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A B S T R A C T

Despite demand-stimulation efforts, coverage rates of many essential health services remain low in developing
countries, suggesting that there may be binding supply constraints, such as poor access to healthcare facilities.
This paper utilizes quasi-random variation in road-pavement intensity to study the impact of improved access on
adoption of reproductive health services. I find that road construction led to more institutional antenatal visits
and deliveries, which translated into better medical care and vaccination coverage, with larger gains for girls.
Better ante-natal care resulted in fewer miscarriages, although much of this decline is due to delayed, rather
than averted mortality as infant mortality went up. Overall mortality, including in-utero, stillbirths, and during
infancy, is unimpacted. Most gains in natal and ante-natal care accrue from repeat visits by existing patients,
and some from new entrants into the formal health sector. Evidence suggests that beneficiaries travel farther to
see better providers.

1. Introduction

Despite their proven efficacy in arresting maternal and child mor-
bidity and mortality, adoption rates of simple preventive measures,
such as medically-supervised deliveries for women and adherence to
the recommended vaccination protocols for children, remain low in
several developing countries. The WHO reports that over the period
2003–2013, less than half of all pregnant women in low-income coun-
tries received the recommended number of antenatal care visits (i.e., 4
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1 These are country-wide averages, with wide heterogeneity in coverage by economic and educational status. For instance, the median proportion of skilled-

attendant deliveries was 34% in the poorest quintile and 89% in the richest.
2 For instance, under the Millennium Development Goal (MDG) #4 that sought to reduce the under-5 mortality rate by two-thirds and MDG #5 that sought to cut

the maternal mortality rate by three-fourths between the years 1990 and 2015, sub-targets included improving access to vaccination and providing universal access
to reproductive health services.

visits) and just over half delivered in the presence of a skilled medical
attendant (WHO, 2015).1 Consequently, every year, more than a quar-
ter of a million women die due to complications related to pregnancy
and childbirth, and approximately 4 million babies do not survive up till
their first birthday, a vast majority of both due to entirely preventable
causes (UNICEF, 2018; WHO, 2015).

Recognizing this, policy-makers have prioritized improving the
uptake and utilization of child and maternal health services.2 Simul-
taneously, a complementary academic literature has tried to under-
stand the drivers of demand for preventive health products and services
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(including, but not limited to, those meant for mothers and young chil-
dren) - for example, liquidity improvements through savings (Dupas
and Robinson, 2013), or through unconditional cash transfers (Pax-
son and Schady, 2010; Robertson et al., 2013); conditional cash or
in-kind incentives (Morris et al., 2004; Lagarde et al., 2007; Baner-
jee et al., 2010; Lim et al., 2010, Debnath, 2018)3; information pro-
vision (Jalan and Somanathan, 2008; Ashraf et al., 2013; Dammert et
al., 2014; Godlonton and Okeke, 2016); pre-commitment (Gine et al.,
2010; Schilbach, 2019); and social learning and peer effects (Banerjee
et al., 2004; Brunson, 2013; Adhvaryu, 2014).4 Several studies have
also studied the impact on uptake of lowering the price through free
or subsidized provision (Cohen and Dupas, 2010; Meredith et al., 2013;
Okeke et al., 2013, 2016; Dupas, 2011; Dupas and Miguel, 2017; Fried-
man and Keats, 2019a).

In contrast, supply-side constraints to adoption have received much
less attention in the academic literature, despite evidence of widely
prevalent bottlenecks.5 Notably, primary health facilities, especially
those in rural areas of developing countries, are often few and far
between,6 making access difficult for the average patient, and poten-
tially driving down the likelihood of a care-seeking visit.7 Indeed, a vast
literature in epidemiology and public health has documented a strongly
negative correlation between distance to the nearest health facility and
utilization of health services, and a corresponding positive correlation
between distance and mortality (World Development Report, 2004);8
Kumar et al. (2014) and Masters et al. (2013) document this correla-
tion specifically for the case of institutional births (in India and Ghana
respectively). While these cross-sectional correlations are informative,
it has been hard to pin down causality as residential choices as well as
clinic locations are usually endogenous, invalidating a causal compar-
ison of outcomes for those located closer to health facilities and those
located far away.

In this paper, I provide causal evidence on the relationship between
improved access to reproductive health-care facilities and service uti-
lization by rural women in developing countries, and the subsequent
impact on downstream outcomes. In order to do this, I utilize the phased
roll-out of a large-scale, public road-construction program in rural India
in a difference-in-differences framework. The program - the Prime Min-
ister’s Rural Road Program (henceforth, PMGSY, an abbreviation of the
scheme’s vernacular name), was launched at the end of the year 2000
and is still on-going. PMGSY created a federal mandate for all states

3 The literature on conditional incentives is large and growing. See Palmer et
al. (2004) for a review of older studies on this topic.

4 See Dupas (2011) for a review of this literature.
5 For instance, shortages and stock-outs of essential health goods like con-

doms, anti-malarials, and medicines to treat diarrhea and pneumonia are fre-
quent, rendering them unreachable for many (see Kangwana et al., 2009; Sudoi
et al., 2012; Bagonza et al., 2015; Shacham et al., 2016)

6 To cite just a few examples: in Zambia, more than 50 percent of rural
women live at a distance of 10 km or greater from a basic obstetric care facility
(Gabrysch et al., 2011); in India, the average distance to the nearest primary
health center was nearly 9 km in 2008 (District Level Health Survey 3); in Pak-
istan, the average distance to a healthcare facility in rural areas in 2005 was
7 km, going up to 10 km for the poorest (Jain et al., 2015).

7 It is plausible however that healthcare might be viewed as a necessity, due
to which utilization may be fairly inelastic with respect to distance. That said,
there is an additional mechanism through which distances will be important -
the time to get care. In a recent paper, Gruber et al. (2018) show that reducing
emergency department wait times by about 10% leads to a 14% reduction in
mortality.

8 Also, see Thaddeus and Maine (1994) and Gabrysch and Campbell (2009)
for reviews. In the Economics literature, Friedman (2014) provides suggestive
evidence of this relationship from Kenya, by showing that after the introduction
of antiretroviral (ARV) drugs for HIV, risky health behaviors increased in vil-
lages with greater proximity to health care facilities, presumably due to easier
access, and therefore, greater availability of ARVs. However, she is unable to
empirically establish the first-stage effect due to data limitations.

to provide all-weather connectivity between all villages with a popula-
tion of at least 500 and their nearest market center via paved roads.9
Since program eligibility was based on a population-based rule, it was
less likely to suffer from the usual endogeneity concerns that plague the
provision of public goods.

The immediately intuitive identification strategy in this context
would be to analyze outcomes pre- and post-construction, for villages
on either side of the eligibility cutoff. However, outcome data are from
the District Level Health Survey (henceforth, DLHS), in which obser-
vations are identifiable only at the district-level, necessitating aggre-
gating program exposure up to the district-level. I do so by relying on
the fact that various districts in the country varied from each other
in their baseline level of road provision as well as in the distribution
of villages of different sizes, which generated exogenous variation in
the percentage of population in each district that was exposed to the
program every year.10 Identification is therefore underpinned by the
assumption that pre- and post-natal care choices and outcomes of rural
women are orthogonal to the size distribution of unconnected villages
in their district of residence, allowing me to use differences in treatment
intensity across districts and across time as my regressor of interest to
study these outcomes.11

I implement this diff-in-diff strategy in two closely related empirical
specifications. In the first, I analyze outcomes for the full support of
pregnant women observed in the data, as a function of the exposure to
treatment for their district of residence in the year in which they deliv-
ered. Given the cross-sectional nature of the data, this strategy would
be valid only if there is no endogenous selection into pregnancy due
to roads, which I am able to show - the likelihood of a woman being
pregnant or that of a child being born, does not vary by treatment inten-
sity. In order to further rule out selection, in the second specification, I
limit my sample to those households and/or women for whom I observe
multiple childbirth episodes during the sample period, and analyze out-
comes for each of them as a function of treatment exposure in the year
of birth, while controlling for household- or mother-level fixed effects.
By controlling for all household- and woman-level unobservables, this
latter strategy allows me to recover a convincingly unconfounded treat-
ment effect of roads. Moreover, for the full range of outcomes that I
study, I find that the treatment effects across the two strategies are vir-
tually identical, although at times underpowered in the smaller sample.

I have two main sets of results. In the first, I show that road con-
struction led to large and significant increases in a pregnant woman’s
likelihood of visiting a formal health care facility for antenatal care
(ANC) as well as for childbirth.12 Specifically, my results suggest that
if a district were to go from nobody having access to roads to every-
one having access to one, there would be an increase of 19 percentage
points in the likelihood of an institutional delivery for the full sample,
and of 24 percentage points for women residing in households with
multiple pregnancies. In my setting, where the average district saw a 7
percentage point gain in road connectivity, these gains translate to 1.3
percentage points and 1.7 percentage points respectively. I also find
that going from no connectivity to full connectivity would lead to a 6

9 According to estimates provided by the Government of India, by the end of
the 2013-14 fiscal year, approximately 400,000 km of paved roads, connecting
nearly 100,000 villages to their nearest market towns had been constructed
(Ministry of Rural Development, 2015).

10 This identification strategy is identical to the one used in Aggarwal (2018),
which studies the poverty-alleviation impacts of the PMGSY program.

11 Please note that road construction will very likely improve access to facili-
ties for both health-seekers and health-providers (which will likely improve the
quality of care at facilities), and the marginal contribution of each cannot be
disentangled. Therefore, my findings provide a reduced form estimate of the
effect of rural roads on formal healthcare utilization.

12 While I focus largely on outcomes pertaining to maternal and child health
services due to the nature of the data available, the gains from access on health
outcomes will comprise a much bigger set.
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percentage point increase in the likelihood of seeking institutional ANC
(IANC) at least once for the full sample and 7 percentage points for the
restricted sample, equivalent to an increase of half a percentage point
for the average district. Tellingly, the treatment effects on institutional
delivery are stronger for children born during the rainy season as the
benefit of having a paved road to travel to the hospital is likely greater
during the rains (for instance, if unpaved roads could get washed away
or become flooded). Next, although a rare event, I also find a signifi-
cant reduction in the proportion of women reporting that they ended
up delivering on the way to the hospital. Finally, I find that gains in
seeking IANC are limited to those women who are located at greater
than the median distance from the nearest facility, helping me rule out
other channels such as income gains and a contemporaneous program
encouraging institutional deliveries, as the benefits from these should
have been observed across the entire range of distances.

The second set of results shows that this better access to the for-
mal health care sector translated into greater utilization of health care
services and better outcomes for treatment seekers. I find that fol-
lowing the road construction program, women were more likely to
receive the recommended supplements and vaccinations during preg-
nancy, less likely to report having complications during child birth,
and more likely to receive timely care during the post-natal period.
Children are more likely to have received each of the recommended
vaccinations, with additional gains for girls in the case of some vac-
cines. These improvements in the utilization of formal health services
led to a striking set of outcomes for patients. First, I find suggestive evi-
dence that improvements in road connectivity led to lower fetal mor-
tality - the effect size is about 11 fewer miscarriages per 1000 preg-
nancies, translating to 1 less fetal death in the average district. In line
with my finding that IANC rates improved for those women who are
located at more than the median distance from their nearest facility, I
find that fetal mortality declines are also concentrated among the same
subset of women, suggesting that better ante-natal care led to lower
fetal mortality. Unfortunately, however, my second finding shows an
about equal-sized increase in infant mortality, suggesting that the gains
in fetal mortality are short-lived, in the sense that while miscarriages
are averted, the babies so saved are too weak to survive, and many die
as infants. The overall effect on mortality is null. Taken together, the
results are suggestive of greater inclusion leading to better fetal and
maternal care.13

This is an important contribution as the returns to inclusion in the
formal healthcare sector are unclear in the setting being considered
due to the poor quality of provision. Indeed, a large literature on ser-
vice delivery in developing countries documents low levels of provision
in the formal health sector (Banerjee et al., 2004; Chaudhury and Ham-
mer, 2004; Chaudhury et al., 2006; Das et al. 2008, 2012; Das and Ham-
mer, 2014; Jayachandran, 2014; Muralidharan et al., 2011),14 which
gives rise to a natural question - without first fixing the quality of care
issues, is better access to services in this sector even a policy goal worth
pursuing? Indeed, Godlonton and Okeke (2016) show that while a ban
on informal healthcare providers in Malawi led to a shift towards for-
mal healthcare providers, it did not translate into any attendant benefits
in terms of reduced child mortality. At the same time, there is compet-
ing evidence to suggest that the formal healthcare sector does lead to
better outcomes, even in developing countries. Specifically, Okeke and
Chari (2018) show that Nigerian children who are born at home due

13 It is debatable whether this is in fact a good outcome as parents may prefer
to miscarry during pregnancy than to have their child die after a live birth.
However, it does indicate that women with high-risk pregnancies benefited
from access to health care. Based on these findings, formulating further sup-
port programs for weak infants can be the next step for policy-makers.

14 In a recent audit study of a bednet distribution program in Ghana, Kenya,
and Uganda, Dizon-Ross et al. (2014) do not find any evidence of corruption,
suggesting that some of these problems might be less pervasive than what is
conventionally believed.

to a night-time delivery in areas which lack of 24-hour birthing facili-
ties have a greater mortality rate; Friedman and Keats (2019b) use data
from 9 African countries to show that babies born during healthcare
worker strikes are less likely to be born in-facility, and subsequently,
have higher mortality rates. Adhvaryu and Nyshadham (2015) pro-
vide complementary evidence from Tanzania for health-seeking beyond
obstetric care. They exploit spatial and temporal variation in the cost of
accessing formal clinics during spells of heavy rainfall, and show that
children from households with better access to clinics are more likely
to get timely treatment for malaria, and also adhere to the treatment
for longer. My findings are consistent with this latter set of papers.

Strikingly, I find that gains in the rates of institutional ANC and
medically-supervised deliveries were concentrated only at public facil-
ities, and were driven not just by the inclusion of those who had been
outside the reach of the formal healthcare sector, but also by substi-
tution towards public facilities by those using private providers. This
stands to reason as rural India has very low penetration of public health
facilities, particularly in remote villages, the kind that benefited from
PMGSY. Indeed, Aggarwal (2018) documents that among villages that
did not have roads at the inception of PMGSY, only 3 percent had a
primary health center, and 6 percent had a maternal and child welfare
center. The low density of public providers has implications for where
households seek care: Gautham et al. (2011) and May et al. (2014) pro-
vide evidence from different parts of rural India showing that residents’
first point of curative contact is with private individuals serving as
unqualified practitioners of western-style medicine. Moreover, a pre-
ponderance of evidence suggests that households are cognizant of the
underlying trade-off between quality and proximity, and travel farther
to see better doctors for more serious illnesses (Leonard, 2007; Klemick
et al., 2009; Titaley et al., 2010; Das and Mohpal, 2016). In light of
these, it makes sense that the road construction program caused house-
holds to switch to public providers, who were presumably farther, but
of a higher quality. Alternatively, the substitution behavior could be
driven by improvements in service delivery at public health facilities,
specifically, by lower absenteeism, as roads would have led to improved
access for service providers also.

This paper also contributes to an emerging literature on the impacts
of rural roads in general, and of the PMGSY program in particular. Eco-
nomic theory predicts that by reducing the pecuniary and opportunity
costs of accessing goods and labor markets and government services,
improvements in access will impact a whole host of choices made by
rural households. Several empirical papers in the literature have tested
and quantified these predictions in various settings,15 but have focused
largely on access to markets rather than public services. The existing lit-
erature on the PMGSY has also focused on market access as we expect
that to be the primary mediator of economic outcomes. However, in
rural areas of many developing countries, health and education are pri-
marily the preserve of the public sector, and it is important to under-
stand if road connectivity can improve the reach of non-market public
services.16 This paper extends the literature on rural roads by analyzing
their impact on access to and utilization of health care. In doing so, it
also underscores the importance of roads as their impact on economic
activity can be near-pervasive via improvements in access to a variety
of markets and services.

The rest of this paper proceeds as follows. Section 2 provides the
institutional context. Section 3 discusses the data and identification
strategy. In Section 4, I present falsification tests and main results, fol-
lowed by a discussion of threats to validity. Section 5 concludes.

15 See Gibson and Rozelle, 2003; Dercon et al., 2009; Khandker et al., 2009;
Gibson and Olivia, 2010; Khandker and Koolwal, 2011; Mu and van de Walle,
2011; Aggarwal et al. (2018); Asher and Novosad (2020).

16 While Adukia et al. (2020) look at the impacts of PMGSY on educational
attainment, their results are driven by improved access to labor market oppor-
tunities, and therefore, do not further the literature on roads and access to
public services.
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2. Institutional details

The PMGSY program was launched in December, 2000, with the aim
to provide a paved all-weather road to all “habitations”17 that had a
population of at least 500 according to the 2001 census.18 The program
rules defined “all-weather connectivity” as having a paved road (with
adequate drainage to withstand the Indian monsoon) within 500 m of
the habitation, and connecting it to either the nearest market center,
or to another paved road leading to the market center. From hereon,
for ease of exposition, I will use the words habitation and village inter-
changeably.

The funding for the scheme was provided by the federal govern-
ment.19 Even though this was a country-wide initiative led by the fed-
eral ministry of rural development, the actual construction was car-
ried out by the states. In order to enable this, the federal government
directed all states to identify a “core” network of roads, i.e., the mini-
mal network required for all villages above the threshold for an area to
have all-weather connectivity. The central government further required
that within the core network, construction should be prioritized accord-
ing to a population-based rule, wherein, villages with a population of
1000 or more were to be connected first, followed by those with a pop-
ulation of 500–1000, ultimately followed by those with a population of
250–500, and in descending order of population within each category.
Villages from lower population categories could start getting connected
only once all the villages in the immediately larger category in their
state had already received roads. Exceptions were allowed if a smaller
(by population category) village lay on the straight path of a road that
was being built to a larger village. Upgrades of existing roads, though
not central to the program, were allowed once all of the planned new
construction was complete.20

This program is still on-going, but starting in the year 2011, the
quasi-random portion of the intervention was somewhat diluted when
the central government expanded the population eligibility criterion
to include all villages with a population of 100. In order to fund this
large expansion in the scope of the project, the center required that the
states co-fund the road construction activities, and the extent of this
co-funding was largely determined by certain geographic and economic
backwardness indicators of the state.21 As a result, starting in 2011,
the road construction likelihood is no longer exogenously determined
by village population alone, but also by the funds available with the
respective states. The results of this paper are not impacted by this
change however, as I only look at births up until the year 2009.

Before we commence a serious causal investigation of the effects
of the program, it must be established that program rules were fol-
lowed and there were no significant deviations. This is important to
show because even though the empirical strategy is a diff-in-diff of
treatment intensities across time and across districts (more on this in
Section 3), the exogeneity in treatment intensities comes about because
treatment at the village-level was based on a pre-specified rule, which
I then aggregate for each district to get varying treatment intensities

17 A “habitation” is defined as a cluster of population, whose location does not
change over time. It is a sub-village level entity.

18 This population threshold was lower (i.e., 250) in the case of areas pre-
defined by the government of India as tribal, mountainous, or hilly.

19 The funds were raised through a 1 Rupee per liter tax on high speed diesel.
In addition, the central government has earmarked a fiscal outlay of $2.5 Billion
over and above the diesel tax. Finally, the World Bank and the Asian Develop-
ment Bank have provided loans and financial assistance to the tune of a little
over $2 Billion.

20 This paper does not include any upgrades, and is based solely on new road
connectivity.

21 Specifically, co-funding from the state was to the extent of 30% in the
plains, 20% in hilly, desert, or tribal areas, as well as in economically back-
ward districts in the plains, and 10% in hilly areas located near the country’s
international borders.

at the district-year level. Causal inference would be invalid in this set-
ting had the spatial and temporal allocation of roads been determined
through endogenous economic, political, or social factors. Adherence
to the PMGSY rules has now been shown by several authors of other
studies on the impacts of the PMGSY program, including Adukia et al.
(2020), Aggarwal (2018), Asher and Novosad (2020), and Shamdasani
(2016).22 In the interest of completeness, however, Appendix Fig. 1
presents a graph of the likelihood of having received a road under the
PMGSY program by the year 2011 for villages in 100-wide population
bins (please note that this figure is borrowed from Aggarwal (2018),
where it is Figure 1). This figure confirms that the population-based
rule was followed as the likelihood of road construction by 2011 is an
increasing function of the village population, and exhibits discontinu-
ous jumps at each of the population cutoffs.

I also reproduce from the same paper, Table A1 (Table A3 in Aggar-
wal, 2018), which combines PMGSY data with village-level informa-
tion from the 2001 and 2011 censuses to document that villages that
received a PMGSY road over the period 2001–2011 were no more likely
to have received any other public goods during this period, other than a
bus station, which was likely a direct consequence of having received a
road. This table suggests that road construction was not driven by polit-
ical influence as that should lead to differential receipt of other public
goods also.

3. Data & identification strategy

3.1. Data

3.1.1. District Level Household Survey
I use data from the rural module of 2 rounds of the District Level

Household Survey (DLHS-2 and 3), conducted in the years 2004 and
2009 respectively. The DLHS is the Indian version of the standard
DHS survey,23 and is a repeated cross-section of women (a panel at
the district-level). It contains retrospective birth histories of a repre-
sentative sample of ever-married women in the age group 15–49. It is
representative at the district-level, and the district is also the smallest
identifiable geographical unit. The DLHS surveys are designed such that
representative fertility histories are collected since the time of the last
survey round, although the same women are not interviewed in suc-
cessive survey rounds. Therefore, for women surveyed during DLHS-
2, detailed birth histories over the period 1999–2003 were collected,
and for those surveyed during DLHS-3, birth histories for the period
2004–2008 were collected. Since the pre-natal period for most of the
births recorded in DLHS-2 falls in the pre-treatment period, I use this
round of the survey for robustness and placebo checks only. All the
main results of the paper use only the 2009 wave of the DLHS, i.e., the
DLHS-3.

For all the women in DLHS-3 who report ever being pregnant dur-
ing the period 2003 to 2008, there is basic data on each of these
pregnancies, comprising of the outcome of the pregnancy, the date of
birth/abortion, and the gender of the child. In addition, for the last
child born to each woman, the survey has detailed data on the pre- and
post-natal care, as well as the details of the delivery. For the last 2 chil-
dren born, there is rich data on vaccinations. Finally, the survey also
collects information on a host of covariates about the woman herself,
her husband, and their household.

I use this data to create a district-level panel of births between the
years 2004 and 2008. Specifically, even though the survey is conducted

22 While Lehne et al. (2018) document some corruption in the way the pro-
gram was implemented, it was along the margin of who gets awarded the con-
tract for building a road, and not along that of whether roads were built. On
the latter, they show that more than 97 percent of the villages that should have
received a paved road under the program, were found to have one during the
2011 Census of India.

23 See https://dhsprogram.com/.
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only at a point in time, since it asks women to provide details of all
their pregnancies and deliveries over the past 5 years, the data can be
turned into an annual panel of births over this period for all surveyed
women. While this panel can be created for all the births that a surveyed
woman had during the 2004–2008 period, detailed information on pre-
and post-natal care, as well as delivery location and related details are
collected only for the most recent birth, and therefore, the bulk of the
analysis is on each woman’s last birth. The empirical strategy there-
fore, rests on the fact that each surveyed woman’s last birth happened
at different points in time during the survey period, and I attempt to
uncover causality between road connectivity at the time of birth and
the care-seeking decisions corresponding to that birth. The vaccination
panel works similarly, except that vaccination information is collected
for each woman’s last two live births.

Since the DLHS survey is a retrospective panel of each surveyed
woman’s reproductive history, measurement error caused by recall bias
is a concern, and this error will be greater the further back in time
the event in question occurred. However, to the extent this recall bias
is not systematically different across women residing in districts with
different treatment intensities, the treatment effects will not be biased.
Moreover, please note that Beckett et al. (2001) show that fertility his-
tories tend not to suffer from recall bias, other than some amount of
heaping, i.e., rounding off to the nearest “prototypical” value. Most of
the outcomes that I consider in this paper are likelihoods, constructed
based on answers to yes/no questions, and therefore, not likely to suffer
from this bias. However, it is likely that the recall of self-reported trans-
port costs is imperfect, and therefore, “heaped” to round numbers, but
the likelihood and magnitude of heaping should not differ by treatment
intensity.

3.1.2. Online Management and Monitoring System
In order to encourage scrutiny and accountability, all ministries of

the government of India are increasingly being required to make data
on the operations and performance of all large public programs pub-
licly available. Under this initiative, the PMGSY was one of the first
large programs for which detailed village-level data on road construc-
tion was made available by the Ministry of Rural Development on its
website through a database called the Online Management and Moni-
toring System (OMMS). Therefore, for the universe of villages in India
(irrespective of their baseline road status), I was able to download data
on their baseline level of road-connectivity, population (in order to
determine eligibility), whether they got a road under the program, and
if so, the year in which the road was approved and built.

Since implementation quality (and therefore, date of road comple-
tion) was very likely endogenously determined by state capacity, and is
therefore likely positively correlated with public health infrastructure
and services in each state, I use the approval date as the date on which
the road was built.

3.2. Identification strategy

The DLHS is a district-level survey, wherein even though the unit
of observation is the individual woman (or child, in case of vaccina-
tion outcomes), all identities below the district-level are masked. In
other words, the smallest identifiable unit is each woman’s district of
residence, making the district the smallest-possible unit of analysis.
Therefore, I aggregate the village-level connectivity variables up to the
district-level, and employ a difference-in-differences strategy. Since we
have already established that population rules were largely followed at
the village level, such that whether or not a village benefited from the
program is quasi-random, aggregating village connectivity up to the dis-
trict and using it for causal analysis has inherent the assumption that the
outcomes of interest are orthogonal to the size-distribution of uncon-
nected villages in that district during the 2001 census. Specifically, this
assumes that holding baseline connectivity fixed, health-seeking and
utilization outcomes should not be trending differently depending on

whether the district’s unconnected population lives in a few large vil-
lages or in many small ones.

The analysis therefore, boils down to looking at the evolution of var-
ious outcomes, i.e., pre- and post-natal care as well as children’s vacci-
nation, as road connectivity improves over the 5-year period between
2004 and 2008. The independent variable of interest is the intensity of
treatment in each district, which is defined as the percentage of each
district’s baseline rural population (i.e., as per the 2001 census) that
had been approved to get a road under the program by that year. I cre-
ate this variable by using the program data to get the total population
of all villages in a district which were approved to get PMGSY roads up
until that year and dividing that by the total population of all villages
in that district.24

Therefore, my estimating equation is given by:

yidmt = 𝛼 + 𝜇m + 𝛾t + 𝛿d + 𝛽1 ∗ Pdt + 𝜂1Zidt + 𝜀idmt (1)

Here, subscript i denotes an individual (woman or child, depend-
ing on the outcome of interest), d denotes district, m denotes month of
birth, and t denotes year of birth. 𝛿 is a set of district fixed effects, 𝛾 is a
set of year fixed effects and Z is a vector of mother and household-level
control variables. These controls are simply the covariates of utilization
reported in Table 1 (more on this below in Section 4.1). Pdt is the inde-
pendent variable of interest and captures the cumulative percentage of
population in each district that had benefited from the road construc-
tion program by the year of birth in question. Since I observe outcomes
for each successive year, 𝛽1 ends up capturing the marginal effect of
roads built in that year. All standard errors are clustered at the district
level.25

While the smallest identifiable location unit for each woman is the
district, the data do allow the mapping of all co-resident women to a
single household. This is a particularly useful feature of the data for
this study, as it allows me to obtain a household-level panel for those
households where more than one woman reported being pregnant dur-
ing the survey period. As a result, I can observe the choices made by a
single household at different points in time, which allows me to abstract
away from all household-specific factors that may affect utilization, as
well as from issues of sample selection. For this set of households, the
estimating equation is given by:

yihdmt = 𝛼 + 𝜇m + 𝛾t + 𝜅hd + 𝛽2 ∗ Pdt + 𝜂2Wihdt + 𝜀ihdmt (2)

Here, all variables and subscripts are the same as in equation (1),
and the additional subscript h denotes household. 𝜅 is a set of household
fixed effects and W is a vector of controls for each mother i in household
h. This vector is made up of all the mother-level variables in Table 1.

Similar to the household-level identification described above for
pre- and post-natal outcomes, I utilize the fact that vaccination infor-
mation is sought for a woman’s last 2 children born during the survey
period, to create a mother-level panel. By doing so, I can use changes
in PMGSY connectivity over each mother’s inter-pregnancy interval to
analyze her vaccination choices as a function of road connectivity. This
is implemented empirically as described in equation (3) below:

yijdmt = 𝛼 + 𝜇m + 𝛾t + 𝜌jd + 𝛽3 ∗ Pdt + 𝜂3Mijdt + 𝜀ijdmt (3)

Here, all variables and subscripts are the same as in equation (1),
and the additional subscript j denotes mother. Individuals i are children
born during the year t of the study period. M is a dummy for the gen-
der of child i and 𝜌 is a set of mother fixed effects. Please note that

24 Results stay qualitatively unchanged if I instead use the baseline uncon-
nected population as the denominator. They also stay unchanged if I standard-
ize the road connectivity variable to a z-score. Both of these are available upon
request.

25 This empirical strategy is in fact identical to Aggarwal (2018), which also
has outcomes aggregated up to the district.
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Table 1
Summary statistics & covariates of in-facility delivery and institutional ANC.

Summary Statistics Association with Likelihood
of In-facility Delivery

Association with Likelihood
of Institutional ANC

(1) (2) (3) (4) (5) (6)
Mean SD Estimate SE Estimate SE

PANEL A: Individual level
Total Live Births 2.748 1.922 −0.803 0.023 −0.580 0.026
Total Pregnancies 2.982 2.051 −0.853 0.024 −0.668 0.028
Age at Survey 27.055 6.716 −2.485 0.074 −2.907 0.116
Any Schooling 0.493 0.500 0.284 0.008 0.266 0.007
Age at First Birth 19.937 3.159 1.139 0.048 0.816 0.041

PANEL B: Household level
Toilet at Home 0.280 0.449 0.178 0.011 0.150 0.009
Brick House 0.469 0.499 −0.194 0.009 −0.112 0.008
Household has BPL Card 0.351 0.477 −0.049 0.007 −0.017 0.006
Own House 0.975 0.157 −0.008 0.001 −0.004 0.001
Own Radio 0.235 0.424 0.076 0.005 0.065 0.004
Own TV 0.296 0.456 0.247 0.006 0.184 0.006
Own Agricultural Land 0.635 0.481 −0.002 0.008 0.006 0.007
Acres of Land 1.962 4.079 0.638 0.057 0.390 0.048
Own Cattle 0.584 0.493 −0.029 0.008 −0.026 0.006
Own Goats 0.244 0.430 −0.087 0.006 −0.067 0.005
Own Poultry 0.206 0.405 −0.037 0.008 0.027 0.007
Wealth Quintile 2.621 1.290 0.844 0.024 0.628 0.021
Household size 6.781 3.291 0.222 0.034 0.242 0.035

N = 200671; Sample is limited to those women reporting at least 1 pregnancy since 2004.
Columns 3 and 5 report the coefficients from a bivariate regression of in-facility delivery or institutional ANC
on the corresponding covariate; Columns 4 and 6 report standard errors clustered at the district level.

this specification forces me to exclude all twin births since there is no
variation in at-birth road connectivity between the 2 births.

In order to be conservative, standard errors continue to be clustered
at the district-level in specifications (2) and (3) also.

4. Estimation results

4.1. Baseline characteristics and covariates of utilization

Before we analyze the impact of roads on maternal and child care
outcomes, it might be instructive to see how various covariates are
related to these health outcomes. These results are presented in Table 1.
In the first 2 columns of this table, I present the mean and standard
deviations of the covariates themselves. We can see that the average
woman26 who gave birth over the survey period was almost 20 years
old at the birth of her first child. One half of the women had any school-
ing, and the average woman had had just below 3 pregnancies, and
nearly as many live births till the date of the survey.27 The households
are predominantly agricultural, with 60% of the sample owning cattle,
and nearly three-quarters owning agricultural land; the average hold-
ing size is just below 2 acres. They are also quite poor, as evidenced by
asset and durable good ownership and the fact that more than a third of
the households have a BPL card (i.e., they are officially recognized by
the government as being below the poverty line), although almost all
the households report having their own house. The average household
has about 7 members.

I next turn to analyzing the relationship between each of these
covariates and reproductive healthcare. In columns 3 and 4, I report
coefficients and standard errors from bivariate regressions of each of
these variables on the likelihood of a woman delivering in an institu-
tional health facility, and in columns 5 and 6, I present the same esti-
mates for the likelihood of a woman seeking IANC at least once during

26 The sample is made up of rural women only.
27 Please note however that child-bearing may not yet be over for many of

these women as the survey coverage is for ever married women in the age
group of 15–49.

her last pregnancy. In looking at this table, we find that most estimates
have the expected sign: richer, younger, and more educated women are
more likely to seek IANC as well as to deliver in a hospital. Importantly,
this table underscores that there are many significant predictors of take-
up of institutional healthcare on the demand-side. All of the analysis to
follow will either control for these predictors either directly or through
household or woman fixed effects.

4.2. Background and falsification

Before I analyze the impact of roads in a difference-in-differences
framework, I must ensure that the parallel trends assumption holds.
Since I do not have a clear control group (all districts were treated at
varying intensities), I perform my falsification test by moving the treat-
ment intensity variables to an earlier time period. Specifically, for each
district, I assign their treatment intensity over the period 2004 to 2006
to corresponding years over the period 2001 to 2003.28 I present these
results in Tables 2–4, where Table 2 reports results from the falsification
tests of pre- and postnatal care variables; Table 3 for vaccination; and
Table 4 for infant mortality.29 All other controls and fixed effects are
the same as in the main regressions to the extent that they are available
in the DLHS-2. I do not find evidence of violations of the parallel trends
assumption, which bolsters our confidence in the main results.30 Also,

28 Even though the coverage for the DLHS-2 is 1999–2003, different versions
of the survey instrument have conflicting instructions about the period prior to
2001, and therefore, data quality is reliable only for the 2001–2003 period.

29 I have 4 main mortality outcomes: infant mortality, stillbirths, miscarriages,
and overall mortality, which is the sum of these 3 types of mortality. However,
I am able to show pre-trends for only infant mortality since while the DLHS-2
does collect information on the number of stillbirths and miscarriages during
the reference period for each surveyed woman, it does not capture the date of
these events, making it impossible to causally connect them to road construc-
tion.

30 Aggarwal (2018) presents similar falsification tests for other non-health
variables such as labor market participation which may also be potential con-
founders, further suggesting that these findings are not driven by pre-trends.
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Table 2
Placebo effects of roads on care variables during pre-program period.

(1) (2) (3) (4) (5)
In-facility
Delivery

Institutional
ANC

Delivery
Complications (=1)

Tetanus Shot
(=1)

Received any
IFA (=1)

% Connected by Program by Year of Delivery −0.099
(0.064)

−0.005
(0.086)

−0.034
(0.041)

−0.030
(0.065)

−0.036
(0.076)

Household Controls Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes

Observations 64,257 64,257 64,257 64,257 64,257
R-squared 0.108 0.078 0.001 0.049 0.038
Number of Districts 551 551 551 551 551
Baseline Mean 0.333 0.636 0.070 0.777 0.591
Baseline SD 0.471 0.481 0.256 0.417 0.492

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
Regressions include Year & Month of Birth Fixed Effects; SEs are clustered at district level.
This table uses data from DLHS-2 is based on regressions that assign road connectivity over the years 2004-06 to the years
2001-03.

Table 3
Placebo effects of roads on vaccination during pre-program period.

(1) (2) (3) (4) (5)
BCG Measles Hepatitis Vitamin A Polio vaccine/drops

received at least once

% Connected by Program by Year of Delivery 0.014
(0.079)

0.037
(0.133)

0.032
(0.082)

0.100
(0.113)

−0.073
(0.073)

Household Controls Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes

Observations 77,978 77,978 77,978 75,043 77,978
R-squared 0.063 0.099 0.042 0.049 0.066
Number of Districts 551 551 551 551 551
Baseline Mean 0.427 0.288 0.075 0.303 0.444
Baseline SD 0.495 0.453 0.263 0.460 0.497

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
Regressions include Year & Month of Birth Fixed Effects; SEs are clustered at district level.
This table uses data from DLHS-2 is based on regressions that assign road connectivity over the years 2004-06 to the years 2001-03.

as we will see below, in many cases, the coefficient for the falsification
test is of the opposite sign relative to the main treatment effect. While
this could raise concerns about mean reversion, please note that the
coefficients are small in absolute value relative to the main treatment
effects of the program.

Another concern is that the impact of road construction on utiliza-
tion of reproductive healthcare could potentially be confounded if fertil-
ity behavior changed as a result of the program. Changes in fertility are
especially likely in this context as other work on the PMGSY program
shows that road construction expanded the availability of contracep-
tives in rural areas as well as increased women’s labor force participa-
tion (Aggarwal, 2018). Therefore, before I start, I show that there was
no causal impact of the roads program on women’s fertility decisions.
These results are presented in Table 5. Since I have the retrospective fer-
tility history of each woman in the survey, I analyze the impact of road
construction in each year on the likelihood that a woman was pregnant
or gave birth to a child in the next year in Columns 1 and 2 respec-
tively and do not find any significant effects. Therefore, it seems that
road connectivity did not cause women to alter the number of children
they bear, and therefore, outcomes on utilization of healthcare services
should not be confounded by selection into fertility.

However, to the extent that the negative effect of roads on fertility
is cause for concern (despite its insignificance), please note that the
effect size (1 pp on a base of 10 percent, a 10% decrease) is not large
enough to fully explain the treatment effects on utilization outcomes
like institutional deliveries (about 20 pp on a base of 32 percent, a

more than 60% increase).

4.3. Access

I start by assembling evidence supporting that the construction of
roads led to such an improvement in access to healthcare facilities.
While there are no questions in the survey that can help me directly
establish that households had greater access to health facilities in the
wake of the program,31I am still able to look at whether households
are more likely to utilize these facilities after road construction. Results
are presented in Table 6. In Panel A, I report results from the regres-
sion specification given by Equation (1), where within each district,
I analyze outcomes associated with births that happened at different
points in time over the sample period and were therefore, exposed to
different levels of road connectivity. In Panel B, I report coefficients
from the same regressions as in Panel A, but with a restricted sample.
Specifically, since the survey collects reproductive histories of all the
women in the 15–49 age group for every household that is surveyed,
we are able to observe the same household at multiple points in time

31 As a matter of fact, the survey does ask questions about distance to the
nearest health facility and whether it is accessible by road, however these are
asked at the time of the survey and for that point in time only, and as a result
available only for the cross-section. Expectedly, in the cross-section, districts
with higher program intensity are those with lower density of public goods in
general, including hospitals and clinics.
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Table 4
Placebo effects of roads on mortality rates in pre-program period.

Infant Mortality Rate
(per ’000 live births)

(1) (2)

% Connected by Program by Year of Delivery −0.772
(29.779)

−1.437
(30.836)

Gender Dummy (Girl = 1) 6.149∗∗

(2.459)
(% Connected by Program by Year of Delivery) X Gender Dummy 1.574

(14.179)

Observations 87,007 87,007
R-squared 0.029 0.029
Baseline Mean1 61.695 62.317
Baseline SD1 240.605 241.737
p-value for joint significance 0.99
Number of Districts 551 551

Sample does not include children born less than 1 year before the survey.
Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
Regressions include District, Year & Month of Birth Fixed Effects.
SEs are clustered at district level. Include household and individual level controls.
This table uses data from DLHS-2 is based on regressions that assign road connectivity over
the years 2004-06 to the years 2001-03.
1 Column 2 reports summary statistics for girls.

Table 5
Fertility Rates for women in the sample.

(1) (2)
Pregnant in
Year X

Child birth in
Year X

% Connected by Program by Year X-1 −0.013
(0.013)

−0.014
(0.012)

Household Controls Yes Yes
District FE Yes Yes
Month FE No No

Observations 1,397,253 1,397,253
R-squared 0.098 0.092
Baseline Mean 0.0961 0.0920
Baseline SD 0.295 0.289
Number of Districts 558 558

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5
and 10%.
The average gain in percent connected by the program by year X-1
is 0.068.
Regressions include year fixed effects and individual level controls.
SEs are clustered by district.

if more than one woman member of the household was pregnant dur-
ing the survey period. This is particularly useful as it enables me to
study household-level responses to better connectivity, after control-
ling for household-specific unobservables.32 After I restrict my dataset
in this manner, I am left with just over 9000 households, with slightly
over 19,000 pregnancies.33 This is a relatively under-powered estima-
tion, with only 19,000 observations and household-level fixed effects,
so while examining the results, we should bear in mind that the point
estimates might be somewhat imprecise for these specifications.

First, examining Panel A, I find that in going from not having a
paved road to having one, there is an 19 percentage points increase
in the likelihood of a woman delivering in a hospital, and a 6 per-
centage point increase in the probability that she will seek institutional

32 In Appendix Table A2, I report the means of various covariates for the full
sample as well as for the restricted sample described above.

33 The number of pregnancies would not be exactly double the number of
households as there may be a few cases where more than 2 women were preg-
nant in a household.

ante-natal care. Both of these gains are statistically different from zero.
Remarkably, in the restricted sample in Panel B, the size of the coeffi-
cients is similar, but imprecisely estimated because of the small sample.
The increases in in-facility births and IANC represent a 60 percent and
10 percent increase respectively, over baseline utilization rates. Please
note that this interpretation is based on the independent variable (% of
population connected via a paved road) going from 0 to 1, i.e., going
from nobody in the district having access to a paved road to every-
body having access to one. This interpretation has limited value in this
context as no district went from having no connectivity to full connec-
tivity. Therefore, to get a sense of the average effect of the program,
the estimated coefficients need to be scaled by the district-level treat-
ment intensity, which was 0.07 at the mean. Therefore, in the average
district, the in-facility delivery rate improved by 1.3–1.7 percentage
points (or 4%) over a 4 year period because of roads built under the
PMGSY program. Institutional ANC rates improved by about half a per-
centage point, or about 1%. While seemingly small, these are sizable
gains. To put things in perspective, over the period 2000–2015, when
reducing maternal mortality was one of the leading policy priorities
globally as part of the Millennium Development Goals, the proportion
of births attended by skilled health personnel went from 60% to 70% in
developing countries, i.e., an increase of 10 percentage points or 17%
over 15 years (United Nations, 2015). The gains from PMGSY (a 4%
increase over 4 years) are comparable.

At this point, it is also worth noting that roads brought about far
larger gains in in-facility births relative to IANC - at baseline, about
half as many women seeking IANC sought an in-facility delivery, but
going from having no road to having one, takes this proportion to about
70 percent. Appendix Table A3 presents a cross-tabulation of the likeli-
hoods of IANC and in-facility birth, and we observe that the subset of
women who seek an in-facility birth, but not IANC is small, suggesting
that if someone is delivering in-facility, she must be a returning patient.
Taken in conjunction with Columns 1 and 2 of Table 6, this suggests that
while roads had an impact in terms of including women in the formal
health sector (increase in IANC), their bigger impact was in bringing
about persistent utilization (bridging the gap between IANC and in-
facility delivery). This finding is in line with Adhvaryu and Nyshadham
(2015), who show that a large part of the gains from better access for
malaria treatment accrue via greater treatment adherence.

In addition, I am able to use a further proxy for measuring improve-
ments in access: for women that do deliver in a hospital, the survey
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Table 6
Impact of road construction on access to services.

All Monsoon

(1) (2) (3) (4)
In-facility
Delivery

Institutional
Ante-natal Care

Transport Cost In-facility
Delivery

PANEL A: All households with at least one pregnant woman

% Connected by Program by Year of Delivery 0.191∗∗∗

(0.042)
0.060∗

(0.031)
−223.195∗

(117.946)
0.164∗∗∗

(0.040)
(% Connected by Program by Year of Delivery) x Monsoon 0.071∗∗∗

(0.026)
(% Connected by Program by Year of Delivery) x Post Monsoon 0.131∗∗∗

(0.045)

Household Controls Yes Yes Yes Yes
District FE Yes Yes Yes Yes

Observations 175,803 175,803 52,262 175,803
R-squared 0.270 0.256 0.089 0.271
Baseline Mean 0.322 0.610 316.9 0.322
Baseline SD 0.467 0.488 690.6 0.467
Number of Districts 558 558 558 558

PANEL B: All households with multiple pregnant women

% Connected by Program by Year of Delivery 0.240∗∗

(0.117)
0.067

(0.101)
−259.577
(180.659)

0.212∗

(0.118)
(% Connected by Program by Year of Delivery) x Monsoon 0.117

(0.087)
(% Connected by Program by Year of Delivery) x Post Monsoon −0.101

(0.136)

Households FE Yes Yes Yes Yes

Observations 19,172 19,172 6554 19,172
R-squared 0.692 0.713 0.844 0.692
Baseline Mean 0.403 0.652 272.2 0.377
Baseline SD 0.491 0.476 277 0.485
Number of Households 9424 9424 4679 9424

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
The average gain in percent connected by the program by year of delivery is 0.0714.
Regressions include year & month of birth fixed effects and individual level controls.
SEs are clustered by district.

asks them how much they spent on transportation in order to get to the
hospital. I present this result in column 3 of Table 6, Panel A. There is a
large and statistically significant decrease of 224 Rupees in the amount
spent by women in getting to the hospital. This represents an 71 per-
cent decrease over baseline, a substantial reduction. At the mean pro-
gram connectivity of 7%, this translates to a 5% reduction in transport
costs to the hospital. While part of this reduction is due to better roads,
there is also a part that could come about due to availability of public
transportation, and unfortunately, it is not possible to disentangle the
two. Specifically, Aggarwal (2018) uses the census of villages in India
to show that villages that benefited from the PMGSY program were also
much more likely to have received a bus station, a natural consequence
of there being a road. For the women interviewed as part of this sur-
vey, having access to such means of transport may make the difference
between having to hire a private vehicle to get to the birthing facility
at considerable cost versus taking the bus.34 Moreover, please also note
that the marginal user of the health facility is very likely poorer than
average, and therefore, likelier to use cheaper means of transportation,
due to which this coefficient may be larger than the actual reduction

34 Please also note that transport cost to the birthing facility is recorded only
for those that gave birth at the birth center. Therefore, if the program causes
women who were earlier deterred from having an in-facility birth due to the
high transport cost to now do so, their post-program transport costs would still
be likely higher than the pre-program average transport cost. Similarly, if better
roads induce women to travel farther to a better facility, their transport may
not go down, and may in fact go up. In both cases, we are biased against finding
a decrease in transport cost.

in transport costs. Since it is difficult to disentangle the various sources
of selection bias, I now turn to Panel B to get a more precise estimate
of the reduction in transport costs. I do this by using the specification
given by Equation (2), which allows me to abstract away from sample
composition issues. Quite remarkably, the magnitude of the reduction
in the restricted sample is not very different from that in the full sample
(although imprecisely estimated), bolstering our confidence that there
was indeed a large reduction in transport costs. The similarity in the
two coefficients suggests that either the sample selection issues are not
first-order or that the mechanisms that might lead to an overestimation
of this coefficient are canceled out by those that may understate it.

Since the mandate of the PMGSY program was to provide paved,
all-weather roads, the resultant access improvements were likely larger
during the monsoon season relative to the dry season when an unpaved
road would be passable. Therefore, if we observe differential gains dur-
ing the monsoon, that would be a strong test of the results being driven
by access improvement due to roads. In order to do so, I create two
dummy variables: the first for the monsoon season, which takes the
value 1 if the woman delivered during the period between the standard
onset and withdrawal dates of the southwest monsoon for her state of
residence, as defined by the Indian Meteorological Department, and a
second “post monsoon” dummy for all deliveries during a month-long
period after the official end of the monsoon for the state. This latter
dummy allows for the fact that it takes some time for standing water
to recede and for dirt roads to dry up and become serviceable again
after the end of the monsoon. I run a fully interacted specification of
these two dummies and the treatment intensity variable on the likeli-
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Table 7
Impact of road construction on deliveries on the way to the
hospital.

On the way to
the hospital

% Connected by Program by Year of Delivery −0.007∗∗

(0.003)

Observations 175,803
R-squared 0.005
Baseline Mean 0.00420
Baseline SD 0.0647
Number of Districts 558

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate signifi-
cance at 1, 5 and 10%.
The average gain in percent connected by the program by
year of delivery is 0.0714.
Regressions include District, Year & Month of Birth FE; SEs
are clustered at district level.
Include household and individual level controls.

hood of an in-facility delivery.35 Coefficients are reported in Column 4
of Table 6: I find that there is an additional treatment effect of roads on
in-facility delivery in the monsoon and post-monsoon season over and
above the effect in the dry season.

Appendix Table A4 replicates Table 6, but without controlling for
any household- or individual-level covariates in Panel A, and without
any individual-level covariates in Panel B (household-level variables
are controlled for in Panel B through the household fixed effects). The
results are virtually unchanged, even when not controlling for these
variables.

As the next piece of evidence in support of improved access, I
show that the likelihood of a woman delivering her child on the way
to the health facility goes down. Expectedly, this is a relatively rare
phenomenon, and at baseline, less than half a percent of all pregnant
women delivered on the way to the hospital. Road construction could
potentially impact the likelihood of on-the-way-deliveries in either
direction. Specifically, roads may decrease the number of such deliv-
eries through reducing unexpected delays on the way to the hospital
or by reducing the effective distance to the hospital, thereby allowing
some of those women who either did not leave for the hospital well in
advance or for whom labor progressed faster than expected to arrive
at the hospital in time for the birth, rather than after. On the other
hand, with many more people traveling on paved roads, there may be
increased congestion, leading to greater delays and therefore, a larger
number of deliveries on the way. I find evidence in support of the for-
mer phenomenon; results are presented in Table 7. Road construction
led to a large and statistically significant drop in the likelihood of a
woman delivering on the way to the hospital.

Finally, I analyze whether the estimated gains from PMGSY accrue
to only those who live far away from facilities, and therefore, for whom
road construction would have made a meaningful difference in improv-
ing access. In its village module, the DLHS records whether a health
facility is present in the village for 10 different types of health facilities.
These range from a subcenter, which serves about 5000 people, to a
district hospital (in most cases, each district in the country has only 1
district hospital, although some have 2), and the entire range of facili-
ties in between. Distances to private facilities are also reported. Using
the distribution of these distances, I assign every village in the data as
being in the first, second, third, or fourth quartile from the closest facil-
ity. I can then interact the distance quartiles with the road construction

35 This analysis cannot be done for IANC as at least some part of the pregnancy
will always lie outside the monsoon season, which is at most 5 months long, and
as short as 2 months in certain states.

variable to understand the distribution of gains from road construction
by distance.

The data suggest that this test cannot be done for institutional deliv-
eries as the average woman does not deliver at the facility closest to her;
therefore, I focus only on IANC for this test.36 For IANC, the median
woman reports going to a facility located within her village, so if these
are truly PMGSY effects, we should only find them for the higher dis-
tance quartiles. I report the results on IANC utilization by distance quar-
tiles in Table 8.37 I find no statistically significant increase in the likeli-
hood of IANC due to road construction for those in the first 2 distance
quartiles or those in the bottom quartile, although the point estimate for
the first quartile is positive. Only those women who reside at an inter-
mediate distance from the closest facility - the third quartile - benefit
significantly from roads in terms of seeking IANC. The pattern of these
results makes sense because roads should have little impact on those
located close to facilities (other than in cases where provider absence
goes down because of the road). For the bottom two quartiles, the third
quartile has an advantage as when a road gets constructed between the
town and rural areas, the less remote areas are mechanically more likely
to get connected before the more remote ones. I show similar informa-
tion in Appendix Fig. A2, where I plot coefficients showing the effects of
road connectivity on IANC for distance bins of 2 kilometers each. While
the coefficients are positive for all distances up to 18 kilometers, they
are statistically significant only for an intermediate range - 4 to 10 km.
Please also note that the lower distance ranges - 0 to 2 kilometers and
2–4 kilometers are not underpowered as 2 and 5 kilometers are the first
two quartiles of the data, i.e., 25% of all women surveyed live within
2 kilometers of a facility and half the sample lives within 5 kilometers.
The higher distance ranges, on the other hand, are quite underpow-
ered as the third quartile of the data is at 9 kilometers. These results
strengthen the likelihood that the observed effects are being driven by
access, and not through other potential channels such as income, which
are less likely to demonstrate a distance skew.

4.4. Quality of care and health outcomes

Having established that roads led to improved access, I now turn to
the second part of my analysis which pertains to health outcomes for
those who got included in the formal health care sector due to roads.
As summarized above, the public health care system in India is fraught
with corruption, and patients often do not receive the care and services
they seek.38 In such a scenario, improved access might not be sufficient
to lead to improvements in health outcomes.

4.4.1. Pre- and post-natal care
In Table 9, Panel A, I start by looking at various aspects of services

received as a function of roads built. Columns 1–5 pertain to various
aspects of antenatal services which are understood to improve maternal
and child outcomes. In column 1, I report the likelihood that a woman
was provided at least 1 of 8 services during her pre-natal period, while
column 2 reports the count of the number of ANC services provided

36 I show the distribution of distances to the facility used for childbirth in
Appendix Table A5. As can be seen, the average woman goes twice as far as the
closest facility for delivering her child.

37 The distances corresponding to the 25th, 50th, and 75th percentiles are 2,
5, and 9 km respectively.

38 While there must be a lot of heterogeneity in provider quality, the aver-
age quality is extremely poor. In a vignette study with doctors in urban Delhi,
Das and Hammer (2007) show that the average doctor asks only 3.2 of the 6
questions that (s)he should be asking during a routine investigation for the dis-
eases in question. There is wide heterogeneity, however - the average number
of questions ranges from 1.36 for the bottom tercile to 5.32 for the top tercile.
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Table 8
Impact of road construction on IANC by distance.

Institutional ANC

% Connected by Program by Year of Delivery 0.054
(0.036)

Quartile Group 2 0.003
(0.005)

Quartile Group 3 −0.012∗∗

(0.006)
Quartile Group 4 −0.020∗∗∗

(0.006)
(% Connected by Program by Year of Delivery) X Q2 −0.015

(0.032)
(% Connected by Program by Year of Delivery) X Q3 0.075∗∗

(0.038)
(% Connected by Program by Year of Delivery) X Q4 −0.018

(0.041)

Household Controls Yes
Individual controls Yes
District FE Yes

Observations 175,803
R-squared 0.256
Baseline Mean 0.651
Baseline SD 0.477
Number of Districts 558
p-values for significance:

% Connected by Program by Year of Delivery∗(1+Q2) 0.310
% Connected by Program by Year of Delivery∗(1+Q3) <0.01
% Connected by Program by Year of Delivery∗(1+Q4) 0.400

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1,
5 and 10% respectively.
Regressions include Year & Month of Birth Fixed Effects.
The average gain in percent connected by the program by year of
delivery is 0.0714.
SEs are clustered at district level.

(out of a maximum possible of 8),39 and column 3 reports the likeli-
hood that the woman received advice on any of the suite of good pre-,
peri-, or post-natal good practices during her pregnancy.40 Columns
4 and 5 report the binary likelihood of having received tetanus shots
and supplements for iron, folate, and calcium. I find that once roads are
constructed women are indeed more likely to receive better quality pre-
natal care: they are more likely to receive micronutrient supplements,
more likely to receive tetanus shots, and also more likely to receive
advice on good practices on self-care and family planning. I find no
change in the likelihood of a woman receiving at least one ANC service,
suggesting that some basic ANC practices (potentially, measurement of
height and weight and breast examination) are followed even by infor-
mal providers.41 I also find no change in the count of ANC services
received, suggesting that the margin of improvement through inclusion
in the formal health sector is through receipt of tangible health goods
like vaccinations and supplements.

Access improvements also resulted in measurable gains during child-
birth. This can be seen in Column 6 of Table 9 - I find that when a
district moves to full connectivity, its women report a 4 percentage

39 This includes basic services like measurement of height, weight, and blood
pressure and breast examination, to slightly more advanced services like blood
and urine tests, to very advanced services like an ultrasound and sonogram.

40 These include information around (a) vaginal bleeding, (b) convulsions, (c)
prolonged labor, (d) where (health facility) to go if faced with any pregnancy
complications, (e) delivery date (f) delivery advice (g) nutrition advice, (h)
breastfeeding, (i) keeping the baby warm, (j) the need for cleanliness at the time
of delivery, (k) Family planning for spacing, (l) family planning for limiting, (m)
better nutrition for mother and child, and (n) need for institutional delivery.

41 This is consistent with Das et al. (2008), who show that even the worst-
performing providers ask a non-zero number of clinically-appropriate questions
when presented with a disease (Figure 1 in Das et al., 2008).

point reduction (0.3 percentage points, or a 2% reduction for the aver-
age district) in the likelihood that they had complications during deliv-
ery, where a complication is defined as the likelihood that the woman
reported having excessive bleeding or convulsions/high blood pressure.
Given the probability that a woman is more likely to be aware of the fact
that there were complications in her delivery when she delivers under
medical supervision, this number actually represents a lower bound on
the reduction in delivery complications brought about by the building
of roads. Finally, I also show in columns 7 and 8 of the same table that
there was a 14 percentage point increase in the likelihood of either the
mother or the child receiving timely checkup in the postnatal period,
and an 11 percentage point increase in the likelihood of both receiving
a timely checkup. Here, timely checkup refers to whether there was a
check-up by a doctor within 48 h of delivery. Both of these translate
to a 2% increase over the baseline mean for the average district, where
connectivity improved by 0.07.

In Panel B, I examine all of the same variables as in Panel A, but
similar to this panel in Table 6, I restrict my sample to only those house-
holds where multiple women were pregnant during the survey period,
and were therefore subject to varying levels of road connectivity while
making their decisions. Even though the treatment effects lose their
significance because of the restrictive nature of this specification, not
only is the direction of the coefficients is preserved, the point estimates
between Panels A and B are stable across the full range of outcomes.

In Appendix Table A6, I report results from the same underlying
specifications as in Table 9, but without any household or mother
covariates, although Panel B has a household fixed effect by design.
The results with and without controls are similar.

A major concern with interpreting these results is that it may be
hard to disentangle the mechanisms at work. I hypothesize that medical
care utilization improved as a result of better access to the clinics - a
demand side improvement. However, it is also likely that some of the
improvements came about due to potential decreases in absenteeism -
if the nurse is present on a greater number of days, she is likely to assist
more patients. While absence rate decreases also likely came about due
to better access, this channel is a supply side one with very different
policy implications.

4.4.2. Vaccination
An important aspect of public health delivery in developing coun-

tries is providing adequate vaccination coverage. This is for good rea-
son - according to public health experts, vaccinations rank second after
clean water in their ability to reduce the global burden of infectious
diseases, and it is believed that vaccinations are responsible for avert-
ing 2–3 million deaths globally every year. However, despite concerted
national and international efforts, population coverage rates remain sig-
nificantly lower than the 95 percent required to cross the herd immu-
nity threshold and eliminate infectious diseases. In rural India, the con-
text under study, coverage rates varied from 24 percent for the hepatitis
vaccine, and over 90 percent for polio in 2004 (Table 10). Therefore,
it would be interesting to see if improvements in access that led to
greater utilization of medical services by women, also led to a similar
expansion in vaccination rates for kids. I present such an analysis in
Panel A of Table 10, where I analyze administration rates for a range
of different vaccines that are given to children during their first year.
I find strong, positive effects across the entire gamut of vaccines: chil-
dren are more likely to have a vaccination card issued by a health care
facility, and also more likely to have received vaccines for BCG, DPT,
measles, hepatitis, and polio, and oral drops for vitamin A. The effect
sizes are large, and range from a 14 percentage point increase in the
DPT vaccination rate, to a 26 percentage point increase in the rate for
measles (i.e., between about 1 and about 2 percentage points for the
average district). I do not find any gains in the case of the polio vac-
cination rate, but the baseline coverage rates for polio were already
quite high because the government of India has been running a mas-
sive initiative to attain universal polio vaccination rates since 1995.
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Table 9
Impact of road construction on quality of care.

ANC Quality Delivery Quality

(1) (2) (3) (4) (5) (6) (7) (8)
Any anc health
measures (=1)

Number of ANC
health measures

Any advice
(=1)

Tetanus Shot
(=1)

Received any
IFA (=1)

Delivery
Complications
(=1)

Timely Checkup
(Either mother
or child)

Timely Checkup
(Both)

PANEL A: All households with at least one pregnant woman

% Connected by Program
by Year of Delivery

0.007
(0.028)

−0.122
(0.136)

0.049∗

(0.029)
0.056∗

(0.031)
0.052∗∗

(0.026)
−0.041∗∗

(0.020)
0.142∗∗∗

(0.034)
0.108∗∗∗

(0.031)

Household Controls Yes Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes Yes

Observations 175,803 175,803 175,803 175,803 175,803 175,803 175,803 175,803
R-squared 0.316 0.477 0.251 0.225 0.115 0.063 0.242 0.240
Baseline Mean 0.546 2.469 0.569 0.641 0.864 0.127 0.409 0.331
Baseline SD 0.498 2.857 0.495 0.480 0.343 0.333 0.492 0.470
Number of Districts 558 558 558 558 558 558 558 558

PANEL B: All households with multiple pregnant women

% Connected by Program
by Year of Delivery

0.044
(0.098)

−0.028
(0.480)

0.047
(0.101)

0.059
(0.095)

0.119
(0.086)

−0.075
(0.074)

0.145
(0.111)

0.079
(0.098)

Households FE Yes Yes Yes Yes Yes Yes Yes Yes

Observations 19,172 19,172 19,172 19,172 19,172 19,172 19,172 19,172
R-squared 0.722 0.792 0.711 0.708 0.623 0.607 0.699 0.706
Baseline Mean 0.579 2.608 0.607 0.706 0.810 0.125 0.453 0.365
Baseline SD 0.494 2.855 0.489 0.456 0.392 0.331 0.498 0.481
Number of Households 9424 9424 9424 9424 9424 9424 9424 9424

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
The average gain in percent connected by the program by year of delivery is 0.0714.
Regressions include year & month of birth fixed effects and individual level controls.
SEs are clustered at district level.

Table 10
Impact of road construction on Children’s immunization.

(1) (2) (3) (4) (5) (6)
BCG DPT Measles Vitamin A Hepatitis Polio vaccine/drops

received at least once

PANEL A: All mothers with at least one child born in sample period

% Connected by Program by Year of Delivery 0.151∗∗∗

(0.044)
0.142∗∗∗

(0.048)
0.261∗∗∗

(0.061)
0.188∗∗∗

(0.065)
0.207∗∗∗

(0.034)
0.036

(0.031)

Household Controls Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes Yes
District Fixed Effects Yes Yes Yes Yes Yes Yes

Observations 211,630 211,630 211,630 211,630 211,630 211,630
R-squared 0.155 0.209 0.312 0.282 0.282 0.146
Baseline Mean 0.782 0.731 0.644 0.560 0.243 0.909
Baseline SD 0.413 0.444 0.479 0.496 0.429 0.288
Number of Districts 558 558 558 558 558 558

PANEL B: All mothers with more than one child born in sample period

% Connected by Program by Year of Delivery 0.148∗∗∗

(0.055)
0.159∗∗∗

(0.060)
0.214∗∗∗

(0.074)
0.149∗

(0.077)
0.225∗∗∗

(0.036)
0.003

(0.039)

Individual Fixed Effects Yes Yes Yes Yes Yes Yes

Observations 84,200 84,200 84,200 84,200 84,200 84,200
R-squared 0.749 0.739 0.747 0.764 0.798 0.752
Baseline Mean 0.759 0.706 0.614 0.524 0.216 0.897
Baseline SD 0.428 0.456 0.487 0.499 0.412 0.304
Number of Mothers 42100 42100 42100 42100 42100 42100

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
The average gain in percent connected by the program by year of delivery is 0.0714.
All regressions include year & month of birth fixed effects, and those in Panel B additionally include mother fixed effects.
SEs are clustered at district level.

Therefore, roads are unlikely to have improved access to polio vaccina-
tion. Finally, in Panel B, I report these results for the restricted sample
of women, who had at least 2 kids in the sample period. While the

survey collects detailed pre- and post-natal care information only for
a woman’s last pregnancy, information on vaccination is collected for
each woman’s last 2 children, born during the sample period. I uti-
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Table 11
Impact of roads on mortality rates.

Infant Mortality Rate
(per ’000 live births)

Still Birth Rate
(per ’000 births)

Miscarriages (per
’000 pregnancies)

Total Mortality
(per ’000
pregnancies)

Maternal Mortality
(per ’000 pregnant
women)

(1) (2) (3) (4) (5) (6) (7)

% Connected by Program by Year
of Delivery

10.371
(9.724)

24.965∗∗

(10.773)
−3.088
(5.452)

2.276
(6.503)

−11.191
(11.520)

−3.269
(16.104)

0.184
(0.782)

Gender Dummy (Girl = 1) 0.645
(1.710)

−1.139∗

(0.619)
(% Connected by Program by
Year of Delivery) X Gender
Dummy

−29.104∗∗∗

(8.374)
−10.115
(7.216)

Observations 222,201 222,176 225,404 225,274 237,119 237,119 256,434
R-squared 0.023 0.023 0.082 0.079 0.200 0.132 0.003
Baseline Mean1 36.18 34.30 12.69 11.01 22.50 69.46 0.516
Baseline SD1 186.8 182 111.9 104.3 148.3 254.2 22.70
p-value for joint significance 0.690 0.230
Number of Districts 558 558 558 558 558 558 558

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
The average gain in percent connected by the program by year of delivery is 0.0714.
Regressions include District, Year & Month of Birth Fixed Effects.
SEs are clustered at district level.
Include household and individual level controls.
1 Columns 2 and 4 reports summary statistics for girls.

lize this information to create a mother-level panel and implement a
difference-in-differences strategy with mother fixed effects. The treat-
ment effects on vaccination rates continue to be large and statistically
significant even for this sample.42

Like before, I replicate the results from Panel A but without any
controls in Appendix Table A7. Since Panel B of Table 10 has mother
fixed effects, there are no further mother or household-level controls
that can be dropped.

4.4.3. Mortality
The ultimate aim of policymakers tying to encourage adherence to

the interventions discussed above - institutional deliveries and ANC and
the full suite of recommended vaccinations is to reduce maternal and
child morbidity and mortality. I now turn to examining the impact of
PMGSY on these outcomes, specifically, maternal and infant mortal-
ity.43 These results are presented in Table 11. In Column 1, I analyze
the overall rate of infant mortality and find a positive treatment effect,
which though insignificant, has a t-stat of 1.1. Next, given the context of
rural India, characterized by extremely gendered investments in child
health, I turn to analyzing the impact separately for boys and girls, in
order to get a better understanding of the rise in infant mortality. I find
that mortality rates in fact significantly increased for boys, and even
though I find a sharp decline in the gender gap in infant mortality (2
per 1000 for the average district), there is a null overall effect for girls
(joint p-value of the uninteracted and interacted coefficients for roads
is 0.69).

This is an important and concerning finding since the ex ante expec-
tation was that improved utilization of health services and greater vac-
cination rates would lead to a decrease in infant mortality. Moreover,
this result brings into question the public policy rationale for improv-
ing access to healthcare facilities, and therefore, we must understand

42 There may be concerns that the effect is confounded by mothers learning
about vaccination from their experience with their older child(ren). However,
the learning effect should not be differential across districts with varying treat-
ment intensities.

43 The immediately obvious outcomes, for which I can utilize the panel nature
of the data are the following: (a) birth weight, (b) infant mortality, and (c)
maternal mortality. The DLHS does not ask about birth weight, so this outcome
is not available to me.

what might be causing infant mortality for boys to rise. I start by con-
sidering the possibility that better access to facilities increased the like-
lihood that weaker/high risk children would be born alive (who would
have otherwise been stillborn), who would then go on to not survive
infancy. The medical literature shows that the risk of stillbirth as well
as of fetal mortality is significantly greater for males,44 and it could be
the case that a larger number of male stillbirths were averted because
of roads, which then led to a greater increase in mortality for male
infants. In this case, I should observe a decrease in stillbirth incidence,
especially for males. I analyze this in Columns 3 and 4. Column 3 shows
evidence suggesting that the number of stillbirths indeed declined in
districts with greater treatment intensity, but not only is the effect sta-
tistically insignificant, it is also not large enough to fully explain the
increase in infant mortality. In Column 4, I analyze stillbirth incidence
separately for each gender. Here, I find that if anything, stillbirths for
boys may have gone up, although the treatment effect is imprecisely
estimated.

Given that stillbirths fail to explain the rise in infant mortality, I turn
to examining fetal mortality as the underlying explanation. The mech-
anism that I posit is similar to that in the case of stillbirths, i.e., medi-
cal care may enable women to carry weaker pregnancies to term, with
many of these children dying later as infants. While miscarriages are rel-
atively understudied in the medical literature, especially in the devel-
oping country context, there is evidence from Bangladesh suggesting
that going from 1 IANC visit to 3 is associated with a more than halv-
ing of the likelihood of pre-term births (Pervin et al., 2020). I analyze
miscarriage incidence in Column 5 and find support for my hypothesis
- there is strongly suggestive evidence (t-stat = 0.97) that miscarriages
reduced, and the reduction is similar in magnitude to the increase in
infant mortality. Unfortunately, I am unable to examine this outcome
by gender as Indian laws prohibit prenatal sex determination,45 and
therefore, the gender of a fetus is unknown. However, the similarity in
the magnitude of the pooled (over genders) coefficients for infant and
fetal mortality suggests that the gains may have been gender-biased in
favor of boys. Finally, in Column 6, I combine all of these 3 outcomes -
infant death, stillbirth, and fetal death, to get a sense of the impact of

44 see Mondal et al. (2014) for a review of this literature.
45 India prohibits prenatal sex determination under the Pre-Conception and

Pre-Natal Diagnostic Techniques Act of 1994.
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Table 12
Impact of road construction on mortality by distance.

Infant Mortality Rate
(per ’000 live births)

Stillbirth Rate
(per ’000 live births)

Miscarriages
(per ’000

Total Mortality
(per ’000

(1)
Overall

(2)
Girls

(3)
Boys

(4)
Overall

(5)
Girls

(6)
Boys

pregnancies)
(7)

pregnancies)
(8)

% Connected by Program by Year
of Delivery

13.848
(12.550)

10.225
(16.652)

19.690
(16.222)

−6.727
(7.206)

−8.644
(9.796)

−8.646
(9.698)

−11.799
(13.056)

−5.555
(19.032)

(% Connected by Program by
Year of Delivery) X Q2

−4.020
(12.661)

−12.716
(15.890)

2.508
(18.083)

7.743
(7.199)

1.132
(10.474)

11.262
(11.817)

13.122
(12.053)

16.357
(15.949)

(% Connected by Program by
Year of Delivery) X Q3

−4.374
(15.421)

−21.712
(18.244)

10.783
(21.497)

8.807
(7.287)

−0.680
(10.764)

17.383
(11.235)

−13.072
(10.477)

−5.547
(17.490)

(% Connected by Program by
Year of Delivery) X Q4

−5.544
(13.036)

−15.126
(16.988)

3.151
(17.819)

−2.220
(7.451)

0.495
(10.324)

−1.829
(10.031)

0.095
(10.834)

−4.488
(15.311)

Observations 222,206 106,450 115,731 225,409 107,754 117,525 237,124 237,124
R-squared 0.023 0.022 0.028 0.091 0.091 0.118 0.201 0.133
Baseline Mean 36.18 34.30 37.85 12.69 11.01 13.42 22.50 69.46
Baseline SD 186.8 182 190.8 111.9 104.3 115.1 148.3 254.2
Number of Districts 558 558 558 558 558 558 558 558

p-values for significance:
% Connected by Program by Year
of Delivery∗(1+Q2)

0.400 0.880 0.180 0.890 0.510 0.810 0.930 0.550

% Connected by Program by Year
of Delivery∗(1+Q3)

0.500 0.510 0.130 0.780 0.430 0.380 0.0300 0.580

% Connected by Program by Year
of Delivery∗(1+Q4)

0.530 0.750 0.220 0.160 0.420 0.270 0.440 0.590

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10% respectively.
Regressions include District, Year & Month of Birth Fixed Effects.
The average gain in percent connected by the program by year of delivery is 0.0714.
SEs are clustered at district level.
Include household and individual level controls.

roads on overall pre-, peri–, and post-natal mortality. Overall mortality
stayed largely unimpacted, providing further support to the hypothesis
that miscarriages reduced for male fetuses. Taken together, these results
suggest that while the formal healthcare system was able to successfully
support high-risk pregnancies and reduce fetal deaths, it may need to
be strengthened further to be able to provide adequate care to weak
infants.

In order to strengthen support for my claim that improvements in
IANC led to a decline in fetal mortality, I examine changes in fetal
mortality by distance to the closest health facility. We know from
Table 8 that women located in the third quartile of distance from
the nearest facility experienced statistically significant gains in seek-
ing IANC. If fetal mortality improvements are driven by those in IANC,
then we should expect the decline to be larger in this quartile. In
Table 12, I replicate the mortality outcomes from Table 11 with addi-
tional distance interactions. Since the main focus of this investiga-
tion is miscarriages, I start by discussing results pertaining to those
(Column 7). Corresponding to a positive and borderline insignificant
effect on IANC in the first quartile, I find a negative and insignifi-
cant effect on miscarriages for that quartile. There is no effect in the
second and fourth quartiles, again similar to the IANC effect. In the
third quartile, however, I find a large and significant decline in mis-
carriages (p-value for the sum of uninteracted and distance-interacted
connectivity coefficients is 0.03). These results strongly suggest that
improvements in IANC reduced fetal mortality. Increase in infant mor-
tality itself is not individually significant for any quartile, although the
third quartile effect for boys has a p-value of 0.13. All of these results
taken together suggest that improved road connectivity led to gains
in IANC for those located far away from clinics; better pre-natal care
brought down miscarriages, only for these weak babies to die later

during infancy.46 Overall mortality remains unchanged for each quar-
tile.

I do not find any effects on maternal mortality (Table 11, Column
6), likely because the baseline rate was already very low (0.5 per 1000
pregnancies).

Finally, I examine if there may be other mechanisms underlying the
narrowing of the gender gap in infant mortality beyond just the increase
in male mortality. I first look at the likelihood of seeking IANC and an
in-facility birth for girl children and find no evidence of differential
gains by girls (Appendix Table A9). This makes sense because the gen-
der of the child is not known at this time, so prenatal investments (and
therefore, gains in these) are unlikely to be gender-biased. However, it
is likely that girls benefited more from these gender-uniform gains in
pre-natal care as female fetuses and infants are known to be medically
more robust.

I next examine differences in vaccination rates by gender. Results
are presented in Table 13. I find evidence of differential gains by girls
in the vaccination rates for DPT, measles, and hepatitis-B, and is likely
responsible for lowering the mortality of girl children. These results
suggest that by lowering the marginal cost of getting children vacci-
nated, PMGSY improved vaccination coverage for girls. Moreover, I do
not find differential gains for BCG and polio. This pattern of increase
is interesting because the official guidelines from the government of
India are to administer BCG and polio vaccinations at birth, and then

46 In Web Appendix Table A8, I try to get a sense of the distribution of the
timing of mortality after birth. Specifically, I look at two windows - the initial
2 days after birth, which is the typical duration of hospital stay after childbirth
and the first month (neonatal period), which the WHO and UNICEF consider the
most vulnerable period for children. The results suggest that if anything, infant
mortality declines in the first 2 days after birth and statistically significantly
for girls (p-value of the joint test is 0.02). This suggests that even this outcome
improves while the child is under the care of professional caregivers. However,
the gains for boys reverse in the neonatal period itself, providing a clear and
distinct period for policymakers on which to focus.
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Table 13
Impact of road construction on Children’s immunization by gender.

(1) (2) (3) (4) (5) (6)
BCG DPT Measles Vitamin A Hepatitis Polio vaccine/drops

received at least once

% Connected by Program by Year of
Delivery

0.143∗∗∗

(0.044)
0.121∗∗

(0.051)
0.236∗∗∗

(0.062)
0.176∗∗∗

(0.066)
0.195∗∗∗

(0.033)
0.043

(0.034)
Gender Dummy (Girl = 1) −0.002

(0.003)
−0.008∗∗

(0.003)
−0.008∗∗

(0.003)
0.004

(0.003)
−0.003
(0.003)

0.003
(0.002)

(% Connected by Program by Year of
Delivery) X Gender Dummy

0.014
(0.022)

0.045∗

(0.026)
0.051∗∗∗

(0.019)
0.023

(0.019)
0.036∗∗

(0.015)
−0.015
(0.021)

Household Controls Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes Yes
District Fixed Effects Yes Yes Yes Yes Yes Yes

Observations 208,605 208,605 208,605 208,605 208,605 208,605
R-squared 0.155 0.209 0.313 0.283 0.283 0.146
Baseline Mean 0.782 0.731 0.644 0.561 0.243 0.909
Baseline SD 0.413 0.444 0.479 0.496 0.429 0.288
Number of Districts 558 558 558 558 558 558

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
The average gain in percent connected by the program by year of delivery is 0.0714.
All regressions include year & month of birth fixed effects; SEs are clustered at district level.

follow up with DPT and hepatitis vaccinations at 6 weeks47 and with
the measles vaccination at 9 months. In conjunction with the result
on gender-differentiated gains for in-facility births, these results make
sense as the BCG and polio vaccines are supposed to be administered
before the mother and her baby are discharged from the hospital, and
therefore, their likelihood should track that of in-facility births. The
other vaccinations, on the other hand, require parents to travel to the
health center anew, so they are more likely to continue displaying gen-
der differentials.

4.5. Substitution behavior

Another implication of better access to nearby markets is that the
number of treatment facility options should weakly increase. Therefore,
we can gain insights into household preferences by looking at switch-
ing between providers. Specifically, if households switch from provider
A to provider B, then B is revealed preferred to A. So, for instance,
if we find that when access improves, households like to visit private
providers instead of public providers, then a public policy implication
might be to spend resources on providing vouchers for private clin-
ics, instead of expanding subsidized medical care. With that in mind, I
turn the readers’ attention to Tables 14 and 15, which analyze precisely
this kind of switching behavior, for in-facility deliveries and for IANC
respectively. I want to start by discussing Panel A of both of these tables,
which considers the full sample of pregnant women. I find that the pro-
gram induces households to switch away from private, and towards
public hospitals for both deliveries as well as for prenatal care (Column
1). These effects are even bigger when conditioning on prior use of insti-
tutional care, and are shown in Column 2 of both tables. The structure
of the data also allows me to explore this switching behavior in greater
detail, as the survey seeks information on the kind of public facility at
which care was sought. I present these results in the remaining columns
of the 2 tables. I find that in the case of ante-natal care, the entirety of
the switch is from private facilities to subcenters (SCs), the smallest and
most local level of public health facility. In the case of deliveries, on the
other hand, women also switch to Primary Health Centres (PHCs) and
to district hospitals, providers that are located much farther away (SCs
serve 5 villages on average, PHCs serve 31, and the lowest level of pub-
lic hospital serves a 1000 villages).

47 The recommendation regarding the hepatitis-B vaccination was recently
changed to “within 24 h of birth”, but was 6 weeks after birth for the period
under study (Balasubramanian et al., 2018).

These results sit well with the way health care facilities are currently
organized in rural India. As explained in the introduction, there is a
large dearth of public clinics, which has led to a mushrooming of low-
quality private providers. It has been documented that despite being
aware of their poor quality, care-seekers often visit these providers due
to convenience and proximity reasons. This phenomenon is very similar
to the ones documented by Leonard (2007), Klemick et al. (2009), and
Das and Mohpal (2016). However, once access improves, households
choices are less constrained, taking them closer to the optimum.

One could be concerned that these results are driven, not by actual
substitution, but by changing sample composition, such that the newly
included mothers can only afford public facilities. In order to exam-
ine this, I now turn to Panel B of Tables 14 and 15, which replicate
the analysis in Panel A, but with the restricted sample of households
with multiple pregnant women during the sample period. We find that
even with household fixed effects, such that the geographic location of
the households and the distance to the clinics remain unchanged, the
substitution patterns still hold up.

4.6. Threats to validity

4.6.1. Janani Suraksha Yojana
There may be some concerns that the effects reported in this paper

are not being driven by road construction as the PMGSY program
was largely contemporaneous with the Janani Suraksha Yojana (JSY),
the government of India’s flagship program to encourage institutional
births. The JSY was a conditional cash transfer scheme launched in all
districts of the country in April 2005, under which all women delivering
in an institutional facility (public or private) were given a cash trans-
fer. The amount of this transfer varied by state - women living in “low-
performing” states (states where the institutional delivery rate was less
than 25% at baseline)48 were given an incentive of Rupees 1400 while
those residing in high-performing states, i.e., all other states, were paid
Rupees 700. A number of papers have estimated the impact of JSY,
and have found large positive effects on the rate of in-facility births in
the country (Lim et al., 2010; Carvalho and Rokicki, 2019), with larger
effects coming about in states with larger incentive amounts (Debnath,
2018).

There are several reasons to believe that this paper is not sim-
ply picking up effects from the JSY program and attributing them

48 These states are: Assam, Bihar, Chhattisgarh, Jammu and Kashmir, Jhark-
hand, Madhya Pradesh, Odisha, Rajasthan, Uttar Pradesh, and Uttarakhand.
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Table 14
Impact of road construction on choice of locations for child delivery.

All private facilities Types of Public Facilities

Unconditional
(1)

Conditional
(2)

Public
Hospital

Urban Health
Centres

Community Health
Centres (CHCs)

Primary Health
Centres (PHCs)

Sub centres
(SCs)

PANEL A: All mothers with at least one child born in sample period

% Connected by Program by
Year of Delivery

−0.082∗∗∗

(0.016)
−0.303∗∗∗

(0.066)
0.124∗∗∗

(0.022)
0.001

(0.003)
0.018

(0.016)
0.123∗∗∗

(0.023)
0.014∗∗

(0.006)

Household Controls Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes

Observations 175,803 63,217 175,803 175,803 175,803 175,803 175,803
R-squared 0.215 0.301 0.140 0.023 0.064 0.049 0.017
Baseline Mean 0.135 0.419 0.105 0.00245 0.0349 0.0341 0.00540
Baseline SD 0.342 0.493 0.306 0.0494 0.184 0.181 0.0733
Number of Districts 558 558 558 558 558 558 558

PANEL B: All households with multiple pregnant women

% Connected by Program by
Year of Delivery

−0.152∗

(0.080)
−0.276
(0.215)

0.156∗∗

(0.074)
−0.002
(0.010)

0.012
(0.044)

0.183∗∗∗

(0.069)
0.063∗

(0.036)

Household FE Yes Yes Yes Yes Yes Yes Yes

Observations 19,172 7992 19,172 19,172 19,172 19,172 19,172
R-squared 0.686 0.854 0.659 0.544 0.641 0.618 0.610
Baseline Mean 0.180 0.180 0.0937 0.00180 0.0442 0.0441 0.00635
Baseline SD 0.384 0.384 0.291 0.0424 0.206 0.205 0.0794
Number of Households 546 539 9424 9424 9424 9424 9424

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
The average gain in percent connected by the program by year of delivery is 0.0714.
Regressions include District, Year & Month of Birth Fixed Effects; SEs are clustered at district level.

Table 15
Impact of road construction on choice of locations for ante-natal care.

All private facilities Types of Public Facilities

Unconditional
(1)

Conditional
(2)

Public
Hospital

Urban Health
Centres

Community Health
Centres (CHCs)

Primary Health
Centres (PHCs)

Sub centres
(SCs)

PANEL A: All mothers with at least one child born in sample period

% Connected by Program by
Year of Delivery

−0.048∗∗

(0.019)
−0.097∗∗∗

(0.031)
0.000

(0.021)
−0.004
(0.004)

0.009
(0.012)

0.021
(0.018)

0.077∗∗∗

(0.018)

Household Controls Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes

Observations 175,803 108,292 175,803 175,803 175,803 175,803 175,803
R-squared 0.218 0.243 0.140 0.016 0.057 0.057 0.224
Baseline Mean 0.214 0.351 0.116 0.00545 0.0604 0.0993 0.102
Baseline SD 0.410 0.477 0.320 0.0736 0.238 0.299 0.303
Number of Districts 558 558 558 558 558 558 558

PANEL B: All households with multiple pregnant women

% Connected by Program by
Year of Delivery

−0.128
(0.091)

−0.008
(0.138)

0.129∗∗

(0.063)
−0.007
(0.020)

−0.044
(0.047)

−0.008
(0.068)

0.064
(0.065)

Household FE Yes Yes Yes Yes Yes

Observations 19,172 12,509 19,172 19,172 19,172 19,172 19,172
R-squared 0.685 0.778 0.671 0.553 0.647 0.656 0.695
Baseline Mean 0.262 0.262 0.103 0.00508 0.0561 0.0992 0.0875
Baseline SD 0.440 0.440 0.304 0.0711 0.230 0.299 0.283
Number of Households 546 546 9424 9424 9424 9424 9424

Standard errors in parentheses. ∗∗∗, ∗∗, ∗ indicate significance at 1, 5 and 10%.
The average gain in percent connected by the program by year of delivery is 0.0714.
Regressions include District, Year & Month of Birth Fixed Effects; SEs are clustered at district level.

to PMGSY. First and foremost, the roll-out strategies of the two pro-
grams were extremely different. The JSY program was simultaneously
launched in all districts of the country, and the per birth payout amount
were constant over time within a state, such that there was no spatial
or temporal variation in program intensity once it had been launched.
The PMGSY, on the other hand, was implemented at the village-level
and was based on a population threshold. In the aggregated empirical

design of this paper, there is spatial (by district) as well as temporal (by
year) variation in exposure to the program within a state, and temporal
variation within a district. Since my regressions utilize this variation
and have year fixed effects, the implementation of JSY is already taken
into account. Therefore, while JSY would indeed impact the level of
in-facility births, what I am reporting are slope coefficients of road con-
struction.
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Indeed, the pattern of some of the results suggest that my results
are not driven by JSY. For example, in a recent paper, De and Tim-
ilsina (2019) show that JSY was able to improve immunization rates
for only those vaccinations which are provided at or close to birth,
i.e., Polio, BCG, and DPT, but not for measles, which is scheduled for
9 months after birth. My results, on the other hand, show an uptick in
the measles vaccination rates. Debnath (2018) similarly finds no impact
on the hepatitis-B vaccination rates, while I detect large improvements.
Similarly, Lim et al. (2010) and Debnath (2018) show a reduction in the
overall infant mortality rates, while I actually find the converse, again
suggesting that I am not simply picking up JSY effects.

Moreover, some of the main results - greater institutional births
during the monsoon and a reduction in transport costs also bolster
our confidence that some of the gains are due to improved access, as
there is no reason to believe that JSY should impact either of these.
In fact, if anything, JSY should increase transport costs on average if
some women who were deterred from delivering at a facility earlier
because it was too far, are now incentivized to do so by the JSY, and
are therefore included in the transport cost regressions. Finally, the tests
showing that IANC gains are confined to those located at an intermedi-
ate distance from facilities strengthen the likelihood that the observed
effects are being driven by access, and not because of the JSY pro-
gram, from which women located at all distances should have benefited
equally.

All of this being said, please note that while some of the results may
indeed be different without JSY because the incentives to deliver at a
facility would be different, the results described in this paper are still
internally valid for the context in which the study is set.

4.6.2. Other hypotheses
Now I turn to examining hypotheses other than JSY that might

potentially be driving the results. Since the PMGSY program had far-
reaching consequences in the village economy, it is possible that behav-
ior changes are being driven by income. Work by Asher and Novosad
(2020) on the PMGSY program provides the primary rebuttal to this
hypothesis since they find that PMGSY did not lead to gains in income.
In addition, some of my own findings in this paper also help us rule out
the income channel. The fact that the IANC effects come about only for
those women who live at an intermediate distance from health facili-
ties also suggests that income is not the driving force behind the results.
Similarly, differential gains in institutional births during the monsoon
season also rule out income as the driving factor.

Companion papers on the impacts of PMGSY show that the pro-
gram brought about increases in women’s labor market participation
(Aggarwal, 2018). There is a large literature in development economics
that shows that increased labor market opportunities for women trans-
late into greater autonomy and bargaining power (for instance, Ander-
son and Eswaran, 2009; Jensen, 2012). There might therefore be con-
cerns that these effects may be mediated through women’s increased
autonomy, and may not be a direct result of improved access. While it
is impossible to completely rule out gains in autonomy as a channel,
the differential gains for children born during the monsoon season are
reassuring in that regard as those are unlikely to be driven by intra-
household bargaining. Moreover, it is also not clear why autonomy
should increase for only those women who are at an intermediate dis-
tance from the health center. Increased autonomy should also not bring
about provider switching from private to public. Finally, the finding
that transport costs reduced suggests that results are not being driven
entirely by increased autonomy.

Any concerns that the results are being driven by sample composi-
tion changes due to selection into fertility are alleviated by the fact that
we find within-household and within-mother effects, and by differen-
tially larger gains during the rainy season.

Another concern is that some of the significant effects that we find
might simply be statistical artefacts, a consequence of testing for multi-

ple hypotheses. Therefore, using the multiple hypothesis correction pro-
cedure due to Anderson (2008), I compute false discovery rate (FDR)
sharpened q-values, which account for false positives in the original p-
values (Benjamini et al., 2006). To construct q-values, I group together
all hypotheses (with uninteracted road connectivity as the independent
variable) that I test in this paper and adjust my p-values for the number
of hypotheses being tested. These q-values, as well as their respective p-
values from naive regressions are reported in Web Appendix Table A10.
On the whole, inference is completely unchanged as none of the previ-
ously statistically significant coefficients fall below the standard thresh-
olds of statistical significance after making the FDR adjustments.

5. Conclusion

In this paper, I use district-level variation in road pavement inten-
sity in rural areas, induced by the rules of a large scale road construc-
tion program of the government of India, to show that roads improved
access to healthcare facilities. Contrary to popular perceptions about
the state of affairs at these healthcare facilities, improved access led to
pregnant women receiving better care and subsequently, having better
health outcomes, such as a lower rate of delivery complications. Better
care during the pre-natal period leads women to have fewer miscar-
riages; however, the gains in fetal mortality are almost entirely offset
by a worsening of infant mortality, suggesting that deaths are merely
delayed, not averted. Children are more likely to be vaccinated, with
greater gains for girls. I find that these results are robust to looking
within household or within mother in cases where a household had
multiple pregnant women or a woman had multiple births during the
sample period.

These results have important implications for healthcare policy in
developing countries. Improving maternal and child health has been
an important and long-standing goal, and while significant strides were
made in this direction in the run-up to 2015 (the target date for achiev-
ing the MDGs), much remains to be accomplished at the country-level
as well as for those who are socially and economically marginalized
within developing countries. It has been proposed that easing supply-
side bottlenecks would encourage the utilization of health services and
improve outcomes, and that these policies are likely to benefit econom-
ically disadvantaged women the most as they tend to be severely access
constrained (WHO, 2015). On-the-ground gains in this regard, how-
ever, have been hard to accomplish. This paper is the first to provide
evidence that some of these constraints can be resolved by improving
physical access to clinics and health facilities. The finding about fewer
children dying in-utero, only to die later as infants, provides a tangible
and specific policy input that healthcare support to mothers needs to be
extended to cover the post-natal period.

This paper also adds to an emerging literature on the social and eco-
nomic impacts of rural roads in general, and the PMGSY program in
particular. In previous papers on the impacts of the PMGSY program
(Adukia et al., 2020; Aggarwal, 2018; Asher and Novosad, 2020; Sham-
dasani, 2016) it has been shown that this program led to increases in
household consumption, educational attainment, technology adoption,
labor force participation rates, and may even have hastened the process
of structural transformation in the countryside. Taken in conjunction
with the older results, the findings from this paper suggest that road
construction unambiguously improves households’ access to and uti-
lization of markets (both goods and labor) and services.

The focus of this paper as well as of the larger literature, however,
has been on short-term effects (largely because PMGSY is a recent pro-
gram). Given the large documented impacts on education, occupation
choice, technology adoption, and healthcare utilization, PMGSY will
likely lead to large long-term benefits, which must be the focus of future
research in this area. Moreover, many of these outcomes have all been
studied in isolated partial equilibrium settings, and the general equilib-
rium effects of roads are yet to be understood.
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