regression, which functions like a logit but 

with multiple, non-ordered outcomes. This model takes a more general form, with script 

j taking on each potential value of the outcome (bottles, pipes, wells, etc.).  

Equation 4: Pr(𝑌ℎ𝑐 = 𝑗|𝑋ℎ , 𝑋𝑐 , 𝐷𝑀𝐺) = 𝐹(𝛽0 +𝜑𝐷𝑀𝐺 + 𝛽1𝑋ℎ + 𝛽2𝑋𝐶 + 𝜀ℎ𝑐), 𝑗 = 0,1,… , 𝐽 

The next section begins by characterizing the overall distribution of water 

services across the study area, and moves on to focus on a more limited sample that 

reflects STAR’s panel of households.   

3.4 Results 

3.4.1 Water quantity and quality 

I begin the analysis by exploring constructs related to the quantity and quality of 

water supply. We observe in Figure 8 that access to a sufficient quantity of water has 

generally improved over time, including during the first year after the tsunami – 

probably a testament to the efficacy with which aid organizations brought immediate 
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relief. In 2004, around 82% of respondent households reported access to 20 liters of 

water per capita per day, a number that increased to around 87% in 2005 and 95% by 

2014. Most gains came before 2009, and the number declined by a couple of percentage 

points between the 2009 and 2014 surveys.  

An initial foray into examining water quality (as characterized through 

improved sources) suggests a more complicated trajectory of change, driven by the 

introduction of distilled, distributed bottled water. Treating bottled water as an 

unimproved source, the bottom left panel of Figure 8 shows that the proportion of 

households primarily utilizing an “improved” source drops by more than 10% over the 

full time span – from over 64% in 2004 to around 57% by 2014. The first decline occurs, 

predictably, after the tsunami, and the second drop occurs after a post-tsunami rebound. 

The same chart treating bottled water as an improved source (Figure 8, bottom right) 

looks the same for the first three resurveys, but diverges as bottled water use grows, 

showing that 90% of households use an “improved” source by 2014.  

Descriptive statistics relating to quantity suggest that a steady proportion of the 

population has sufficient access to water by this very basic measure – enough to drink, 

eat, and maintain basic hygiene – and that the proportion rose after the tsunami and has 

now leveled off. With logistic regression I explore some community- and household-

level predictors, and relate the observed trends to the damage caused by the tsunami. 

Table 14 presents results from years 2004, 2005, and 2014. At the pre-tsunami baseline 

(when this question was asked only of a subsample) there is no meaningful difference in 
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access to 20l/day by damage or any community characteristics. There is a positive 

gradient along terms of household wealth, but the only statistically significant difference 

is revealed in the lowest wealth quartile, within which households face about 40% lesser 

odds of meeting this minimum level of access (90% confidence).  The two lower 

education levels (which represent primary and middle school education, respectively) 

are both about half as likely as the highest to obtain 20l/day. A strong, positive 

relationship between education and wealth (which are modeled dynamically to capture 

changes in household composition and well-being that may influence use) makes this 

relationship hard to interpret, however. In 2005 – just after the tsunami – there is no 

meaningful link with damage, but households in communities within 1km of the coast 

are significantly less likely (OR=0.6, p<0.01) to have reliable access. This might once 

more reflect the efficacy of immediate disaster response to the most impacted 

communities, but the much broader disruption of supply across coastal areas; certainly, 

the lack of effect in damaged communities indicates that by the time STAR began 

reaching communities about 5 months after the tsunami, immediate needs had been 

addressed (Clasen et al. 2006). Education is not a meaningful predictor of access after the 

tsunami but wealth is an increasingly significant predictor, though the magnitude in 

2005 is less than 2004. By 2014 the inverse link between wealth and access is much 

stronger in significance and in magnitude, with the poorest quartile at roughly three 

times greater risk of lacking access to a minimum sufficient quantity of water. The 

coefficient associated with damage indicates that households living in damaged areas 
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are half as likely to have access to 20l per capita per day; the likelihood conditional on 

living in a coastal area is even smaller. This evidence suggests that tsunami damage may 

not have generated short-term impacts on access to sufficient quantities of water, again 

probably due to the highly effective short-term response, but a negative relationship has 

emerged over the long run. Additionally, and amidst rising overall level of access, 

wealth has become a more important predictor, with the wealthiest portion of the 

population much more likely to have access to a minimum amount. 

Turning to a dichotomous measure of quality – use of an improved source – 

further demonstrates that water access has changed in dramatic ways since 2004; the 

results are presented in Table 14, Panel II. Treating bottled water as an unimproved 

source, living in an urban area and high levels of wealth/education are both positive 

predictors of using an improved source at baseline. By 2005, households in damaged 

communities (especially in coastal and urban areas) are less likely to use improved 

sources, reflecting the tsunami’s destruction. Trends associated with wealth remain 

unchanged since baseline. By 2014, these household-level trends have inverted – the 

least wealthy households are the most likely to use “improved” water sources. 

However, when bottled water is included as an improved source, the positive 

association with wealth remains, and is accentuated in areas of heavy damage (Table 14, 

Panel III). All of these trends are substantively similar in the sample that includes split-

offs (Table 15).  Reliance on this coarse measure of water quality is unreliable as a source 

of general conclusions – not just because of a lack of systematic evidence about the 
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relationship between source “improvement” and water quality, but because of the 

ambiguity associated with evaluating the mass adoption of bottled water as a primary 

source during the later years of the survey. STAR goes beyond this binary classification 

and measures a wide variety of water sources, so in the next subsection I use this richer 

measure to characterize the primary water sources utilized by respondent households, 

contextualized by what is available within their communities. 

3.4.2 Changing water sources 

As shown in Table 13, the way households access water changed dramatically 

between 2004 and 2014. Before the tsunami, nearly two-thirds of 5,950 baseline 

respondent households accessed water through some variety of well. Around one-fifth 

of respondent households reported having access to water via tap or pump. Springs, 

rivers, and rainwater together accounted for around 11% of primary household sources, 

with a little over 1% distributed between bottled water and various other sources. By 

2014, 42% of 5,716 remaining (panel) households report access via wells, and 32% report 

bottled water as the household’s main source. Piped access declined to 16% of the panel 

sample, with most of the remaining 8% distributed between springs, rivers, and 

rainwater. Over this span of time, access via well dropped by over 20 percentage points, 

and reports of bottled water as the primary source increased by over 30. Figure 9 

presents this transition within communities heavily damaged by the tsunami, where it is 

even sharper - nearly 60% of respondent households from this group report using 

primarily bottled water by 2014 (a figure that includes split-off households).  
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Patterns of access have changed dramatically over time, and reflect not just 

choices made by household members but also variation in availability within a highly 

dynamic service environment. As shown in Figure 9, wells were the dominant access 

point in 2004, and for over one-half of households at baseline, wells were the only non-

natural source (spring, river, or rain water) available.3 By 2005 the proportion of 

households solely reliant on well water fell to one-third, and by 2014 less than 2% - 

households by 2014 were almost universally situated in communities with multiple 

“high quality” options, with some combination of bottles, pipes, or wells. Figure 10 

shows this transition using overlapping proportional Venn diagrams. In 2004 there is 

considerable overlap, but significant proportions of the circles representing bottles and 

pipes are isolated, and the representational circles for bottles and pipes are much smaller 

than that for wells. By 2014, the circles are virtually on top of one another.  

These community observations are an important complement to household 

reports that show a sharp increase in the adoption of bottled water and decline in use of 

piped sources. Higher quality water resources have steadily become more available in 

most communities, as measured by there being any use of them at all. Table 16 displays 

the percentage of communities with some use of each water resource. Some use of every 

relevant source remains fairly stable since the original survey, and most increase during 

this time, so it is clear that respondents are in highly dynamic resource environments. 

                                                      
3 In light of local context I assume that some natural source (spring or river) is available to each household.  
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But despite the expansion of what are probably increasingly safe sources, an increasing 

number of communities also show evidence of some reversion back to natural sources 

by 2014 (55%) from 2004 (42%).   

I use multinomial logistic regression to evaluate source use at the household 

level. My analytical sample draws from a household sample from communities with 

access to bottle, pipe, well, and some natural source. In light of rapidly changing access 

across the study area, the relevant sample grows substantially over time, from around 

400 households in 2004 to just under 4,000 in 2014 (over 8,000 when split-off households 

are included). I conduct separate analyses for each round. Table 17 displays the results 

of these analyses without interaction terms, and Table 18 with interaction terms for 2014 

results. 2004 results are not presented due to lack of power, but within this highly 

selected and sample of around 400 households in 30 communities, wealth and education 

are positively associated with the use of bottled or piped water. Poorer, less educated 

households are disproportionately likely to utilize natural sources. Bottled and piped 

water are both more common (and use of natural sources more unusual) within the 

heavily damaged communities of this sample.  

Despite the tsunami’s destruction, the number of households living in 

communities with access to all three higher quality water sources increased to over 1,000 

between 2004 baseline and 2005 follow-up. Households in communities that experienced 

direct damage from the tsunami were twice as likely by 2005 to use bottled water 

(RRR=2.1, p<0.05), likely reflecting its expanded use as a primary source with the 
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destruction of local infrastructure. Households in urban areas were more than three 

times as likely to use bottled water than well water, and twice as likely to use piped 

water, reflecting the relative ease with which either source can be distributed through 

areas of higher population density (p<0.01 for both relative-risk ratios). Each category 

also follows a similar wealth gradient, although it is more pronounced for piped-water, 

which is about half as likely to be used in households of the lower three wealth quartiles. 

In aggregate, at anywhere lower than the highest quartile of wealth, households are 

more likely to access water by well than bottle or pipe. Interaction with damage shows a 

flatter relationship between wealth and higher-quality access in damaged areas, another 

sign of the immediate relief of disaster aid. Low levels of wealth predict the use of a 

natural water source over a well, but not significantly so.  

By 2009 most post-tsunami reconstruction was complete, and the number of 

households with potential access to all three higher quality water sources increased to 

over 2,600. The relationship between exposure to damage and use of bottled water is at 

this point better defined and of greater magnitude (RRR=2.6, p<0.01). Notably, there is a 

significant (p<0.10) relationship between damage and use of a natural source. The 

association with living in an urban area remains about the same as in 2005 for bottled 

water, but is much stronger for piped water, showing an expansion of piped water in 

more population-dense areas. The wealth gradient is much steeper for bottled water in 

2009 than in 2005; the lowest three quartiles are 23%, 28%, and 49% as likely as the 

richest quartile to use bottled water, respectively (all at >99% confidence). The interacted 
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model (not shown) indicates that these patterns are widespread. The wealth gradient is 

less dramatic for piped water, but still strong (between 47% and 53% relative likelihood 

for the lowest three quartiles). An education gradient is also present for both bottled and 

piped water sources, but is not as steep. Interestingly, households with children are 

about 49% more likely (p<0.01) to utilize bottled water, which might suggest a 

perception of improved quality and safety within households with more vulnerable 

residents. Overall there is no significant predictor of use of a natural water source. The 

interacted model does indicate a noisy relationship of potentially much larger 

magnitude in areas damaged by the tsunami, a pattern that re-emerges in later analyses 

and so is worth noting here. 

More distinct patterns are in place by 2014, when almost 4,000 households – 

around 2/3 of the full sample – live in communities where water is available from all 

three high-quality sources. Residents of communities that experienced damage are 

nearly twice as likely as those in undamaged areas to use natural sources of water as 

their primary source, and 2.5 times as likely to use bottled water. This pattern shows a 

general decline in the use of wells – in spite of their apparently increasing availability – 

with a bifurcation of use patterns toward what are probably higher and lower quality 

sources. Residence in an urban area continues to positively predict use of bottled or 

piped water, with the ratio increasingly large for piped water, suggesting significant 

infrastructure improvement over the years of study. The wealth advantage to using 

bottled water remains in place, with the least wealthy quartile 30% as likely as the 
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wealthiest to use bottled water (p<0.01). This least wealthy quartile is about twice as 

likely to access water through a natural source than the richest quartile (95% 

confidence). Lower wealth quartiles are marginally less likely to use piped water, but 

the relationship is not significant in most cases. The education gradient is stubbornly 

persistent, however; households with primary school or less are about 43% as likely to 

use bottled water and 63% as likely to use well water than their better-educated 

counterparts (p>0.01). The same analysis on the sample that includes split-offs indicates 

that the gradient for wealth is less pronounced, and for education more, among bottled 

water users. The effect of wealth is generally stronger for piped water users. An inverse 

association between wealth and the use of natural sources of water remains, though it is 

somewhat more consistent and precisely identified. The same trends described for the 

panel sample describe this larger sample. 

It is plausible that residents of communities with expanding water resources 

require some time for adaptation to new resources, and if this is the case then the prior 

model might understate access to new services. I test a lagged model with otherwise the 

same specifications, restricting the sample to households with full water source 

availability at the time of the survey, and during the previous round. The results are 

similar and consistent with findings from elsewhere in Indonesia showing that new 

water connections are disproportionately targeted at the better-off (Bakker 2007). Over 

time it is feasible that this relationship might change, if bottled water prices decline or if 

piped connections are expanded, but the lagged model does not demonstrate clear 
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evidence of this, possibly because the time span being measured is inappropriate, or 

possibly because it is not happening.  

3.4.3 Within-sample changes  

The results above demonstrate how access unfolds along socioeconomic status 

and other predictors when each survey round is treated as an independent cross-section. 

To take advantage of STAR’s longitudinal design, I make an additional comparison 

across survey rounds to show how access evolves within households that experience 

relatively few options in 2004 and a much wider array by 2014. For this analysis I restrict 

the analytical sample to 2,641 households within 207 communities offering wells as the 

only source of “high quality” water in 2004, and with multiple high quality sources 

(wells, bottles, pipes) by 2014. This set of households is somewhat poorer, less educated, 

and more rural than the overall sample, in which better-off urban areas are more likely 

to already have access to multiple high quality sources. I employ logit regression for 

2004, when the only option other than well water is a natural source, and multinomial 

logit regression in 2014, when a fuller array of sources is available. I apply the same set 

of predictors to test whether household and community characteristics are linked to 

source use, now with a fixed sample that holds constant community water resources. 

Once again, for each set of regressions, standard errors are clustered at the level of the 

community to correct for correlated unobserved variation.  
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Table 19 shows the transition from either using a well or a natural source of 

water in 2004, into one of four possible states – well, natural source, pipe, or bottle – by 

2014. Around ¼ of 2004 well-users use bottles by 2014, over ½ still use wells, and the rest 

are split between piped water and natural sources. The majority of households using 

natural sources in 2004 use some higher quality source by 2014, but around a third 

continue to use natural sources. Nearly the same number use natural sources as their 

primary source in 2014 as in 2004, but over two-thirds of this group made a transition 

from using well water.  

The panel sample for regression is slightly smaller than the descriptive sample 

because of 2014 item non-response (34 households). At baseline, households in the three 

bottom wealth quartiles are between 53% and 82% more likely to use natural sources 

than are their richer counterparts. Households with less educated residents are also 

significantly more likely to utilize natural sources (p<0.05).  This same gradient is 

present but not as strong in areas that were soon to be exposed to damage in 2004. I 

interpret this as evidence of baseline inequality; those with fewer resources are less 

likely to access safer water.  

By 2014, each community within this sample of households gained access to 

additional high-quality sources of water; for all but three communities this includes 

bottled water, and for some 68% it includes some variety of piped water. Residents of 

communities that experienced damage are around twice as likely to use bottled water 

and nearly three times as likely to utilize natural sources relative to those in 
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communities that did not experience damage. There is a strong, positive link between 

wealth and the use of bottled water, and a negative gradient for natural sources – the 

least wealthy half of households are around half as likely to use bottled water than the 

wealthiest, and about 50% more likely to use natural sources. The relationship with 

natural sources within the whole sample is insignificant at traditional levels, but within 

damaged communities the least wealthy households are by 2014 almost 3 times as likely 

to use lower-quality natural sources. The use of interaction terms with damage 

demonstrate that the impact of wealth on avoiding the use of natural sources of water is 

present primarily within the communities that were exposed to damage, although the 

association between bottled water and wealth is much wider. Presence of children is 

positively associated with the likelihood of using either bottled water or natural sources, 

showing a bifurcation between households who have children and the ability to pay for 

improved quality, and larger, poorer households that lack that ability. 

I conduct the same tests on the larger sample that includes split-off households. 

Results do not suggest that the trends are any different among this larger sample. I also 

test whether these relationships are a relic of prior status by using a dynamic model that 

reflects changes in wealth over time; these results too are substantively similar. These 

results suggest that the transition to higher quality water sources has been faster in 

communities that experienced damage (and the accompanying reconstruction), but 

inequalities in access have grown the widest within these communities. 
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3.5 Discussion and conclusions 

Evaluations of disaster response typically do not take place many years after a 

disaster, and are rarely representative of any set of interventions or beneficiaries. In this 

study, I take advantage of a population-representative survey conducted 6 times over a 

decade after an epochal tsunami that suddenly and dramatically reshaped many 

dimensions of life in one of Indonesia’s poorest provinces. I show multiple measures of 

water access starting just before the tsunami through to 10 years after.  

This evidence points toward three general conclusions. First, traditional and 

widely adopted characterizations of water sources (“improved” versus all other) do not 

adequately describe the evolving water supply environment in Indonesia, where bottled 

water is now the first choice among consumers who can afford it. Second, the overall 

availability of high-quality water sources has expanded, and access to high-quality 

sources has increased more in communities that were exposed to the tsunami than those 

that were not. Third, access to high-quality water resources turns more than ever on 

measures of socioeconomic status – specifically, higher wealth is the most consistent 

predictor of access to the best quality water resources, and lower wealth consistently 

predicts the worst. This trend too is most obvious in the communities that have 

experienced the most tsunami-related change. Geographical factors have some 

predictive value, but much less consistently so than wealth. Neither education nor the 

presence of young children are consistent predictors of source use, suggesting that 

access to high quality sources is largely driven by the ability to pay for it. 
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The more general transition to bottled water observed in great detail here has 

been noted across poor countries, and so is an increasingly important topic for policy-

makers in these countries (Connor 2015). Much of the water and sanitation literature is 

oriented around interventions at the household level that might improve diarrheal 

outcomes among small samples of people (for example, Clasen et al. 2007; Fewtrell et al. 

2005). This approach leaves unanswered broader questions of resource availability and 

accessibility. It is not necessarily straightforward to assess bottled water as a substitute 

for more traditional, publicly-provided water sources, but drawing from UN standards 

for water provision based on its proclaimed human right to water, it seems unlikely that 

bottled water would meet standards for sufficiency (the UN describes sufficiency as 

between 50-100 liters/day, rather than the 20l/day minimum used in this paper), physical 

accessibility (where access cannot be reliant upon some form of regular transportation or 

delivery), or affordability (with a limit of 3% of household income).4 These limitations 

have strong implications for vulnerability in the face of the next disaster.  

The overall trajectory of the water recovery as described in this study 

undermines the prevailing narrative of a comprehensive disaster reconstruction process 

that was aimed at improving conditions for the worst-off and mitigating vulnerability 

against future disasters. In Aceh, the slogan was “build back better” and the general 

impression is that of a well-managed, successful recovery, with the restoration and 

                                                      
4 From UN Resolution 64/292.  
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improvement of water systems as an important and costly component of reconstruction. 

However, the dramatic expansion of bottled water and persistent proportion of 

households that continue to access water through the lowest quality methods suggests 

that water systems are not much more robust today, or that the people using them are 

any less vulnerable to future disasters. Water has instead become an increasingly 

commoditized private good, and the socioeconomic gradient defining access to good 

quality water is especially steep in the communities that were hit the hardest. 

These findings raise further questions about more general inequality within the 

study area. Despite its central role in the conflict in Aceh that was ongoing until the 

tsunami, inequality in Aceh has not been particularly well-documented. Inequality can 

be measured in a wide variety of ways, but one common method is through the Gini 

coefficient, measuring the statistical dispersion of wealth. I construct a Gini coefficient 

for the full sample, observing a 2004 (pre-tsunami) Gini coefficient for wealth 

(measuring total assets, the same measure I use to control for wealth in the models in 

this paper) of 0.65. This is somewhat less unequal than the United States (~.80), more 

unequal than China (~0.55), and lower than but about on par with estimates for 

Indonesia as a whole (~0.76) (Davies et al. 2011). At the first resurvey in 2005, inequality 

among the survey panel increased to 0.71. Since then it has declined to 0.61 by 2004, but 

including split-off households it has dropped to 0.67, suggesting that population-level 

wealth inequality is about the same or slightly greater today than it was before the 

tsunami. Error! Reference source not found. graphically displays the Gini coefficients at 



 

131 

 

each survey round for the panel and split-off samples. The trends are similar when 

comparing communities that experienced damage to those that did not, with levels of 

inequality slightly higher in the former. These statistics show that, in addition to being 

poor, was already a quite unequal society, and that its inequality has been more or less 

reproduced in the years since the tsunami. Inequality extends beyond wealth to 

fundamental resource access, a disparity that is likely to manifest through other 

(especially health) outcomes, and that offers an obvious opportunity for public sector 

intervention.   

There are credible counterarguments to consider. First, the community-level 

evidence indicates that more and more high-quality water sources are available within 

any given community – not just bottles, but pipes and wells. Still, these same 

communities continue to host sizable minorities of household using low-quality natural 

sources of water rather than any of the higher quality sources apparently available. The 

systems and processes underlying this contradiction can probably only be answered 

with a deeper qualitative exploration of individual communities experiencing the sort of 

stratified access observed here. It is likely that the various forms of costs commonly 

observed in the water access literature– time, money, information, health – are all 

important components in this selection process. It is also likely that various social 

processes that are not usually as well measured – like the limited integration of new 

communities springing up on the edges of the old, traditional use habits and patterns, or 

the social stigma of certain forms of access – are relevant to household choice. Finally, 
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the commodification of water raises further questions about community willingness to 

maintain what has traditionally been viewed as a common pool resource, and thus 

extend the benefits of a central system to those unable to shoulder the cost individually 

(Bakker 2008). It seems plausible that the shift toward bottled water in Indonesia might 

undermine support for other, more communal sources of water, hinting at the direction 

of future public investment in community water infrastructure (Komarulzaman, de Jong 

and Smits 2017). 

Another critique might point to the wide variety of reconstruction efforts that 

took place after the disaster. Certainly, the broad approach adopted in this paper cannot 

capture the nuance of myriad projects that were implemented in the tsunami’s 

aftermath. However, it is possible in some instances to characterize the body responsible 

for restoring water supplies according to community-level survey response – 

government, NGO, private industry, or community-at-large. Unfortunately, these 

responses are not universally provided, as in any given survey round between one-third 

and one-half of community respondents did not provide this information. I consider the 

information that is provided by applying it to a similar model as that used for the panel 

sample, with indicator terms for each type of development agent. I observe some 

differences according to the classification of organization supplying water (Table 21). 

Among all households, those residing in communities which experienced a government- 

or citizen-led recovery are more likely to use piped water by 2014 relative to those in 

communities with an industry- or NGO-led recovery, a result that might hint at the 
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more public interest of an effort led by these more representative bodies. Households in 

communities with NGO-led recoveries are more likely to be users of bottled water, 

potentially pointing to the more limited aspirations and capacities of organizations 

aiming to serve specific beneficiaries rather than whole populations. However, these 

differences are only marginally significant when the sample is restricted just to 

communities that experienced damage to their water sources, indicating that among the 

most affected communities it is difficult to differentiate between the various 

organizations that guided the recovery. While there were doubtless many more and less 

effective recovery projects and institutions guiding them, the evidence available here is 

insufficient to conclude that one produced dramatically different results than any other. 

Last, if household actors are simply identifying the most suitable water sources 

for their needs, the use of natural sources by the poorest may be a household, rather 

than a public, issue. This claim is only valid to the extent that these patterns of use do 

not generate negative externalities. There has been broad improvement in overall health 

outcomes over the study period. STAR collects reports of childhood diarrhea, which 

overall have declined considerably over the survey’s life. Diarrhea is responsible for the 

death of around 2,000 children per day globally, making it the second leading cause of 

death among children. Diarrheal incidence and its health consequences are closely 

related to the availability of clean, accessible water; the introduction of clean water in US 

municipalities was responsible for two-thirds of the reduction in child mortality during 

the late nineteenth and early twentieth centuries (Cutler and Miller 2005). There are 
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distinct differences in diarrheal incidence by water source type within the STAR sample. 

In 2005 (the first round in which diarrheal incidence was recorded), the likelihood of any 

occurrnece among children under the age of 5 was not statistically differentiable by 

water source, as shown in Error! Reference source not found.. The overall probability of 

a young child experiencing diarrhea in the month prior to the 2005 survey was about 

14%. Somewhat lower rates were reported for bottled water users, but in small numbers 

(Pearson chi-square statistic=9.4, p=0.496). By 2007, the relationship is stronger and 

already statistically significant at 95%; the probability of experiencing a diarrheal 

incident is around 8% where bottled water is the primary water source, and 13% among 

households accessing natural sources (11% overall). In the most recent resurvey, the 

overall probability is less than 7%, but the rate among households that use natural 

sources is about 12%, and less than 6% for households using bottled water and less than 

7% for households using pipes or wells. Overall likelihood of diarrhea is on the decline, 

but stubbornly high rates remain among households that primarily utilize natural 

sources. The use of natural sources of water, then, is a good way to predict incidence of 

waterborne illness, and in turn can be predicted in large part by socioeconomic status. In 

light of poor countries’ massive burden of disease, morbidity, and mortality, water use 

should not be treated as an issue only of household economics.   

These results must be taken in the context of the broader recovery effort in Aceh, 

which has been mostly well-regarded, though often without much consideration of its 

distributional implications. The transportation recovery is noted to have progressed well 
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and is visible throughout the region, though with “an uneven distribution in 

transportation services [that] resulted in unfairness in reconstruction” (Matsumaru, 

Nagami and Takeya 2012). Recent work has found robust, long-term associations 

between the receipt of housing aid and individual well-being, but without exploring 

distributional or qualitative aspects of the housing reconstruction (Laurito 2018). 

Distributional concerns speculatively emerge in broader efforts to evaluate the recovery, 

but usually without much specific evidence as to their manifestation (Jayasuriya and 

McCawley 2008). In this study I provide evidence around one specific dimension, but a 

fuller evaluation of the many sectors along which the recovery operated would provide 

a more complete picture.   

Social scientists who investigate the distributional aspects of disaster and 

recovery have noted that if reconstruction efforts do not specifically and aggressively 

take aim at the same inequalities that generate broader vulnerability, then reconstruction 

is likely replicate pre-disaster social conditions, rather than address the underlying 

factors that put people at greatest risk in the first place. UNICEF, the International 

Strategy for Disaster Reduction, the International Federation of Red Cross and Red 

Crescent Societies, and the Pan American Health Organization argue for the centrality of 

water infrastructure as a tool for disaster mitigation and risk reduction:  

Access to water is a basic human right, and implies a responsibility that goes beyond 

the protection of investments and is a responsibility of public health. Furthermore, 

water and sanitation systems warrant consideration as “critical” infrastructure, and as 
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such are a priority for the efforts of disaster risk reduction, as are schools and 

hospitals.5  

Disaster reconstruction presents a unique opportunity to address social needs, 

and the global development industry has enormous potential to respond to catastrophe 

in positively transformative ways. Yet without taking an aggressive stance toward 

extant social and economic iniquities, the reconstruction process may serve to replicate 

the pre-disaster social conditions that generate vulnerability in the first place. Like the 

tsunami itself, the recovery in Aceh was felt outside of communities that were initially 

most exposed. A full decade on, the average quality of water has improved 

considerably, yet a similar proportion of the population continues to access water 

through the most basic and risky ways. The persistence of this statistic and its 

conditionality on socioeconomic status point to an obvious space for public intervention. 

Household-level reports of water use do not indicate that the use of communal water 

sources, especially wells, has returned to pre-tsunami levels.  

In light of this evidence, it is reasonable to conclude that the recovery effort did 

not make meaningful progress toward the widely accepted development goal of 

extending equitable water access. This outcome is likely to have emerged from a 

reconstruction outlook that wholly ignored the opportunity to address existing 

distributional inequities which have since deepened.  

  

                                                      
5 From “The Challenge in Disaster Reduction for the Water and Sanitation Sector: Improving Quality of Life 

by Reducing Vulnerability,” 2006.  
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Tables and figures 

 

Table 13: Distribution of water sources across STAR communities, by selected 

survey year. 

Water source 
Survey year 

2004 2005 2009 2014 

Bottle 0.7% 3.0% 22.9% 32.4% 

Tap 19.5% 17.6% 11.6% 13.5% 

Pump 2.7% 1.9% 2.7% 2.9% 

Protected well 38.8% 35.8% 38.5% 36.0% 

Unprotected well 26.2% 20.7% 12.8% 5.9% 

Protected spring 5.0% 3.1% 4.9% 5.5% 

Unprotected spring 2.9% 5.7% 1.9% 0.7% 

River 2.9% 4.1% 2.1% 1.3% 

Rainwater 0.8% 1.6% 2.1% 1.9% 

Other 0.5% 0.1% 0.3% 0.0% 

Aid org. 0.0% 6.2% 0.3% 0.1% 

N    5,950         5,708         5,771         5,716  
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Table 14: Quantity and quality of water sources, by selected survey year 

(excluding split-off households). 

 2004 2005 2014 

I. 20 liters per capita per day    

Community characteristics    

  Damage 
0.976 0.870 0.528*** 

(0.555) (0.117) (0.122) 

  Coastal 
0.796 0.610*** 0.375*** 

(0.461) (0.100) (0.085) 

  Urban 
0.731 1.197 1.950** 

(0.489) (0.179) (0.538) 

Household characteristics    

Wealth Q1 
0.601* 0.689** 0.322*** 

(0.217) (0.105) (0.072) 

Wealth Q2 
0.740 0.677** 0.397*** 

(0.235) (0.099) (0.091) 

Wealth Q3 
0.874 0.816 0.892** 

(0.261) (0.117) (0.222) 

Wealth Q4  omitted 
 

 

Primary educ. or less 
0.457*** 0.752** 1.019 

(0.139) (0.090) (0.187) 

Secondary educ. 
0.509** 0.813* 0.913 

(0.147) (0.091) (0.156) 

Post-secondary  omitted 
 

 

Children 
1.093 1.075 1.145 

(0.217) (0.095) (0.201) 

N 983 5,690 5,428 

BIC 955.235 4,345.250 2,193.787 

Pseudo R2 0.042 0.021 0.082 
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 2004 2005 2014 

II. Use of an improved source 

(excluding bottles) 

   

Community characteristics    

  Damage 
1.356* 0.434*** 0.614*** 

(0.223) (0.047) (0.067) 

  Coastal 
0.919 1.064 0.819* 

(0.170) (0.124) (0.091) 

  Urban 
4.331*** 2.073*** 0.766*** 

(0.873) (0.273) (0.089) 

Household characteristics    

Wealth Q1 
0.651** 0.414*** 2.163*** 

(0.089) (0.042) (0.213) 

Wealth Q2 
0.667*** 0.539*** 1.547*** 

(0.083) (0.054) (0.144) 

Wealth Q3 
0.933 0.618*** 1.709*** 

(0.104) (0.056) (0.139) 

Wealth Q4  omitted 
 

 

Primary educ. or less 
0.369*** 0.681*** 1.362*** 

(0.039) (0.058) (0.112) 

Secondary educ. 
0.529*** 0.806** 1.098 

(0.050) (0.068) (0.092) 

Post-secondary  omitted 
 

 

Children 
0.863** 1.082 0.897 

(0.059) (0.066) (0.065) 

N 5,848 5,690 5,428 

BIC 6,704.036 7,174.466 7,213.205 

Pseudo R2 0.133 0.085 0.040 
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 2004 2005 2014 

III. Use of an improved 

source (including bottles) 

   

Community characteristics    

  Damage 
1.397** 0.480*** 1.355* 

(0.237) (0.054) (0.240) 

  Coastal 
0.933 0.983 1.159 

(0.178) (0.122) (0.193) 

  Urban 
5.251*** 3.010*** 3.463*** 

(1.189) (0.443) (0.806) 

Household characteristics    

Wealth Q1 
0.613*** 0.385*** 0.598* 

(0.087) (0.041) (0.094) 

Wealth Q2 
0.640*** 0.503*** 0.539*** 

(0.083) (0.052) (0.082) 

Wealth Q3 
0.887* 0.576*** 0.796*** 

(0.103) (0.053) (0.119) 

Wealth Q4  omitted 
 

 

Primary educ. or less 
0.357*** 0.612*** 0.566*** 

(0.039) (0.053) (0.064) 

Secondary educ. 
0.511*** 0.726*** 0.683*** 

(0.049) (0.063) (0.086) 

Post-secondary  omitted 
 

 

Children 
0.882* 1.054 1.076 

(0.062) (0.067) (0.132) 

N 5,848 5,690 5,428 

BIC 6,530.036 6,857.542 3,599.171 

Pseudo R2 0.150 0.110 0.061 
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Table 15: Quantity and quality of water sources, by 2014 (including split-off 

households). 

 
I. 20 liters per 

capita per day 

II. Improved 

source 

(standard) 

III. Improved 

source 

(expanded) 

Community characteristics    

  Damage 
0.628*** 0.635*** 1.235* 

(0.114) (0.059) (0.179) 

  Coastal 
0.510*** 0.862* 1.411 

(0.083) (0.079) (0.206) 

  Urban 
1.512** 0.668*** 4.303*** 

(0.286) (0.060) (0.849) 

Household characteristics    

Wealth Q1 
0.391*** 1.245*** 0.754* 

(0.059) (0.094) (0.095) 

Wealth Q2 
0.416*** 1.442*** 0.759*** 

(0.068) (0.098) (0.084) 

Wealth Q3 
0.703** 1.401*** 0.845*** 

(0.111) (0.089) (0.093) 

Wealth Q4  omitted 
 

 

Primary educ. or less 
1.004 1.631*** 0.468*** 

(0.136) (0.102) (0.042) 

Secondary educ. 
1.088 1.223 0.632*** 

(0.133) (0.075) (0.061) 

Post-secondary 
 

 
omitted 

 

 

Children 
1.266 0.908 1.081 

(0.120) (0.044) (0.085) 

N 11,149 11,149 11,149 

BIC 4,784.106 14,901.440 6,459.142 

Pseudo R2 0.044 0.042 0.074 
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Table 16: Communities source availability at different survey years. 

Water source 
Survey year 

2004 2005 2009 2014 

Bottle 14.0% 32.7% 80.6% 88.5% 

Pipe (any) 43.7% 53.3% 66.8% 70.5% 

Well (any) 87.7% 90.9% 91.4% 86.5% 

Natural source 42.0% 60.2% 52.6% 54.5% 

Other (usually aid) 5.2% 31.2% 24.6% 6.6% 

N 407 
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Table 17: Household source use, conditional on multiple availability. 

 
Bottle Pipe 

Natural 

Source 

I. 2005     

Community characteristics    

  Damage 
2.100** 1.436 0.777 

(0.745) (0.497) (0.334) 

  Urban 
3.506*** 2.577** 1.049 

(1.384) (0.859) (0.490) 

Household characteristics    

  Wealth Q1 
0.812 0.581** 1.435 

(0.242) (0.141) (0.701) 

  Wealth Q2 
0.591 0.621** 1.323 

(0.200) (0.136) (0.618) 

  Wealth Q3 
0.896 0.514*** 0.852 

(0.235) (0.119) (0.364) 

  Wealth Q4  omitted 
 

 

  Primary educ. or less 
0.576 0.442** 1.009 

(0.241) (0.152) (0.373) 

  Secondary educ. 
0.390** 0.473*** 0.892 

(0.187) (0.131) (0.330) 

  Post-secondary educ  omitted 
 

 

  Children 
0.748 1.083 0.858 

(0.185) (0.178) (0.212) 

N  1,110  

BIC  3,093  

Pseudo R2  0.100  
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II. 2009    

 
Bottle Pipe 

Natural 

Source 

Community characteristics    

  Damage 
2.596*** 1.328 1.808* 

(0.500) (0.309) (0.601) 

  Urban 
3.393*** 2.177** 1.366 

(0.688) (0.616) (0.624) 

Household characteristics    

  Wealth Q1 
0.232*** 0.474*** 1.504 

(0.037) (0.106) (0.498) 

  Wealth Q2 
0.282*** 0.526*** 1.480 

(0.039) (0.110) (0.482) 

  Wealth Q3 
0.490*** 0.503*** 1.012 

(0.073) (0.098) (0.347) 

  Wealth Q4 omitted 

  Primary educ. or less 
0.505*** 0.676** 1.241 

(0.075) (0.118) (0.230) 

  Secondary educ. 
0.738** 0.796 1.297 

(0.111) (0.138) (0.227) 

  Post-secondary educ omitted 

  Children 
1.493*** 1.212 1.078 

(0.159) (0.177) (0.253) 

N 2,621 

BIC 6,022 

Pseudo R2 0.102 
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III. 2014     

 
Bottle Pipe 

Natural 

Source 

Community characteristics    

  Damage 
2.503*** 1.180 1.769** 

(0.340) (0.235) (0.412) 

  Urban 
4.071*** 5.565*** 1.417 

(0.624) (1.239) (0.400) 

Household characteristics    

  Wealth Q1 
0.361*** 0.869 1.902** 

(0.050) (0.154) (0.480) 

  Wealth Q2 
0.425*** 0.839 1.186 

(0.054) (0.146) (0.303) 

  Wealth Q3 
0.430*** 0.752* 0.749 

(0.052) (0.120) (0.191) 

  Wealth Q4 omitted 

  Primary educ. or less 
0.427*** 0.630*** 0.715* 

(0.045) (0.088) (0.124) 

  Secondary educ. 
0.618*** 0.622*** 0.829 

(0.073) (0.096) (0.162) 

  Post-secondary educ omitted 

  Children 
1.201* 0.866 1.104 

(0.126) (0.118) (0.178) 

N 3,902 

BIC 8,933 

Pseudo R2 0.107 
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Table 18: Household source use in 2014, conditional on multiple availability 

(interactions with damage). 

 
Bottle Pipe 

Natural 

Source 

Community characteristics    

  Damage 
1.361 0.802 0.715 

(0.288) (0.254) (0.311) 

  Urban 
4.155*** 5.583*** 1.455 

(0.645) (1.251) (0.411) 

Household characteristics    

  Wealth Q1 
0.313*** 0.929 1.440 

(0.057) (0.193) (0.450) 

  Wealth Q2 
0.328*** 0.758 1.034 

(0.051) (0.151) (0.320) 

  Wealth Q3 
0.336*** 0.697** 0.630 

(0.048) (0.126) (0.192) 

  Damage x Wealth Q1 
1.622* 0.867 2.523* 

(0.453) (0.322) (1.256) 

  Damage x Wealth Q2 
2.135*** 1.435 1.928 

(0.543) (0.523) (0.940) 

  Damage x Wealth Q3 
2.154*** 

(0.528) 

1.384 

(0.480) 

2.089 

(1.078) 

  Primary educ. or less 
0.408*** 0.491*** 0.668* 

(0.060) (0.083) (0.149) 

  Secondary educ. 
0.616*** 0.582*** 0.654 

(0.095) (0.109) (0.186) 

  Children 
1.127 0.838 1.038 

(0.149) (0.134) (0.230) 

N  3,902  

BIC  9,022  

Pseudo R2  0.110  
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Table 19: Water source transition. 

I. Panel households only 
Primary Source, 2014 

Bottle Pipe Well Natural Total 

P
ri

m
ar

y
 s

o
u

rc
e,

 

20
04

 

Well 599 169 1389 214 2371 

 25% 7% 59% 9%  

      

Natural 43 42 122 97 304 

 14% 14% 40% 32%  

      

Total 642 211 1511 311 2675 

  

II. Including split-offs 
Primary Source, 2014 

Bottle Pipe Well Natural Total 

P
ri

m
ar

y
 s

o
u

rc
e,

 

20
04

 

Well 1006 242 2064 319 3631 

 28% 7% 57% 9%  

      

Natural 87 69 226 151 533 

 16% 13% 42% 28%  

      

Total 1093 311 2290 470 4164 
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Table 20: Source use over time, among panel sample. 

I. All panel households (without damage interactions) 

 2004 2014 

 
Natural Source Bottle Pipe 

Natural 

Source 

Community characteristics     

  Damage 
2.031* 1.693*** 1.245 2.911*** 

(0.742) (0.292) (0.357) (0.801) 

  High elevation  
1.863* 1.335* 1.892** 2.024** 

(0.697) (0.231) (0.565) (0.565) 

  Coastal 
2.548* 1.396* 1.553 1.219 

(1.281) (0.239) (0.586) (0.424) 

  Urban 
0.336 0.943 1.142 0.901 

(0.337) (0.240) (0.781) (0.527) 

Household characteristics     

  Wealth Q1 
1.827*** 0.332*** 0.829 1.470 

(0.423) (0.056) (0.210) (0.376) 

  Wealth Q2 
1.929*** 0.433*** 0.825 1.419 

(0.411) (0.067) (0.200) (0.336) 

  Wealth Q3 
1.532** 0.651*** 1.066 1.183 

(0.289) (0.080) (0.266) (0.257) 

  Primary educ. or less 
1.798** 0.589*** 0.764 1.045 

(0.434) (0.092) (0.167) (0.200) 

  Secondary educ. 
1.090 0.756** 0.715 0.776 

(0.208) (0.104) (0.171) (0.131) 

  Children 
0.896 1.214* 1.181 1.408** 

(0.155) (0.131) (0.194) (0.208) 

N 2,641  2,641  

Pseudo R2 0.074  0.053  
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II. All panel households (including damage interactions) 

 2004 2014 

 Natural 

Source 
Bottle Pipe 

Natural 

Source 

Community characteristics     

  Damage 
9.340*** 0.888 0.270** 2.417* 

(6.403) (0.355) (0.175) (1.239) 

  Reconstruction 
3.791** 1.073 2.192** 1.993** 

(2.170) (0.223) (0.762) (0.677) 

  Damage * Reconstruction 
0.209** 1.651 2.160 0.379* 

(0.158) (0.666) (1.391) (0.202) 

  High elevation  
1.723 1.335* 1.819** 1.934** 

(0.646) (0.229) (0.543) (0.536) 

  Coastal 
2.070 1.400** 1.356 1.046 

(0.991) (0.238) (0.495) (0.352) 

  Urban 
0.345 0.976 1.293 1.053 

(0.341) (0.252) (0.867) (0.615) 

Household characteristics     

  Wealth Q1 
1.838 0.302*** 0.793 0.739 

(0.714) (0.065) (0.250) (0.265) 

  Wealth Q2 
1.862* 0.382*** 0.673 0.802 

(0.632) (0.080) (0.194) (0.259) 

  Wealth Q3 
1.137 0.589*** 0.897 0.764 

(0.374) (0.099) (0.289) (0.249) 

  Damage * Wealth Q1 
0.880 1.305 0.984 3.344** 

(0.426) (0.446) (0.531) (1.682) 

  Damage * Wealth Q2 
1.061 1.413 1.710 2.936** 

(0.462) (0.440) (0.876) (1.378) 

  Damage * Wealth Q3 
1.619 1.284 1.441 2.238* 

(0.636) (0.306) (0.702) (0.959) 

  Primary educ. or less 
3.327*** 0.523*** 0.659 1.205 

(1.183) (0.103) (0.177) (0.297) 

  Secondary educ. 
1.184 0.709* 0.610 0.884 

(0.335) (0.126) (0.196) (0.185) 

  Children 
1.005 1.430** 1.082 1.339 

(0.260) (0.214) (0.236) (0.290) 

N 2,638  2,638  

Pseudo R2 0.107  0.067  
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III. All panel households from heavily damaged communities 

 2004 2014 

 Natural 

Source 
Bottle Pipe 

Natural 

Source 

Community characteristics     

  Reconstruction 
0.800 1.826* 4.883*** 0.752 

(0.416) (0.632) (2.707) (0.315) 

  High elevation  
2.159 1.220 2.412* 1.425 

(1.077) (0.344) (1.192) (0.567) 

  Coastal 
2.220 2.678*** 1.724 1.267 

(1.526) (0.831) (1.523) (0.791) 

  Urban 
0.572 1.008 4.478** 1.885 

(0.602) (0.476) (3.103) (1.375) 

Household characteristics     

  Wealth Q1 
1.612* 0.417*** 0.839 2.755*** 

(0.456) (0.112) (0.379) (0.975) 

  Wealth Q2 
1.977** 0.563** 1.290 2.638*** 

(0.537) (0.131) (0.564) (0.877) 

  Wealth Q3 
1.853*** 0.786 1.379 1.836** 

(0.402) (0.135) (0.506) (0.495) 

  Primary educ. or less 
1.160 0.687 1.247 0.974 

(0.358) (0.173) (0.447) (0.286) 

  Secondary educ. 
0.981 0.815 1.055 0.732 

(0.265) (0.180) (0.408) (0.187) 

  Children 
0.783 0.991 1.450 1.387 

(0.165) (0.150) (0.339) (0.295) 

N 1,036  1,036  

Pseudo R2 0.049  0.063  
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Table 21: Intervening body and source use. 

 All communities  Damaged communities 

 Natural 

Source 
Bottle 

 Natural 

Source 
Bottle 

  Government 
0.768 1.305  0.354 1.179 

(0.343) (0.321)  (0.315) (0.372) 

  NGO 
1.045 2.588***  0.490 1.786* 

(0.497) (0.766)  (0.256) (0.600) 

  Community/citizens 
1.442 1.233  0.788 1.140 

(0.404) (0.213)  (0.322) (0.320) 

N 2,586  1,000 

Pseudo R2 0.056  0.076 
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Figure 5: The amplified influence of upstream interventions, and the potential 

role of disaster reconstruction. 
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Figure 6: Schedule of STAR implementation, 2004-2015 
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Figure 7: STAR communities in Aceh and reported damage to water sources. 
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Figure 8: Common measures of access among STAR households. 
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Figure 9: Changes in primary water sources since before the tsunami. 
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Figure 10: Expansion of water supply environment over time. 
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Figure 11: Gini coefficient for wealth among STAR households, 2004-2014. 
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Figure 12: Rising health iniquities over time, by water source.
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Conclusions 

A substantial portion of social science research emphasizes the causal links 

between individual or behavioral factors and human health and well-being. This is in 

part a function of the relative straightforwardness of manipulating and measuring 

individual factors for experimentation, of the considerable advances made in biological 

measurement and data collection more generally, and of a political-economic view that 

emphasizes gradual, technically guided change to which a nuanced understanding of 

individual predictors might best contribute. 

It challenging to measure the effect of larger policies that are specifically 

implemented to reduce structural inequalities, but certain contexts lend themselves to 

meaningful evaluation. The Brazil rural pension scheme is one such policy, thanks to a 

unique design that is general enough to facilitate approximated measurement of 

delivery, and specific enough to provide an obvious comparison group.  Using cross 

sectional data that permits comparisons across geography and age, I provide evidence 

against the proposition that pension delivery is linked to mental or physical health 

declines (which have been attributed to a variety of retirement-linked mechanisms, like 

increased vice behaviors and diminished social contact), and in support of the notion 

that the elderly use retirement income to boost their well-being. I also provide evidence 

of two credible mechanisms for such changes: improved food security and the co-

habitation of working-age family members. In light of these results, efforts to improve 

mental and physical health among the elderly might be better served by seeking to 
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mitigate the social effects of retirement instead of postponing or eliminating the 

economic tools which, designed to facilitate retirement from the labor force, have also 

made it possible for recipients to measurably improve their own well-being and that of 

their families.  

Despite the relative clarity of a large external shock, the individual effects of even 

a massive trauma like the Indian Ocean tsunami are typically quite difficult to 

specifically identify or to isolate from other features of life, especially where disasters are 

most frequent and their effects most profound. I show in the that the community 

experience of trauma and, for some, the individual trauma of family loss drives 

adolescent young men toward smoking behavior and increases smoking intensity 

among others. The effects, while well-defined, are marginal and, with the passage of 

time, will likely cease to be differentiable from the more general effects of culture, 

poverty, and habit. Specific public action certainly could serve to mitigate this sort of 

post-disaster trend but in light of the many other needs of vulnerable populations it is 

doubtful that smoking cessation is the most pressing policy imperative, or that standard 

health programs aimed at discouraging smoking would have any effect in this 

alternative setting where developing a contextually-appropriate tobacco cessation 

program represents, in itself, a substantial effort (Nichter 2006). It also ignores the 

underlying factors, or root causes, of smoking or of other risky behaviors or 

manifestations thereof. Their association with trauma acknowledges that such root 
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causes likely do exist and thus can be manipulated ex ante, rather than their effects dealt 

with ex post.  

Moving on from the individual to consider systemic outcomes, the third chapter 

considers the longer-term impact of the post-tsunami reconstruction effort in Aceh, 

Indonesia as it pertains to access to clean water, a social determinant of health and 

priority within the global development community. Although natural disasters bring 

massive attention to the well-being of affected populations and provide resources that 

might meet longstanding development goals, the absence of long-term evaluations 

means we know little about the impact of disaster reconstruction on the health of the 

public and on vulnerability to future disasters. I demonstrate a significant change in the 

way that Indonesian families access water since the tsunami – namely, a shift away from 

durable, community-maintained sources (like pipes and wells). Instead, the best-off 

families are disproportionately likely to utilize privately distributed bottled water, and 

the poorest are more likely to use various natural sources of water, implying a greater 

risk of illness and death due to waterborne illness. These findings suggest that, in the 

realm of access to clean water, inequality and vulnerability in Aceh have in fact risen 

since the tsunami despite a stated development goal of increasing social resilience by 

“building back better”.  

Taken together, this set of findings reinforces the interpretation that local 

ecological factors are important predictors and mediators of well-being, but that there is 

a substantial space for public intervention. Though the trauma and loss of a disaster is 
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likely to manifest through risky behaviors, perceptible changes in this regard are small 

and, with time, of disappearing relevance. If the mental health outcomes are indeed of 

significant concern to policy-makers in a particular context, by making cash benefits 

available to specifically vulnerable populations offers great promise for improving 

mental health and overall well-being. And if disparities in physical health are of great 

interest, then interrupting the social processes that inhibit general access to crucial 

resources offers considerably more opportunity for improving population health than 

might individualized behavioral interventions. Institutions and the policies that flow 

from them maintain considerable influence over the health and well-being of their 

constituent populations.  
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