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Abstract

Antiretroviral therapy (ART), a treatment for AIDS, is rapidly increasing life ex-
pectancy throughout sub-Saharan African countries affected by the AIDS epidemic.
This change in life expectancy has potentially profound influences on life-cycle deci-
sions. A longer life expectancy increases the value of human capital investment, while
the effect on savings is theoretically ambiguous and life-cycle saving could increase
or decrease. This paper uses spatial and temporal variation in ART availability to
evaluate the impact of ART provision on savings and investment. We find that ART
availability significantly increases savings, expenditures on education, and children’s
schooling, including among HIV-negative individuals who do not directly benefit from
ART. These results are not driven by the direct health effects of treatment or reduc-
tions in care-taking responsibilities, but rather by reduced perceptions of mortality
risk after ART has become available.
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1 Introduction

In the past decade, antiretroviral therapy (ART), a highly effective drug treatment that

slows the progression of AIDS, has become widely available in sub-Saharan Africa. The

medication is rapidly reversing the steep decline in life expectancy, which had fallen by

14 years in southern Africa, due to the AIDS epidemic (UN Population Division 2012).

Economic models of life-cycle consumption suggest that life expectancy plays a role in deci-

sions about savings, investment, and lifetime labor supply, and has important implications

for economic growth.1 A longer life expectancy encourages human capital investment by

increasing the time horizon over which the investment pays out (Ben-Porath 1967; Becker

1962). While changes in adult mortality risk are likely to affect savings decisions, the pre-

dictions from theory are ambiguous in the overall direction of the effect: Individuals may

save more if they expect to live into old age when income is low, but may, in fact, save less

if they expect a longer and healthier working life (Bloom et al. 2003; Fogel 1994, 1997).

Thus, the effect of life expectancy on savings is an empirical question and, to our knowl-

edge, has not been explored at the micro-level.2 Furthermore, identifying the causal effect

of changes in life expectancy is especially challenging because life expectancy is endoge-

nously determined by individuals’ health-related behaviors, and experimental variation in

life expectancy large enough to detect effects would likely pose ethical concerns.

This paper exploits the introduction of AIDS treatment in Malawi to study the impact

of rapid and sustained life expectancy gains on savings and investment in human capi-

tal. Malawi was severely affected by the AIDS epidemic, with a national prevalence that

peaked at 15 percent in 1997. In 2003, through support of large international donors and

governments, the Malawian government started to make ART available for free, and the

ART program has been expanding rapidly since. The scale-up of the program, in Malawi

and elsewhere in sub-Saharan Africa, is widely regarded as a public health success and

has resulted in measured declines in adult mortality (Jahn et al. 2008; Floyd et al. 2012;

Payne and Kohler 2015).

The ART rollout in Malawi provides a good setting to study the effect of life expectancy

on investment and related life-cycle behaviors for a number of reasons. UN-based estimates

1See, for example, Soares (2005); Weil (2007); Lorentzen et al. (2008); Acemoglu and Johnson (2007);
Kalemli-Ozcan (2002); Cervellati and Sunde (2013); Kalemli-Ozcan et al. (2000); Murphy and Topel (2006);
Ehrlich and Lui (1991); de la Croix and Licandro (1999).

2Many studies have looked at the effect of longevity on savings in cross-country analyses, generally
finding a positive correlation (Lee et al. 2000; Bloom et al. 2003; Zhang and Zhang 2005). Studies have also
examined the effect of HIV on savings at a macro level, but no consensus has yet emerged (Bonnel 2000,
Lammers et al. 2007). To our knowledge, only one other study attempts to identify the causal relationship
between life expectancy and savings. Thornton (2012) finds that learning one’s HIV status had only short
term effects on subjective beliefs about ones’ HIV status and had no impact on long-term beliefs. Thus
the study was unable to detect effects on savings, expenditures, or employment.
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of life expectancy gains from eliminating AIDS mortality in Malawi are 12.7 years. These

life expectancy gains are large, and they occur primarily as a result of changing adult

mortality risk.3 HIV/AIDS affects individuals after major human capital investments

have been made but before they have retired from the labor market. Finally, the positive

shock to life expectancy resulting from the ART expansion is both long-term and impacts

the general population. Thus, it is more informative about the effect of life expectancy

on human and physical capital accumulation in the macroeconomy as a whole, which is

the mechanism typically studied in growth theory (Solow 1956; Koopmans 1965; Romer

1986).

Using longitudinal survey data, we estimate the impact of ART availability on savings,

expenditures on children’s human capital, and children’s schooling. Our identification re-

lies on spatial variation in ART availability as measured by the respondents’ distance to

the ART facility. By combining precise GPS locations of households with administrative

records on locations and start-of-ART-service dates for clinics, we calculate the respon-

dents’ exact distance by road to their nearest ART facility. We employ a continuous

difference-in-difference strategy with individual fixed effects, comparing outcomes before

and after ART became available at the facility along the distance gradient.

The survey also performed HIV testing, enabling us to estimate the effect of ART

availability among the HIV-negative respondents, thereby minimizing concerns of esti-

mating the direct health effects of treatment. While HIV-positive persons gain the most

from treatment becoming available, HIV-negative individuals also face large gains in life

expectancy through reductions in future risk.4 Additionally, because our data contain in-

formation on self-reported mortality risk, we are in a position to conduct a unique analysis

linking changes in outcomes to changes in subjective expectations. Since subjective expec-

tations are the determining factor in decision-making, measuring subjective probabilities

provides a direct test of the theory (Manski 2004).

3We emphasize that the life expectancy gains result from changing adult mortality risk, as distinct
from infant or old-age mortality. As they do not impact the investment horizon, the latter should not
impact investment decisions through the mechanism we are trying to identify (Cervellati and Sunde 2013).
Macro-based studies using cross-country analysis to estimate the quantitative importance of life expectancy
for human capital and growth find mixed evidence (Acemoglu and Johnson 2007; Lorentzen et al. 2008;
Bloom et al. 2014; Hansen 2013); however, they rely on life expectancy gains resulting primarily from
reductions in infant mortality.

4ART increases life expectancy by reducing the mortality risk from engaging in risky sexual behavior:
it reduces both the likelihood of death conditional on infection and the transmission probability. However,
the effect of ART on life expectancy is mediated through the behavioral response, since individuals may
increase risky sexual behavior (Lakdawalla et al. 2006; Wilson et al. 2012; de Walque et al. 2012; Oster
2012; Gong 2015; Friedman 2014). In South Africa, recent evaluation of demographic surveillance data
has shown that objective life expectancy has increased as a result of ART and HIV incidence has declined,
suggesting that even if individuals respond by increasing risky sexual behavior, the response does not
overwhelm the benefits of ART (Bor et al. 2013; Tanser et al. 2013).
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The identifying assumption for our analysis is that individuals living near and far

from ART facilities would have similar trends in absence of ART. Due to the spacial

precision of the data, we able to compare households within a 15 kilometer radius, arguably

providing a more plausible control group.5 Using pre-period data, we show that trends in

outcomes and other characteristics are not correlated with proximity to the ART facility.

We also show that prior to the arrival of ART, areas near the facilities were similar,

both in levels and trends, to areas further away along an extensive set of characteristics.

Furthermore, provision of ART was not bundled with other government programs, and rich

data on participation in government aid programs confirm that these were uncorrelated

with distance to ART.

We find a strong response in savings behavior: halving the distance between a re-

spondent and the ART facility—a reduction of approximately 6 kilometers for the average

respondent—results in an increase in the propensity to report any savings by 10 percentage

points. Additionally, we find that ART availability increases investment in human capital.

Reducing the distance by half increases expenditures on children’s education by US$2.5

(an increase of 2% of annual reported earnings spent on each child). We also observe

substantial gains in educational attainment for children of the respondents near ART.

Halving the distance to ART implies an increase in schooling by 0.3 years. While these

magnitudes appear large at first glance, our subjective expectations results and implied

effect of life expectancy on both schooling and saving, described shortly, are consistent

with previous estimates. Our results are robust to including controls for spatial and de-

mographic characteristics, as well as reported economic shocks and participation in other

government aid programs.

While we find that ART availability increases savings and investment behavior, we do

not observe changes in reported earnings, suggesting that the results are not driven by

differential changes in market wages or prices. Furthermore, we do not observe increases

in spending on other consumption goods such as clothing or short-term investments, such

as seed, fertilizer, or other agricultural inputs. However, ART availability may improve

mental health and productivity (Baranov et al. 2015), we cannot rule out that some of the

investment response may be due, in part, to improvements in mental health or unobserved

earnings associated with reduction in AIDS-related stress.

The magnitudes of our results are similar and remain significant among HIV-negative

respondents, indicating that the results are not driven by the direct effect of respondents

receiving life-saving medication. Furthermore, our results indicate that mechanisms such

5Other studies, such as Friedman (2014); McLaren (2010), have similarly used distance to ART facilities
for identification, though their spatial comparisons are constrained due to jittering of household GPS
coordinates around the true location.
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as household care-taking burdens from AIDS-related illness, death, and orphanhood, do

not explain our findings of the effect of ART availability on savings and investment. A

likely reason for this is that, due to the slow progression of the disease, the direct health

effects of the medication could only impact a small subset of the HIV-positive population

over the time-frame we observe.

We find that ART availability measurably decreases self-reported mortality risk. We

calculate the implied change in subjective life expectancy based on the impact of ART

proximity on perceived mortality risk. The estimates suggest that respondents’ perceptions

about mortality reduction are roughly in line with UN-based estimates: reducing distance

to an ART facility by 6 kilometers increases subjective life expectancy by 6.0 years. Taken

together, these findings suggest that individuals actively adjust their investment decisions

in response to a subjective lengthening of their investment horizon.

To interpret the magnitude of our savings and schooling results, we calculate the im-

plied marginal effect of life expectancy on savings and schooling. Our savings results imply

that a one year increase in life expectancy would increase the saving rate by 0.2 percent-

age points. The increases in educational attainment reported above reflect changes in life

expectancy for both parents and children. Therefore, to isolate the effect of an additional

year of a child’s life expectancy, we exploit the differential change in life expectancy by

gender. In a triple-difference approach, our estimates of the additional gain in schooling by

gender imply that one additional year of life expectancy increases schooling by 0.1 years.

This study contributes to the literature in three ways. First, we investigate the conse-

quences of expanded ART availability on life-cycle dynamics in the general population, as

the benefits of ART availability are not necessarily restricted to HIV-positive individuals.

Previous studies on ART have focused on the direct effect of treatment on HIV-positive

persons and their households (Thirumurthy et al. 2012a,b; Zivin et al. 2009), or the effect

of ART on risky sexual behavior (Lakdawalla et al. 2006). Second, our human capital

results add to a growing empirical literature on the impacts of life expectancy on human

capital (Jayachandran and Lleras-Muney 2009; Fortson 2011; Oster 2012; Hansen 2013).

Our findings are consistent with that literature. Since subjective measures of mortality

risk were not available, previous studies relied on actual changes in adult mortality to

identify the effect. The observed changes in subjective life expectancy allow us to be more

confident in the mechanisms driving the results. Lastly, we provide estimates of the ef-

fect of eliminating AIDS mortality risk on savings. Standard models of economic growth

include savings as a driver of growth, although the impact of life expectancy on this be-

havior is theoretically ambiguous. Our evidence suggests that, higher life expectancy does

prompt more savings.

The rest of the paper is organized as follows. Section 2 describes the conceptual
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framework for our analysis. Section 3 describes the background of the ART rollout in

Malawi, and Section 4 describes the data and presents the empirical strategy. Section 5

discusses the main results, and Section 6 considers mechanisms that may be responsible

for the main findings. Section 7 calculates the magnitude of the effect of life expectancy

on schooling, and Section 8 concludes.

2 Theoretical Predictions

This paper tests the hypothesis that mortality risk at intermediate (working) ages affects

savings and human capital investments decisions.6 Theory predicts that the effect of

reducing adult mortality risk on schooling and other long-term investment is unambiguous:

by extending the horizon over which an investment pays out, a longer life expectancy

increases the rate of return on long-term investments (Ben-Porath, 1967; Becker, 1962).

The sudden availability of ART increases the life expectancy for adults as well as children,

a double horizon effect. In Section 7, we isolate the horizon effect for the children using

the differential life expectancy gains by gender.

The effect of life expectancy gains on savings decisions is more complex and depends

on the role of savings. We discuss the effect of life expectancy gains in models of life-

cycle savings, precautionary savings, and savings for investment in a credit constrained

environment in turn.

In the life-cycle model of savings, increasing longevity implies that individuals are

more likely to live into old age when earnings are low, thereby increasing the motivation

to save (Bloom et al. 2003; Freire 2004; Lee et al. 2000; Zhang and Zhang 2005). However,

improvements in longevity are often associated with reductions in morbidity, lengthening

the working life and reducing the need to save (Fogel 1994, 1997). Furthermore, the

implications on saving also depend on the prevailing life-cycle patterns of production and

consumption (Lee and Mason, 2011; Deaton, 1989), and may be very different in countries

with little old-age dependency (as is the case in low income SSA countries) as compared

to countries with extended periods of old-age dependency.

Precautionary savings are another motivation for saving, particularly in developing

countries. In general, it is not clear that a non-probabilistic increase in life expectancy

6In addition, life expectancy also plays a role in decisions about fertility (Zhang and Zhang 2005;
Kalemli-Ozcan 2002; Fortson 2009; Shapira 2013) and lifetime labor supply (Cervellati and Sunde 2013;
McLaren 2010). However, we are not able to estimate the effects of life expectancy on lifetime labor supply
due to data limitations. The effects of increased life expectancy on fertility are theoretically ambiguous,
though including endogenous fertility into a model with life-cycle savings and child investment does not
alter the first order result on human capital investment (Ehrlich and Lui, 1991). Since the introduction of
ART may impact fertility indirectly through risky sexual behavior and since we only observe respondents
two years after the introduction of ART at the longest, we do not focus on fertility in this paper.
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should have an effect on precautionary savings. However, when the change in life ex-

pectancy is probabilistic, as in our setting, precautionary savings may play a role in

insuring individuals across states. For example, individuals may hold savings in antici-

pation of future illness, funeral costs, or bequests (de Kuilen and Lammers 2007; Freire

2004). If individuals were saving to insure themselves against an AIDS-related shock, then

precautionary savings may decrease when ART becomes available. On the other hand,

individuals may be more likely to save if those savings were to go toward procuring ART

and other incidental costs associated with treatment.

Lastly, individuals may be saving to self-finance investments when credit is not avail-

able (Fafchamps and Pender 1997). Since long-term investments become more attractive

as longevity rises, credit-constrained individuals may increase savings in order to finance

these investments. Individuals may save for any combination of reasons described above,

thereby making it difficult to a priori predict the effect of a life expectancy increase on

savings.

3 Context

Current life expectancy at birth in Malawi is 63 years, a substantial increase from 47 years

in 2004 (World Bank Indicators 2015). AIDS has been the main cause of adult mortality

in the past decade (WHO 2012). Malawi is one of the countries hit hardest by the AIDS

epidemic, with nearly one million people (out of a population of 16 million) currently

living with HIV/AIDS. It is one of the world’s poorest countries with a GNI per capita of

$320 (PPP adjusted $730, World Bank 2012 calculations). Adult HIV prevalence peaked

at 15 percent in 1998 and has steadily declined since (UNAIDS 2010). The current HIV

prevalence, at 11 percent, is still one of the highest in Africa (2010 Malawi DHS).

Malawi’s population is over 80 percent rural and supports itself primarily through

subsistence agriculture. The educational attainment is low: the mean years of schooling is

4.2 for adults over 25, and net secondary school enrollment is 24% (WDI 2010). Primary

education goes up to grade eight and is not compulsory. The official starting age is

six years old; but, it is not uncommon for children to start considerably later. While

the government established free primary education in 1994, which increased attendance

rate by 50% (Kadzamira and Rose 2003), families are still responsible for uniforms and

school supplies and must consider the opportunity cost of enrollment as children often

participate in wage labor or help with household chores.7 Qualitative interviews as well as

7In 2006, an estimated 29-37% of children aged 5-17 in Malawi were working, more than half on them
in agriculture (National Statistics Office Malawi 2008). Children work in the agricultural sector, often
alongside their parents on commercial farms and frequently perform domestic work to allow adults to work
longer hours in the fields (US Department of Labor 2002).
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quantitative analyses suggests that risk perceptions about HIV/AIDS factor into parental

decisions about their children’s education (Grant 2008; Castro et al. 2015).

The ART Rollout in Malawi

In direct response to the previous governments’ refusal to acknowledge the epidemic, in

2003 the Malawian government announced it would provide free antiretroviral therapy

to HIV patients. The ART program was paid for largely by the Global Fund, which

contributed a total of US$294 million. The HIV Unit in the Ministry of Health (MoH)

has been responsible for the dissemination of the medication, the training of nurses and

doctors, and other logistics associated with the rollout. The MoH maintains detailed

records of the rollout, and performs site checks at all ART facilities on a quarterly basis.

The systematic and well-monitored expansion contributed to its success as a program. A

notable feature of the rollout pertinent to our analysis was the use of existing clinics and

hospitals as the primary mode of expansion. Due to limited resources and the need to

expand services rapidly, the program did not build new clinics and hire new staff. Instead,

the program expanded to existing clinics, which provided brief training to clinicians.8

The Ministry of Health (MoH) began providing free ART in June 2004 at nine clinics.

By the end of 2010, the number of clinics providing ART had grown to nearly 300 with

over 350,000 patients ever initiated on ART.9 The rollout occurred in two stages: the first,

in 2004-05, had the most rigorous requirements for clinics, and 60 sites (mostly hospitals

and large clinics) were chosen to begin providing ART. In 2006, the government adopted

a plan to expand its ART program with the goal of attaining 100% coverage of those in

need by 2010. To that end, the MoH aimed to maximize geographical coverage and relaxed

the standards for facilities: all clinics with at least one clinician and one data clerk were

eligible. Although clinics that provide ART are generally bigger and better equipped than

those that do not, the differences are substantially smaller for sites that began providing

in later stages of the rollout (Appendix Table A1). The clinics relevant for our analysis

are those that began providing ART services around 2008, the latter phase of the rollout.

8Generally, clinics provide ART services on a weekly basis, so patients must arrive on the particular
day ART services are offered to receive medication. If demand is high such that clinicians cannot see all
patients who are waiting or if supplies are low (both common), patients need to return the following week
to refill their medication.

9The expansion of ART has continued after 2010, which is the last year covered by our data, and in
December 2013 there were 689 clinics providing integrated ART services to 472,000 HIV+ persons (more
than 100,000 of whom were enrolled during 2013 alone) who have a reported 12-month survival rate of
78%, slightly below the WHO target of 85% (Government of Malawi 2014). Although private clinics also
receive the ART medication at no cost from the MoH, they are permitted to charge patients a small fee.
The private sector accounts for a very small part of the ART rollout, and less than 4% of patients were
ever initiated on ART through the private sector (MoH 2011 Quarterly Report).
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Enrolling and adhering to ART requires significant ongoing effort and resources from

patients. ART patients are required to visit the clinic every two weeks to receive medi-

cation in the first month after initiation, then every month for the next six months, and

every three months thereafter. In rural areas, limited transportation infrastructure, a poor

road network, high fuel prices, and nonexistent public transportation make it difficult for

individuals with HIV, particularly those who are sick enough to be eligible for ART,10

to travel to clinics in order to receive treatment. And in this context, relatively small

distances—in the range of 5–10km—can imply significant travel costs (effort plus foregone

income) and already represent a substantial impediment to ART uptake and adherence.11

Adherence to ART in Malawi and other SSA countries is only about 80% after 12

months of treatment initiation, and possibly even lower in rural low-income SSA contexts,

and therefore not as high as one would a priori expect given that ART is lifesaving for

HIV+ persons (Rasschaert et al. 2012). Anecdotal evidence from clinic visits also suggests

that a large share of ART patients lost to follow-up are those living far from clinics (Bara-

nov 2012), and a number of recent studies in Malawi tracking and interviewing HIV+

patients who were lost to follow-up suggest that transport costs are a major factor in

obtaining treatment, and were explicitly mentioned by 30% of the respondents as the

primary reason for failing to obtain treatment.12 A recent study in Malawi’s Karonga Dis-

trict has attributed improved treatment adherence in this district to the decentralization

of ART provision that importantly reduced distances to the nearest ART clinic (Koole et

al. 2014). Distance to the health facility is used by health planners to define access to

health services, and a number of recent studies from Sub-Saharan Africa have found that

geographic distance to a health facility is an important factor in child mortality and other

health outcomes.13

10The guidelines for treatment eligibility were determined by the Ministry of Health based on WHO
recommendations. As there are only a few CD4 machines in Malawi, eligibility is determined solely by
clinical symptoms of Stage 3 (advanced) or 4 (severe) AIDS. The WHO later revised the recommendation
to include individuals with higher CD4 counts. The MoH released new guidelines in 2011 that reflected
the WHO revisions; however, this change is not pertinent to our analysis.

11Transportation infrastructure is generally poor. Only primary roads are paved; secondary and tertiary
roads are normally dirt roads and become muddy and difficult to navigate during the rainy season, par-
ticularly in rural areas. Few people own cars or motorcycles. The most common modes of transportation
are walking, biking, hiring a bike taxi, and hitchhiking (though it is customary to pay the driver).

12See, for example, Tabatabai et al. (2014); Rachlis et al. (2013); McGuire et al. (2010); Say and Raine
(2007); Zachariah et al. (2006). One qualitative study from Uganda reported that even patients who have
not yet been initiated on ART expressed anxiety about getting enough money to cover transport to the
clinic (Tuller et al. 2010).

13See, for example, McLaren et al. (2014); Lucas and Wilson (2013); Okwaraji et al. (2012); Okwaraji
and Edmond (2012); Guenther et al. (2012); Schoeps et al. (2011).
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4 Estimation

4.1 Data

This paper uses data from the Malawi Longitudinal Study of Families and Health (MLSFH),

which is an ongoing panel survey of up to 4,000 respondents in 120 villages that has been

conducted biannually since 1998 (Kohler et al. 2015). The MLSFH cohorts were selected

to represent the rural population of Malawi, where the vast majority of Malawians live in

conditions that are similar to those in the rural areas of other countries with high HIV

prevalence. The survey is conducted in three districts of Malawi: Rumphi in the north,

Mchinji in the center, and Balaka in the south. The sample is entirely rural and not nec-

essarily meant to be nationally representative, although key characteristics are similar to

those found in the rural sub-sample of the Malawi Demographic and Health Survey (DHS)

(Kohler et al. 2015).

The MLSFH collected GPS coordinates for sampled households and performed HIV

testing from 2004-2008. In addition to the standard battery of questions in a household

survey, beginning 2006 the MLSFH includes a module on subjective expectations, which

elicits respondents’ beliefs about probabilities using an interactive elicitation technique

(Delavande and Kohler, 2009).14

ART became available at clinics within the MLSFH study regions shortly before the

2008 MLSFH survey. The clinics used existing staff to distribute ART and did not un-

dertake additional building or hiring to accommodate the new service. Prior to the ART

rollout, these clinics already provided HIV testing and counseling services.

Our main analyses use MLSFH survey rounds from 2006, 2008, and 2010. The sample

is the set of respondents that are present for all three years of the survey from 2006-2010.15

The data from the 2004 wave allow us to test for differential pre-ART changes. However,

some outcome variables, notably savings and subjective expectations, were not available

in the 2004 round. To explore the potential for pre-trends in savings, we incorporate

the 1998 and 2001 waves (which still did not measure savings, but did report earnings

and other socio-economic characteristics) and impute savings for waves 1998-2004 using

available data (see Appendix Section C for details).

Table 1 provides summary statistics of the analytical sample from survey year 2006,

before treatment became available (“pre-ART”). Panel A describes the demographic and

14 Individuals were asked to allocate the number of beans (0 to 10) between two plates to reflects the
probability of an event occurring versus not occurring.

15This was done in order to maximize the number of observations but still maintain a balanced panel.
The results are similar using the entire sample of respondents (available from the authors by request). A
detailed explanation of the sample selection process is available in Appendix A.
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economic characteristics.16 Education is low, at a mean of 5 grades completed. Respon-

dents are primarily subsistence farmers, growing and consuming maize as the main source

of calories; however, most households rely on additional purchases of maize and other

foods. For example, in 2009, 60 percent of farmers were still net buyers of maize despite

large harvests (Durevall and Mussa, 2010). The labor market is informal, and individuals

often work in informal work, or ganyu, on other farms. In a given year, 10% of households

both supply and demand farm labor (Durevall and Mussa, 2010). Average annual labor

income, which is the total amount earned in the past year from working on farms or selling

own agricultural output (paid in cash or in kind), is only 81 USD and reflects the very

low wages in Malawi.17 Only 15% have a metal roof and 4% have a mobile phone in 2006.

A wealth index (roughly mean 0, standard deviated 2) is provided to compare households

within sample.18

Panel B in Table 1 reports summary statistics for the respondents’ own 5-year mor-

tality risk (0-10 scale), perceived own-HIV risk,19 perceived HIV prevalence, and whether

respondents report being worried about AIDS. The measured HIV prevalence in our sam-

ple is 4%, which is lower than the full MLSFH sample since we restrict the analysis to the

balanced panel. Mortality perceptions and other perceptions on risk are greatly overstated

by the respondents, a phenomenon that has been documented in a broader literature (God-

lonton et al., 2015; Kerwin, 2016). Although the life-table mortality risk estimate over five

years for people aged 35–40 is 10 percent, respondents perceive a 39 percent risk of death.

This overestimation of mortality is likely due to the high prevalence of AIDS-mortality

at the time (MLSFH respondents have a median of two acquaintances who are sick with

AIDS and know two others who have died of AIDS in the past year), and the social im-

portance of funerals (MLSFH respondents, for example, attend a median of three funerals

per month).20 Despite this overestimation of the level, the MLSFH subjective mortality

16We report all monetary values in “ln” USD using the 2010 exchange rate of 150 MWK = 1 USD.

To deal with zeros, we use the inverse-hyperbolic sine transformation (log(y + (y2 + 1)
1
2 )) instead of logs,

which for values that are not too small, can be interpreted as log(2y).
17The precise wording of the question is: “Think about all of the work that you have done in the past

year in which you have been paid cash or kind. How much do you estimate that you have earned in the
past year?” This does not include the amount households produced for own consumption. We report the
log-earnings in Table 1, the level means reported in the text are located in Appendix Table A15, where we
replicate our analysis using levels winsorized at the 98th percentile.

18The MLSFH wealth index is calculated using Principal Component Analysis on 20 items: all reported
household assets (mattress, sofa, table and chairs, gas lamp, TV, radio, mobile phone, mosquito net),
vehicles (bicycle, motorbike, oxcart), housing and roofing structure (metal roof, brick house), type of
latrine, and animals (number of cows, pigs, goats, and chickens).

19Perceived own-HIV risk measured as the likelihood of HIV infection using the Likert scale (0=no
likelihood, 1=low, 2=medium, 3=high likelihood). Beginning 2006, we also have measures of HIV risk
using the bean method (0-10 scale), which are consistent with the Likert measure. We show the Likert
measure here for consistency, as it was available in 2004.

20In addition, individuals in Malawi received signals about mortality risk from public information cam-
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expectations adequately reflect gradients in mortality by gender, age, education, and re-

gion of residence, and variation in mortality perception among MLSFH respondents are

likely to reflect true underlying differences in subjective survival probabilities (Delavande

and Kohler 2009).21

Table 1 Panel C summarizes pre-ART savings and expenditure outcomes of interest

for our analysis, and Panel D shows grade completion for the sample of children of the

respondents who are linked over time using data from the household rosters.22 Respon-

dents were asked to report the total amount of money they have in savings (such as a bank

account, savings group, or cash). Fewer than 5% of respondents belong to savings groups.

Additionally, respondents reported expenditures on their children’s education, medical

services, and clothing in the past three months. Our measure of savings only captures

liquid assets and does not include all possible forms of savings such as land, housing, or

large farm animals. While, in theory, we could estimate the value of all durable assets that

were reported in the survey, this measure would be highly inaccurate because the values

of land and housing, the largest components of wealth, are not easily measurable.23

We use distance to the nearest ART facility, a measure of access, as the source of

identifying variation. Using precise GPS data on the locations of respondents and clinics,

we calculate the distance to the nearest facility providing ART at the time of the survey.

To ensure that the most relevant information is captured, we combine rich data on road

networks to calculate the distance by road to a nearest facility (see Appendix A.3 for

details on spatial data and calculations).24 We also calculate the distance to the nearest

clinic (regardless of ART status), market, school, major road, and merge in population

density at a resolution of 100 square meters from the AfriPop database. These variables

serve as important controls, as distance to one location is correlated with other spatial

features that may pose a threat to identification. Figure 1 shows a map of these features

paigns, many of which discourage risky behavior through stark messages about the danger of HIV/AIDS
(e.g., Jato et al. 1999; Gupta et al. 2003; Geary et al. 2007).

21For a broader discussion of the importance of collecting data on subjective expectations in low and
middle income contexts, and their usefulness in economic analyses, see Delavande (2014).

22See the Data Appendix A for additional details of this linkage process.
23The value of land is not easily measurable because the system of land tenure in much of rural Malawi is

based on the traditional customs whereby land in a village is considered as belonging to the community al-
though individuals in the community have the right to cultivate and use it (Matchaya, 2009). Furthermore,
under customary land tenure, traditional authorities may reallocate land based on community needs, and
so household land usage may vary over time. As plots are often not adjacent and vary in sizes, household
may have difficulty estimating their land. Land is also very illiquid as roughly 1% of landholders obtain
land through purchases (USAID, 2010).

24As can be seen from Figure 1, the road network is very dense and captures smaller dirt roads in
addition to larger and paved roads. The correlation between straight-line and by-road distance was 0.9
and the results are robust to using straight-line distance (not shown). Distance by-road yields more precise
estimates, reflecting less measurement error.
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and the survey area of sampled households.

Panel E reports statistics of our spatial characteristics. Before 2007, the nearest ART

facility for most respondents was more than 25 kilometers away (the median distance

was 27 kilometers), rendering ART virtually inaccessible for the population in the rural

MLSFH study region. By 2008, ART arrived to at least one clinic within the survey

area of each region, and the median distance to the nearest ART facility became 8.9

kilometers. ART was available at the clinics for an average of 7 months prior to the 2008

interviews. Several clinics also began providing ART after the 2008 survey in the sample

regions. These clinics were generally farther away from the respondents than existing ART

facilities. In the analysis, we use the 2008 distance to ART facility interacted with year

as the identifying variation.25

Attrition in the MLSFH is comparable to that of other longitudinal datasets in devel-

oping countries (Alderman et al. 2001): approximately 25 percent of the 2006 sample is

lost to follow-up by 2010.26 However, attrition is not correlated with ART proximity. Our

attrition analysis, described in detail in Section B in the Data Appendix, includes Inverse

Probability Weighting to place more sampling weight on individuals with baseline charac-

teristics more similar to attritors as well as including a subsample that was re-located as

part of a unique migration follow-up (this approach reduces attrition substantially, from

25 to 14 percent). Our results are robust to these corrections, suggesting attrition is not

a threat to our identification strategy.

4.2 Empirical Strategy

We estimate the effect of ART availability on savings, child expenditures, and schooling

outcomes. Using a difference-in-difference strategy, we compare outcomes of respondents

living near an ART facility to those living far, before and after ART became available.

Distance to the nearest facility proxies for ART availability, incorporating both travel

cost and access to information. The main regression analysis is based on the following

specification:

yijt = βPost t ×ART Proximity i + αi + δrt + εijt (4.1)

25Appendix Figure A1a shows the distribution of distances to respondents’ nearest ART facility in 2008.
The distance to the nearest ART facility changed for only 30 respondents in 2010. Figure A1d plots the
distribution of distances to the nearest facility by year, showing little difference between 2008 and 2010.
The results are unchanged if we use time-varying ART proximity instead of the 2008 distances. Using a
time-varying measure of exposure to ART (e.g. months ART was available interacted with distance to
the facility) yields similar results (not shown). The distribution of distances is not uniform and differs
by region (see densities by region in Figure A1c), and at any given distance to ART, the regions are not
equally represented. We include region-by-year controls throughout the analysis.

26See Kohler et al. (2015) and Anglewicz et al. (2009) for a detailed summary of the data and attrition
in the MLSFH.
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where yijt is the outcome for respondent i in village j, and region r, and time period

t. For all monetary outcomes, the dependent variables are transformed using the inverse

hyperbolic sine transformation (because of frequent zeros), but the results are robust

to using levels.27 Post t is an indicator for years 2008 and 2010 of the survey, i.e., the

years after which ART became available in the MLSFH study regions, though we allow for

separate indicators for 2008 and 2010. ART Proximity i is the proximity to the nearest ART

facility in 2008 and is time-invariant. The baseline specification also includes individual-

level fixed effects, αi, which absorb the time invariant proximity variable, and region-by-

year fixed effects, δrt, which absorb the indicator for the post period.28 Standard errors

are clustered by village and are robust to heteroskedasticity.

We parametrize ART proximity as the negative log of distance, though the results

are robust to other specifications of functional forms such as inverse, linear, piece-wise

linear splines, discrete dummies for the distance bins, and so on.29 This log-of-distance

parametrization allows for a convenient interpretation of the coefficient as the effect on

the outcome for an individual if the distance to an ART facility were reduced by half.30

This corresponds to a decrease in distance of 5.8 kilometers from the mean (and median)

distance of 9 kilometers. We also show the results nonparametrically (see Appendix Figure

A8).

We also estimate specifications controlling for spatial and demographic characteristics.

The spatial controls include proximity (interacted with Post t × Regioni) to a primary

road, any clinic (regardless of the availability of ART services at the clinic), major trading

center, school, and population density. Proximity is parameterized as the negative log of

distance.31 Demographic controls include pre-period levels of wealth (with additional in-

27The results are robust to specifications using in nominal values, winsorized at the 98th percentile
(all main tables using winsorized values are reproduced in Appendix Tables A15 - A20) as well as other
thresholds for the winsorization. Our results are also qualitatively similar using quasi maximum likelihood
Poisson estimation with fixed effects, though the estimation is frequently not possible due to known con-
vergence issues when adding in controls as maximum likelihood estimates do not exist (Santos Silva and
Tenreyro, 2011, 2010).

28The results are similar in a specification without individual fixed effects, yijt = βPostt×Proximity i +
γProximity i + δrt + εijt. The coefficients on Proximity, γ, are of interest because they show the “effect” of
Proximity prior to arrival of ART. These coefficients are, in essence, those presented in Table 1, Columns
3 and 4.

29A priori, we would not expect the effect of distance to be linear, since a reduction in distance by 2 km
would likely have a much bigger impact at a distance of 5km than at 10km (both because of fixed costs of
transport and because of patterns in information spread). The nonparametric results in Appendix Figures
A8 suggest that the effect of distance is, indeed, nonlinear. The negative log-distance is our preferred
parameterization as it captures the non-linearity in a parsimonious and easily-interpretable way.

30This interpretation of the semi-elasticity is only accurate for small changes in distance. The precise
interpretation of the coefficient is the impact of reducing distance by a factor of e, that is when ln( d1

d2
) = 1,

which means that distance must be reduced by more than half. This corresponds to a decrease in distance
from the mean (9.1 km) by 5.8 km.

31While the spatial characteristics are all highly correlated, they are not collinear. Regressing ART
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dicators for metal roof and mobile phone), age, gender, education, household size, number

of children, HIV status, and marital status interacted with Post t, allowing for differential

trends among these demographic groups.

Distance as Access and Knowledge of ART Availability

Respondents knew about the existence of ART well before it became available in their area.

Anecdotal evidence suggests that news spread quickly about the existence of ART, referred

to as “mtalikitsa moyo” or “prolonging life” in Chichewa. The country-wide ART rollout

was featured prominently in national newspapers, radio, and TV. By 2006, 95 percent of

respondents had heard of ART, which was at the time available in urban and peri-urban

areas of Malawi. Many MLSFH respondents already had relatively accurate perceptions

of the effect of ART on mortality of HIV+ persons: for example, when asked in 2006

about survival probabilities of hypothetical HIV+ individuals, they reported substantially

higher 5- and 10-year survival rates for HIV+ persons on ART treatment as compared to

HIV+ persons not on treatment (Delavande and Kohler 2016). However, there may still

be learning about the longer-term longevity of patients on ART.

Distance facilitates the spread of information about ART availability at a particular

clinic. Knowledge of local availability may be more sensitive to distance for individuals

who are HIV-negative as they are less likely to actively seek information about treatment

options. While the country-wide existence of ART was known broadly, local information

about treatment options relied primarily on word-of-mouth. However, because HIV/AIDS

is heavily stigmatized, individuals are reluctant to talk about specific information, like

innovations in local ART availability, for fear of signaling HIV status to the community.32

Conditional upon knowing the locations of nearest ART facilities, distance also serves

as a proxy for access to ART as it determines the time and monetary cost of getting

treatment. For example, in 2004, as part of an experiment used in Thornton (2008),

participants of the MLSFH were offered monetary incentives to obtain their HIV test

results at temporary Voluntary Counseling and Testing centers (VCTs), the locations of

which were also randomized. The study finds that distance is an important factor in

determining whether individuals obtained their results; individuals who lived within one

kilometer of the VCT were more than twice as likely to get their results as those who lived

proximity on the other spatial controls yields an R2 = 0.64, leaving a substantial amount of variation for
identification (see Figure A1b).

32It is also possible that respondents near ART are more likely to get an HIV test after ART becomes
available since ART increases the private benefit of testing, which would also lead to reductions in mortality
risk since the large majority are HIV-negative. However, receiving an HIV-negative test result alone, does
not appear to have long-lasting effects on mortality risk as respondents continue to worry about future
risk (Thornton, 2012).
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between 3 and 4 kilometers away.33

While we do not have data on ART uptake over time, we collected data on ART

uptake among the subsample of MLSFH participants interviewed in 2012.34 Of the HIV-

positive respondents, 70% are on ART, and being 5 kilometers closer to the ART facility

is associated with a 21 percentage point increase in the likelihood that the respondent is

on ART (p = 0.07, n = 23). Although the sample size is small, these results echo the

findings from numerous studies tracing ART patients who were lost to follow-up. Yu et

al. (2007) found that 35% of patients lost to follow-up who were still alive and not on

medication cited transport cost as their reason for stopping ART.35 In another study of

ART provision and travel time in rural Malawi, Houben et al. (2012) show that rural clinic

openings resulted in large increases in ART takeup as travel time is substantially reduced.

Using the same data and identification strategy as this paper, Baranov et al. (2015)

show that HIV-negative respondents near ART reported to be less worried about AIDS.

Furthermore, respondents reported lower mortality risk for people living with HIV, after

ART became available nearby, while perceived HIV prevalence was unaffected. Thus,

respondents near ART became less worried about AIDS specifically due to reductions in

mortality risk conditional on being HIV-positive. In Appendix Table A4, shows that ART

proximity significantly reduced the conditional on HIV+ mortality risk, with increasing

effects going from the 1-year to the 10-year horizon, even as soon as 2008. We also

show that ART proximity did not effect the shorter horizon mortality for conditional on

HIV+ and on ART, consistent with our earlier discussion that individuals knew about the

existence of the medication. However, we do see effects of ART proximity on the 10-year

mortality risk conditional on ART, but only by 2010, which is consistent with distance

facilitating learning about the longer-term effectiveness of ART.

In our analysis, we highlight the results for HIV-negative respondents, who are an-

ticipating the need for treatment in case they become infected in the future (and their

children, who may need ART even further into the future). Rational respondents might

anticipate that ART will be available near them by the time they (or their children) will

come to need it, and this should bias our estimates downward. However, our results indi-

cate that distance in our setting is likely to be also a proxy for information and learning

rather than just access. Furthermore, while there was indeed a further scale-up of ART

that occurred after 2010, there was considerable uncertainty about the program at the

33VCTs were not placed further than 4km away, as they were deemed too far.
34The sample of 1,200 respondents included individuals over 45 years old (Kohler et al. 2015).
35Another study from a different region of rural Malawi finds that, of the traced individuals who

survived (an thus able to be interviewed), 30% of patients defaulted because of transport and time costs
of accessing treatment. In this study, the patients all lived within a 15 kilometer radius of an treatment
facility (McGuire et al. 2010).
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MoH as Malawi was rejected for the Round 10 Global Fund grant in 2011, following a

widely publicized acute funding crisis (PEPFAR, 2012).36

Balance

Our primary identification assumption is that distance to ART is not correlated with un-

observed characteristics of respondents that affect trends in outcomes. One way our results

arise spuriously is if people near ART are systematically different from those who are far

and would exhibit different trends in outcomes regardless of ART becoming available. For

example, respondents near health facilities may become more optimistic over time because

they have easier access to health care, or respondents near the major roads or trading cen-

ters may earn more because they have better economic opportunities. While we cannot

test the unobservables directly, our dataset contains a rich set of observed characteristics.

Thus, we are able to test if these characteristics are balanced along the distance gradient

in the pre-ART period.

Table 1, column 3 reports the coefficient on ART proximity, parameterized as the

negative log of distance, when regressing each characteristic on ART proximity (controlling

for region dummies). The coefficients, which pertain to the pre-ART period (2006), can

be interpreted as the expected change (non-causal) in that characteristic as we move 5.8

kilometers closer to the ART. Panel E shows that ART proximity is correlated strongly

with other spatial characteristics. Importantly, respondents near ART do not exhibit more

savings and investment behavior, our outcomes of interest, in the pre-ART period.

However, there are some imbalances: areas near ART are more likely to have a metal

roof, though other wealth characteristics are not significantly correlated (and the sign is

negative for income and land). Additionally, in this pre-ART period, respondents near

ART appear to have higher perceived HIV risk and mortality risk, and lower mental health

scores. On the other hand, in the pre-ART period, actual infection risk and physical health

scores do not vary significantly with ART proximity, and individuals are not significantly

more likely to know someone on ART.37 While there are specific differences, individuals

36 A report from Doctors Without Borders highlights the difficulties the ART rollout in Malawi faced
around this time: “[B]etween February and April 2010, ARV stocks were dangerously low. Although
a countrywide shortfall of ARVs was looming, no funding from the Sector Wide Approach (SWAp) was
allocated to bridge the gap, nor did any of the individual health donors step in to assist.” It is unlikely that
our respondents would have known the specifics of the grants, though it would also be extremely optimistic
to believe that an internationally funded government program would continue to expand. Interestingly,
the report also quoted an HIV patient in Kenya indicating that individuals worried about future access
due to the funding crisis: “In Kenya about 95% of HIV programmes are funded by external donors. To
us living with HIV this is a very big problem because if the international donors decide to withdraw their
funding, the program may not be sustainable according to the present funding levels by the government.”
p. 22 of the report (Médecins Sans Frontières, 2010).

37This is plausible as rural Malawians tend to have fairly large social networks, including generally also

16



near ART do not appear to be systematically different based on background characteristics

before ART became available.

Column 5 of Table 1 shows the coefficients on ART proximity after including for spatial

controls (population density and region-specific proximity to clinic, market, major road

and school). Most importantly, these spatial controls appear to explain the imbalance in

mortality perceptions. The gap in mortality risk is reduced from 0.46 (0.2 of a standard

deviation) to 0.2. While individually uncorrelated to ART proximity, the coefficients imply

a relationship of the same direction, and we may still worry that the results in subjective

expectations and other outcomes are driven by mean reversion. To test for mean reversion,

we include pre-ART mortality risk and perceived likelihood of HIV interacted with year

in our analysis.

A few pre-ART characteristics remain unbalanced even after including spatial controls.

Households near ART are still 11 percentage points more likely to have a metal roof and 4

percentage points more likely to have a mobile phone. To ensure our results are not driven

by these initial demographic differences, we include dummies for roof structure and if the

respondent had a mobile phone in the pre-ART period in the demographic controls.

Overall, the sample achieves better balance along the distance gradient with the spatial

controls, suggesting that many of the differences found column 3 were attributable to the

correlation in spatial characteristics and not inherent to the distance to the ART facility,

per se. Without spatial controls, a joint test of all variables in Panels A-C gives an F-

statistic with a p=0.07. Controlling for the spatial characteristics, a joint test yields an

F-statistic with a p=0.46. All of our subsequent results are robust to including controls

for spatial characteristics, where the effect of ART is estimated using a comparison group

that is equidistant to (non-ART) medical facilities, schools, major roads and markets, and

demographic controls.

Identification Tests

The identifying assumption behind our difference-in-difference estimation is that the sam-

ple is balanced on trends, not levels, along the distance gradient. Table 2 tests for differen-

tial pre-ART changes for variables that are available in 2004: Panel A reports pre-trends

for the demographic and economic characteristics, Panel B reports trends for HIV and risk

perceptions, and Panel C shows pre-trends in child expenditures, the outcome of interest.

The table shows little evidence of differential pre-trends in outcomes by distance to ART,

with or without additional spatial controls (columns 3 and 5).

family members and friends in peri-urban areas (Myroniuk et al. 2013). And in the pre-ART area in the
MLSFH study regions, persons on ART known to MLSFH respondents would most likely be individuals
residing in such peri-urban areas that received ART prior to the MLSFH study regions.
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There are no significant trends in child expenditures, with the coefficient on ART

proximity for education equal to 0.17 (0.2 of a sd) down to 0.11 once spatial controls are

introduced, a small change for an elasticity.38

The only outcome that has a significant trend (at 5% level) after including spatial

controls is owning a mobile phone, which is included in the demographic controls.39 The

bottom row of Table 2 shows the p-values on the joint test of all variables with (p=0.42)

and without (p=0.16) spatial controls, indicating that pre-ART changes are not jointly

significantly associated with ART proximity.

A limitation for our data is that savings were not recorded prior to 2006. We are thus

are unable to directly test for pre-trends in this outcome.40 In order to assess the potential

that our savings results could be driven by pre-existing trends, we model savings in 2006

in order to impute savings in waves prior to 2006. We incorporate data from the 1998

and 2001 waves in order to obtain a longer time horizon to estimate trends in savings and

because earnings were reported in those waves but not in 2004 (see Section C for exact

details of our procedure). This exercise is similar to testing pre-trends across individual

variables; however, it combines the available variables in a way that best correlates with

the outcome of interest. Using this approach, there is no evidence of pre-trends in savings:

the coefficient on a year trend interacted with ART proximity using pre-ART data (1998-

2006) is negative and very small (column 1 in Table A9).

38The negative trend in household size near ART is driven by a few large negative outliers. Importantly
the trend is not there among the subset of individuals with children (coefficient of -0.05, or 0.02 sd, p =0.88,
with spatial controls). Respondents near ART appear to be becoming more worried about AIDS, and
controlling for spatial characteristics makes the trend slightly larger. However, spatial controls generally
flip the sign for the other measures associate with HIV risk.

39This is a potential threat to identification, since mobile phone uptake may be a proxy for forward-
looking behavior (or individuals who had mobile phones early were more likely to take up new technology).
Alternatively, families with mobile phones may have an advantage in farming or selling goods at the market.
We control for if the respondent had a mobile phone in the pre-period in the regressions to ensure the
results are not driven by this group. The results are similar if we control for the change in mobile phone
between 2004 and 2006 interacted with year (since almost no one had mobile phones in 2004 (0.5%),
the change between 2004 and 2006 behaves almost identically to the levels in 2006). In 2006, very few
respondents had mobile phones–only 3.5 percent. By 2008, that number grew to 24 percent and by 2010 to
41 percent. Even by 2008, mobile phone ownership was no longer correlated to ART proximity. Controlling
for time-varying mobile phone take-up does not affect our results (not shown).

40Since the subjective expectations module was added only starting 2006, we are also unable to test
pre-trends for the subjective mortality risk measure. A weaker test, using cross-sectional data from 2006,
is to compare trends in subjective mortality risk using cohort-of-birth across distance groups. For example,
a regression of subjective mortality risk on year-of-birth interacted with ART proximity, controlling for
year-of-birth and ART proximity, yields a small and statistically insignificant coefficient. Appendix Figure
A3 show the trends in 5-year subjective mortality risk in 2006, for three distance groups. As expected, older
respondents have higher mortality risk, and respondents near ART report a higher mortality risk, though
the trends run parallel, suggesting that the level difference remained constant prior to ART’s arrival.
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Other Threats to Identification

A potential threat to identification is that proximity to ART may be correlated with the

provision of other government aid programs such as subsidized maize, agricultural inputs

subsidies, or other health initiatives. In particular, we worry about a large agricultural

inputs program, which was expanded in 2005-2006, may be correlated with distance to

ART facility (Pauw and Thurlow, 2014). The MSLFH asks respondents about whether

the household was a recipient of a number of social support programs including food

and education subsidies, nutrition programs, agricultural support, and unconditional cash

transfers. Overall, 75% reported receiving any government aid, and participation in is not

correlated with ART proximity in 2006 (and, if anything, negatively correlated with ART

proximity in 2010). Agriculture support in particular is not correlated with distance to

ART in 2006.41 Consistent with this, we show the results are robust to including controls

for household participation in such programs.42

Another concern is that areas near ART facilities may have different unobserved shocks.

For this reason, we also include controls for reported economic shocks due to weather and

climate conditions, though these are not correlated with ART availability. Economic shock

variables include property loss due to natural disaster (e.g. fire or flood), and poor harvest

due to crop disease, pests, or theft of animals.43 44

Finally, we may also worry that respondents who are more likely to benefit from ART

move closer to the facilities. Rental housing is largely not available in these villages,

so individuals would need to move their farm and build a house in order to relocate.

Consistent with this, we find that attrition is not correlated with ART proximity (see

Appendix Table A10 and the discussion in the Appendix Section B). We exclude attritors,

individuals who completed the survey in 2006 but not in 2008 or 2010, from the entire

analysis to ensure that the results are not biased by the changing demographic composition

of the sample over time, and the results remain substantively unchanged when using the

41See Appendix Figure A2 shows a flat relationship between distance and participation.
42These data were only collected in 2006 and 2010. The questions asked if the respondent participated

in these social support programs (eleven in total) in the previous two years. For inclusion as controls, we
created 11 variables for participation, which only vary between the pre- and post-ART periods.

43The measures of economic shocks are first available in 2008. Hence, there is not enough data to include
these shocks as time-varying controls. Instead, we calculate whether the respondent has ever experienced
a particular type of shock and include this set of variables (7 in total) interacted with Postt as controls.
This approach measures the respondent’s propensity to experience shocks rather than the actual incidence
of shocks.

44Because they could be affected by the introduction of ART, we no not include economic shocks due to
income loss, death of a breadwinner, divorce, and other shocks. Not including these shocks is conceptually
more accurate, although none of these shocks is correlated with ART Proximity; and earlier versions of
this paper also showed the results are similar when including them. We explore these mechanisms in more
detail in Section 6.
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full sample (Appendix Tables A2 and A3.).

5 Results

To illustrate the identifying source of variation, Figures 2 and 3 plot outcomes over time

and distance. Figure 2a plots total savings as a nonparametric function of distance to

ART for each year data are available (2006-2010). In 2006, prior to ART being available,

distance and savings are uncorrelated. By 2008, after ART had become available, respon-

dents living near ART have more in saving relative to those further away, and the pattern

persists into 2010. Figure 2b plots the mean savings over time by splitting the sample into

three groups: near (within 6 kilometers of ART), middle (between 6 and 12 kilometers),

and far (more than 12 kilometers). In this figure, we include the imputed savings in 1998-

2004 indicated by the shaded area (the procedure for imputation is described in Appendix

C). We see again that prior to ART, there is no difference in total savings between areas

“Near” and those further away. Importantly, we also see no indication of a pre-trend in

savings using the imputed data. The impact of ART is apparent by 2008, though it is

much larger by 2010, which is consistent with what we should expect since savings is a

stock variable. We also note that there is an strong upward trend in savings, expenditures,

and earnings over the period since 2004, which is consistent with national trends.

Figure 3 shows the trends in expenditures per child in the past three months for

education, medical, and clothing. We expect that if ART increased the rate of return

to human capital investment, then expenditures for education would increase. Medical

expenditures on preventative care are another form of human capital investment, though

our measure captures all types of expenditure, and as elsewhere in the developing world

preventative care is highly underutilized. Clothing expenditure (which explicitly did not

include school uniforms), which contributes least to human capital, should be the least

affected by ART. Our results indicated by Figure 3 and echoed in regression analysis are

consistent with the above expectations: we see effects of ART primarily on education

expenditures, small effects on medical expenditures (though these are not robust), and

nothing for clothing. Across all three categories in 2004 and 2006, the respondents are

balanced along the distance gradient in trends and levels, indicating little evidence for

differential pre-trends by distance to ART.

5.1 ART Availability and Saving Behavior

Estimates of the effect of ART availability on savings behavior appear in Table 3. Because

only 20 percent of respondents had savings in 2006, we show the results using two measures

of saving: if the respondent reported any savings (extensive margin) and the (log) total
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amount reported (intensive margin). We find an immediate response at the extensive

margin. The point estimates in column 1 indicate that reducing the respondents’ distance

to the nearest ART facility by 5.8 km increases the likelihood to save by 7 percentage

points in 2008 and 10 percentage points in 2010 over the 2006 period.

In column 2, we include controls for spatial characteristics, and column 3 adds demo-

graphic characteristics (including the mean reversion controls of pre-ART mortality and

HIV risk). In column 4, we also include economic shocks and participation in government

aid programs.45 The point estimates for respondents’ likelihood to save actually increase

with the addition of spatial controls, as well as with including demographic controls, while

the shocks and government aid controls decrease the estimates. Due to missingness, in-

cluding the set of demographic controls sharply reduces the number of observations. The

changes in the point estimates are not due to the changing sample, but a result of including

controls, particularly the spatial controls.46

At the intensive margin, column 5 shows that total savings also increase near ART, and

the estimated effect is larger and more precise in 2010. The point estimate is an elasticity,

and implies that savings would increase by 0.5% with a 1% increase in proximity. That

is, if respondent’s distance to ART were reduced by 5.8 km, we should expect to see an

increase in total saving by 50%. The results are robust to including spatial, demographic,

and economic controls, and the pattern is similar to what we observe at the extensive

margin. With all controls, the point estimate implies an elasticity of total saving with

respect to distance of about 0.7.

Note that because there are frequent zeros (and we use the inverse hyperbolic sine

transformation), we must be careful about interpreting the magnitude. As mentioned

earlier, our results are robust to other transformations of the dependent variable (for

example, Table A17, shows the results using winsorized levels and estimate that increasing

proximity would increase savings by 30 USD). Alternatively, we can construct saving rates

(using the panel nature of the data and because we have annual earnings) for 2008 and

2010. This approach reduces our analysis from a double difference to a single difference

and requires additional assumptions (see Appendix Section E for more detail), but has the

benefit of making the results more easily interpretable. Our estimates imply that reducing

distance to ART by 5.8km would increase the saving rate by 3-4 percentage points.

45Due to the large number of controls, time-invariant controls are interacted with Postt. The results
are similar if we interact the controls with year dummies (Appendix Table A2).

46As a placebo test, we could estimate the effect using the distance to clinics that do not provide ART.
However, this is analogous to running a regression with both ART proximity and any clinic proximity as
regressors, and testing if the coefficients on clinic proximity are different from zero. Appendix Table A2,
reports point estimates on 2010× Clinic Proximityi and 2008× Clinic Proximityi and indicates that there
is no effect of being near just any medical facility for savings (or human capital investment).
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5.2 ART Availability and Investment in Human Capital

Estimates of the effect of ART availability on investment in human capital appear in

Table 4. We show the response in spending on education, medical, and clothing for

children. We find that education spending on children increases with ART availability,

while spending on clothing appears to be unaffected. Column 1 shows results for education

spending, where the coefficient on 2010×ART Proximity is large, an elasticity of 0.37, and

significant; however, the coefficient on 2008×ART Proximity is much smaller, 0.05, and

not statistically significant.47 The effect of ART on education expenditures only becomes

apparent by 2010, which is likely because education decisions were already made by the

time ART came online for the 2008 survey rounds.

Columns 2-3 test if the results are robust to including controls, The point estimates

on 2010×ART Proximity increases when including spatial controls, but decreases when

including the rest of the controls. This is, however, due to the change in sample size.

Restricting the sample to be the same across the specifications, the point estimates all

yield an elasticity of 0.32, and significant at the 5%, by 2010. In column 4 we also include a

leading interaction, 2006×ART Proximity, to test for pre-trends under our most stringent

specification. The point estimate is 0.14, which is positive but not significantly different

from zero. Furthermore, the elasticity is also 0.08 in 2008, which is not consistent with a

pre-trend.48

Column 5 shows results for medical spending, where the coefficient on 2010×ART Proximity
is 0.15 and marginally significant. Including controls further decreases the point estimates

to an elasticity of 0.03, leading us to conclude that the marginal result in column 5 was

not robust.

Finally, since clothing is unlikely to contribute to a child’s stock of human capital

(respondents were explicitly asked not to include spending on school uniforms), clothing

expenditures provides a placebo test. We find no evidence that parents are spending more

on children’s clothing. If expenditures in general were increasing for reasons not related to

ART, for example as a result of an income shock, then we would expect to find evidence

of it in clothing expenditures (the largest category of spending on children). Column 9

shows point estimates that are small and statistically insignificant.

47In levels, the point estimate implies that reducing the distance by half would result an increase of
2.5 USD in (quarterly) spending on education per child by 2010. This increase is economically large,
representing 80 percent of the average reported spending on education per child during 2004–10.

48Consistent with the findings in Table 2, the coefficient on ART proximity in 2006 is always small
and never statistically different from zero at 5% (in all estimates for education, medical, and clothing
expenditures).
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6 Mechanisms

This section considers possible mechanisms that may result in changes in investment when

ART becomes available. We first investigate other investment and income trends to test if

another economic shock is causing our results spuriously. Next, we also explore the whether

our results are driven through changing mortality and morbidity patterns. Last, we use

the data on perceptions of mortality risk to provide direct evidence of the expectations

mechanism.

6.1 Economic Spillovers

The availability of ART may also increase local demand for goods and services that may

indirectly affect investment. We explore whether the arrival of ART was associated with

higher reported income, more spending across other categories, increased farm inputs, or

more assets.49 While all respondents live at least a kilometer away from ART, which

makes it less likely that we are picking up effects from higher foot traffic near the clinics,

we worry about boarder income effects. Additionally, our findings could be the result of

an income shock unrelated to ART. If respondents near ART facilities are cultivating more

maize or earning more on the labor market and becoming wealthier overall then we should

expect to see increases in spending in other categories as well.

The MLSFH includes expenditure data (recalled for the past three months) for key

categories, including spending on the respondents’ clothing and medical needs and house-

hold spending on seed purchase, agricultural equipment, fertilizer, hired labor, funeral

expenses, and medical spending on others (from 2006 onward). Labor earnings are avail-

able from 2006 onward and include wages, earnings from sale of farm output at the market,

and other cash or in-kind earnings deriving from labor. 98% of respondents farm maize,

so reported market earnings do not fully capture all income as households consume a large

share of crops they farm. However, nearly all respondents also partake in addition wage-

earning activities such as selling items at the market and informal labor (ganyu) at some

point during the year. While individual expenditure categories have frequent zeros, fewer

than 5% of the sample report zero total non-child expenditures or earnings. As in the

rest of the paper, we transform all nominal values by the inverse hyperbolic sine, allowing

49While farm inputs are investments, they are relatively short-term, and the rate of return on short-term
investments should be unaffected by longer-term mortality risks. In this setting, farms are unirrigated,
and equipment generally consists of small hand tools. Larger, more durable investment items are generally
not available for purchase. In our sample, respondents spend 50% more on funerals than they do on farm
equipment. Generally, we should expect that human capital should respond more to life expectancy than
physical capital, since human capital is necessarily embodied whereas physical capital is not (and can
thus be bequested). In this way, human and physical capital may be substitutes under certain economic
conditions.
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us to interpret the coefficient as an elasticity, though the patterns are not different using

levels (Table A19).

Table 5, Columns 1-8, show the effect of ART availability on various expenditures and

farm inputs. The point estimates are small, often negative, though generally imprecisely

estimated. We also observe reductions in spending on farm inputs, notably on fertilizer

and hired labor in 2010, though these estimates are not significantly different from zero.

Column 9 summarizes the net effect on (non-child) expenditures: overall non-child expen-

ditures are decreasing nearing ART, the elasticity of expenditures with respect to ART

proximity is -0.34.

Column 10 shows that respondents near ART do not report higher annual earnings,

the point-estimate for the elasticity is negative in both years. We also consider the effect

of ART on the overall wealth index (roughly mean 0, standard deviated 2) calculated

using PCA on 20 items incorporating all reported household assets, vehicles, housing and

roofing structure, type of latrine, and animals, shown in Column 11. We should not expect

the overall wealth of households to improve substantially in the short-run as a result of

ART since increased savings and long-term investment should only increase wealth in the

long run. We find that the point estimates are slightly negative in all years (around 0.1

standard deviations) and marginally significant.

Given our findings that child expenditures are increasing and respondents report to

have more in savings, for budgets to balance, households must be decreasing other non-

child expenditures or increasing labor supply on their own farms. While in theory, individ-

uals may also borrow, in our setting households are credit constrained. Our results indicate

there is evidence that non-child expenditures are decreasing. Additionally, Baranov et al.

(2015) show that households near ART availability increase the time spent working on the

farm. More time on the farm would imply that households need to purchase less food,

though food expenditures are unfortunately not measured in the survey.50 While the null

findings on the effect of ART on expenditures, wealth, and earnings are not consistent

with an income or productivity shock, we do not fully observe all expenditure categories

and cannot rule out that improved farm productivity is increasing consumption and/or

reducing purchases of food, leaving more income to be spent on unobserved expenditure

categories.

Importantly, Baranov et al. (2015) also find improvements in mental health associated

with reduction in worry about AIDS mortality, suggesting that the increased labor supply

may be driven by improvements in mental health. While the patterns of expenditures

50These results are consistent with the life-cycle model, since investment and labor supply are jointly
determined. As individuals increase savings and investment in long-term assets, they must adjust either
by reducing expenditures in non-long-term assets or increasing labor supply, or both.
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do support that our findings are driven entirely by mental health improvements (as that

would be akin to a productivity or income shock), it is possible that large reductions in

mortality risk increase investment through the horizon effect but also reduce anxiety and

stress, improving mental health, which translates to increased productivity or work effort.

Our results are still a valid estimate of the effect of life expectancy changes on decision-

making, though because of the mental health channel, the interpretation would change as

it is not longer just due to an increase in the rate of return to long-term investment.

6.2 Mortality, Morbidity, and Care-taking

In this section, we aim to test the degree to which our results may be driven by in-

dividuals benefiting from the availability of ART, either directly or indirectly through

reduced mortality, morbidity, or caring for sick individuals within the household. To do

this, we estimate the baseline specification (which includes spatial controls) but interact

Post×ART with a dummy variable indicating the individual may have benefited directly

or indirectly from ART.51 Table 6, Panel A reports, again, the aggregate effect of ART for

all respondents. We first test the possibility that the results are driven by the direct effect

of HIV-positive respondents receiving the life-saving medication. We define an indicator,

Bi, equal to 1 for individuals who ever tested positive or whose HIV status is unknown.52

That is, Bi is equal to 0 for individuals who we know for sure were HIV-negative in 2008.

Table 6, Panel B reports the effect of ART for the HIV-negative subsample (the coeffi-

cients on the triple interactions Bi × Post t × ART i are not reported to save space). The

coefficients on Post t×ART i are actually larger for savings, but 30% smaller, and no longer

statistically significant, for education expenditures indicating that HIV+ individuals are

dis-saving while investing more in their children’s human capital. Since the human capital

investment result does appear to be driven somewhat by HIV+, we exclude children of

HIV+ respondents in estimating the effect of life expectancy on schooling in Section 7.

There are other important channels by which ART can impact investment without

changing expectations. One possible effect of ART availability is that family members

51In other words, we estimate a triple-difference

yijt = β1Postt × ART Prox i + β2Bi × Postt × ART Prox i + β3Bi × Postt + αi + δrt + εijt

where Bi is a dummy for various categories of direct and indirect benefits from the medication, eg HIV,
mortality, care-taking, orphans.

52Some individuals did not consent to the HIV test, or others were not reached by the HIV testing
team during the 2004–08 MLSFH rounds. As a result, 17% of our sample did not have HIV testing
results by 2008. The survey did not conduct HIV testing in 2010, so we are unable to exclude individuals
who seroconvert between 2008 and 2010. These individuals would be unlikely to start treatment since a
maximum time from infection of two years is generally too short to develop the clinical symptoms to be
eligible to start ART (based on local eligibility criteria).
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other than the respondent who were ill with AIDS began receiving treatment. This would

reduce the burden of taking care of a sick household member.53 Additionally, because

AIDS mostly affects individuals during their most productive age, the sickness and death

from AIDS reduces the number of productive members in the household.

Another related effect of ART is a reduction of orphaned children. Orphaned children

would often be sent to live with neighbors or extended family, increasing the number of

dependents in the household. Such a shift in the household structure increases the care-

taking burden and may decrease investment in human capital for even the non-orphaned

children. While the total number of orphans may not be large enough to fully explain

changes in school enrollment due to changes in life expectancy, the effects of orphanhood

may be amplified through their effects on households that care for them. Indeed, in Sub-

Saharan Africa, about 20% of households have an orphan living with them (Evans and

Miguel, 2007). Since our results are estimated using the same individuals over time, we do

not capture any changes in schooling for orphans themselves. However, households near

ART may be less likely to receive AIDS orphans after ART becomes available than those

who live far. A prior, we do not anticipate care-taking to drive our results because in the

time period of the survey the number of households that have an eligible HIV-positive

members is small.54 However, over longer time periods, the effects of reducing illness,

death, and orphans should become evident.

Table 6, Panels C-F explores whether mortality and care-taking mechanisms described

above are driving our main results. Panel C reports the effect of ART for respondents

that reported no AIDS-related deaths in the household in the previous two years in all

waves of the survey. The questionnaire specifically asks if the death is suspected to be

AIDS-related. Because the stigmatization of AIDS may lead to an underreporting of AIDS

deaths, we also include any deaths that reported the age of the deceased between 15 and

49 as the large majority of these deaths are caused by AIDS. Panel D reports effects for

respondents who never reported a seriously ill household member. The results from Panels

C and D show that point estimates are extremely similar for all outcomes, when excluding

deaths or illnesses in the household.

Last, to proxy for the presence of orphans, Panel E reports the coefficient on ART for

respondents who never reported non-biological children co-residing with them (approxi-

53This channel may be potentially large: In South Africa, where a similar ART rollout occurred over a
similar time period, Bor et al. (2011) estimate that 25% of the population shared household or compound
membership with someone who initiated ART by 2010. However, the HIV prevalence in KwaSulu-Natal
was much higher, at 20% of adults.

54In 2008, 6.4% of all survey respondents had HIV, of which only 32 percent qualify based on disease
status. Given households comprise of an average of 2.24 adults, the estimated number of respondents
either eligible for ART or are living with an ART-eligible adult is approximately 4.6%.

26



mately 50% of the sample). Again, the results are similar for all outcomes, except the

coefficient on 2010 × ART for medical expenditures is positive and significantly different

from zero.

6.3 Subjective Expectations

The MLSFH contains rich measures of subjective expectations (Delavande and Kohler,

2009), allowing us to test directly if ART availability affected perceptions of mortality.

Baranov et al. (2015) show that ART availability reduces subjective mortality risk and

its components: infection risk and mortality risk conditional on HIV infection, and that

these effects are robust to spatial and demographic controls and for the subsample of HIV-

negative non-caretakers.55 Respondents answer questions about their own mortality risk as

well as mortality risk for hypothetical individuals similar to them that are healthy, HIV+,

or on ART, each over three time-horizons (1, 5, and 10-years). ART availability most

directly affects HIV+ mortality. Additionally, while the short-run benefits of ART were

apparent, ART proximity may induce learning of the extent to which ART may extend

life expectancy. Finally, even healthy mortality risk may be affected by ART because it

is a function of future risk of infection and HIV+ mortality risk, especially in our setting

where individuals perceive over-inflated risks associated with HIV/AIDS.

In order to avoid the pitfalls of multiple hypothesis testing and to improve power

by reducing measurement error in the dependent variable, we use these 12 questions to

construct an index of mortality risk using the factor score.56 Furthermore, by including

HIV-related mortality beliefs in the index, we capture changes in mortality beliefs more

strongly associated with HIV that are more relevant for long-term longevity (beyond the

10-year horizon) as well as for the respondents’ children.57

Table 7 reports the estimates for the effect of ART availability on the subjective mor-

tality risk index which is mean 0, standard deviation 1, by construction. To focus on

indirect effects, we exclude individuals who ever tested positive for HIV. Column 1 in-

cludes the basic set of spatial controls, column 2 adds demographic controls plus economic

55The identification strategy is similar, though the parameterization of ART Proximity is slightly
different–this paper uses negative log-distance instead of inverse distance because of the ease of inter-
preting the coefficient.

56We use the factor score as a simple way to aggregate the mortality risk measures. Factor analysis is
a commonly used statistical method that summarizes the co-variability among observed measures using
low dimensional latent variables. The method also accounts for measurement error, which we believe is
especially high among our measures of mortality risk (Wansbeek and Meijer, 2000).

57Appendix Table A4 shows the results for each of the variables included in the index separately. The
results are similar using alternative aggregation methods such as a GLS-weighted index (see Anderson
(2008)) or a simple average. We prefer the factor score as it places more weight on correlated variation,
which is more likely to reflect underlying mortality beliefs than any single measure, especially if individuals
have difficulty calculating exact mortality probabilities for a fixed horizon.
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shocks and aid program participation, and finally column 3 adds controls for mean re-

version (pre-ART mortality and HIV risk perceptions interacted with year fixed effects).

Our results, which are robust to all controls, indicate that ART reduced mortality beliefs

by approximately 0.2 of a standard deviation by 2010, and the point estimate in 2008 is

generally negative and smaller though not statistically different from zero.58

While the mortality index is a helpful summary index, the magnitude of the effect is

difficult to interpret. To interpret these results, we use the reduction in the 5-year own

mortality probability to calculate the implied subject life expectancy gain: our results

suggest that reducing the distance to an ART facility by 5.8 km increases subjective life

expectancy by approximately 6 years (see Appendix Section D for details).

Next, we explore heterogeneity by gender as HIV prevalence and age of infection differs

between men and women in Malawi.59 The combination of higher prevalence and earlier

infection implies that the life expectancy gains from ART are substantially larger for

women.60 These difference are reflected in the subjective mortality risk response of MLSFH

respondents. Table 7, column 4 shows the heterogeneous effect of ART by gender. Women

adjust expectations earlier, consistent with the fact that women are generally more likely

to visit health facilities than men. But even by 2010, we see that the effect of ART for

women is larger by 0.12 standard deviations.

In order for longevity to impact the rate of return for schooling, parents must believe

that ART will improve the longevity of their children. It may be the case that adults believe

that their children will have access to treatment regardless of location. Unfortunately, we

do not directly measure parents’ beliefs about their children’s mortality risk. As an indirect

test, we estimate the differential effect of ART proximity for the cohort aged less than 25

in 2006. If young respondents anticipated that treatment would be available everywhere,

distance should not matter for them. On the other hand, if individuals do not expect ART

to be available everywhere in the future, the life expectancy gains of eliminating AIDS

mortality are also largest for the younger cohort. Column 5 shows the heterogeneity in

58Since our savings results show that behavioral changes were detectable by 2008, the mortality index
results may appear at odds with the savings results. However, HIV+ mortality risk perceptions, the
variables most closely capturing the effect of ART, do significantly respond to ART proximity by 2008
(see Table A4). Furthermore, the responses to ART proximity in 2008 were differentially greater among
individuals who reported any HIV risk at baseline for both savings and mortality risk (see Table A5).

59In our sample, HIV prevalence in 2006 among women was 4.4 percent versus 2.8 percent in men. For
the unrestricted sample, the 2006 prevalence was 6.9% (women) and 3.9% (men). 2010 DHS estimates for
rural Malawi are 10.5% (women) and 7.1% (men) (Malawi DHS, 2011), with the lower prevalence in the
MLSFH population due to the fact that the MLSFH does not include peri-urban areas with higher HIV
prevalence that are included in the DHS rural sample (Kohler et al., 2015).

60UN life tables suggest that the estimated life expectancy gains from eliminating AIDS mortality are
11.1 years for men, compared to 14.4 years for women. Indeed, since the start of the rollout in 2003,
measured life expectancy at age 5 has increase by 12.5 year for women and 9.1 years for men (see Figure
A6).
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response to ART by whether the responded was young, and indicates that, consistent with

the larger life expectancy gains, the effect of ART proximity is more than twice as large

for the younger cohort.

7 Life Expectancy and Schooling

Our results thus far suggest that ART availability resulted in increased spending on

children’s human capital by way of changing perceptions about longevity. To further

strengthen this conclusion, we also estimate the effect of ART availability on children’s

grade attainment as reported by their parents.61 Finally, to understand the magnitude of

our results, we calculate the implied elasticity of schooling with respect to life expectancy

(the horizon effect).

Table 8 provides results using the sample of respondents’ children who are of school

age (5–19) and are reported in the 2006, 2008, and 2010 years of the survey. We also

restrict the analysis excluding any children of HIV+ parents, to avoid capturing the direct

effect of the treatment. We use grade completion (and control for age interacted with

year in all regressions) rather than grade-for-age for ease of interpretation, although using

grade-for-age yields similar results. The effect of ART on grade completion seems to be

quite large. The point estimate in column 1 implies that decreasing the distance to ART

by half would increase years of schooling by 0.33. The effect is only large and significant

by 2010, which is consistent with the lagged response of educational spending. The results

are robust to including spatial and demographic controls, including them increases the

point estimates but also reduces precision.

Since ART increases life expectancy for adults and children, the results presented

in Table 8, columns 1 and 2, include the effect of life expectancy gains for parents and

children. However, we wish to calculate the implied effect of an additional year of children’s

life expectancy on schooling to estimate the horizon effect outlined in human capital

theory.62 To estimate this effect of children’s life expectancy on years of schooling without

capturing the effect of parental longevity, we exploit differential life expectancy gains by

gender, which is perceived by respondents as shown in Section 6.3. We use a triple-

difference approach, similar to Jayachandran and Lleras-Muney (2009), to estimate the

61Given frequent school interruptions and grade repetition in context such as rural Malawi, highest
attained schooling grade is generally a better indicator of a child’s human capital than years of schooling.

62 If ART only increases life expectancy for the respondents but not their children, the rate of return to
education from the perspective of the child is unaffected. However, the parents are more likely to live into
old age and receive benefits from investments in child human capital through upward intergenerational
transfers (Banerjee 2004). Holding fixed the life expectancy of the parents, when children are expected
to live longer, the rate of return to education from the perspective of the child has increased. Therefore,
since ART increases life expectancy for adults as well as children, there are two relevant margins that push
toward higher investment in human capital.
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additional increase in grade attainment girls received relative to boys as a result of ART.

We estimate the specification

yijt = βGirli × Post t × Proximity i + γGirli × Post t+

ηPost t × Proximity i + αi + δrt + εijt,

where yijt is the child’s grade attainment. We include age-by-year effects, individual fixed

effects and region-year effects and allow individual indicators for 2010 and 2008 instead of

Post. As in the rest of the paper, the standard errors are clustered at the village level, j.

The individual fixed effect absorbs the control for gender and ART proximity, and their

interaction, as they are time invariant, and the region-by-year effects absorb the control

for Post. This model assumes that parents are not more likely to invest in girls versus

boys for reasons other than their different life expectancy gains, which is a limitation.

Prior to ART, older boys and adolescent males from the main survey have slightly higher

grade attainment, suggesting that the rate of return relative to costs are not substantially

higher for girls.

Columns 3 and 4 show the differential impact of ART availability by girls and boys in a

triple difference regression. The point estimates on the triple difference are not precise. We

also include results for a restricted sample of only older children, since the younger children

may not have yet had a chance to drop out. These results give slightly higher estimates

and are significant at the 10% level. Although the standard errors are large (potentially

because of the limited sample size), they are robust to including various controls. The

estimates suggest that girls’ schooling attainment increases by 0.38 years more than for

boys. Given that the life expectancy gains for girls are 3.3 years greater than for boys, we

can divide these numbers to get a “back-of-the-envelope” estimate of the horizon effect:

the marginal effect of an extra year of life expectancy on years of schooling is 0.12.63 The

magnitude of the effect is similar to that estimated in different contexts by Jayachandran

and Lleras-Muney (2009), who estimate 0.11 years of schooling per year of life expectancy,

and more recently by Hansen (2013), who find an estimate of 0.17.

8 Conclusion

While economic theory predicts that a longer life expectancy increases the value of long-

term investments such as education, it has ambiguous predictions for saving behavior.

Recent studies provide compelling evidence suggesting that education responds to life ex-

63This calculation is biased downward as we attribute the change in grade attainment, which is estimated
using the distance gradient, to the full difference in life expectancy gains.
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pectancy; however, few studies have considered the effects on savings. This paper uses

spatial and temporal variation in the availability of life-extending AIDS medication to

evaluate its impact on savings and human capital investment in Malawi. Our study has

several advantages: it allows us to estimate the effects of ART on the savings behavior and

human-capital investments of HIV-negative individuals, that is, individuals who currently

do not directly benefit from receiving ART. In addition, we use data on self-reported mor-

tality risk to provide direct evidence that individuals actively change investment decisions

based on their subjective longevity.

We employ a difference-in-difference strategy to estimate the impact of ART availabil-

ity on cash savings, education expenditures, and children’s schooling. The identification

strategy compares the investment outcomes of people who live near and far from ART,

before and after it became available.

We find large effects of ART availability on reported savings and investment in chil-

dren’s human capital. Consistent with these findings, we also show that ART availability

improves educational attainment for children of the respondents. For example, halving

the distance to ART (a decrease of approximately 5 kilometers for the average respon-

dent) would imply an increase in schooling by 0.3 years. The results are similar for the

HIV-negative respondents, indicating that the results are not driven by the direct effect

of HIV-positive individuals receiving life-saving medication. Other potentially important

channels not related to changing expectations, such as the household care-taking burden

from AIDS-related illness, death, and orphanhood, cannot explain our findings. However,

ART availability does have a measurable decrease in self-reported mortality risk.

Our findings about the effects of ART availability on savings and investment in chil-

dren’s human capital are consistent with the standard theory of human capital whereby

expectations about longevity affect long-term investment. The savings results also provide

evidence that higher life expectancy does prompt more savings in a low-income setting such

as Malawi. However, alternative channels related to improvements in disease environment,

such as mental health, may also contribute to our findings.

Our findings also have important policy implications. We show that antiretroviral

therapy leads to large and economically important increases in savings and investment

behavior both for HIV-positive and HIV-negative individuals. This spillover benefit should

be incorporated into cost-benefit analyses of such programs by governments and donor

organizations. Our results also suggest that the impact of ART may have large implications

for economic growth in sub-Saharan Africa.
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Figures and Tables

Figure 1 – Geography of All Regions

Notes: These maps show the geographical characteristics of Rumphi (in the north), Mchinji (central district), and Balaka (in the south) districts
from which the survey samples are drawn. To ensure confidentiality of respondents, we do not plot individual household locations but note
the general area where the households reside with the dotted circle. The data on locations of clinics (ART and non-ART) are from the Malawi
Ministry of Health, HIV Unit. Data on locations of schools, major markets, and roads were obtained from the Malawi National Statistics Office.
Population density is from the Afripop dataset (now a part of the WorldPop project), and is estimated using census data along with satellite
imagery for mapping settlements.

Figure 2 – Trends in saving by distance to ART facility

(a) Total cash savings and distance to ART
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(b) Total cash savings trends by distance group
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Notes: Figures show the variation in total cash savings (transformed using the inverse hyperbolic sine transformation) both as functions
of ART proximity and time. Figure 1a shows the total savings as a function 2008 distance to ART using local linear regression for the
three years that savings data were actually reported (2006, 2008 and 2010). For simplicity, a 95% confidence band was plotted only for
year 2006. Figure 1b shows average total savings over time by splitting the sample into three groups: those near the ART facility (less
than 6km away, by road), those in the middle group (6-12km away), and those far (more than 12km away). Note the groups are time
invariant, but ART only became available on average 7 months before the 2008 survey wave. Thus, respondents in the near group are
near the facility prior to 2008 but that facility does not provide ART. Figure 1b includes additionally “predicted” or imputed savings for
years 1998, 2001, and 2004 (in shaded region) based on data on demographics, earnings, and assets available in those years. Due to slight
differences in the distribution of respondents with respect to distance to ART by region, these averages have had region-by-year effects
partialled out for both figures.
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Figure 3 – Trends in human capital investment by distance to ART facility (3 groups)

(a) Education expenditures for children
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(b) Medical expenditures for children
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(c) Clothing expenditures for children
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Notes: Figures plot the average child expenditures (transformed by the inverse hyperbolic sine) over time using all 4 years of available
data by splitting the sample into three groups: those near the ART facility (less than 6km away, by road), those in the middle group
(6-12km away), and those far (more than 12km away). Note the groups are time invariant, but ART only became available on average 7
months before the 2008 survey wave. Thus, respondents in the near group are near the facility prior to 2008 but that facility does not
provide ART. Due to slight differences in the distribution of respondents with respect to distance to ART by region, these averages have
had region-by-year effects partialled out.
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Table 1 – Pre-ART (2006) characteristics of the MLSFH study population

Coefficient on ART Proximity:
(w/o spatial controls) (w/ spatial controls)

(1) (2) (3) (4) (5) (6)
Mean St.dev. β p-val β p-val

Panel A: Socioeconomic Characteristics (2006)
Age 36.85 13.1 −0.46 0.46 0.04 0.97
Household size 5.46 2.3 −0.17 0.19 −0.12 0.61
Education (grades completed) 5.10 3.5 0.24 0.16 0.25 0.36
Labor income ln(USD) 4.00 1.6 −0.07 0.58 −0.10 0.62
Land (hectares) 1.59 1.5 −0.05 0.62 0.01 0.97
High discount rate 0.67 0.5 −0.02 0.56 −0.04 0.35
Wealth index (20 item) 0.11 2.0 0.20 0.13 0.15 0.57

Has metal roof 0.15 0.4 0.07 0.02∗∗ 0.11 0.04∗∗

Has bicycle 0.58 0.5 0.04 0.27 0.00 0.99
Has radio 0.76 0.4 0.02 0.55 −0.01 0.76
Has mobile phone 0.04 0.2 0.02 0.25 0.04 0.02∗∗

Panel B: HIV, Health, & Risk Perceptions (2006)
HIV Positive 0.04 0.2 −0.01 0.30 0.01 0.75
Physical health score (PCS12) 52.50 7.2 −0.50 0.18 −0.84 0.29
Mental health score (MCS12) 55.57 8.0 −1.03 0.02∗∗ −0.95 0.16
Know someone on ART 0.50 0.5 0.04 0.34 0.02 0.79
Worried about AIDS 0.27 0.4 0.03 0.12 0.02 0.54
Mortality risk (5 year; own) 3.87 2.3 0.46 0.01∗∗∗ 0.20 0.28
Perceived likelihood of HIV (Likert) 0.36 0.7 0.11 0.00∗∗∗ 0.04 0.44
Perceived HIV prevalence 0.28 0.2 0.01 0.18 0.02 0.17

Panel C: Savings & Expenditures on children (2006)
Has savings 0.22 0.4 −0.03 0.27 −0.04 0.32
Total savings ln(USD) 0.92 1.9 0.01 0.91 −0.19 0.28
Education ln(USD/child) 0.54 0.9 −0.01 0.90 −0.03 0.75
Clothing ln(USD/child) 1.06 1.0 −0.00 1.00 0.02 0.83
Medical ln(USD/child) 0.28 0.5 0.02 0.39 0.04 0.43

Panel D: Child outcomes & characteristics (2006)
Child age 10.0 2.8 0.34 0.15 0.38 0.48
Grades completed 2.7 2.0 0.27 0.21 0.08 0.88

Panel E: Spatial Characteristics
Distance to ART in 2006 (km) 26.4 4.9 4.02 0.00∗∗∗

Distance to ART in 2008 (km) 9.1 3.6 −6.84 0.00∗∗∗

Distance to clinic (km) 6.1 3.1 −3.48 0.00∗∗∗

Distance to major market (km) 5.3 3.8 −3.72 0.00∗∗∗

Distance to major road (km) 5.0 3.5 −1.78 0.00∗∗∗

Distance to school (km) 1.7 1.0 −0.09 0.58
Population Density (pers/km2) 101 56 −16.0 0.04∗∗

Joint test Panels A-C (p-value) – – 0.07 0.46

N = 1379. For child sample (Panel D), N = 525. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
Note: This table describes characteristics of respondents and their children in 2006, before ART became available. Columns
(3) and (5) report the coefficient on ART proximity (parameterized as the negative log distance) from regressing each variable
in 2006 on ART proximity, with respective p-values in columns (4) and (6). Column (3) only controls for region dummies,
while column (5) controls for region-specific spatial characteristics listed in Panel E below distance to ART in 2008 (described
in detail in the text). The sample of survey respondents is restricted to those who were interviewed in all three years for
the main analysis (2006, 2008, and 2010). Panel D describes characteristics of the respondents’ children and is restricted to
children who were reported in the household roster for all three years.
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Table 2 – Pre-ART Trends: Changes between 2004–2006

Coefficient on ART Proximity:
(w/o spatial controls) (w/ spatial controls)

(1) (2) (3) (4) (5) (6)
Mean St.dev. β p-val β p-val

Panel A: Demographic and Economic Characteristics
Household size −0.42 2.4 −0.34 0.01∗∗ −0.46 0.09∗

Land (hectares) 0.41 1.6 0.09 0.58 0.20 0.33
High discount rate 0.20 0.6 −0.02 0.66 0.05 0.36
Wealth index (20 item) 0.04 1.2 −0.07 0.31 −0.09 0.50

Has metal roof 0.01 0.3 0.01 0.54 0.03 0.14
Has bicycle 0.04 0.5 −0.02 0.43 −0.03 0.47
Has radio 0.02 0.5 −0.03 0.29 −0.05 0.35
Has mobile phone 0.03 0.2 0.02 0.14 0.04 0.03∗∗

Panel B: HIV, Health, and Risk Perceptions
HIV Positive 0.01 0.1 0.00 0.59 −0.01 0.05∗

Know someone on ART −0.18 0.4 0.02 0.58 −0.02 0.75
Worried about AIDS −0.27 0.5 0.06 0.04∗∗ 0.07 0.27
Perceived likelihood of HIV (Likert) −0.25 1.1 0.10 0.16 −0.04 0.72
Perceived HIV prevalence −0.12 0.3 0.01 0.61 −0.04 0.24

Panel C: Expenditures on Children
Education ln(USD/child) 0.13 0.8 0.17 0.11 0.11 0.52
Clothing ln(USD/child) 0.23 1.2 −0.04 0.78 0.15 0.41
Medical ln(USD/child) −0.01 0.6 0.06 0.31 0.14 0.14

Joint test Panels A-C (p-value) − − 0.16 0.42

N = 1354 ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
Note: This table shows the mean changes between 2004 and 2006 (i.e., the period before ART came online in the MLSFH
study regions) in available outcomes and characteristics of the sample. Columns (3) and (5) report the coefficient on
ART proximity (parameterized as the negative log distance) from regressing each variable in 2006 on ART proximity, with
respective p-values in columns (4) and (6). Column (3) only controls for region dummies, while column (5) controls for
region-specific spatial characteristics (as described in the text).

41



Table 3 – ART Availability and Saving Behavior

Any Savings ln(Savings)

(1) (2) (3) (4) (5) (6) (7) (8)

2010 × ART Proximity 0.10∗∗∗ 0.14∗∗∗ 0.13∗∗∗ 0.12∗∗ 0.53∗∗∗ 0.91∗∗∗ 0.84∗∗∗ 0.72∗∗∗

(0.04) (0.04) (0.05) (0.05) (0.14) (0.21) (0.22) (0.23)

2008 × ART Proximity 0.07∗ 0.11∗∗ 0.14∗∗∗ 0.13∗∗∗ 0.32∗ 0.69∗∗∗ 0.78∗∗∗ 0.73∗∗∗

(0.04) (0.05) (0.05) (0.05) (0.19) (0.25) (0.24) (0.24)

Mean dep. var 0.32 0.32 0.32 0.32 1.55 1.55 1.54 1.54
Observations 3989 3989 3575 3473 3984 3984 3570 3470
Within R2 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15

Spatial controls − Y Y Y − Y Y Y
Demo. controls − − Y Y − − Y Y
Shocks & aid programs − − − Y − − − Y

Individual FEs Y Y Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity. ART proximity is parameterized as the
negative of log distance by road. All regressions include individual fixed effects and region-by-year dummies. The sample is restricted to individuals who
were interviewed in all three years of the survey (2006, 2008, and 2010). Spatial controls include population density and proximity to clinic, market,
major road and school (all interacted with region and Postt). Demographic controls include pre-period wealth, roof material, if the respondent has a
mobile phone, age, household size, gender, education, HIV status, and marital status (all interacted with Postt). Mean reversion controls, included in
the demographic controls, include 2006 levels of self-reported 10-year mortality risk and HIV risk interacted with time. Controls for economic shocks
and other aid programs are described in detail in the text.
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Table 4 – ART Availability and Expenditures on Children

Education Medical Clothing

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

2010 × ART Proximity 0.37∗∗∗ 0.40∗∗∗ 0.32∗∗ 0.43∗∗ 0.15∗ 0.14 0.03 0.13 0.08 0.07 0.10 0.24
(0.12) (0.16) (0.15) (0.19) (0.08) (0.10) (0.10) (0.11) (0.13) (0.14) (0.14) (0.20)

2008 × ART Proximity 0.05 0.10 −0.03 0.08 0.09 0.08 0.02 0.13 −0.00 −0.03 −0.11 0.03
(0.11) (0.16) (0.17) (0.21) (0.07) (0.10) (0.10) (0.10) (0.14) (0.19) (0.18) (0.18)

2006 × ART Proximity 0.14 0.14∗ 0.18
(0.14) (0.08) (0.18)

Mean dep. var 1.01 1.01 1.01 1.01 0.35 0.35 0.36 0.36 1.45 1.45 1.46 1.46
Observations 2833 2833 2543 2543 2890 2890 2596 2596 2889 2889 2595 2595
Within R2 0.27 0.28 0.29 0.30 0.04 0.05 0.08 0.08 0.22 0.24 0.26 0.26

Spatial controls − Y Y Y − Y Y Y − Y Y Y
Demo. controls − − Y Y − − Y Y − − Y Y
Shocks & aid programs − − Y Y − − Y Y − − Y Y

Individual FEs Y Y Y Y Y Y Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y Y Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (109 clusters) and robust to heteroskedasticity. All expenditures variables are transformed using the inverse
hyperbolic sine. ART proximity is parameterized as the negative of log distance by road. All regressions include individual fixed effects, region-by-year dummies, and month
of interview controls. The sample is restricted to respondents with school-age children and regressions are weighted by inverse of number of household respondents. All
regressions use data from 2004. Spatial controls include population density and proximity to clinic, market, major road and school (all interacted with region and Postt).
Demographic controls include pre-period wealth, roof material, if the respondent has a mobile phone, age, household size, gender, education, HIV status, and marital status
(all interacted with Postt). Mean reversion controls, included in the demographic controls, include 2006 levels of self-reported 10-year mortality risk and HIV risk interacted
with time. Controls for economic shocks and other aid programs are described in detail in the text.

43



Table 5 – ART Availability, Income, and Other Expenditures

Expenditures Farm Inputs Income and Wealth

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Clothing
(Own)

Medical
(Own)

Medical
(Others)

Funeral Seed
Farm

Equipt
Fertilizer

Hired
Labor

Total
Expend.

Labor
Earnings

Wealth
Index

2010 × ART Proximity −0.06 0.02 −0.00 −0.01 −0.05 −0.07 −0.29∗ −0.13 −0.34∗∗ −0.05 −0.21
(0.17) (0.13) (0.08) (0.08) (0.09) (0.10) (0.17) (0.13) (0.15) (0.18) (0.14)

2008 × ART Proximity −0.22 −0.08 −0.10 0.01 −0.01 −0.01 0.13 0.09 −0.20 −0.31 −0.23∗

(0.19) (0.11) (0.09) (0.10) (0.07) (0.09) (0.19) (0.15) (0.17) (0.20) (0.13)

2006 × ART Proximity −0.02 0.04 0.01 0.07 0.07 0.31∗∗∗ 0.14 −0.16∗∗

(0.13) (0.09) (0.05) (0.05) (0.05) (0.09) (0.10) (0.08)

Mean dep. var 1.93 0.66 0.29 0.58 0.30 0.34 0.61 0.78 3.29 4.92 0.13
Observations 5310 5307 3971 5267 5270 5268 5263 5272 3932 3994 4907
Within R2 0.17 0.09 0.01 0.09 0.07 0.05 0.08 0.09 0.13 0.35 0.03

Individual FEs Y Y Y Y Y Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y Y Y Y Y Y
Spatial controls Y Y Y Y Y Y Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity. Household level regressions (3-11) are inverse weighted
by the number of respondents from that household. ART proximity is parameterized as the negative of log distance by road. All regressions include individual fixed
effects, region-by-year dummies, and month of interview controls. Spatial controls include population density and proximity to clinic, market, major road and school
(all interacted with region and Postt). The sample is restricted to individuals who were interviewed in all three years of the survey (2006, 2008, and 2010). Estimates
for columns 1,2, 4-8, and 11 also use data from 2004. Total expenditures, Column 9, is the sum of expenditures in columns 1-8. All expenditures and earnings variables,
columns 1-10, are transformed using the inverse hyperbolic sine. The dependent variable in column 11 is a total wealth index (roughly mean 0, standard deviated 2)
calculated using PCA incorporating all assets, housing and roofing structure, and animals.
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Table 6 – ART Availability and Investment – HIV Mortality, Caretaking, and Orphans

Saving Behavior Expenditures on Children

(1) (2) (3) (4) (5)
Any

Savings
ln(Savings) Education Medical Clothing

Panel A: Aggregate Effect of ART

2010 × ART Proximity 0.14∗∗∗ 0.91∗∗∗ 0.40∗∗∗ 0.14 0.07
(0.04) (0.21) (0.16) (0.10) (0.14)

2008 × ART Proximity 0.11∗∗ 0.69∗∗∗ 0.10 0.08 −0.03
(0.05) (0.25) (0.16) (0.10) (0.19)

Panel B: HIV-negative

2010 × ART Proximity 0.18∗∗∗ 1.09∗∗∗ 0.28 0.08 0.08
(0.04) (0.20) (0.17) (0.10) (0.14)

2008 × ART Proximity 0.13∗∗∗ 0.81∗∗∗ 0.03 −0.00 −0.11
(0.05) (0.27) (0.18) (0.09) (0.19)

Panel C: No family illness

2010 × ART Proximity 0.14∗∗∗ 0.89∗∗∗ 0.37∗∗ 0.11 0.07
(0.04) (0.21) (0.17) (0.11) (0.15)

2008 × ART Proximity 0.10∗∗ 0.66∗∗∗ 0.10 0.03 −0.03
(0.05) (0.25) (0.17) (0.09) (0.19)

Panel D: No recent death

2010 × ART Proximity 0.17∗∗∗ 0.97∗∗∗ 0.37∗∗ 0.19 0.04
(0.05) (0.23) (0.17) (0.13) (0.17)

2008 × ART Proximity 0.12∗∗ 0.70∗∗ 0.05 −0.02 −0.11
(0.05) (0.28) (0.14) (0.09) (0.19)

Panel E: No orphans

2010 × ART Proximity 0.16∗∗∗ 0.98∗∗∗ 0.37∗∗ 0.25∗∗ 0.06
(0.05) (0.26) (0.18) (0.12) (0.20)

2008 × ART Proximity 0.12∗∗ 0.68∗∗∗ 0.18 0.22 0.12
(0.06) (0.26) (0.18) (0.15) (0.25)

Observations 3989 3984 2833 2890 2889
Individual FEs Y Y Y Y Y
Region × Year FEs Y Y Y Y Y
Spatial controls Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (columns 1 and 2 have 113 clusters, columns
3-5 have 109 clusters) and robust to heteroskedasticity. ART proximity is parameterized as the negative of
log distance by road. All regressions include individual fixed effects, region-by-year dummies, and month
of interview controls. Spatial controls include population density and proximity to clinic, market, major
road and school (all interacted with region and Postt). The sample is restricted to individuals who were
interviewed in all three years of the survey (2006, 2008, and 2010). Regressions reported in columns 3-5
are restricted to respondents with school-age children and weighted by inverse of number of household
respondents. Columns 3-5 also use data from 2004. Outcomes in columns 2-5 are transformed using the
inverse hyperbolic sine. Panel A reproduces the aggregate effects of ART from Tables 3 and 4. Panels
B-F each represent separate estimations of heterogeneous treatment effects, estimated by interacting the
group variable with Y eart × ARTProxi, while controlling for group-specific trends. In Panel B, the
group dummy is equal to 1 if the respondent is ever HIV+ or status is unknown, and thus the reported
coefficients are interpreted as the effect of ART proximity for HIV– respondents (while the coefficients on
HIV+×Year×ART are suppressed to save space).
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Table 7 – ART Availability and Subjective Mortality Expectations

Mortality Risk Index

(1) (2) (3) (4) (5)
est5

2010 × ART Proximity −0.16∗ −0.24∗∗ −0.24∗∗∗ −0.18 −0.19∗

(0.09) (0.11) (0.09) (0.11) (0.10)

2008 × ART Proximity 0.01 −0.06 −0.04 0.19∗ −0.01
(0.11) (0.12) (0.09) (0.11) (0.11)

Female × 2010 × ART Prox −0.12
(0.12)

Female × 2008 × ART Prox −0.38∗∗∗

(0.10)

Age<25 × 2010 × ART Prox. −0.19∗

(0.11)

Age<25 × 2008 × ART Prox. −0.07
(0.15)

HIV+ × 2010 × ART Prox.

HIV+ × 2008 × ART Prox.

High Risk × 2010 × ART Prox

High Risk × 2008 × ART Prox

Mean dep. var −0.00 0.01 0.01 0.01 0.01
Observations 3699 3475 3258 3258 3258
Within R2 0.07 0.10 0.23 0.23 0.23

Individual FEs Y Y Y Y Y
Region × Year FEs Y Y Y Y Y
Spatial controls Y Y Y Y Y
Demo., shocks & aid − Y Y Y Y
Mean reversion − − Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity. ART proximity
is parameterized as the negative of log distance by road. All regressions include individual fixed effects, region-by-year dummies,
and month of interview controls. The sample is restricted to individuals who were interviewed in all three years of the survey
(2006, 2008, and 2010), and excludes individuals who ever tested positive for HIV . Spatial controls include population density
and proximity to clinic, market, major road and school (all interacted with region and Postt). Demographic controls include
pre-period wealth, roof material, if the respondent has a mobile phone, age, household size, gender, education, HIV status, and
marital status (all interacted with Postt). Controls for economic shocks and other aid programs are described in detail in the
text. Mean reversion controls include 2006 levels of self-reported 10-year mortality risk and HIV risk interacted with time. The
mortality index is constructed as a factor score of 12 variables: mortality risk for hypothetical individuals (healthy, HIV+, on
ART) and self, all across 3 time horizons (1,5, and 10-years), and is mean 0 standard deviation 1.
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Table 8 – ART Availability and Children’s Grade Attainment

All children Older cohort

(1) (2) (3) (4) (5) (6)

2010 × ART Proximity 0.33*** 0.36* 0.24* 0.28 0.25* 0.18
(0.12) (0.22) (0.13) (0.22) (0.14) (0.22)

2008 × ART Proximity 0.09 0.15 0.09 0.17 0.10 0.08
(0.09) (0.20) (0.11) (0.21) (0.11) (0.21)

Girl × 2010 × ART Proximity 0.27 0.28 0.38* 0.41*
(0.21) (0.20) (0.22) (0.21)

Girl × 2008 × ART Proximity −0.03 −0.04 0.00 0.01
(0.15) (0.14) (0.16) (0.15)

Mean dep. var 3.70 3.72 3.70 3.72 3.94 3.96
Observations 1521 1512 1521 1512 1368 1359
Within R2 0.69 0.71 0.69 0.71 0.69 0.72

Child FEs Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y
Spatial & Demo. controls − Y − Y − Y

∗ p < .10, ∗∗p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (96 clusters, except column 5-6 with 95) and robust to het-
eroskedasticity. The sample is restricted to children who were reported in all three years of the survey (2006, 2008, and 2010),
and excludes children of HIV+ parents (18 children). Regressions are weighted by inverse of number of children per household.
Columns 1-4 use the full sample of children aged 5-19, and columns 5-6 only includes children who were older than 12 years
old by 2010. ART proximity is parameterized as the negative of log distance by road. All regressions include child fixed effects,
region-by-year dummies, and month of interview controls. Spatial controls include population density and proximity to clinic,
market, major road and school (all interacted with region and Postt). Demographic controls include pre-period wealth, roof
material, if the respondent has a mobile phone, age, household size, gender, education, and marital status (all interacted with
Postt).
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A Data Appendix

A.1 Malawi Longitudinal Survey of Families and Health (MLSFH):

Our main analysis uses data from 4 waves of the MLSFH: 2004, 2006, 2008, and 2010.2 We also use the

1998 and 2001 waves of the survey to impute savings. The MLSFH collected GPS coordinates of households

in 2004, and the survey team also conducted HIV testing in 2004-2008 waves of the survey.3 Figure 1 shows

the distribution of spatial characteristics and location (within the circle) of respondents for each region of

the survey.

• Sample selection: The sample selection process used the 2006 wave as the baseline year because many

key variables, particularly savings, subjective expectations, and earnings, were collected only starting

2006. Since GPS coordinates were collected only in 2004, the starting sample for our analysis was

individuals from the 2004 sample that were reinterviewed in 2006, which consisted of 2546 individuals

(see Figure 2 from Kohler et al. (2015) for the MLSFH Sample Flow). From this sample, we were able

to obtain accurate GPS data for 2095 individuals.4

Our analytical sample consists of the set of respondents with GPS data that are present for all three

years of the survey, from 2006-2010, which is 1379 individuals in 2006. This was done in order to

ensure that estimates are not biased due to changing sample composition throughout the years. For

outcomes with 2004 data, we use the available data for those respondents in the analytical sample

that were interviewed in 2004, but still include the respondents that have missing data in 2004. This

is done to maximize the sample size using the full set of outcomes of interest that are available (since

savings, earnings, and subjective expectations were only added to the survey module beginning 2006).

The results using a balanced panel starting with 2004 are show in Appendix Tables A2 and A3.

Finally, for imputing savings before 2006, we incorporate the 1998 and 2001 waves of the survey for

the respondents who were interviewed in those years.

Restricting the sample to those present for all three waves from 2006-2010 reduces the total sample size

by 34% (but by approximately 27% for individuals who have data on our main outcomes). The results

are similar using the entire sample of respondents (see Appendix Tables A2 and A3, columns 1 and 2).

However, due to missingness in the controls variables, the sample that remains when including the full

set of controls is actually the almost identical to the analytical sample. As there is considerable item

non-response, column 4 in Appendix Tables A2 and A3 show the results for the restricted sample that

have all the data for all years the outcome is available (such that the sample is fixed across outcomes).

The section on attrition (B) investigates the degree to which sample attrition affects our results. To

extend our analysis, we incorporate data on a migration followup that occurred in 2013 (Anglewicz et

2This survey has also been referred to as the Malawi Diffusional and Ideational Change Project (MDICP) in the past. With
major data collection rounds in 1998, 2001, 2004, 2006, 2008, 2010, and 2012 for up to 4,000 individuals, as well as ancillary
surveys and qualitative studies, the MLSFH has been a widely-used dataset for research on health, family dynamics, social
networks, and HIV infection risks in a rural SSA context (Kohler et al. 2015).

3GPS coordinates were obtained for respondents who took the HIV test in 2004, which is 91% of respondents (see Thornton
(2008)), of which another 7% did not have valid GPS readings.

4Of these individuals, 1871 had non-missing basic demographic characteristics such as age, gender, and education, but only
1510 had completed the subjective expectations module, reported savings and expenditures–our outcomes of interest.
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al., 2015). The migration followup study was able to location and interview 246 of our starting sample

that were lost to followup. The migration analysis, described in detail in B includes the 2013 wave of

data for these migrants, analogous to an “Intent to Treat” analysis.

• Treatment of outliers: For monetary outcomes such as savings, expenditures on children, self, and

farm inputs there are many zeros as well as many extreme values. For all models in the analysis in

the main text, we transform all nominal values using the inverse hyperbolic sine transformation.

The results are qualitatively similar using different approaches to handle zeros and outliers. Previous

versions of the paper winsorized at the 98th percentile, and we include all main results using this

specification in the appendix (see Appendix Tables A15-A20).5 Our results are robust to specifications

using the inverse hyperbolic sine and log transformations (and robust to using a range of values for

the added constant), and as well as other thresholds for the winsorization (e.g. 99th, 95th, etc). Our

results are also qualitatively similar using quasi maximum likelihood poisson estimation with fixed

effects, though the estimation is frequently not possible due to known convergence issues when adding

in controls as maximum likelihood estimates do not exist (Santos Silva and Tenreyro, 2011, 2010).

Finally, we also show results for a Quantile Treatment Effect analysis using changes in outcomes from

2006-2010, and defining the binary treatment indicator for individuals near (within 6 km) of the ART

facility in 2008. This is similar to a quantile difference-in-difference approach. The results are shown

graphically in Figure A9.

A.2 MLSFH Child Sample

For the child sample, we use data constructed from household rosters (the linkage process was done by Castro

et al. (2015)). The MLSFH household rosters do not provide unique identifiers for each person who is listed

by the respondent on the household roster that was collected during the 2006-10 MLSFH surveys. To allow

for longitudinal analyses of the information elicited in these household rosters, the data on the respondent’s

children listed in the 2006, 2008 and 2010 MLSFH household rosters were linked using names, ages, sex,

and birth order. Because not all data were available in every wave, and because the spelling of names is not

always exactly identical across waves, the matching was not undertaken with a computerized algorithm, but

was done case-by-case instead.

Two processes were undertaken simultaneously. First, names were designated the principal matching

variable; so to be consider matched, a minimum similarity in spelling was required. Second, a quality

indicator for the quality of the match was assigned to each matched child, with the match being low quality,

if no other data than the spelling itself was available to establish the match, and the spelling itself was not

sufficiently similar across waves, medium quality, if any other variable was available (age, sex, birth order) to

establish the match or, if no other data was available but the spelling matched very closely, and high quality,

if two or more variables were available to establish the match. Only children of medium and high quality

of match are included for the analyses of this paper, which represent about 90% of the total matched cases.

See Castro et al. (2015) for additional detail of this linkage process.

5For earnings and total expenditures, fewer than 5% of respondents report null values, and so we always transform these
variables using the inverse hyperbolic sine (and these results are also not sensitive to the transformation used).
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We restrict the analysis on the subsample of biological children living with the respondent that are

between the ages of 5 and 19, inclusive, as children not yet eligible to start school or who are already too

old would not be affected by the rollout. Like in the adult sample, we include children who are observed in

the data for all waves of the survey.

A.3 Spatial Data

All spatial analysis was performed using ArcGIS. Distance calculations were computed using ArcGIS Net-

work Analyst, which uses Dijkstra’s algorithm for finding the shortest paths on an undirected, nonnegative,

weighted graph.

• Clinic Data, HIV Unit at the Malawi Ministry of Health: We obtained data on ART start dates, GPS

coordinates, and other clinic characteristics from the HIV Unit at the Malawi Ministry of Health.

Clinic database with GPS coordinates did not contain ART service start dates, but a separate list of

clinics providing ART with start dates was obtained from the HIV Unit and matched by hand to the

clinic database.

• Road Network Data, Malawi National Statistics Office (NSO): In order to determine distance by road,

we incorporate road network data (arcGIS files) provided by the Malawi National Statistics Office

(NSO). The NSO data also contained coordinates of important landmarks such as schools and trading

centers.

• Population Density, Afripop data: We use estimated population density at a resolution of 100 meters

from the Afripop database, which is now a part of the WorldPop project (Tatem et al., 2007; Tatem

and Linard, 2011). Population density is estimated using census data along with satellite imagery

for mapping settlements (30m spatial resolution Landsat Enhanced Thematic Mapper), in addition to

other sources.
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B Attrition Analysis

Appendix Table A10 provides summary statistics by attrition status and shows significant differences between

attritors and non-attritors. Attritors tended to be younger, male, unmarried, more educated, closer to major

roads, and more likely to be HIV-positive. As described in the data section above, we estimate Equation 4.1

using a balanced panel. Thus our results are internally valid (even if there is attrition) as long as attrition

is not correlated with ART proximity. We worry that individuals who live far from ART and are forward-

looking may move closer to ART facility (and attrit from the sample). Thus the sample of respondents

that remain in the analysis would include both types (forward-looking and not) in the near areas and only

present-biased types in the far areas. Several pieces of evidence suggest this is not the case. First, attrition

is not correlated with ART proximity, which can also be seen in Table A10 as the “Distance to ART in 2008”

(Panel E) in columns 1 and 2 are not statistically different (if anything attritors were closer to ART facilities,

p=0.11, but the difference in ART proximity (ln-distance) has a p-value of 0.25 ). Second, attritors did not

appear to be less present biased, there is no difference in whether the respondent exhibited a “High discount

rate” (Panel B) by attrition status.

Appendix Table A10 also repeats the balancing tests (regressing characteristics on ART proximity con-

trolling for spatial characteristics) for the attritor sample. Among attritors, people near ART were more

likely to be HIV-positive and report more sick relatives that died of AIDS. Attritors near ART also had

more education. And they were more likely to have a mobile phone, a pattern that also appeared with the

non-attritors. However, there was balance in the main outcomes of interest (Panel D) among attritors, and

overall characteristics are not jointly correlated with ART Proximity, with a p-value of the joint test equal

to 0.53.

Finally, we present estimates of our main results on savings and child expenditures using Inverse Proba-

bility Weights (IPW) to account for attrition. IPW will correct for a bias in the estimated treatment effect

under the assumption of attrition on observables, z (and where z is a larger set of observables than those

used as controls in our main estimation procedure. In other words, let si = 1 if a respondent is observed in

2006 and does not attrit from the sample in later waves, let z be the set of observables, and y the outcome

in 2010. Selection on observables implies that P (s = 1|y, z) = P (s = 1|z) = P (z), that is conditional on

observables the probability of attrition is independent of the outcome. In this case, we use the observables in

2006 to predict (using a logisitic regression model) whether a respondent is in the sample to get an estimate

of P (z), p̂(zi). We then weight the observations in the balanced panel regression using 1/p̂(zi) for sampling

weights. We further allow the observables to affect attrition differently depending on x, the ART proximity

(here we define x as a dummy variable equal to 1 if near (<6km from) ART). Thus, we separately estimate

p̂(zi|xi = 1) and p̂(zi|xi = 0). The results of the main analysis redone with IPW are presented in Appendix

Tables A12 and A13. The IPW estimates similar to those reported in the main text, but the coefficients

for the savings results are approximately 5-10% smaller, while the coefficients on education expenditures are

approximately 20% larger. The coefficient on other spending also increases, and the increase in medical ex-

penditures are marginally significant though no in all specifications, while spending on clothing still remains

unaffected by ART (although point estimates are more positive, we cannot reject that they are different from

zero).
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Next, we turn to incorporating attritors who were located in the 2010 wave (183 cases) as well as those

who were found at the 2013 migration followup study (246 cases). Appendix Table A11 shows characteristics

of the analytical sample, attritors located (in 2010 or 2013), and attritors who were never located (287 cases).

We will refer to attritors located in 2010/2013 as migrants, and those never located as lost to followup (LTFU).

Note that the characteristics of migrants and LTFU differ along different dimensions to the analytical sample:

migrants were younger, had fewer children, and higher education while LTFU were living in more densely

populated areas. Both migrants and LTFU were more likely to have HIV, perceive higher mortality risk and

HIV threat, and live closer to major roads and clinics. Importantly, ART proximity in 2008 was not different

across the three groups.

As a further robustness exercise to test the degree to which attrition can explain our results, we include

migrants back into our analysis, in an “Intention to Treat” approach. This increases the sample size to 1808

individuals.6 We have 2010 values for migrants who were located in 2010, however, we use 2013 values for

outcomes for the migrants located in 2013. However, migrants found in 2013 were not asked expenditures

questions, so we focus the analysis on the savings and mortality risk outcomes.7 The results of our main

regressions including the migrant sample are in Appendix Table A14, Columns 1,4, and 7 reproduce the

results from the analysis in the main text. Columns 2,5, and 8 include the migrants. Finally, Columns 3, 6,

and 9 estimate the previous regression with sampling weights to adjust for remaining attrition. We again use

Inverse Probability Weighting, calculating new weights for each respondent for each wave of the survey from

2008, 2010, and 2013, ie, the sampling weight, 1
p̂(zit)

, now varies over time within the panel (see Wooldridge

(2007)). Our results are robust to including temporary attritors and migrants, though the point estimates

on savings decrease somewhat (by approximately 15% across different years) when including attritors. The

point estimates on the mortality risk index increase when including attritors. Estimation using sampling

weights (IPW) yields very small changes to the estimated coefficients.

6Appendix Table A11 Columns 4-5 test “balance” along the ART Proximity gradient, using the analytical+migrant sample,
and the results are quite similar to the analytical sample only (metal roof, mobile phone and mental health are still significantly
correlated to ART Proximity while there is balance along the main outcomes).

7Only a subset of mortality expectation were asked for the migrants: the 1, 5, and 10 year own-mortality probabilities.
Thus the mortality index, which is a factor score of all mortality perceptions, is calculated using these 3 measures.
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C Imputing Savings

The MLSFH survey did not begin collecting data on savings until 2006, and so we are unable to directly test

for pre-trends in savings. In order to assess the potential that our savings results are driven by a pre-existing

trends, we model savings in 2006 in order to impute savings in waves prior to 2006. For this exercise, we

incorporate data from the 1998 and 2001 waves in order to obtain a longer time horizon to estimate trends

in savings.

We estimate (log) savings in 2006 using a rich set of demographic, economic, and HIV-related variables

and then use the parameters of the model to impute savings using the available data collected in previous

waves when savings itself was not collected. This exercise is similar to testing pre-trends across individual

variables, as we have done in Table 2; however, it combines the available variables in a way that best correlates

with the outcome of interest. While this test is stronger than testing pre-trends of individual variables, it

cannot rule out the possibility of pre-trends in savings that are uncorrelated with observable characteristics.

Formally, we estimate

ln(savings)2006 = X2006β + Zγ + ε2006 (A1)

where ln(savings) is the vector of savings (transformed using the inverse-hyperbolic sine) for all individuals

in our analytical sample in year 2006, X2006 is a matrix consisting of the subset of predictors or covariates of

savings in 2006 (and Z includes the standard set of spatial controls used in the main text which do not vary

over time), and β is the vector of parameter estimates. We then obtain β̂2006, and predict ̂ln(savings)j =

Xj β̂2006 for each j ∈ {1998, 2001, 2004}.8

Technically, the set of covariates available in each survey wave is not the same. For example, in 2004 we

have a measure of the individuals’ rate of time preference, while in 2001 and 1998, we do not. On the other

hand, earnings were not reported in 2004, but they were in 2001 and 1998. To account for this, we estimate

the base model in equation A1 using 3 sets of covariates: each set is reflective of the covariates that are

actually available in the previous waves of the survey. This ensures that the coefficient accurately reflects

each covariates’ contribution to predicting savings, conditional on the other available covariates.9 Note, the

parameter estimates, βj
2006, are always obtained using 2006 covariates.

Table A7 presents the model used to impute savings using all available covariates (as mentioned above, we

estimate this model 3 times, using only those covariates in 2006 that were also available in the survey wave

we are imputing for). The set of demographic, income, expenditure, and HIV-related variables included

in the model are all reported in the table. The coefficients on the spatial controls have been suppressed

to save space. We note that coefficients are of the expected sign: married and wealthier individuals have

more savings, while individuals with more children or high discount rates have fewer savings. Ownership

of certain assets, particularly beds, goats, and metal roofs, are strong predictors of savings. Earnings are

also a strong predictor of savings, and the elasticity of the stock of savings with respect to earnings is about

8We have also modeled total savings using a Tobit model as well as the binary savings decision using a Probit specification
and found similar results in both cases.

9Formally, we use Xj
2006, which is a matrix consisting of the subset of predictors in 2006 that are also available in year

j ∈ {1998, 2001, 2004}, to obtain estimates of βj
2006 which is the vector of parameter estimates using the subset of predictors

available in year j. We then obtain β̂j
2006 for each j ∈ {1998, 2001, 2004}, and predict ̂ln(savings)j = Xj

j β̂
j
2006 for each

j ∈ {1998, 2001, 2004}.
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0.14. Furthermore, individuals who worry about HIV or are HIV positive tend to have higher savings,

indicating that the AIDS risk is a potential motivator for precautionary savings. Our model explains 19%

of the variation in 2006 cash savings.10

To ensure our imputed savings have predictive power, we obtain the R2 from regressing actual measures

of savings on imputed savings in 2008 and 2010 (when we observe both measured and imputed values).11

Table A8 reports the share of the variation in total savings explained by the imputed savings in 2008 and

2010: our imputed measure explains 22% of the variation in savings in 2008 and 29% in 2010: a considerable

amount of variation. Figure A5a shows local linear regression, with 95% confidence bands, of actual savings

as a function of predicted savings in the three waves both were available: the functions lie close to the

45-degree line (with evidence of censoring, suggesting a Tobit model would perhaps be more appropriate for

estimating A1).12

We also test if the imputing savings variable generates treatment effects in 2006-2010. Given the set of

covariates used to model savings, only “Worried about AIDS” actually reflects beliefs about mortality risk.

As a result, we should not expect imputed savings to respond strongly to ART proximity as the co-variates

we use to impute savings should not change with shocks to beliefs alone. Table A8 shows that indeed, the

imputed savings (column 1) do not respond to ART (column 2 shows the actual response in savings using

the same sample).13

Table A9 estimates the pre-ART trends in imputed savings, as well as three important variables: total

earnings, roof structure (a proxy for wealth), and whether the respondent was worried about AIDS. The

dependent variable in Column 1 uses imputed log-savings using variables for years 1998-2004, but actual

reported cash savings from 2006. The coefficient on Y ear × ARTProx, is very small and insignificant. In

fact, the pre-ART trend for savings is actually slightly negative, and the standard errors are also fairly small

indicating our null findings on trends are not due lack of power.

We also show results for pre-trends for 3 variables that we measure from 1998 onwards and that are highly

correlated with either savings or mortality risk: earnings, having a metal roof, and worry about AIDS. We

chose these variables because they respond to economic and diseases environment changes over time and not

just fixed demographics. The coefficients in Table A7 mask the importance of earnings and roof structure

in predicting savings because of the many additional covariates. However, regressing savings in 2006 on

earnings, metal roof, and worried about HIV reveals an elasticity of savings with respect to earnings of

0.23 (p<0.001) and a semi-elasticity of savings with respect of having a metal roof of 0.74 (p<0.001), while

worried about AIDS remains uncorrelated with savings.14 Columns 2-4 of Table A9 estimate the pre-ART

trends for earnings (transformed with the inverse hyperbolic sine, though earnings were not reported in

1018% using just the subset of variables available in 2004, and 17% of the variation using the subset of variables available in
1998 and 2001 waves.

11For 2006, we have already reported above that 19% of 2006 savings are explained by covariates, but the share of variation
explained in 2008 and 2010 are particularly of interest because they are out-of-sample predictions.

12The results are similar using a Tobit model for savings, though for simplicity, we show all results here using a linear model.
13Including mortality risk variables into the set of predictors of savings in 2006, however, does yield significant (though,

substantially smaller) effects of ART proximity on imputed savings: in 2010, the coefficient on ART proximity is 0.14 (p<0.05).
Since we do not have these variables before 2006, we cannot include them in the imputation for savings prior to 2006.

14We nevertheless show this outcome because it is strongly associated with own mortality risk in 2006: a similar regression
of own 5-year mortality risk on earnings, metal roof, and being worried about AIDS reveals that while earnings and metal
roof are not significantly correlated mortality risk, being worried is associated with a 0.08 greater 5-year mortality probability
(p<0.001).
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2004), roof structure, and worry about AIDS. The coefficients on Y ear × ARTProx, are very small and

insignificant, though fairly precisely estimated across all 3 outcomes, indicating no differential pre-trends in

economic outcomes or disease environment.

Finally, Table A9 Column 5 estimates the main savings results with the addition of a control for the pre-

ART annual growth rate in savings interacted with year, which reduces the magnitude of the point estimate

in 2008 by 20 percent (from 0.69 to 0.43, no longer statistically different from zero), and in 2010 by only 6

percent (and still highly statistically significant).15

15As in the main text, column (5) sample is restricted to individuals who were interviewed in all three years of the survey
(2006, 2008, and 2010).
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D Effect of ART on Subjective Life Expectancy

Table A4 shows the effect of ART on components of the mortality risk index. While we hesitate in drawing

any strong conclusions from each individual point estimate (because of noise in the dependent variable

and concerns over multiple inference), we discuss some of the broad patterns. Own and healthy mortality

risk behave similarly (except own 10-year mortality risk) and respond to ART by 2010 but the estimates

are imprecise. Meanwhile, HIV+ mortality risk responds the strongest to ART proximity across all time

horizons (column 3) and is statistically evident by 2008. This is reassuring as the HIV+ mortality risk

precisely the variable that should respond to ART availability (since own and healthy mortality risk are

affected by compounding the probability of getting HIV and then mortality risk conditional on positive).

Own mortality risk adjusts most strongly and earlier for the subset of respondents who report any likelihood

of HIV at baseline (column 5). Finally, although people in Malawi generally believed ART to be extremely

effective early in the rollout, it’s unlikely that they would have known the long-term efficacy of the medication

(indeed, in the developing world context, this was even unknown to scientists at the time). As such, our

results are consistent with a model of learning about the long-term efficacy of ART (column 4): only the 10-

year horizon for ART mortality risk is affected by ART proximity and this is only evident by 2010 (consistent

with learning taking time, as people observe those on the medications still living).

By contrast to results above, Panel C, Columns 1 and 2 indicate that 1-year own and hypothetically

healthy mortality risks also respond to ART availability. However, 1-year mortality risk results not medically

realistic given the long period of asymptomatic infection before the disease progresses to AIDS. However,

respondents’ perceived mortality probabilities of hypothetically healthy individuals are likely to include future

risk of infection. Furthermore, respondents may not have accurate information on disease progression, the

future infection risk is incorporated even at 1-year horizons. Respondents may have incomplete/inaccurate

knowledge about the technical aspects of the disease because information about HIV/AIDS was not discussed

in the public sphere until 2001.16 Thus, respondents may form beliefs largely based on what they observe

about the disease, which is usually fully developed AIDS. Additionally, respondents overstate other risks

associated with HIV/AIDS, a finding that has been well-documented in numerous studies with independent

samples across Malawi (Kerwin, 2016; Derksen and Muula, 2016). For example, in our data the reported

transmission probability per sex act is close to 90%, whereas the actual transmission probability is less than

1%. These patterns may be explained by a health education policy which purposely overstates the risk of

contracting HIV in an effort to discourage risky behavior. Such policies, aimed at “scaring” individuals to

induce behavior change, did not always convey the nuances of the disease (Barden-O’Fallon et al., 2004).

For example, only 65% of women in 2004 knew it was possible that healthy looking people can have HIV

(Barden-O’Fallon et al., 2004), and that rate was lower among more rural and less educated women. As a

result, many people associated HIV infection with the symptomatic manifestation of the disease (by the time

symptoms are visible, the individual has AIDS, and life expectancy without ART is less than 1 year). Thus,

while medically inaccurate, the limited understanding of the nuances of the disease combined with a policy

16At the start of the epidemic in Malawi, President Banda believed that issues relating to sex, including HIV transmission,
should not be addressed in the public sphere. Until 1994, it was illegal for Malawian citizens to discuss the epidemic openly, and
even after the change of power to President Muluzi, it was not until 2001 that information about HIV/AIDS became available
via TV and radio (Kalipeni and Ghosh, 2007).
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that purposely overstated risks may explain why we see results at the 1-year horizon even for hypothetically

healthy individuals.

Two pieces of evidence in our data suggest the results on healthy mortality risk are driven by HIV-related

risk: (1) Perceived current and future HIV prevalence are both highly correlated with healthy mortality risk

at all horizons (see Table 9 below), but are consistent with timing in that current HIV prevalence is more

important for the 1-year horizon while future prevalence is more important for the 10-year horizon, and (2)

partialling out the HIV+ mortality risk eliminates the effect of ART proximity on healthy mortality risk.

Table A5 shows that after partialling out the effects of perceived HIV+ mortality risk, the coefficient on

ART Proximity is substantially smaller and no longer marginally significant.

Table 9 – Correlations between perceived HIV prevalence and health mortality risk

(1) (2) (3)
1-year healthy
mortality risk

5-year healthy
mortality risk

10-year healthy
mortality risk

Current HIV prevalence 0.083∗∗∗ 0.065∗∗∗ 0.028
(0.020) (0.024) (0.027)

HIV prevalence in 5 years 0.012 0.046∗∗∗ 0.080∗∗∗
(0.014) (0.017) (0.022)

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village. All probabilities (HIV
prevalences and mortality risks) are re[ported between 0 and 1 at 0.1 increments. Survey
waves used are 2006, 2008, and 2010, and regressions control for region-by-year fixed
effects.

Next, we calculate the implied effect on subjective life expectancy (SLE) from the estimates on 5-year

mortality risk. We use the estimates reported in Baranov et al. (2015), Table 8 which report the results

for the subsample of HIV-negative and non-caretakers (NCT).17 We use the 5-year mortality risk measures

specifically because it corresponds to the 5-year age groupings in mortality tables, and also because we worry

that respondents hesitate to project their own mortality risk so far into the future. Interpreting the estimates

of the impact of ART availability on subjective mortality risk as the first-stage is a valid approach if our

identification strategy is only picking up the effect expectations and not direct effects of mortality changes,

and the exclusion restriction is more likely to be satisfied among the HIV-negative/NCT sample.

The implied subjective life expectancy is calculated by adjusting the age-specific mortality rates from

life tables,18 which provide age-specific mortality rates in 5-year increments (e.g., mortality rate for the age

group 20-24). To estimate the implied life expectancy gain, we adjusted the age-specific mortality rates

between the ages of 22 and 57 (this is generally the age range for the majority of AIDS-related mortality).19

17The point estimate in Table 8, Column 2 is 0.02, which is the effect of going from 8 to 4km. The corresponding effect
of going from 9 to 3.2km (the 5.8km difference we use in this paper) implies a decline in 5-year mortality risk by 0.04, or 4
percentage points. Our own estimates of ART proximity on the 5-year mortality risk in Table A4 are nearly identical, at 0.042
percentage points.

18We use life tables from the UN Population Division for Malawi in 2009 since these are calculated based on mortality data
the 5 years prior, which corresponds best to the years of our survey.

19The estimated effect on 5-year mortality risk from our respondents is an average based on all respondents and is not
age-specific. While it would be possible to estimate the effect of ART on 5-year mortality risk for each age group, the estimates
become less precise. Thus we use the overall effect of ART on 5-year mortality risk to adjust the age-specific mortality rates in
the age groups where AIDS mortality is occurring. In practice, if we take the age-specific mortality reductions at face value,
our approach underestimates the life expectancy gains because the youngest cohorts report the largest mortality risk declines.

A12



We assume that the level change in subjective mortality risk reported using beans is an accurate reflection

of the respondents’ risk assessment. Thus, we apply the 4 percentage point decrease to the relevant age

categories,20 which yields a subjective life expectancy gain due to moving ART 5.8km closer to the respondent

of 6.0 years.21

We can compare these subjective life expectancy gains to the estimated life expectancy gains of eliminating

AIDS in Malawi (UN World Population Prospects, 2010 Revision). According to these estimates, eliminating

all AIDS mortality in Malawi would lead to an increase in observed life expectancy at age 5 of 12.7 years.

The gains provide a reasonable upper bound for the effect of ART on subjective life expectancy, since ART

medication does not entirely eliminate AIDS mortality.22 In light of the large change in objective risk, the

strong response in subjective mortality risk and other behavior changes among the HIV-negative sample

does not seem implausible.

20Except for the 20-24 age group, which we treat separately, since that would result in negative mortality probabilities. Here
we smooth the values by interpolating the decrease in mortality risk linearly between the age group above and below.

21An alternative approach assumes instead that the percentage change in the level is meaningful. Then 4 percentage points
more accurately reflects a 10 percent decrease in mortality risk (since the average perceived mortality risk before ART was
0.4). This second approach may be more valid if we are concerned with interpreting the response in levels, given the levels
of perceived mortality risk as compared to life-table based estimates of mortality risks (Delavande and Kohler, 2009) seem
implausibly high. Applying a 10 percent decrease to the 5-year death probabilities to the relevant age categories in the life
tables yields an increase in LE of 2.0 years.

22The life expectancy gains may seem high given the prevalence of HIV. It is useful to realize that the lifetime risk of
getting HIV is also much higher than the prevalence, and in a country with 10 percent prevalence the lifetime risk of HIV is
approximately 45 percent (Blacker and Zaba 1997).
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E Savings and Growth

The effects of ART on saving behavior estimated in the main text used total cash savings as the outcome

variable, which represents the total stock of liquid savings of the respondent at the time of the interview. In

order to better interpret our results, we recast the savings results as the effect of ART on the personal saving

rate. The MLSFH did not collect comprehensive data on expenditures, notably missing food expenditures and

household items, so we do not take the standard approach to estimating savings as income less consumption.

Instead, we take advantage of the panel structure of our data to generate savings rates as the change in cash

savings between waves of the survey (net contributed to savings over 2 years) divided by income generated

in those two years.23 This approach yields a range in saving rates between -0.5 and 1 for 95% of the sample

(we trim 2.5% of the sample from above and below to exclude nonsense values). The mean saving rate for

the sample across both years is 12 percent (interestingly, the average national saving rate in Malawi over

the period 2006-2010 was 14.7 percent).24 On one hand, our measure of the individual saving rate will be

biased upward because income reported does not include household food production that was consumed by

the household. On the other hand, our measure of savings captures only liquid personal savings and does

not include the value of land, farm equipment, or durable assets. We proceed, noting the caveat that our

measure of the personal saving rate is capturing liquid savings as a share of market income.

As savings were not reported prior to 2006, we do not have pre-ART data on the saving rate. Our

approach is no longer a double difference, and is only valid under the assumption that saving rates were

uncorrelated with ART proximity prior to 2008. The combined facts that total savings and earnings were

uncorrelated with ART proximity in 2006, and that trends in earnings and imputed savings prior to ART

were parallel, suggest that this assumption is valid.

We regress the calculated saving rate on ART proximity, specifically, sit = α+βART Proxi +X ′
irtγ+εit,

where Xirt is the vector of spatial characteristics interacted with region and year, as in the main text and

errors are clustered at the village level.25

Estimating the above specification, we find that the coefficient on ART proximity is 0.026 (with a standard

error of 0.006) without additional spatial controls, and 0.038 (standard error of 0.010) once the full battery

of spatial controls are introduced. The coefficient implies a reduction in distance of 5.8 km would increase

the saving rate by 2.6-3.8 percentage points. Given the first stage effect of ART on implied life expectancy

calculated in Section D, the corresponding life expectancy gains are 6.0 years. In other words, increasing life

expectancy by one year implies an increase in the saving rate by 0.43-0.63 percentage points. Alternatively,

it implies a 0.2-0.3pp increase in saving due to 1% (0.47 years) increase in LE (or an elasticity of the saving

rate with respect to life expectancy of 2.8-4.1).

Next, we turn to investigating the plausibility of the magnitude of our savings results. We are, however,

unaware of any other micro-based studies that produce an estimate of the elasticity of personal savings

with respect to life expectancy. Instead, we turn to the cross country relationship between savings and life

23We use earnings reported in year t of the survey, and estimate earnings at t− 1 as the average between t an t− 2 earnings.
Note that like savings, income is also personal income and not household income.

24Statistics from the World Development Indicators, 2016.
25We use both 2008 and 2010 data, as both saving rates were calculated using “post” ART savings. We cannot use the fixed

effects specification since ART proximity does not vary over time.
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expectancy.26 Figure A7 shows the relationship between average national savings between 1996-2006 and

average life expectancy for that period.27 There is indeed a positive relationship, with a slope indicating

an increase in the saving rate of 0.38 percentage points for each year of life expectancy gained, though the

R2 is fairly low at 15%. Our estimates based on ART availability are approximately 13 to 66% higher than

the cross country relationship. Alternatively, regressing the saving rate on log-life expectancy, we get an

estimate of 0.19, ie an increase in LE by 1% is associated with an increase in the saving rate of 0.2pp.

We can also compare our estimates to that of Zhang and Zhang (2005), who model the effect of life

expectancy on saving, schooling, fertility, and economic growth. Using cross-country data from 76 countries,

the authors find that life expectancy has a significant positive effect on the saving rate: specifically, they

estimate that a 1% increase in life expectancy increases the saving rate by approximately 0.24 percentage

points (Table 2). Recall, based on the estimates in this paper, a 1% increase in life expectancy (an increase

of 0.47 years) would lead to an increase of 0.2-0.3pp in the saving rate, very close the estimate from Zhang

and Zhang (2005).

Our final exercise is to do a simple calculation to estimate the implications for economic growth, based on

prevailing macro-literature on the relationship between savings and growth. Interestingly, the role of savings

in growth has been questioned both empirically and theoretically, as countries can borrow to finance the

purchase of capital and do not need to rely on domestic savings. However, a recent study by Aghion et al.

(2016) argues that domestic savings can play a role in growth for poor countries because they enable local

entrepreneurs who are familiar with local conditions to cooperate with foreign investors who are familiar

with frontier technology. In such a model, growth results from innovations that allow local sectors to catch

up with frontier technology and domestic savings acts as equity, mitigating an agency problem that would

otherwise deter the foreign investor from participating.

Empirically, Aghion et al. (2016) do not calibrate their model, nor do they argue their estimates represent

a causal interpretation. Nevertheless, we use their estimates as a benchmark, though major caveats apply.

Based on the econometric specification implied by their model (the main implication is that there is no

relationship between lagged savings and growth for countries close to the productivity frontier, but there

should be a relationship for countries far from the frontier), an increase in the average saving rate of 10

percentage points is associated with an increase the growth of income per work by approximately 0.4pp

(average growth over the 5-10 year horizon).

If the increase in saving rates due to ART were sustained (for 10 years, to be comparable with Aghion

et al. (2016)), then combined with our saving results, a one year increase in LE would translate an increase

in growth of approximately 0.017-0.025 percentage points in the long-run due to the saving channel alone.28

26We are very grateful to Hoyt Bleakley for this suggestion.
27While national savings are not equivalent to personal savings, it is reasonable to assume that personal savings comprise

an important share of the national figure, especially in developing countries. Personal saving rates at the country level are only
available for the 33 OECD nations and have a correlation coefficient of 0.3 with national saving rate. However, there is no
relationship between either of the two saving rates and life expectancy for the OECD. This stylized fact is consistent with the
results from Aghion et al. (2016), which we discuss in more detail shortly, who find that domestic savings are important for
growth only among the relatively poor countries.

28Zhang and Zhang (2005) also provide an estimate of the effect of life expectancy on income growth: they find a 10% increase
in LE is associated with a 0.09pp increase in growth, which is nearly an order of magnitude larger than the corresponding
estimates based on our estimates combined with the Aghion et al. (2016) result. However, Zhang and Zhang (2005) estimates
combine the effects of increased human capital and lower fertility in addition to increasing saving rates.
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Thus, our savings results imply that a 10 year gain in LE from eliminating adult AIDS mortality would lead

to an increase in growth of income per worker by 1.7-2.5 percentage points.29

29Based on WHO projections using 2004-2009 mortality data, if ART eliminates all AIDS mortality in Malawi, it would lead
to an increase LE by 12.7 years. Note the experienced increase in LE in the decade since ART became available is a staggering
14.5 years. The measured increase in life expectancy in the decade between 2004 (the start year of the large-scale rollout of
ART, when life expectancy was 47) and 2013 is 14.5 years (World Development Indicators). Remarkably, Malawi’s experienced
life expectancy gains surpassed those based on estimates of entirely eliminating AIDS mortality. However, this comparison is
misleading as the estimated LE gain from eliminating AIDS mortality use data based on mortality between 2004-2009, which
actually already includes some effect of the ART rollout. To better compare the projection to measured gains, it makes sense
to take the starting year for LE as 2007 (the mid-point for the mortality data used) until the latest available year, 2014. During
that time, LE increased from 51.5 to 62.7, and 11.2 year gain.

The life expectancy gains cited above include child mortality, which is not relevant for the mechanism studied in this paper
but is a considerable portion of LE growth during this time. Figure A6 plots LE conditional on age 5, based on WHO life
table data. The change in age 5 LE between 2007 and 2014 is approximately 7.7 years, considerably lower than 11.2 gain which
includes child mortality. For the purpose of estimating the impact of ART on growth, we focus on gains in adult (conditional
on age 5) life expectancy: the gain from 2003 (just before ART) until 2015 has been approximately 10.8 years.
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Appendix Figures and Tables

Figure A1 – Distance to ART Facility

(a) Distribution of distances to ART in 2008
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(b) Residual variation in ART Proximity
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(c) Distribution of distances in 2008 by region
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(d) Distribution of distances by year
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Notes: Panels A1a-A1c show the distribution of the main time-invariant explanatory variable: the distance to the
nearest ART facility in 2008. Panel A1a combines all regions and shows the raw distribution in the background. Panel
A1b shows the residual variation in ART Proximity ( log of distance) after all spatial controls (interacted and not
interacted with region) have been partialled out. Panel A1c show the distributions by region, noting that while the
range and means are very similar, the overall patterns are not uniformly similar across the three regions. Throughout
the analysis, we always control for region-by-year fixed effects in order to ensure that the patterns we observe are not
due to the differential trends by region (which are unrelated to availability of ART). Panel A1d shows the distributions
of distance to the nearest ART facility over time, for 2006-2010. As the ART rollout began in 2004, the nearest facility
would be located in the major cities of Malawi only (greater than 200km for all respondents). By 2006, some district
hospital were providing ART, though almost all respondents (99%) lived more than 15km away from their nearest
facility. Between 2006 and 2008, clinics closer to the respondents began providing ART, shifting the distribution inward
for all respondents. Between 2008 and 2010, new clinic openings did not largely effect the distance to the nearest ART
facility for the respondents. For ease of interpretation, we use the time-invariant distance to ART in 2008 interacted
with year to estimate the effects of ART availability. However, using the time-varying distance yields almost identical
results.
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Figure A2 – Farm Input Subsidy Program (FISP) participation and distance to ART year
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Notes: This figure shows the relationship between distance to ART and participation in the Farm Input Subsidy Program in
2006 and 2010 (no data exist in 2004 or 2008). As in the rest of the analysis, region-by-year effects have been partialled out.
Overall participation (combined for both years) is also shown with a 95% confidence band. The figure indicates that households
near ART were not more likely to receive agriculture subsidies.

Figure A3 – Subjective Mortality Risk in 2006 by Year of Birth
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Notes: This figure plots local linear estimates of subjective mortality risk in 2006 as a function of birth cohort. Region effects
have been patrialled out. Standard errors are not clustered or adjusted for the two-stage estimation, so they are only shown as
guide. Since this graph represents a pre-trend test, standard errors that are downward biased represent a conservative approach,
as we are more likely to reject the null, leading us to conclude that there were differential pre-trends. Even so, the results do
not suggest that trends were diverging prior to ART.
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Figure A4 – Predicted savings as functions of distance to ART

.4
.6

.8
1

1.
2

1.
4

Pr
ed

ic
te

d 
sa

vi
ng

s 
ln

(U
SD

)

0 5 10 15
Distance to ART facility (km)

95% CI 2004
2001 1998

Notes: This figure plots local linear estimates of predicted savings (modeled as ln-savings, using the inverse-hyperbolic sine
transformation) for respondents in the early waves of the MLSFH survey– for years 1998, 2001, and 2004 – as a function of
distance to the ART facility. The confidence intervals are plotted for 2001 and 2004 years only (confidence band for 1998 is
omitted for clarity). Savings are modeled using available socio-economic and demographic data in the relevant survey year. See
Table A7 for the full list of variables used to predict savings.
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Figure A5 – Predicted savings

(a) Actual savings as a function of predicted savings for each year
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(b) Predicted savings as functions of distance to ART
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Notes: Top panel of this figure plots local linear estimates with 95% confidence bands of actual savings as a function of predicted
savings for each year. Bottom panel plots local linear estimates (with 95% confidence bands) of the unexplained variation in
savings (actual–predicted) as a function of distance to ART for each year. Predicted savings are modeled using available socio-
economic and demographic data in the relevant survey year and coefficients from the regression of savings on covariates in 2006.
See Table ?? for the full list of variables used to predict savings.
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Figure A6 – Life expectancy at age 5 in Malawi
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Notes: Life expectancy by gender for the age group 5-9 based on WHO life tables for Malawi (http://apps.who.int/gho/data/
view.main.60980).

Figure A7 – Relationship between Saving and Life Expectancy in cross-country data
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Figure A8 – Non-parametric estimates of the effect of ART availability

(a) Mortality risk
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(b) Total savings
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(c) Education expenditure
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(d) Medical expenditure
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(e) Clothing expenditure
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Notes: This figure shows nonparametric estimates of changes in the subjective mortality risk by distance to ART. Changes
are computed using 2010 as the “post” year, and 2006 as the “pre” year. This corresponds to the coefficient on 2010 ×
ARTProximity in the parametric results presented in the tables. All graphs are nonparametric local linear regressions with
region-year effects partialled out. Confidence bands at the 95% are computed using 1,000 bootstrap replications, clustered
by village. In each bootstrap step, and undersmoothed local linear bandwidth is chosen following Hall (1992).
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Figure A9 – Quantile Treatment Effects: Changes in Outcomes

(a) Saving Behavior
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(b) Investment in Human Capital
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Notes: Quantile Treatment Effects of ART availability on changes in outcomes from 2006 (pre) to 2010 (post). Binary
treatment variable is defined as treated = 1 if they are near (<6km) the ART facility, and zero otherwise. 95%
confidence intervals for the QTE were calculated by bootstrapping using 1,000 replications with replacement, clustering
at the village level. The average treatment effect (ATE), the mean difference in changes between near and far, is
presented for comparison.
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Figure A10 – Quantile Treatment Effects: Changes in Outcomes (Winsorized)

(a) Saving Behavior
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Notes: Quantile Treatment Effects of ART availability on changes in outcomes from 2006 (pre) to 2010 (post). Binary
treatment variable is defined as treated = 1 if they are near (<6km) the ART facility, and zero otherwise. 95%
confidence intervals for the QTE were calculated by bootstrapping using 1,000 replications with replacement, clustering
at the village level. The average treatment effect (ATE), the mean difference in changes between near and far, is
presented for comparison.
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Table A1 – Characteristics of Clinics by ART Start Date

ART Start Date: Before 2005 2005-2006 2007-2008 2009-2010 No ART
(1) (2) (3) (4) (5)

Catchment Population 43709 54092 30453 22605 18972
(25872) (46095) (14320) (13901) (14131)

Number of Beds 312.5 120.4 14.9 13.1 11.7
(286.5) (102.3) (13.0) (14.3) (27.2)

Electricity 1.0 0.9 0.5 0.5 0.4
(0.0) (0.2) (0.5) (0.5) (0.5)

Flush Toilet 1.0 0.9 0.4 0.4 0.3
(0.0) (0.3) (0.5) (0.5) (0.5)

HIV Testing 1.0 0.9 0.9 0.9 0.8
(0.0) (0.2) (0.2) (0.2) (0.4)

Outpatient 1.0 1.0 1.0 1.0 1.0
(0.0) (0.1) (0.0) (0.0) (0.2)

Inpatient Maternity 1.0 0.9 1.0 0.9 0.7
(0.0) (0.2) (0.0) (0.3) (0.5)

Inpatient General 1.0 0.8 0.2 0.2 0.1
(0.0) (0.4) (0.4) (0.4) (0.3)

Antenatal Clinic 1.0 1.0 1.0 1.0 0.8
(0.0) (0.1) (0.0) (0.2) (0.4)

STI Clinic 0.9 0.8 0.5 0.5 0.3
(0.3) (0.4) (0.5) (0.5) (0.5)

TB Clinic 0.9 0.9 0.8 0.7 0.7
(0.2) (0.3) (0.4) (0.4) (0.5)

Laboratory 0.9 0.9 0.4 0.4 0.1
(0.3) (0.3) (0.5) (0.5) (0.3)

Number of clinics 18 55 51 60 421

Note: This table shows a comparison of clinic characteristics according to the year they began providing
ART. Column (1) shows the clinics that began providing ART before 2005, and most of these facilities
had ART before the national rollout. Column (5) shows the characteristics for clinics that have not
begun providing ART as of the beginning of 2011. Standard deviations of the means are in parentheses.
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Table A2 – Further robustness: Saving Behavior and Mortality Risk

Has Savings

(1) (2) (3) (4)
Full smpl

No controls
Full smpl

All controls
Analysis smpl
All controls

Fixed smpl
All controls

2010 × ART Proximity 0.09*** 0.14** 0.10** 0.13**
(0.03) (0.06) (0.05) (0.06)

2008 × ART Proximity 0.09** 0.13*** 0.07* 0.13***
(0.04) (0.05) (0.04) (0.05)

2010 × Clinic Proximity −0.03
(0.03)

2008 × Clinic Proximity 0.01
(0.03)

Observations 4827 3483 3483 3345
R2 0.08 0.12 0.10 0.13

Total Savings ln(USD)

2010 × ART Proximity 0.47*** 0.84*** 0.42* 0.84***
(0.14) (0.28) (0.22) (0.29)

2008 × ART Proximity 0.39** 0.70*** 0.34 0.68***
(0.17) (0.26) (0.21) (0.26)

2010 × Clinic Proximity −0.07
(0.13)

2008 × Clinic Proximity 0.01
(0.14)

Observations 4822 3481 3481 3345
R2 0.12 0.15 0.14 0.16

Mortality Risk Index

2010 × ART Proximity −0.24*** −0.22** −0.05 −0.21**
(0.08) (0.09) (0.08) (0.10)

2008 × ART Proximity −0.18* 0.07 0.15 0.11
(0.09) (0.10) (0.09) (0.10)

2010 × Clinic Proximity 0.00
(0.08)

2008 × Clinic Proximity −0.06
(0.05)

Observations 4645 3416 3416 3345
R2 0.04 0.25 0.22 0.25
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity. ART proximity
is parameterized as the negative of log distance by road. All regressions include individual fixed effects and region-by-year
dummies. The top panel shows regressions for the binary outcome of savings, the middle panel shows results for total savings,
transformed using the inverse hyperbolic sine function, and lower panel shows results for the mortality risk index constructed
using factor score. Columns 1 and 2 use the full sample of respondents. Column 3 is the analytical sample in the main text,
restricted to individuals who were interviewed in all three years of the survey (2006, 2008, and 2010), however it is not more
restrictive than the sample of individuals with complete information for the 3 years. Column 4 is restricted to individuals in
who also have no missing observations in for our main outcomes, so the sample is fixed across regressions. Regressions with all
controls include all spatial, demographic, visit month, and mean reversion controls interacted with year, as well as economic
shocks and aid programs. Spatial controls include population density and region-specific proximity to clinic, market, major road
and school (all interacted with Year t). Column 3 also reports the coefficients on any clinic proximity, so proximity to any clinic
is not region-specific in this specification. Demographic controls include pre-period wealth, roof material, if the respondent has
a mobile phone, age, household size, gender, education, and marital status (all interacted with Year t). Controls for economic
shocks and other aid programs are described in detail in the text.
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Table A3 – Further robustness: Investment Behavior

Education ln(USD)

(1) (2) (3) (4)
Full smpl

No controls
Full smpl

All controls
Analysis smpl
All controls

Fixed smpl
All controls

2010 × ART Proximity 0.36*** 0.26 0.24** 0.31*
(0.11) (0.17) (0.12) (0.17)

2008 × ART Proximity 0.09 −0.03 0.04 −0.06
(0.09) (0.17) (0.11) (0.19)

2010 × Clinic Proximity 0.12
(0.09)

2008 × Clinic Proximity −0.02
(0.06)

Observations 3396 2645 2553 2140
R2 0.26 0.33 0.29 0.31

Medical ln(USD)

2010 × ART Proximity 0.13* 0.02 0.13 −0.03
(0.08) (0.09) (0.08) (0.09)

2008 × ART Proximity 0.04 0.09 0.06 0.01
(0.06) (0.13) (0.08) (0.15)

2010 × Clinic Proximity −0.02
(0.05)

2008 × Clinic Proximity −0.01
(0.06)

Observations 3475 2714 2606 2140
R2 0.03 0.13 0.08 0.11

Clothing ln(USD)

2010 × ART Proximity 0.11 0.04 0.12 −0.01
(0.13) (0.15) (0.13) (0.16)

2008 × ART Proximity −0.03 −0.03 −0.05 −0.17
(0.11) (0.21) (0.14) (0.24)

2010 × Clinic Proximity 0.09
(0.08)

2008 × Clinic Proximity −0.11*
(0.07)

Observations 3474 2713 2605 2140
R2 0.22 0.29 0.26 0.26
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (109 clusters) and robust to heteroskedasticity. ART proximity
is parameterized as the negative of log distance by road. All regressions include individual fixed effects and region-by-year
dummies. The top panel reports results for education expenditure outcome, the middle panel reports results for medical
expenditure, and the bottom panel for clothing expenditure. All outcomes are transformed using the inverse hyperbolic sine
transformation. The starting sample is all individuals who report biological children. Columns 1 and 2 use the full sample of
respondents. Column 3 is the analytical sample in the main text, restricted to individuals who were interviewed in all three
years of the survey (2006, 2008, and 2010), including data from 2004 where available. Column 4 is restricted to individuals in
who also have no missing observations in for our main outcomes, so the sample is fixed across regressions. Regressions with all
controls include all spatial, demographic, visit month, and mean reversion controls interacted with year, as well as economic
shocks and aid programs. Spatial controls include population density and region-specific proximity to clinic, market, major road
and school (all interacted with Year t). Column 3 also reports the coefficients on any clinic proximity, so proximity to any clinic
is not region-specific in this specification. Demographic controls include pre-period wealth, roof material, if the respondent has
a mobile phone, age, household size, gender, education, and marital status (all interacted with Year t). Controls for economic
shocks and other aid programs are described in detail in the text.
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Table A4 – ART Availability and Expectations – Individual Components of Mortality Risk Index

Mortality Risk Index Components Own Mortality Risk

(1) (2) (3) (4) (5)

Own Healthy HIV+ ART
P(HIV)>0
subsample

Panel A: 10-year horizon

2010 × ART Proximity −0.09 −0.41∗ −0.42∗∗ −0.43∗∗ −1.08∗∗

(0.28) (0.22) (0.18) (0.22) (0.47)

2008 × ART Proximity 0.34 −0.07 −0.42∗∗ −0.04 −0.76
(0.26) (0.22) (0.20) (0.23) (0.46)

Mean dep. var 6.04 6.13 8.90 8.30 6.35
Observations 3698 3733 3734 3695 1139
R2 0.08 0.08 0.08 0.12 0.12

Panel B: 5-year horizon

2010 × ART Proximity −0.42 −0.35∗ −0.48 −0.31 −1.45∗∗∗

(0.26) (0.20) (0.30) (0.24) (0.50)

2008 × ART Proximity 0.00 0.02 −0.43 0.03 −1.22∗∗

(0.26) (0.20) (0.35) (0.26) (0.49)

Mean dep. var 4.19 4.15 7.04 6.25 4.49
Observations 3700 3737 3737 3698 1137
R2 0.08 0.09 0.09 0.11 0.13

Panel C: 1-year horizon

2010 × ART Proximity −0.42∗ −0.32∗ −0.62∗∗∗ 0.04 −1.59∗∗∗

(0.23) (0.16) (0.24) (0.22) (0.50)

2008 × ART Proximity −0.08 −0.04 −0.51∗ 0.24 −1.30∗∗∗

(0.23) (0.15) (0.29) (0.22) (0.49)

Mean dep. var 2.25 2.12 4.55 4.00 2.51
Observations 3705 3738 3739 3694 1138
Within R2 0.08 0.09 0.08 0.09 0.13

Individual FEs Y Y Y Y Y
Region × Year FEs Y Y Y Y Y
Spatial controls Y Y Y Y Y
Demo., shocks & aid Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity. ART proximity
is parameterized as the negative of log distance by road. All regressions include individual fixed effects, region-by-year dummies,
and month of interview controls. The sample is restricted to individuals who were interviewed in all three years of the survey
(2006, 2008, and 2010). Spatial controls include population density and proximity to clinic, market, major road and school
(all interacted with region and Postt). Demographic controls include pre-period wealth, roof material, if the respondent has a
mobile phone, age, household size, gender, education, HIV status, and marital status (all interacted with Postt). Controls for
economic shocks and other aid programs are described in detail in the text. Each outcomes variable represents a probability,
measured in increments of 1 between 0 and 10.
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Table A5 – Heterogeneity and timing by pre-ART perceived HIV-risk

(1) (2)
Mortality risk

index
Any

savings

2010 × ART Proximity × P (HIV )06 > 0 −0.21 0.06
(0.14) (0.08)

2008 × ART Proximity × P (HIV )06 > 0 −0.28* 0.11
(0.15) (0.09)

2010 × ART Proximity −0.21* 0.12**
(0.11) (0.05)

2008 × ART Proximity 0.03 0.08
(0.12) (0.06)

Observations 3623 3623
Within R2 0.10 0.11
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: This table shows heterogeneity of responses to ART proximity by whether the respondent reported any likelihood of HIV
risk in 2006 (pre-ART). Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity.
ART proximity is parameterized as the negative of log distance by road. All regressions include individual fixed effects, region-
by-year dummies, and month of interview controls. The sample is restricted to individuals who were interviewed in all three
years of the survey (2006, 2008, and 2010). Spatial controls include population density and proximity to clinic, market, major
road and school (all interacted with region and Postt). Demographic controls include pre-period wealth, roof material, if the
respondent has a mobile phone, age, household size, gender, education, HIV status, and marital status (all interacted with
Postt). Controls for economic shocks and other aid programs are described in detail in the text. Mortality risk index is a factor
score of a set of 16 variables describing own and hypothetical mortality risks.

Table A6 – Mortality risk for hypothetically healthy

Hypothetical mortality risk
for healthy person

Mortality risk for healthy
HIV+ mort. risk partialled out

(1) (2) (3) (4) (5) (6)
10-year
horizon

5-year
horizon

1-year
horizon

10-year
horizon

5-year
horizon

1-year
horizon

2010 × ART Proximity −0.41* −0.35* −0.32* −0.09 −0.05 −0.06
(0.22) (0.20) (0.16) (0.20) (0.15) (0.14)

2008 × ART Proximity −0.07 0.02 −0.04 0.23 0.28 0.18
(0.22) (0.20) (0.15) (0.22) (0.18) (0.16)

Observations 3733 3737 3738 3731 3732 3732
R2 0.08 0.09 0.09 0.04 0.03 0.03
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: This table shows response to ART proximity for respondents’ reporting of hypothetical mortality risk for a healthy
individual over 3 time horizons. Columns 1-3 show the results for the 3 time horizons, whereas Columns 4-6 show the results
after partialling out the effects of hypothetical HIV+ mortality risk . Standard errors (in parentheses) are clustered by village
(113 clusters) and robust to heteroskedasticity. ART proximity is parameterized as the negative of log distance by road. All
regressions include individual fixed effects, region-by-year dummies, and month of interview controls. The sample is restricted
to individuals who were interviewed in all three years of the survey (2006, 2008, and 2010). Spatial controls include population
density and proximity to clinic, market, major road and school (all interacted with region and Postt). Demographic controls
include pre-period wealth, roof material, if the respondent has a mobile phone, age, household size, gender, education, HIV
status, and marital status (all interacted with Postt). Controls for economic shocks and other aid programs are described in
detail in the text. Mortality risk index is a factor score of a set of 16 variables describing own and hypothetical mortality risks.
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Table A7 – Imputing savings: Modeling total cash savings in 2006

Predictors of savings in 2006

Dependent variable: Total savings (ln)
β (s.e.)

Demographics
Male 0.26** (0.12)
Education 0.01 (0.02)
Married 0.25 (0.16)
No. of children −0.03* (0.02)
Age 0.00 (0.02)
Age2 −0.00 (0.00)
High discount rate −0.23** (0.11)

Income
Earnings ln(USD) 0.14*** (0.04)
Land (hectares) 0.07* (0.04)
No. goats 0.04** (0.02)
No. pigs 0.01 (0.03)
No. chicken 0.01 (0.01)
No. cows 0.02 (0.01)
Has bed 0.33*** (0.12)
Has radio 0.19 (0.14)
Has bicycle 0.10 (0.12)
Has pit latrine −0.00 (0.17)
Has paraffin lamp 0.16 (0.13)
Has metal roof 0.26 (0.16)

Expenditures
Fertilizer ln(USD) −0.06 (0.05)
Seed ln(USD) 0.19** (0.10)
Hired labor ln(USD) 0.17*** (0.05)
Education ln(USD/child) 0.05 (0.08)
Medical ln(USD/child) −0.22* (0.13)
Clothing ln(USD/child) 0.20*** (0.06)

HIV/AIDS-related
No. know died of AIDS 0.01 (0.01)
Worried about AIDS 0.11 (0.15)
HIV+ 0.14 (0.29)

Observations 1096
R2 0.19
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village and robust to heteroskedasticity. This table presents the
estimates used to impute savings. The estimation results are from modeling saving in 2006 as a function of the independent
variables in 2006. The dependent variable is always total cash savings (transformed using inverse hyperbolic sine) in 2006, and
the independent variables included to impute savings are listed in the the rows. Separate models were estimated for the subset
of variables that were actually measured in 1998, 2001, and 2004 (results not shown). For example, to predict savings in 2004
when earnings were not reported, the regression used to obtain 2006 coefficients did not include earnings in 2006 since earnings
were not reported in 2004.
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Table A8 – Imputing versus measured savings in 2006-2010

(1) (2)
Imputed
savings

ln(USD)

Measured
savings

ln(USD)

2010 × ART Proximity 0.16 1.47***
(0.12) (0.27)

2008 × ART Proximity 0.13 1.21**
(0.10) (0.47)

Observations 2440 2433
R2 0.31 0.15

Share of variance explained by imputed savings in:
2008 (N=625)
2010 (N=712)

0.22
0.29

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village and robust to heteroskedasticity. This table compares
the difference in using imputed versus actual measures of savings to estimate the response to ART for years 2006,
2008, and 2010 (when actual measures of savings exist). The dependent variable is always total cash savings
(transformed using inverse hyperbolic sine), either the imputed (Column 1) or actual (Column 2). The controls
include individual FEs, region-by-year effects, and spatial controls (as in the rest of the paper). Imputed savings
are calculated by modeling saving in 2006 as a function of the independent variables in 2006, savings the coefficients
on the covariates, and then predicting or imputing savings based on the measured set of covariates for each survey
wave (1998-2010). We do not have actual savings before the 2006 wave, but since we have actual savings from
2006-2010, we compare how well our imputed measure does at predicting actual savings in the second panel, which
reports the share of variation in total savings that is explained by the imputed measure (ie, the R2 of regressing
actual savings on the imputed measure).

A31



Table A9 – Pre-trends in imputed savings, earnings, roof structure, AIDS worries and robustness to controlling for pre-trends

Pre-ART trends:
(Waves 1998, 2001, 2004, 2006)

Controlling for saving pre-trend:
(Waves 2006, 2008, 2010)

(1) (2) (3) (4) (5)
Predicted
savings

ln(USD)

Earnings
ln(USD)

Has
metal
roof

Worried
about
AIDS

Total
Savings
ln(USD)

Panel A: Pre-ART trends

Year × ART Prox. −0.03 −0.03 0.00 0.00
(0.03) (0.03) (0.01) (0.01)

Panel B: Controlling for pre-ART savings trend

2010 × ART Proximity 0.86***
(0.25)

2008 × ART Proximity 0.43
(0.27)

Mean dep. var 1.01 4.26 0.12 0.50 1.55
Observations 3070 2736 4538 4309 3972
Within R2 0.08 0.16 0.06 0.23 0.15
Individual FEs Y Y Y Y Y
Region × Year FEs Y Y Y Y Y
Spatial controls Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village and robust to heteroskedasticity. ART proximity is parameterized as the negative of log
distance by road. All regressions include individual fixed effects, region-by-year dummies, month of interview controls, and spatial controls as described in
the main text. Dependent variable in Column 1 uses imputed log-savings using variables described in Table ?? for years 1998-2004, but actual reported
cash savings from 2006. Columns 2-4 estimate the pre-ART trends for earnings (transformed with the inverse hyperbolic sine, though earnings were not
reported in 2004), roof structure, and worry about AIDS. Column 5 estimates the main savings results with the addition of a control for the pre-ART
annual growth rate in savings interacted with year. As in the main text, column (5) sample is restricted to individuals who were interviewed in all three
years of the survey (2006, 2008, and 2010).
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Table A10 – Pre-ART (2006) characteristics of the MLSFH study population by attrition status

Pre-ART (2006) Characteristics
Coefficient on

ART Proximity:

(1) (2) (3) (4) (5)
Analytic
sample

Attritors
p-value

diff (1)-(2)
β p-value

Panel A: Socioeconomic Characteristics (2006)
Age 36.85 33.74 0.00 −1.18 0.50
Household size 5.46 5.10 0.00 −0.19 0.55
Education (grades completed) 5.10 5.49 0.17 0.76 0.02∗∗

Labor income ln(USD) 4.00 3.94 0.42 −0.44 0.06∗

Land (hectares) 1.59 1.54 0.21 −0.16 0.48
High discount rate 0.67 0.65 0.64 −0.01 0.82
Wealth index (20 item) 0.11 0.15 0.72 0.61 0.13

Has metal roof 0.15 0.21 0.00 0.02 0.65
Has bicycle 0.58 0.60 0.21 0.05 0.53
Has radio 0.76 0.74 0.68 0.05 0.41
Has mobile phone 0.04 0.05 0.17 0.08 0.06∗

Panel B: HIV, Health, & Risk Perceptions (2006)
HIV Positive 0.04 0.10 0.00 0.05 0.23
Physical health score (PCS12) 52.50 52.18 1.00 −0.24 0.85
Mental health score (MCS12) 55.57 55.48 0.63 −1.64 0.10∗

Know someone on ART 0.50 0.49 0.93 −0.19 0.04∗∗

Worried about AIDS 0.27 0.30 0.48 0.03 0.59
Mortality risk (5 year; own) 3.87 4.02 0.06 0.62 0.14
Perceived likelihood of HIV (Likert) 0.36 0.43 0.17 0.05 0.72
Perceived HIV prevalence 0.28 0.30 0.11 0.02 0.30

Panel C: Savings & Expenditures on children (2006)
Has savings 0.22 0.24 0.18 0.08 0.22
Total savings ln(USD) 0.92 1.08 0.06 0.36 0.29
Education ln(USD/child) 0.54 0.67 0.19 0.12 0.67
Clothing ln(USD/child) 1.06 1.08 0.54 0.25 0.30
Medical ln(USD/child) 0.28 0.38 0.00 −0.01 0.90

Panel E: Spatial Characteristics
Distance to ART in 2006 (km) 26.42 26.65 0.71
Distance to ART in 2008 (km) 9.10 8.87 0.11
Distance to clinic (km) 6.11 5.72 0.02
Distance to major market (km) 5.29 5.51 0.10
Distance to major road (km) 4.98 4.32 0.00
Distance to school (km) 1.66 1.67 0.91
Population density (pers/km2) 100.68 103.91 0.10

Sample size 1379 716 709
Joint test Panels A-C (p-value) 0.53

∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
This table describes characteristics of respondents in 2006, before ART became available, for the sample of
respondents in the analysis (column 1) and for those that were lost to followup (column 2). P-values in column
3 indicate significant differences between means in columns 1 and 2. Column 4 provides the coefficient from
regressing each characteristic (in 2006) on ART proximity for the attritor sample (controlling for region and spatial
characteristics), where each row represents one regression, and column 5 reports the p-value for the estimate.
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Table A11 – Pre-ART characteristics of the MLSFH: attrition and migration followup

Pre-ART (2006) Characteristics
Coefficient on

ART Proximity:

(1) (2) (3) (4) (5)

Analytic
sample

Attritors
found in

2010/2013

Attritors
never

located

Analytic
sample+
attritors

found
β

p-val

Panel A: Socioeconomic Characteristics (2006)
Age 36.85 31.70 (0.00)∗∗∗ 36.84 (0.99) −0.59 0.51
Household size 5.46 5.00 (0.00)∗∗∗ 5.25 (0.18) −0.16 0.45
Education (grades completed) 5.10 5.94 (0.00)∗∗∗ 4.80 (0.20) 0.33 0.18
Labor income ln(USD) 4.00 3.89 (0.27) 4.01 (0.94) −0.16 0.39
Land (hectares) 1.59 1.57 (0.91) 1.49 (0.36) −0.09 0.54
High discount rate 0.66 0.64 (0.63) 0.63 (0.38) −0.06 0.14
Wealth index (20 item) 0.11 0.12 (0.92) 0.20 (0.53) 0.26 0.35

Has metal roof 0.15 0.20 (0.01)∗∗ 0.21 (0.02)∗∗ 0.10 0.03∗∗

Has bicycle 0.58 0.55 (0.36) 0.67 (0.01)∗∗∗ 0.03 0.62
Has radio 0.76 0.72 (0.06)∗ 0.77 (0.92) −0.02 0.66
Has mobile phone 0.04 0.07 (0.01)∗∗∗ 0.03 (0.86) 0.06 0.01∗∗

Panel B: HIV, Health, & Risk Perceptions (2006)
HIV Positive 0.04 0.09 (0.00)∗∗∗ 0.11 (0.00)∗∗∗ 0.01 0.41
Physical health score (PCS12) 52.50 52.62 (0.77) 51.55 (0.06)∗ −0.77 0.22
Mental health score (MCS12) 55.57 56.03 (0.32) 54.70 (0.12) −1.33 0.01∗∗

Know someone on ART 0.50 0.49 (0.77) 0.48 (0.72) −0.00 0.98
Worried about AIDS 0.27 0.32 (0.02)∗∗ 0.26 (0.72) 0.03 0.33
Mortality risk (5 year; own) 3.87 3.76 (0.45) 4.39 (0.00)∗∗∗ 0.25 0.14
Perceived likelihood of HIV (Likert) 0.36 0.44 (0.08)∗ 0.43 (0.13) 0.04 0.41
Perceived HIV prevalence 0.28 0.30 (0.19) 0.29 (0.47) 0.02 0.21

Panel C: Savings & Expenditures on children (2006)
Has savings 0.22 0.23 (0.66) 0.26 (0.15) −0.01 0.70
Total savings ln(USD) 0.92 1.01 (0.40) 1.18 (0.05)∗∗ −0.08 0.67
Education ln(USD/child) 0.46 0.51 (0.31) 0.50 (0.46) −0.00 0.98
Clothing ln(USD/child) 0.98 0.85 (0.04)∗∗ 0.90 (0.32) −0.08 0.44
Medical ln(USD/child) 0.25 0.26 (0.82) 0.32 (0.06)∗ −0.01 0.87

Panel E: Spatial Characteristics
Distance to ART in 2006 (km) 26.42 26.98 (0.05)∗∗ 26.16 (0.45)
Distance to ART in 2008 (km) 9.10 8.87 (0.25) 8.87 (0.32)
Distance to clinic (km) 6.11 5.73 (0.03)∗∗ 5.71 (0.04)∗∗

Distance to major market (km) 5.29 5.21 (0.69) 5.97 (0.01)∗∗∗

Distance to major road (km) 4.98 4.36 (0.00)∗∗∗ 4.25 (0.00)∗∗∗

Distance to school (km) 1.66 1.70 (0.45) 1.64 (0.76)
Population density (pers/km2) 100.68 101.12 (0.89) 108.09 (0.05)∗∗

Sample size 1379 429 287 1808
Joint test Panels A-C (p-value) 0.44

∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
This table describes characteristics of respondents in 2006, before ART became available, for the sample of respondents in the
main analysis (column 1), individuals who were temporarily attrited or migrated but were located in 2010 or 2013 (column 2),
and for those that were entirely lost to followup (column 3). P-values in columns 2 and 3 indicate significant differences between
means in those columns and column 1. Column 4 provides the coefficient from regressing each characteristic (in 2006) on ART
proximity using the expanded sample to include attritors (ie, the sample from columns 1+2) who were found (controlling for
region and spatial characteristics). Each row represents one regression, and column 5 reports the p-value for the estimate.
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Table A12 – ART Availability and Saving Behavior – IPW Attrition Correction

Any Savings Savings (USD)

(1) (2) (3) (4) (5) (6) (7) (8)

2010 × ART Proximity 0.07 0.13∗∗∗ 0.12∗∗ 0.10∗∗ 0.39∗∗ 0.86∗∗∗ 0.76∗∗∗ 0.66∗∗∗

(0.04) (0.05) (0.05) (0.05) (0.17) (0.22) (0.23) (0.25)

2008 × ART Proximity 0.03 0.09∗ 0.12∗∗ 0.12∗∗ 0.17 0.64∗∗ 0.73∗∗∗ 0.69∗∗∗

(0.04) (0.05) (0.05) (0.05) (0.20) (0.25) (0.25) (0.25)

Mean dep. var 0.32 0.32 0.32 0.32 1.55 1.55 1.54 1.54
Observations 3989 3989 3575 3473 3984 3984 3570 3470
Within R2 0.07 0.09 0.10 0.10 0.11 0.12 0.13 0.14

Spatial controls − Y Y Y − Y Y Y
Demo. & mean rev. controls − − Y Y − − Y Y
Shocks & aid programs − − Y Y − − Y Y

Individual FEs Y Y Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity. ART proximity is parameterized as
the negative of log distance by road. All regressions include individual fixed effects, interview month controls, and region-by-year dummies. The
sample is restricted to individuals who were interviewed in all three years of the survey (2006, 2008, and 2010). Spatial controls include population
density and region-specific proximity to clinic, market, major road and school (all interacted with Postt). Demographic controls include pre-period
wealth, roof material, if the respondent has a mobile phone, age, household size, gender, education, HIV status, and marital status (all interacted
with Postt). Mean reversion controls include pre-ART mortality risk and perceived HIV risk, interacted with Y eart. Controls for economic shocks
and other aid programs are described in detail in the text.
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Table A13 – ART Availability and Expenditures on Children – IPW Attrition Correction

Education Medical Clothing

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

2010 × ART Proximity 0.48∗∗∗ 0.49∗∗∗ 0.40∗∗ 0.50∗∗∗ 0.17∗ 0.23∗∗ 0.09 0.19∗ 0.13 0.11 0.12 0.22
(0.13) (0.16) (0.16) (0.19) (0.09) (0.11) (0.10) (0.11) (0.13) (0.15) (0.15) (0.20)

2008 × ART Proximity 0.15 0.17 0.03 0.13 0.13 0.19 0.11 0.21∗∗ 0.08 0.05 −0.09 0.02
(0.12) (0.17) (0.18) (0.20) (0.11) (0.14) (0.12) (0.11) (0.14) (0.19) (0.18) (0.19)

2006 × ART Proximity 0.13 0.13∗ 0.14
(0.14) (0.08) (0.18)

Mean dep. var 1.02 1.02 1.02 1.02 0.36 0.36 0.37 0.37 1.44 1.44 1.45 1.45
Observations 2833 2833 2543 2543 2890 2890 2596 2596 2889 2889 2595 2595
Within R2 0.26 0.27 0.29 0.29 0.04 0.05 0.09 0.09 0.23 0.24 0.26 0.26

Spatial controls − Y Y Y − Y Y Y − Y Y Y
Demo. & mean rev. controls − − Y Y − − Y Y − − Y Y
Shocks & aid programs − − Y Y − − Y Y − − Y Y

Household FEs Y Y Y Y Y Y Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y Y Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (109 clusters) and robust to heteroskedasticity. ART proximity is parameterized as the negative of log distance by road. All
regressions include individual fixed effects, region-by-year dummies, and month of interview controls. The sample is restricted to respondents with school-age children and regressions are
weighted by inverse of number of household respondents. All regressions use data from 2004. Spatial controls include population density and region-specific proximity to clinic, market,
major road and school (all interacted with Postt). Demographic controls include pre-period wealth, roof material, if the respondent has a mobile phone, age, household size, gender,
education, HIV status, and marital status (all interacted with Postt). Mean reversion controls include pre-ART mortality risk and perceived HIV risk, interacted with Y eart. Controls
for economic shocks and other aid programs are described in detail in the text.
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Table A14 – Attrition Followup: Including attritors who were found in later waves or migration followup in 2013

Any Savings Savings (USD) Mortality Risk Index

(1) (2) (3) (4) (5) (6) (7) (8) (9)

2010 × ART Proximity 0.14∗∗∗ 0.11∗∗∗ 0.12∗∗∗ 0.91∗∗∗ 0.70∗∗∗ 0.71∗∗∗ −0.18∗∗ −0.23∗∗∗ −0.23∗∗∗

(0.04) (0.04) (0.04) (0.21) (0.23) (0.24) (0.09) (0.08) (0.08)

2008 × ART Proximity 0.11∗∗ 0.10∗∗ 0.10∗∗ 0.69∗∗∗ 0.64∗∗ 0.64∗∗ −0.00 −0.05 −0.06
(0.05) (0.05) (0.05) (0.25) (0.27) (0.26) (0.11) (0.09) (0.09)

Observations 3989 4836 4835 3984 4831 4830 3871 4643 4642
Within R2 0.09 0.10 0.09 0.13 0.19 0.18 0.07 0.07 0.07

Sample Baseline +Attritors +Attritors Baseline +Attritors +Attritors Baseline +Attritors +Attritors
IPW − − Y − − Y − − Y

Spatial controls Y Y Y Y Y Y Y Y Y
Individual FEs Y Y Y Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity. ART proximity is parameterized as the negative of log
distance by road. All regressions include individual fixed effects, interview month controls, and region-by-year dummies. The baseline sample is restricted to individuals
who were interviewed in all three years of the survey (2006, 2008, and 2010). The baseline + attritors sample includes additionally the 429 individuals who attrited after
2006 but were in the survey in 2010 or were located in the migration followup in 2013 (essentially imputing 2010 values of the outcomes from the 2013 questionnaire).
Spatial controls include population density and region-specific proximity to clinic, market, major road and school (all interacted with region and Postt).
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Table A15 – Pre-ART (2006) characteristics of the MLSFH study population (Winsorized)

Coefficient on ART Proximity:

(1) (2) (3) (4) (5) (6)
Mean St.dev. β p-value β p-value

Panel A: Socioeconomic Characteristics (2006)
Age 36.85 13.1 −0.46 0.46 0.04 0.97
Household size 5.46 2.3 −0.17 0.19 −0.12 0.61
Education (grades completed) 5.10 3.5 0.24 0.16 0.25 0.36
Labor income (USD) 80.58 215.8 21.42 0.08∗ 11.83 0.61
Land (hectares) 1.59 1.5 −0.05 0.62 0.01 0.97
High discount rate 0.67 0.5 −0.02 0.56 −0.04 0.35
Wealth index (20 item) 0.11 2.0 0.20 0.13 0.15 0.57

Has metal roof 0.15 0.4 0.07 0.02∗∗ 0.11 0.04∗∗

Has bicycle 0.58 0.5 0.04 0.27 0.00 0.99
Has radio 0.76 0.4 0.02 0.55 −0.01 0.76
Has mobile phone 0.04 0.2 0.02 0.25 0.04 0.02∗∗

Panel B: HIV, Health, & Risk Perceptions (2006)
HIV Positive 0.04 0.2 −0.01 0.30 0.01 0.75
Physical health score (PCS12) 52.50 7.2 −0.50 0.18 −0.84 0.29
Mental health score (MCS12) 55.57 8.0 −1.03 0.02∗∗ −0.95 0.16
Know someone on ART 0.50 0.5 0.04 0.34 0.02 0.79
Worried about AIDS 0.27 0.4 0.03 0.12 0.02 0.54
Mortality risk (5 year; own) 3.87 2.3 0.46 0.01∗∗∗ 0.20 0.28
Perceived likelihood of HIV (Likert) 0.36 0.7 0.11 0.00∗∗∗ 0.04 0.44
Perceived HIV prevalence 0.28 0.2 0.01 0.18 0.02 0.17

Panel C: Savings & Expenditures on children (2006)
Has savings 0.22 0.4 −0.03 0.27 −0.04 0.32
Total savings (USD) 13.21 40.6 2.61 0.26 −2.32 0.56
Education (USD/child) 1.17 3.0 −0.02 0.91 0.02 0.95
Clothing (USD/child) 2.06 2.8 0.16 0.46 0.13 0.69
Medical (USD/child) 0.33 0.6 0.03 0.35 0.05 0.36

Panel D: Child outcomes & characteristics (2006)
Child age 10.0 2.8 0.34 0.15 0.38 0.48
Grades completed 2.7 2.0 0.27 0.21 0.08 0.88

Panel E: Spatial Characteristics
Distance to ART in 2006 (km) 26.4 4.9 4.02 0.00∗∗∗

Distance to ART in 2008 (km) 9.1 3.6 −6.84 0.00∗∗∗

Distance to clinic (km) 6.1 3.1 −3.48 0.00∗∗∗

Distance to major market (km) 5.3 3.8 −3.72 0.00∗∗∗

Distance to major road (km) 5.0 3.5 −1.78 0.00∗∗∗

Distance to school (km) 1.7 1.0 −0.09 0.58
Population Density (pers/km2) 101 56 −16.0 0.04∗∗

Joint test Panels A-C (p-value) – – 0.04 0.34

N = 1379. For child sample (Panel D), N = 525. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
Note: This table describes characteristics of respondents and their children in 2006, before ART became available. Columns
(3) and (5) report the coefficient on ART proximity (parameterized as the negative log distance) from regressing each
variable in 2006 on ART proximity, with respective p-values in columns (4) and (6). Column (3) only controls for region
dummies, while column (5) controls for spatial characteristics listed in Panel E (described in detail in the text). The
sample of survey respondents is restricted to those who were interviewed in all three years for the main analysis (2006,
2008, and 2010). Panel D describes characteristics of the respondents’ children and is restricted to children who were
reported in the household roster for all three years.
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Table A16 – Pre-ART Trends: Changes between 2004–2006 (Winsorized)

Coefficient on ART Proximity:

(1) (2) (3) (4) (5) (6)
Mean St.dev. β p-value β p-value

Panel A: Demographic and Economic Characteristics
Household size −0.42 2.4 −0.34 0.01∗∗ −0.46 0.09∗

Land (hectares) 0.41 1.6 0.09 0.58 0.20 0.33
High discount rate 0.20 0.6 −0.02 0.66 0.05 0.36
Wealth index (20 item) 0.04 1.2 −0.07 0.31 −0.09 0.50

Has metal roof 0.01 0.3 0.01 0.54 0.03 0.14
Has bicycle 0.04 0.5 −0.02 0.43 −0.03 0.47
Has radio 0.02 0.5 −0.03 0.29 −0.05 0.35
Has mobile phone 0.03 0.2 0.02 0.14 0.04 0.03∗∗

Panel B: HIV, Health, and Risk Perceptions
HIV Positive 0.01 0.1 0.00 0.59 −0.01 0.05∗

Know someone on ART −0.18 0.4 0.02 0.58 −0.02 0.75
Worried about AIDS −0.27 0.5 0.06 0.04∗∗ 0.07 0.27
Perceived likelihood of HIV (Likert) −0.25 1.1 0.10 0.16 −0.04 0.72
Perceived HIV prevalence −0.12 0.3 0.01 0.61 −0.04 0.24

Panel C: Expenditures on Children
Education (USD/child) 0.33 1.9 0.28 0.25 0.04 0.93
Clothing (USD/child) 0.34 3.5 −0.32 0.44 0.31 0.56
Medical (USD/child) −0.02 0.9 0.07 0.30 0.17 0.16

Joint test Panels A-C (p-value) − − 0.21 0.43

N = 1354 ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
Note: This table shows the mean changes between 2004 and 2006 (i.e., the period before ART came online in the
MLSFH study regions) in available outcomes and characteristics of the sample. Columns (3) and (5) report the
coefficient on ART proximity (parameterized as the negative log distance) from regressing each variable in 2006 on
ART proximity, with respective p-values in columns (4) and (6). Column (3) only controls for region dummies, while
column (5) controls for spatial characteristics.
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Table A17 – ART Availability and Saving Behavior (Winsorized)

Any Savings ln(Savings)

(1) (2) (3) (4) (5) (6) (7) (8)

2010 × ART Proximity 0.10∗∗∗ 0.14∗∗∗ 0.13∗∗∗ 0.12∗∗ 30.82∗∗∗ 39.40∗∗ 32.98∗∗ 20.20
(0.04) (0.04) (0.05) (0.05) (10.73) (17.21) (16.21) (16.86)

2008 × ART Proximity 0.07∗ 0.11∗∗ 0.14∗∗∗ 0.13∗∗∗ 13.03∗ 20.66 17.32 8.85
(0.04) (0.05) (0.05) (0.05) (7.39) (13.17) (11.53) (12.28)

Mean dep. var 0.32 0.32 0.32 0.32 50.33 50.33 48.59 49.10
Observations 3989 3989 3575 3473 3984 3984 3570 3470
Within R2 0.08 0.09 0.10 0.11 0.13 0.13 0.19 0.18

Spatial controls − Y Y Y − Y Y Y
Demo. controls − − Y Y − − Y Y
Shocks & aid programs − − − Y − − − Y

Household FEs Y Y Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity. ART proximity is parameterized
as the negative of log distance by road. All regressions include individual fixed effects and region-by-year dummies. The sample is restricted
to individuals who were interviewed in all three years of the survey (2006, 2008, and 2010). Spatial controls include population density and
proximity to clinic, market, major road and school (all interacted with Postt). Demographic controls include pre-period wealth, roof material, if
the respondent has a mobile phone, age, household size, gender, education, and marital status (all interacted with Postt). Controls for economic
shocks and other aid programs are described in detail in the text.
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Table A18 – ART Availability and Expenditures on Children (Winsorized)

Education Medical Clothing

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

2010 × ART Proximity 2.46∗∗ 2.87∗∗ 1.94 1.64 0.26∗ 0.20 0.06 0.21 0.07 0.23 0.30 0.41
(1.03) (1.33) (1.19) (1.28) (0.14) (0.16) (0.17) (0.18) (0.76) (0.88) (0.82) (0.90)

2008 × ART Proximity 0.53 1.11 −0.04 −0.34 0.13 0.08 −0.01 0.15 0.15 0.30 −0.17 −0.05
(0.66) (1.21) (1.25) (1.31) (0.11) (0.15) (0.16) (0.15) (0.75) (1.03) (1.05) (1.03)

2006 × ART Proximity −0.37 0.20∗ 0.15
(0.70) (0.10) (0.69)

Mean dep. var 3.49 3.49 3.47 3.47 0.48 0.48 0.49 0.49 4.25 4.25 4.32 4.32
Observations 2833 2833 2543 2543 2890 2890 2596 2596 2889 2889 2595 2595
Within R2 0.13 0.14 0.19 0.19 0.04 0.05 0.08 0.08 0.16 0.17 0.21 0.21

Spatial controls − Y Y Y − Y Y Y − Y Y Y
Demo. controls − − Y Y − − Y Y − − Y Y
Shocks & aid programs − − Y Y − − Y Y − − Y Y

Household FEs Y Y Y Y Y Y Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y Y Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (109 clusters) and robust to heteroskedasticity. ART proximity is parameterized as the negative of log
distance by road. All regressions include individual fixed effects, region-by-year dummies, and month of interview controls. The sample is restricted to respondents
with school-age children and regressions are weighted by inverse of number of household respondents. All regressions use data from 2004. Spatial controls include
population density and proximity to clinic, market, major road and school (all interacted with Postt). Demographic controls include pre-period wealth, roof material,
if the respondent has a mobile phone, age, household size, gender, education, and marital status (all interacted with Postt). Controls for economic shocks and other
aid programs are described in detail in the text.
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Table A19 – ART Availability, Income, and Other Expenditures (Winsorized)

Expenditures Farm Inputs Income and Wealth

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Clothing
(Own)

Medical
(Own)

Medical
(Others)

Funeral Seed
Farm

Equipt
Fertilizer

Hired
Labor

Total
Expend.
ln(USD)

Labor
Earnings
ln(USD)

Wealth
Index

2010 × ART Proximity −1.66 0.11 0.24 −0.02 −0.11 −0.08 −5.57 −2.39 −0.34∗∗ −0.05 −0.21
(1.91) (0.76) (0.27) (0.28) (0.39) (0.70) (5.54) (2.62) (0.15) (0.18) (0.14)

2008 × ART Proximity −1.60 −0.51 −0.09 0.03 −0.11 0.04 1.32 0.26 −0.20 −0.31 −0.23∗

(1.94) (0.43) (0.26) (0.33) (0.23) (0.40) (3.39) (2.58) (0.17) (0.20) (0.13)

2006 × ART Proximity −0.12 0.15 −0.09 0.15 0.25∗ 3.32∗∗ 1.50 −0.16∗∗

(0.75) (0.26) (0.14) (0.13) (0.15) (1.33) (1.05) (0.08)

Mean dep. var 10.92 1.95 0.66 1.16 0.77 0.99 8.72 6.11 3.29 4.92 0.13
Observations 5310 5307 3971 5267 5270 5268 5263 5272 3932 3994 4907
Within R2 0.17 0.09 0.03 0.07 0.08 0.07 0.11 0.09 0.13 0.35 0.03

Household FEs Y Y Y Y Y Y Y Y Y Y Y
Region × Year FEs Y Y Y Y Y Y Y Y Y Y Y
Spatial controls Y Y Y Y Y Y Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (113 clusters) and robust to heteroskedasticity. Household level regressions (3-11) are inverse weighted
by the number of respondents from that household. ART proximity is parameterized as the negative of log distance by road. All regressions include individual fixed
effects, region-by-year dummies, and month of interview controls. The sample is restricted to individuals who were interviewed in all three years of the survey (2006,
2008, and 2010). Estimates for columns 1,2, 4-8, and 11 also use data from 2004. All monetary values are expressed in USD. Because of frequent zeros, the estimates
in columns 1-8 use levels of total spending as the dependent variable, winsorized at 98th percentile. Total expenditures, Column 9, is the sum of expenditures in
columns 1-8. Total expenditures and earnings, columns 9 and 10, are transformed using the inverse hyperbolic sine. The dependent variable in column 11 is a total
wealth index (roughly mean 0, standard deviated 2) calculated using PCA incorporating all assets, housing and roofing structure, and animals.
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Table A20 – ART Availability and Investment – HIV Mortality, Caretaking, and Orphans (Winsorized)

Saving Behavior Expenditures on Children

(1) (2) (3) (4) (5)
Any

Savings
Savings
(USD)

Education Medical Clothing

Panel A: Aggregate Effect of ART

2010 × ART Proximity 0.14∗∗∗ 39.40∗∗ 2.87∗∗ 0.20 0.23
(0.04) (17.21) (1.33) (0.16) (0.88)

2008 × ART Proximity 0.11∗∗ 20.66 1.11 0.08 0.30
(0.05) (13.17) (1.21) (0.15) (1.03)

Panel B: HIV-negative

2010 × ART Proximity 0.18∗∗∗ 40.10∗∗ 1.85 0.12 0.28
(0.04) (17.66) (1.33) (0.17) (0.89)

2008 × ART Proximity 0.13∗∗∗ 21.10 0.95 −0.04 −0.10
(0.05) (12.97) (1.31) (0.14) (0.98)

Panel C: No family illness

2010 × ART Proximity 0.14∗∗∗ 37.69∗ 2.84∗∗ 0.16 0.36
(0.04) (19.36) (1.44) (0.17) (0.90)

2008 × ART Proximity 0.10∗∗ 18.67 1.28 0.01 0.36
(0.05) (13.20) (1.31) (0.15) (1.07)

Panel D: No recent death

2010 × ART Proximity 0.17∗∗∗ 25.56 2.37 0.34 0.13
(0.05) (17.33) (1.75) (0.22) (1.09)

2008 × ART Proximity 0.12∗∗ 17.75 0.63 −0.11 −0.23
(0.05) (14.76) (1.24) (0.14) (1.09)

Panel E: No orphans

2010 × ART Proximity 0.16∗∗∗ 50.40∗∗ 2.65 0.35∗∗ 0.60
(0.05) (21.80) (1.93) (0.17) (1.15)

2008 × ART Proximity 0.12∗∗ 14.05 0.71 0.25 0.46
(0.06) (14.10) (1.27) (0.20) (1.37)

Panel F: No HIV/illness/death or orphans

2010 × ART Proximity 0.20∗∗∗ 52.28∗∗∗ 1.84 0.37 0.37
(0.06) (20.21) (1.69) (0.28) (1.58)

2008 × ART Proximity 0.10 16.86 1.29 0.08 0.29
(0.07) (15.83) (1.55) (0.16) (1.39)

Household FEs Y Y Y Y Y
Region × Year FEs Y Y Y Y Y
Spatial controls Y Y Y Y Y

∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01
Note: Standard errors (in parentheses) are clustered by village (columns 1 and 2 have 113 clusters, columns 3-5 have 109
clusters) and robust to heteroskedasticity. ART proximity is parameterized as the negative of log distance by road. All
regressions include individual fixed effects and region-by-year dummies. The sample is restricted to individuals who were
interviewed in all three years of the survey (2006, 2008, and 2010). Regressions reported in columns 3-5 are restricted to
respondents with school-age children and weighted by inverse of number of household respondents. Columns 3-5 also use
data from 2004. All regressions exclude HIV-positive respondents.
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