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Expansion in access to public infrastructure can have varied, microlevel impacts. In
this paper, we use a discrete and quasi-random change in the access to paved roads
through a large-scale rural road construction program in India to study how road ac-
cess impacts fertility decisions and investments in child health. We find that increased
access to paved roads at the district level decreases fertility, improves investments in
children, and lowers infant mortality. We also provide evidence that highlights the
mechanisms that drive this effect. First, we show that local roads improve access to
health care facilities and raise immunization rates, which reduces infant mortality.
Then, we demonstrate that last-mile road connectivity has contrasting effects on em-
ployment across gender. Overall, the evidence suggests that rural roads can help ac-
celerate demographic transition through their effects on fertility and infant mortality.

Introduction

Rural roads can provide several pathways to economic development. For
instance, better road connectivity can increase employment, bolster liveli-
hoods, and reduce poverty. Higher employment rates, particularly among
women, increase the opportunity cost of having a child (Becker 1960) and
incentivize households to have fewer children. Improvements in road con-
nectivity can also facilitate the expansion of public and private transport ser-
vices (Asher and Novosad 2020), mitigate mobility barriers, and potentially
improve households” access to formal health care. In doing so, rural roads
can raise the rates of both institutional deliveries and immunization among
children (Aggarwal 2021), which could reduce infant mortality. A decline
in infant mortality could, in turn, further reduce fertility,! because it allows
households to more easily achieve their desired family size (Kalemli-Ozcan
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2003). Better road infrastructure stands to shape both fertility decisions and
infant mortality and, in doing so, likely hasten the pace of demographic
transition.

However, the net effect of road-building programs on demographic
transition? is theoretically ambiguous. After all, if this infrastructure spend-
ing can induce an economic upturn and raise household incomes (Lenz et al.
2017), then it could make childcare more affordable to these households
and, therefore, incentivize them to have children when they otherwise may
not. Evidence from both developed (Sobotka, Skirbekk, and Philipov 2011)
and developing countries (Adsera and Menendez 2011) suggests that fertil-
ity declines during economic downturns, with a corresponding increase in
periods of economic growth. Moreover, the construction of new roads could
also lead to increased (vehicular) pollution in nearby areas, which can in-
crease infant mortality. Thus, it is not obvious how either fertility or infant
mortality would respond to the provision of better road infrastructure, de-
pending upon the relative salience of the mechanisms involved. As such,
the total effect of these mechanisms on the rate of demographic transition
remains an open empirical question.

In this paper, we provide causal evidence on the impact of all-weather
rural roads on fertility. We make use of a discrete and quasi-random change
in the stock of these paved roads in India arising from the Pradhan Mantri
Gram Sadak Yojana (PMGSY). Launched in 2000, the PMGSY is a large-scale
road construction program that aims to provide paved roads to erstwhile un-
connected habitations within Indian villages while prioritizing habitations
that lie above specific population cutoffs.> Although actual road construc-
tion under the PMGSY may be decidedly nonrandom because of factors
such as political patronage, the use of population cutoffs provides a source
of exogenous variation in the probability that a village will receive a PMGSY
road. Specifically, we use the distribution of village populations—the frac-
tion of villages in any given region that lie above the relevant population
cutoff at the baseline—as an instrument for actual road construction. We
use this measure in conjunction with rich administrative data to shed light
on the effects of rural roads on demographic transition as well as the mech-
anisms that may be involved therein.

Our analysis reveals that the provision of paved roads enhances
households” access to health care facilities, increases immunization rates
among children, and reduces infant mortality. We find that fertility falls
in response to improvements in road connectivity, which is consistent
with prior theoretical analyses (Kalemli-Ozcan 2003; Ranganathan, Swain,
and Sumpter 2015). Notably, fertility falls although female employment
declines following road construction, while male employment increases.
These employment dynamics can reduce the intrahousehold bargaining
power of women, which may place upward pressure on fertility (Eswaran
2006). As such, our results suggest that the reduction in fertility as a result
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of declining infant mortality may be more salient than any changes because
of intrahousehold bargaining. We also find that contraceptive use remains
unchanged, even though it has historically been a dominant mechanism
through which other infrastructure interventions, such as electrification
(Grimm, Sparrow, and Tasciotti 2015) and televisions (Tasciotti, Sulehria,
and Wagner 2022), have reduced fertility.

Related literature

Our work is related to three strands of the economics and demography lit-
erature. The first strand concerns itself with how economic growth shapes
fertility and infant mortality. Empirical analyses in this area, such as the
studies by Sobotka, Skirbekk, and Philipov (2011) and Currie and Schwandt
(2014), reveal that fertility in high-income countries may be procyclical,
that is, it rises during periods of economic growth and declines during times
of distress. Similarly, Adsera and Menendez (2011) find that fertility is pro-
cyclical in their sample of 18 Latin American countries, while Ferreira and
Schady (2009) present analogous evidence for low-income countries in Asia
and Africa. In all three contexts, the decline in fertility during times of eco-
nomic hardship can be explained by the fall in household incomes, which
inflates the cost of childcare and dominates any reduction in the opportu-
nity cost of having children. Whenever the income effect dominates the
substitution effect, fertility is positively associated with economic progress.

However, the income and substitution effects represent only the di-
rect mechanisms through which economic growth can influence fertility.
There is also a strong indirect mechanism, whereby the former affects the
latter by way of infant mortality. Several papers have previously shown
that economic growth and infant mortality are inversely related (Cutler,
Deaton, and Lleras-Muney 2006; Bhalotra 2010; Paxson and Schady 2005;
Baird, Friedman, and Schady 2011; Miller and Urdinola 2010). Moreover,
Kalemli-Ozcan (2003) posits that if infant mortality declines, a fertility de-
cline will follow. They argue that this occurs because households become
more certain about their children’s survival in times of low infant mortality,
which renders it easier for them to achieve their desired family size with
fewer births. Ranganathan, Swain, and Sumpter (2015) test this hypothe-
sis by fitting a nonlinear, simultaneous equations model to data from over
200 countries and find that gross domestic product growth can lower in-
fant mortality, which may subsequently drive down fertility. This indirect
mechanism runs contrary to the direct mechanisms; the former can reduce
fertility, while the latter can increase it.

The fertility response to economic growth can also differ across in-
come and demographic groups. For instance, Anukriti and Kumler (2019)
find that in India, impacts of tariff cuts imposed by trade reforms ditfer
by women’s “status” (i.e., income group, caste, and education level).
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“Low-status” women experience increased employment and simulta-
neously have higher fertility and lower child mortality (especially for
female children) under tariff cuts, while the opposite is true in the case of
“high-status” women. Furthermore, Kim and Prskawetz (2010) show that
fertility increases in Indonesia amid high(er) unemployment, primarily
because households value the pecuniary benefits of having more earning
members. As long as the pecuniary benefits vary across geographic and
demographic groups, the fertility response to economic progress will likely
be correspondingly heterogeneous.

Another related strand of literature deals with the impacts of public
infrastructure investments. On the one hand, such investments can cre-
ate employment opportunities for both men and women, drive up the
opportunity cost of having children, and, consequently, reduce fertility.
Empirical support for these effects comes from interventions such as rural
electrification (Dinkelman 2011; Grimm, Sparrow, and Tasciotti 2015;
Grogan 2016; Sedai et al. 2021), the advent of cable TV (Jensen and Oster
2009), and Internet connectivity (Hjort and Poulsen 2019). Cable TVs can
also affect fertility through another channel: the broadcasted programs can
increase households” exposure to family planning methods, which could
subsequently increase contraceptive use (La Ferrara, Chong, and Duryea
2012; Tasciotti, Sulehria, and Wagner 2022). On the other hand, infrastruc-
ture spending can help alleviate poverty (Khandker, Bakht, and Koolwal
2009; Gibson and Rozelle 2003; Lenz et al. 2017; Parikh et al. 2015), im-
prove household welfare (Khandker, Barnes, and Samad, 2013; Saing 2018;
Medeiros, Saulo Marques Ribeiro, and Vasconcelos Maia do Amaral 2021),
and facilitate access to institutional health care (Aggarwal 2021) and school-
ing (Khandker and Koolwal 2011). Moreover, improvements in health
infrastructure, such as via malaria eradication programs, can also increase
fertility (Lucas 2013; Apouey, Picone, and Wilde 2018) by boosting fecun-
dity among the beneficiary cohorts (Bhattacharjee and Dasgupta 2022).
Therefore, infrastructure programs that affect both employment and access
to health care have downstream effects on fertility that are not obvious.

Lastly, our paper is related to the growing literature on PMGSY.
Asher and Novosad (2020) adopt a regression discontinuity design and
find that PMGSY roads improve the availability of transport services while
inducing workers to move away from agriculture toward other secondary
and tertiary sectors. Similarly, Shamdasani (2021) shows that the arrival
of PMGSY roads leads to erstwhile remote farm enterprises scaling up their
operations by hiring more, not necessarily local, workers and adopting
modern farming techniques. Garg, Jagnani, and Pullabhotla (2022) find
that this reallocation of agricultural workers across space increases the
incidence of farm fires, which drives up infant mortality in nearby areas.
However, there is mixed evidence on the impact of PMGSY on employ-
ment outcomes. Asher and Novosad (2020) identify no change in aggregate
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village-level employment in the aftermath of PMGSY roads. In contrast,
Lei, Desai, and Vanneman (2019) find that employment rises in villages
that receive rural roads, with women’s employment increasing the most in
regions that have more relaxed gender norms. Aggarwal (2018) undertakes
a district-level analysis and shows that employment increased only among
teenagers, with no effects on other age groups. Additionally, she observes
that PMGSY roads increase the variety of goods consumed by households,
which can be explained by a reduction in barriers to the mobility of people
and goods as a result of better availability of transport services. Likewise,
Adukia, Asher, and Novosad (2020) find that PMGSY roads increase enrol-
ment in primary and secondary schools, while Aggarwal (2021) shows that
these all-weather roads inflate the rates of in-hospital deliveries and child
immunization. We complement this literature by illustrating how these
roads affect households’ fertility choices.

Program details

PMGSY, a large-scale national-level road construction program, was
launched by the Central Government of India in December 2000. The
program aimed to ensure all unconnected habitations with more than
500 residents* are connected to the nearest commercial center by an
all-weather road. A habitation is the smallest rural unit in India, and
an unconnected habitation is defined as one located half a kilometer or
more from an all-weather road or a habitation that is connected by an
all-weather road. The roads constructed as a part of the program connect
unconnected habitations to the nearest connected habitation, all-weather
road, market center, or block headquarters. Thus, the program’s main
mandate is to provide last-mile connectivity by single, small-lane roads to
residents of otherwise unconnected habitations and to ensure that eligible
habitations can access basic economic and social services by an all-weather
road (PMGSY, Online Management and Monitoring System [OMMS]).
Though the program targets habitations, our research focuses on villages.’

Although the program is funded by the Central Government, it relies
heavily on state- and district-level participation and coordination in its
implementation.® As a first step, the existing road network and uncon-
nected villages were identified at the block level, and a plan was drawn
to ensure basic access to the identified habitations. The plan was then
approved by the local government at the district level (the Panchayat) and,
subsequently, by the state- and national-level authorities. The districts were
tasked with generating a priority list by ranking unconnected villages in
descending order of population and forwarding it to the relevant state-level
authority. The state-level authority generated a priority list across districts,
once again ranking eligible villages by population, and vetted the district-
level implementation plans. Villages were prioritized if their population
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was at or above a program-specified cutoff. The program aimed to provide
roads to all villages with a population of 1,000 by 2003, villages with a
population between 500 and 1,000 by 2007, and those with a population
between 250-500 by 2012 (Asher and Novosad 2020). Next, the state
authority forwarded the district-level implementation plans to the national
authority, which provided final sanction before implementation. Therefore,
as per the guidelines, the two main criteria to be considered at every level
of planning and implementation were baseline access to all-weather roads
(i.e., identifying unconnected villages) and village population.

However, in practice, as Asher and Novosad (2020) point out, other
factors also influenced the allocation.” For example, populations of villages
within 500 m of each other could be combined, villages on the least-cost
path of connecting a village that is being prioritized could receive road
connectivity, and local phenomena like the existence of a weekly village
market could affect the allocation decision. In practice, most states did not
comply with the PMGSY guidelines, and some disregarded the popula-
tion thresholds completely. Asher and Novosad (2020) worked with the
National Rural Roads Development Agency—the national-level agency
responsible for overseeing the program—to identify six complier states,
namely Chhattisgarh, Gujarat, Madhya Pradesh, Odisha, Maharashtra,
and Rajasthan. For clean identification, we restrict our analysis to these
six states, following Asher and Novosad (2020) and Garg, Jagnani, and
Pullabhotla (2022). It is worth noting that almost all our results also carry
over to the full sample of Indian states.® In Table 1, we present descriptive
statistics for all outcomes and covariates of interest for both our sample and
the entire country. The main takeaways are that the complier states have
marginally higher fertility, fewer years of schooling among adults, fewer
female-headed households, lower employment, greater transport barriers,
higher contraceptive use but a greater unmet need for family planning,
worse immunization, and more intensive road construction under PMGSY
when compared to national averages. Yet, across most margins, the gap in
means between our sample and the national average is less than 10 percent
of the latter, except in the case of years of schooling (complier states are
20 percent worse) and differences in household religion (complier states
contain relatively more Hindus and fewer Muslims).

Data

Rural roads

We obtained data on road construction from the Socioeconomic High-
Resolution Rural-Urban Geographic Platform for India (SHRUG), a col-
lection of data sets that encompass economic, demographic, and electoral
indicators at the village and town levels.” To measure baseline access to

85UB01 SUOWILLOD BAITERID 3|l dde 8L Ad paueAo 28 S3oILe VO ‘88N JO S9N 0} ARIq1T 8UIIUO AB]IM UO (SUORIPUOD-PLB-SWLIBHWI0" A3 | 1M ARe.d) Ul [UO//SARL) SUORIPUOD PUE SWB | U1 88S *[5Z02/20/72] U0 A%eiqI8uliuo A1 BIgwNioD usnLg JO AUSeAN Ad 109ZT Jped TTTT'0T/I0p00 A8 1 AReIq 1 eul|uo//SANY W01} pepeojuMOa ‘T *20T ‘Siv8ZLT



APARAJITA DASGUPTA / ANAHITA KARANDIKAR / DEVVRAT RAGHAV 123

TABLE 1 Sample characteristics versus national averages

Compliers All states Difference in
Mean SD Mean SD means
Panel a: Woman-level data (NFHS-4)

Fertility (births per year) 0.16 (0.095) 0.16 (0.099) —0.0019%**

Total children ever born to woman 2.55 (1.66) 2.59 (1.75) —0.042%**

Infant mortality rate 0.087 (0.25) 0.081 (0.24) 0.0065%**

Woman'’s current age (years) 323 (8.66) 32.4 (8.59) —0.12%**

Age at first childbirth (years) 18.0 (6.87) 18.3 (7.00) —0.33%%%*

Years of schooling 4.21 (4.50) 4.87 (4.85) —0.66%**

Hindu household 0.94 (0.24) 0.78 (0.42) 0.16%**

Muslim household 0.033 (0.18) 0.11 (0.31) —0.073%+*

SC / ST household 0.44 (0.50) 0.40 (0.49) 0.041***

Households have a female head 0.092 (0.29) 0.13 (0.33) —0.036%**

Wealth Quintile (1 = poorest; 5 = 2.36 (1.23) 2.53 (1.27) —0.17%%*
richest)

Household owns a motor vehicle 0.38 (0.49) 0.33 (0.47) 0.048%**

Transport barriers to healthcare 0.16 (0.71) 0.086 (0.77) 0.074%**
(Index)

Use of family planning methods 0.063 (0.95) —0.069 (0.97) 0.13%**
(Index)

Unmet need for family planning —0.013 (1.00) 0.090 (1.10) —0.10%**
(Index)

Access to ASHAs (Index) —0.071 (0.34) —0.086 (0.31) 0.015%**

Household decisions (Index) —0.11 (0.73) —0.043 (0.73) —0.070%**

Share of villages with paved roads in 0.49 (0.22) 0.56 (0.25) —0.067**%*
2001

Share of villages with PMGSY Roads 0.13 (0.097) 0.070 (0.080) 0.058%***

Panel b: Child-level data (NFHS-4; aged 0-5 years)

Female child 0.48 (0.50) 0.48 (0.50) —0.00012

Child’s birth order (high = more 2.22 (1.40) 2.36 (1.55) —0.13%=**
siblings)

Breastfeeding duration (months) 18.2 (12.8) 18.2 (13.0) 0.014

Vaccine (index) —0.087 (0.78) —0.11 (0.80) 0.019%#*

Antenatal visits during pregnancy 4.02 (4.09) 3.86 (4.22) 0.15%**

Panel c: Individual-level data (NSS rounds 61-68)

Current age (years) 27.4 (19.3) 27.3 (19.2) 0.038

Employment rate 0.49 (0.50) 0.48 (0.50) 0.013%**

Attending school or college (aged 0.29 (0.45) 0.31 (0.46) —0.019%**
14-22)

Only doing domestic work 0.21 (0.41) 0.23 (0.42) —0.020%**

Main income source is agriculture 0.54 (0.50) 0.49 (0.50) 0.048***

log(per-capita total expenditure) 6.94 (1.03) 7.06 (1.07) —0.127%%*

Medical expenditure (as a share of the 0.056 (0.16) 0.050 (0.15) 0.0064***
total)

Individuals 572,761 2,062,953 2,635,714

NOTE: See the Data section for more details on variable construction.
*, %% and *** denote significance at the 10 percent, 5 percent, and 1 percent levels, respectively.

paved roads, we sourced data from the Village Directory of the 2001 Popu-
lation Census, which records the types of roads in each village. SHRUG also
includes data on the provisioning and construction of roads under PMGSY
between 2002 and 2015. These data were sourced from the OMMS for
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the program. A village receives a PMGSY road in year y if it does not have
access to paved roads at the baseline and the construction of the new road
is completed up until year y — 1.

Although the data on roads are available at this granular level, that
is not the case for most of the outcome variables that were considered in
our analysis. Rather, representative data on health care, employment, and
household consumption are only available at the district level.! As such,
we aggregated data on PMGSY roads to the district level to construct our
final measure. For each district 4 in any given year ¢ between 2003 and
2015, we defined log(PMGSY'),, by computing the percentage of all eligible
villages in the district that had received a PMGSY road by the previous year,
adding one to this result, and then applying the natural log transform. This
is a cumulative measure of improvements in road connectivity, which lies
between 0 and 1.'! For all roads delivered after 2013, we restricted attention
only to those that were approved under the PMGSY-I regime.

National Family and Health Survey

We relied on the National Family and Health Survey (NFHS) for child
health care and health outcome data. The NFHS is a nationally represen-
tative survey administered by the Ministry of Health and Family Welfare
and the Indian Institute of Population Sciences. We utilized two of the
five rounds for which data are available, namely NFHS-4 (2015-2016)
and NFHS-5 (2019-2021).!2 We focused on NFHS-4, which covers over
500,000 households across the country and is representative at the district
level. NFHS-4 contains questions on fertility, child and maternal mortality,
family planning, immunization, nutrition, and access to institutional care.
The corresponding outcome variables are constructed as follows.

Fertility: To compute fertility, we used the retrospective birth history
available for each woman in the NFHS. For each woman w, we first iden-
tified all the years when she was aged between 16 and 49. Then, for each
such year, we defined a binary outcome that took value 1 if she had given
birth in that year and 0 otherwise. The resulting data set was a woman-level
panel: Each observation denoted whether she had given birth at a specific
age (between 16 and 49). For any woman in our data, the number of obser-
vations depends on her age during the interview year; the higher her age
at the time of the interview, the more times she appeared in the final data.
For each birth, we defined infant mortality as another binary outcome that
took value 1 if the child had died before reaching 12 months of age and
0 otherwise. Therefore, infant mortality was missing for all years when a
woman did not give birth. It was similarly undefined for all children who
were alive and less than 12 months old at the time of the interview.

Child health: We utilized data on outcomes that were only available for
children aged 0-5 years at the time of the interview. Breastfeeding duration
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refers to the number of months that the child has been breastfed. Similarly,
the number of prenatal care visits by the mother, which we denoted as ante-
natal visits, was known for most children of that age group. In contrast, most
data on immunization were available only for children aged 12-23 months
(aged 1-2 years). These data included responses from survey questions on
whether the child received vaccines for polio, BCG, diphtheria, and tetanus;
the only exception was the question on vitamin A, which was asked in refer-
ence to each child aged 0-5 years. Each question admitted a yes/no response
that was encoded as a binary outcome variable. We then combined the in-
formation contained in all these responses into a vaccine index constructed
using a generalized least squares approach outlined in Anderson (2008)."*
This index summarized how a child compared with peers of the same age
in terms of immunization; a higher index score indicated that the child had
received more vaccines than an average child of that age.

Delivery conditions: The survey questionnaire contained information on
the respondents’ most recent birth, such as whether a child was delivered
in a health care facility. Whenever this was not the case, the questionnaire
asked if the distance to the facility was a contributory factor. The response
to this question was indicated by a binary outcome denoted as delivery center
far, which took value 1 when the child was not delivered in a health care
facility because it was too far and 0 otherwise. We also denoted the natural
log of the total out-of-pocket expenditure associated with the most recent
birth by log(Delivery Cost).

Family planning: Each respondent was asked whether she intended to
use any family planning methods and if she had used family planning meth-
ods in the past. Both questions admitted a yes/no response, which meant it
was not possible to know the noninterview years in which the respondent
had used family planning methods, if ever. We aggregated the responses
to both questions through a summary index, denoted as FP use, and con-
structed analogously to the vaccine index. The FP use index described whether
a woman was more (or less) likely to have used (or intended to use) family
planning methods compared to the overall population as of the interview
year. Likewise, respondents were asked whether they had an unmet need
for family planning methods. Three variations of this question were asked
in the survey, and we combined the responses to all three versions through
a summary index, denoted as FP unmet need, where higher values indicate
a greater unmet need.

Access to care: Respondents were also asked whether the distance to
public health care facilities was a problem in addition to a question regarding
the availability of transport to these facilities. We grouped the responses to
both questions into a Transport index. Unlike the other indices, higher values
of the Transport index are normatively worse; they suggest that respondents
faced greater mobility barriers in accessing public health care.
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Household decisions: We constructed an index on women’s bargaining
power in household decisions by combining information on whether she
had the power to determine (i) how her earnings were spent; (ii) how her
spouse’s earnings were spent; (iii) her health care; (iv) whether she could
visit a health center alone; and (v) big household purchases. Higher values
on the resultant Decisions index signified that the woman had a greater say
in household decision-making.

National Sample Survey

We drew data for labor market outcomes and household consumption from
surveys conducted by the National Sample Survey Office of India. These
quinquennial surveys are representative at the level of regions, which are
collections of adjacent districts with similar agroclimatic conditions. We
made use of all survey rounds for which district identifiers were available,
that is, starting from the 61st (2004-2005) up until the 68th (2011-2012).
The outcome variables were constructed as follows.

Employment: All respondents in a household were asked if they were
(i) employed; (ii) unemployed but looking for work; or (iii) not part of the
labor force. We defined employment as a binary outcome that took value 1
for employed individuals and 0 otherwise. However, we left employment as
undefined when the respondent was either below the minimum working
age or their employment status was unclear.!* Similarly, we defined indi-
cators for whether the individual worked in the agricultural sector, and if
they were engaged solely in unpaid household work.

Consumption: The survey recorded household expenditure on several
types of goods and services in the preceding 12 months. We computed
log(Annual Expenditure) by summing together all consumption expenditure,
dividing it by the number of household members, deflating this amount us-
ing the consumer price index with the base year 2010, and applying the
natural log transform to this result. Finally, we defined the share of medical
expenditure as the ratio of total expenditure on medical goods and services
to total household expenditure.

Descriptive statistics

Figure 1 illustrates the spatial distribution of paved roads both before and
after the PMGSY program. Because we concerned ourselves only with states
that complied with the program rules, the actual sample is demarcated by
thick borders. The first panel demonstrates that before the PMGSY, there
was substantial heterogeneity in access to paved roads across states such
that in the median district, approximately 57 percent of all villages had
paved roads. Subsequent panels show the extent of cumulative PMGSY
road construction within a district up until 2005, 2010, and 2015. Notably,
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FIGURE 1 Road construction within districts over time
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very few roads were constructed in the first few years of the program, with
most of the new roads concentrated in the northwestern state of Rajasthan.
Road construction picked up pace in the late 2000s, with significant changes
in states that lagged behind pre-PMGSY. This was followed by relatively
modest gains between 2010 and 2015. We demonstrate this in Figure 2,
which plots cumulative road construction across all districts as a simple ra-
tio, namely the total road construction in a given year divided by the total
road construction in 2015. Road construction grew at its fastest between
2006 and 2010. On the whole, there appears to be much variation in local
road connectivity over space and time.

Table 1 presents summary statistics for both the variables of interest
and the covariates we employed in our analysis. Since we are interested in
the impact of roads on many of these outcomes, it is instructive to visualize
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FIGURE 2 Cumulative annual road construction under PMGSY
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how these outcomes vary across districts that had different levels of road
access before the PMGSY. This is done in Figure 3, which plots the mean
of these outcomes for different bins of districts (grouped by their level of
pre-PMGSY road access). None of the outcomes of interest, evaluated after
the PMGSY’s launch, exhibit a clear linear relationship with the level of pre-
PMGSY road connectivity within the district. The intent of our analysis is
to determine whether this is because the provision of PMGSY roads led to
a convergence in outcomes across districts, or because rural roads do not
significantly affect these outcomes.

Methods
Identification strategy

Our objective is to identify how improvements in local road connectivity
affect fertility. For this, we exploited variations in the stock of local roads
because of the PMGSY. As illustrated under Programme Details, there
were differences in the timing and extent of road construction under the
program across districts. The quasi-randomness in this variation stemmed
from the fact that, conditional on not having paved road connectivity at the
baseline (2001), villages above arbitrary population thresholds were prior-
itized for the construction of new roads. The thresholds themselves were
time-varying, with the initial threshold of 1,000 people (until 2003) being
reduced to 500 (until 2007) and then finally to 250 (until 2012). As we
limited our attention to states that complied with program rules, the change
in road access within a district from year ¢ to year ¢t + 1 was driven by the
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FIGURE 3 Baseline availability of paved roads and downstream outcomes
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fraction of villages that were to be prioritized, which itself is depended only
upon the distribution of rural population in the district at the baseline.

To evaluate how an outcome like fertility evolved in response to the
availability of paved roads, we used variation in road construction from (i)
within a district over time and (ii) between districts. As such, we adopted
a continuous analog of the difference-in-ditference (DiD) framework to
estimate the effect of the treatment (read: PMGSY) on the outcome of
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interest. It was continuous in the sense that the intensity of treatment—the
fraction of villages that received PMGSY roads—varied across treated units
(districts), unlike in a classical DiD where all treated units would receive the
same treatment.'> Our regression specification was as follows:

Yivar = B11og(PMGSY); + Xivary +84 + T + €ivar (1)

where Y;,4 refers to the outcome of interest at time ¢ for individual 7 living
in village v in district 4. For instance, in the case of fertility, at any time ¢,
the outcome (Y4 ) took the value 1 if woman i gave birth in year ¢ and
0 otherwise. log(PMGSY),, is a measure of cumulative district-level road-
building under PMGSY. As mentioned in Programme Details, it was derived
by first adding one to the percentage of all eligible villages in district 4 that
had received a PMGSY road before year ¢ and then applying the log trans-
form. The main parameter of interest was §;, which captured the effect of
providing 1 percent of all eligible villages in the district with a paved road.

To account for confounding factors, we included a vector of household
and demographic control variables (Xjyq¢). This consisted of indicators for a
woman’s age in year ¢, religion, the woman’s caste group, and whether the
woman was the household head. There were likely unobservable, idiosyn-
cratic differences between districts that would affect both fertility and road
construction under PMGSY.'® We included district fixed effects (8,) to con-
trol for such time-invariant differences. Furthermore, we added time-fixed
effects (7;) to account for the average effect of other concurrent develop-
ments on fertility.

An extension: Roads within small geographic clusters

We were able to define a more granular measure of road construction,
which relied on the GPS location of each NFHS village. This location was
displaced by up to 5 km in any arbitrary direction, but within the district
boundaries, to maintain respondents” anonymity. For each NFHS village v,
we used the GPS coordinates by first constructing a circle with a 5-km radius
centered around those coordinates and then mapping all census villages
within the SHRUG data set whose geographic centers lay within this circle
to the NFHS village. The matched census villages constituted the v’s neigh-
borhood. We subsequently defined our village-level measure of PMGSY
roads analogously, that is, we computed the percentage of eligible villages
in the neighborhood that received PMGSY roads up until the previous year,
added one to this, and applied the log transform. We did not solely use this
village-level measure as our primary measure because it had no corollary
in the NSS data; village identifiers were completely absent in the latter. Our
regression equation with this measure corresponded to Equation (1):

Yivar = B1log(PMGSY),, + Xivary + Vo + T + €jvar, (2)
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where v, denotes village fixed effects, which allowed us to control for time-
invariant differences across villages that could shape outcomes such as fertil-
ity. Therefore, B; denotes the marginal etfect of road connectivity improve-
ments within the neighborhood of village v. log(PMGSY),, is constructed as
described above.

Addressing endogeneity: Instrumental variables

The pace of road construction under PMGSY likely varied systematically
across districts, such that districts with more efficient public administra-
tion built roads more quickly. If so, high values of log(PMGSY), at least
during the early years of our sample period, would have been highly cor-
related with the efficiency of the local administration. It was also possible
that the quality of local administration would have determined the extent
to which other concurrent schemes, such as the Janani Suraksha Yojana
(JSY),'” would affect fertility. Unfortunately, there was no numeric mea-
sure of the efficiency of local public administration in this setting. As such,
if we were to use log(PMGSY) as is, any estimated effect would have suf-
fered from endogeneity concerns.

The direction of the bias because of endogeneity was not obvious. For
instance, suppose that districts with better public administration had lower
preprogram fertility and greater road construction. Suppose, also, that road
construction actually reduced fertility. In this case, the districts with more
roads would have presumably experienced a smaller reduction in fertility
because they had a lower base. We would have consequently obtained an
underestimate of the true effect of roads on fertility.

We tried to address the endogeneity concern by using an instrumental
variables (IV) approach, whereby we instrumented for actual road con-
struction by using the fraction of villages in the district that should have
received priority under the program rules as of the previous year. Recall
that priority villages are those where the population at the baseline was at
least as large as the program-specified cutoffs, which were either 1,000,
500, or 250 people. As population cutoffs under the PMGSY decreased
over time, the fraction of priority villages would have either increased or
remained the same. More importantly, the fraction of priority villages was
unlikely to suffer from the same endogeneity concerns once we controlled
for district fixed effects because this fraction relied on population counts
from 2001, while the outcomes we observed pertained to later years. We
implemented the IV starting with the following first-stage regression:

log (PMGSY),, = «; PriorityVillages,, + 6, + © + Ca. (3)

Then, we used the predicted values of log(PMGSY) ,, to estimate Equa-
tion (1). The same process was used to estimate Equation (2). In effect, we
used the part of the log(PMGSY) ,, that was correlated with PriorityVillages,,
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to identify the effect of rural roads. We expected this correlation would be
strong because our sample consisted of only those states that complied with
program rules, that is, they prioritized the construction of roads in villages
that met or exceeded the population cutoffs.

Identifying assumptions

The validity of our identification strategy depends upon several crucial as-
sumptions. First, the parallel trends assumption is the idea that outcomes
would evolve at the same rate across districts if the PMGSY had not been
implemented. Here, we followed the literature (Aggarwal 2018, 2021) and
conducted a placebo exercise to allay concerns about the existence of pre-
trends, which are sufficient evidence to reject the assumption. We used data
on outcomes from years before the PMGSY rollout to see whether future
road construction was a strong predictor of these outcomes. For instance,
we regressed fertility between 1996 and 2000 on values of log(PMGSY),,
from 2004 to 2010. If there were no pre-trends, the coefficient on the
log(PMGSY), should have been statistically insignificant.

We also ran variations of estimating Equations (1) and (2), where we
relaxed the assumption of parallel trends between districts. In the case of
Equation (1), we included district-specific linear time trends, which allowed
outcomes in each district—independently of the PMGSY—to grow at differ-
ent rates over time. In Equation (2), we included district-year fixed etfects,
that is, we controlled for any confounders that manifested in a given district
at any point in time.'®

Results

In this section, we first present results that detail the effect of rural roads on
fertility and then discuss the associated mechanisms.

Fertility

Table 2 shows how improvements in last-mile road connectivity affect
household decisions to have an additional child. Column 1 of panel (a)
corresponds to our benchmark specification, as given in Equation (1). We
interpret the coefficient as follows: If the average district provides paved
road access to all erstwhile unconnected villages, then fertility will decline
by 0.006 percentage points. This is to say, in a random sample of 1,000
women, we would expect to see six fewer children being born each year.
For context, the outcome mean of 0.119 implies that we can expect 119
children to be born to this cohort of women in a given year. Therefore, if
all unconnected villages receive paved roads, then fertility will decline by 5
percent. The consequent decline in average family size will reduce the total
cost borne by households in raising kids, which can allow households to
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TABLE 2 Rural Roads and fertility

OLS Instrument variable
(1) (2) (3) 4) (5) (6)
Panel (a): District

log(PMGSY) —0.0062*** (0.0031 —0.0066** —0.0080***

(0.0017) (0.0033) (0.0026) (0.0024)
PMGSY priority villages 5.54%** —(0.035%**

(0.26) (0.013)
Observations 1231029 276593 1231029 1231029 1231029 1231029
Outcome Mean 0.119 0.185 0.119 1.407 0.119 0.119
Outcome SD 0.324 0.389 0.324 1.147 0.324 0.324
Kleinbergen-Paap F-Stat 462.832
District FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
District trends No No Yes No No No
Sample period 2004-15 1996-2000 2004-15 2004-15 2004-15 2004-15
Panel (b): 5 KM cluster

log(PMGSY) —0.0012* —0.0015 —0.00050% —0.011%**

(0.00066) (0.0012) (0.00029) (0.0033)
PMGSY priority villages 1.33%** —(0.014***

(0.13) (0.0044)

Observations 1187223 267106 1187223 1187223 1187223 1187223
Outcome Mean 0.119 0.185 0.119 1.229 0.119 0.119
Outcome SD 0.324 0.389 0.324 1.661 0.324 0.324
Kleinbergen-Paap F-Stat 107.153
District FE
Year FE Yes Yes No Yes Yes Yes
District trends No No Yes No No No
Sample period 2004-15 1996-2000 2004-15 2004-15 2004-15 2004-15

NOTE: Standard errors are clustered at the district level. This table presents OLS estimates of the effect of
PMGSY roads on the probability of a sample respondent conceiving a child in any given year. For details of
variable construction, please refer to the Data section. The estimating equations in panel (a) are of type (1) and
those in panel (b) are of type (2), as outlined in the Methods section. Controls include: household size, wealth
quintile, religion and social category, whether the household is headed by a woman, the respondent’s age in
that year, her fertility history and her BMI at the interview time.

*, ** and *** denote significance at the 10%, 5%, and 1% levels, respectively.

increase per-capita investments in these children. This, in turn, can lead to
greater human capital attainment among these children—proxied by years
of schooling and health conditions—and hasten the arrival of other ben-
efits of economic growth, which are predicated upon individuals having
sufficiently high human capital (Bloom, Kuhn, and Prettner 2019; Bloom,
Canning, et al. 2019).

In column 2 of panel (a), we undertake the placebo exercise detailed in
the discussion on the identitying assumptions by using data on fertility from
1996 to 2000 and road construction from 2004 to 2008. As the coefficient
on the log(PMGSY) was not significantly different from zero, we found no
evidence to suggest there were pre-trends. Similarly, in column 3, we run a
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variant of Equation (1), albeit with district-specific linear time trends. Here,
we found that our result was robust to this change. Therefore, we have no
reason to believe that the parallel trends assumption is violated here.

The next three columns correspond to the instrument variable design,
which allowed us to identity the salience of any endogeneity concerns in
the Ordinary Least Squares (OLS) estimates. Column 4 presents the first
stage regression, which establishes that the fraction of priority villages in the
district is a strong predictor of actual road construction under PMGSY within
that district. Column 5 presents the reduced-form effect of (the share of)
priority villages on fertility, which is negative and in line with our findings
so far. The IV estimate of the effect of rural roads on fertility, contained
in column 6, is larger than the OLS estimate; it amounts to an expected
decrease of eight births in a random sample of 1,000 women.!'? This is a
nontrivial effect; given that overall fertility in these six states declined by
four percentage points from 2001 to 2014, if all unconnected villages were
to get PMGSY roads, then the resultant drop in fertility would be equivalent
to 20 percent of this overall decline.

Panel (b) presents analogous results using the village-level measure of
rural roads, estimated using Equation (2). From a qualitative standpoint,
both the district- and village-level changes in local roads had the same ef-
fect. However, there was a clear difference in magnitude in most cases. For
instance, from the OLS estimate in column 1, we infer that the effect of
providing roads to all villages within a 5-km radius on fertility is one-fifth
as large as the effect of providing roads to all villages in the district. How-
ever, endogeneity concerns are much more pronounced in the village-level
measure of roads, as signified by the IV estimate in column 6 is 10 times
larger than the OLS estimate in column 1. The IV estimate suggests that
providing paved roads to all villages within a 5-km radius can produce a
fertility decline tantamount to an annual decline of 11 births in a sample
of 1,000 women. Nevertheless, we cannot rule out the hypothesis that an
equivalent change in the district and village levels produces the same effect
on fertility, which suggests that for household fertility decisions, last-mile
connectivity in proximate areas matters more than in farther-away areas.

Our finding that the provision of roads leads to reductions in fertility
aligns with the literature on big infrastructure projects (Khandker, Bakht,
and Koolwal 2009; Kim and Prskawetz 2010; Grimm, Sparrow, and Tasciotti
2015). However, we demonstrate in the following sections that the reasons
behind this decline in fertility differ, to varying degrees, from those discussed
in prior work.

Infant mortality

Roads can affect fertility by influencing infant mortality rates. For example,
if roads reduce the transport barriers to health care facilities for households,
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TABLE 3 Rural Roads and Infant Mortality

OLS Instrument variable
(1) (2) 3) 4) (5) (6)
Panel (a): District

log(PMGSY) —0.0076** 0.0018 0.0027 —0.017%**

(0.0031) (0.0048) (0.0044) (0.0042)
PMGSY priority villages 5.46%** —0.091***

(0.27)  (0.023)
Observations 135855 52905 135855 135855 135855 135855
Outcome mean 0.128 0.161 0.128 1.433 0.128 0.128
Outcome SD 0.334 0.368 0.334 1.153 0.334 0.334
Kleinbergen-Paap F-Stat 393.794
District FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
District trends No No Yes No No No
Sample period 2004-15 1996-2000 2004-15 2004-15 2004-15 2004-15
Panel (b): 5 KM Cluster

log(PMGSY) —0.0043*** —0.0015 —0.0028* —0.019**

(0.0015) (0.0022) (0.0016) (0.0079)
PMGSY priority villages 1.22%%*% —0.024%**

(0.13) (0.0090)

Observations 130733 50962 130733 130733 130733 130733
Outcome mean 0.128 0.162 0.128 1.245 0.128 0.128
Outcome SD 0.334 0.368 0.334 1.670 0.334 0.334
Kleinbergen-Paap F-Stat 91.409
District FE
Year FE Yes Yes No Yes Yes Yes
District trends No No Yes No No No
Sample period 2004-15 1996-2000 2004-15 2004-15 2004-15 2004-15

NOTE: Standard errors are clustered at the district level. This table presents OLS estimates of the effect of PMGSY
roads on infant mortality. For details of variable construction, please refer to the Data section. The estimating
equations in panel (a) are of type (1) and those in panel (b) are of type (2), as outlined in the Methods section.
Controls include: household size, wealth quintile, religion and social category, whether the household is headed
by a woman, the respondent’s age in that year, her age at first childbirth and her BMI at the interview time.

*, ** and *** denote significance at the 10%, 5%, and 1% levels, respectively.

they enable households to benefit from formal health care in times of illness
and could consequently reduce infant mortality. Table 3 shows the results
describing the effect of roads on the former. This effect was unambiguously
negative, that is, road provision leads to reductions in infant mortality. From
column 1 in panel (a), we found that providing roads to all eligible villages
in the district can reduce infant mortality by 0.7 percentage points. Given
that the average district experiences an infant mortality rate of over 12 per-
cent, this translates into a 5 percent reduction over the mean. Further, as
shown in column 2, there was no evidence of pre-trends in infant mortality.
However, column 3 shows that this result was not robust to the inclusion
of district-specific linear time trends because adding them produces a null
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effect. This means that the years in which districts build more roads than
their annual average exhibit no reduction in infant mortality. One explana-
tion is offered by Garg, Jagnani, and Pullabhotla (2022), who found that the
road-induced exodus of workers from the agricultural sector led to short-
ages in farm labor, which increased the incidence of farm fires and drove
up infant mortality in downwind areas (relative to the PMGSY beneficiary
village). Essentially, if this farm fire effect is stronger when many roads are
built rapidly, it could dominate the gains from better access to formal health
care that manifest otherwise.

Columns 4-6 pertain to the IV strategy. As before, we noted that the
OLS estimate was biased toward zero because the IV estimate suggests that
providing roads to all unconnected villages can reduce infant mortality by
2.5 percentage points, that is, by 20 percent of the mean. Panel (b) extends
the analysis to the village-level measure of rural roads. The effects were
qualitatively the same, albeit lower in magnitude. Notably, the effect persists
even when we add district-year fixed effects in column 3, which is a much
more demanding specification than its counterpart in panel (a). This finding
suggests that the effect of roads on infant mortality may vary over distance,
that is, the beneficial effects are more pronounced if the roads are built in
nearby villages, but they are canceled out by the undesired effects when
roads are built farther away.

Child delivery and health care

This section addresses the mechanisms that could explain the decline in
infant mortality. First, we study whether roads improve access to health care
facilities. Second, we look at investments made by households into child
health, namely breastfeeding and immunization. However, we only have
data on these two sets of outcomes from 2010 to 2016 because the questions
are asked for children aged five years and under. We estimate the effect of
roads on each of these outcomes using the village-level measure and err
on the side of caution by including district-specific linear time trends. The
results are presented in Table 4.

Column 1 reveals that the number of antenatal visits by pregnant
mothers did not increase even after roads were built. Assuming that either
the distance to the facility or the transport cost had previously kept house-
hold demand for these services low, this result suggests that access did not
improve after the PMGSY. However, as the average mother already under-
took four antenatal visits, which is the recommended number as per the
NFHS, the absence of any change does not necessarily rule out access-based
improvements.

In contrast, column 2 shows that providing roads to all unconnected
nearby villages could lead to children being breastfed for 11 more days,
or, equivalently, by 2.25 percent of the median. Since breastfeeding could
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TABLE 4 Rural roads and child health care

Antenatal Delivery  Log (delivery
visits Breastfeeding Vaccination center too far cost)
log(PMGSY) —0.069 0.35%* 0.018" —0.0068* —0.028
(0.046) (0.18) (0.011) (0.0040) (0.033)
Observations 36849 35969 51238 7234 11313
Outcome 4.424 17.662 —0.096 0.264 4.027
mean
Outcome SD 4.433 11.933 0.809 0.441 3.987
Village FE Yes Yes Yes No No
Year FE Yes Yes Yes Yes Yes
District FE No No No Yes Yes
District trends Yes Yes Yes Yes Yes

NOTE: Standard errors are clustered at the district level. This table presents OLS estimates of the effect of
PMGSY roads on health outcomes for children aged 0-5 years. For details of variable construction, please refer
to the Data section. The estimating equations are of type (3), as presented in the Methods section. Controls
include: household size, wealth quintile, religion and social category, whether the household is headed by a
woman, the respondent’s age in that year, her age at first childbirth and her BMI at the interview time.

*, %% and *** denote significance at the 10%, 5%, and 1% levels, respectively.

contribute to lower infant mortality in the absence of clean water (Jay-
achandran and Kuziemko 2011), this can partly explain the decline in infant
mortality. Column 3 suggests that immunization rates were also responsible
for this decline since improvements in road connectivity raised the vacci-
nation index by 0.017 points, which amounts to a 10 percent increase over
the median. This aligns with what Aggarwal (2021) finds regarding immu-
nization, although she uses a larger sample of states. Our finding strongly
suggests that roads improve access to health care. Somewhat similarly,
column 4 suggests that providing roads led to a smaller fraction of women
reporting that the delivery center was too far. However, column 5 shows no
change in the mean out-of-pocket expenditure by households on the child’s
delivery, that is, the affordability of care seemed to remain unchanged.?’

Labor market

We now turn to non-health-related mechanisms that can drive the fall in
fertility. Specifically, we assess how employment among adults responds to
the provision of rural roads and present the results in Table 5. Column 1 in-
dicates that the effect of local roads on employment varied by gender; male
employment rose in the aftermath of roads, but female employment fell.
This pattern remained unchanged even in the IV design, as evident in col-
umn 2. Here, the much larger magnitudes of the latter suggest that the OLS
regression provides a severe underestimate. The IV estimates indicate that
if all villages with mud roads are given an all-weather road, employment
among men could rise by 15 percentage points while employment among
women could fall by 11 percentage points. From a normative perspective,
this is a mixed result. On the one hand, a reduction in time spent on market
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TABLE 5 Rural roads and labor market outcomes

Employed Only HH work Currently in school
OLS 2SLS OLS 2SLS OLS 2SLS
log(PMGSY) 0.029""  0.15™ —0.033"" —0.12"" 0.0040 0.033

(0.0075) (0.017) (0.0081) (0.017) (0.0099) (0.021)
Log(PMGSY) x female —0.048" —0.26™ 0.069™° 0.23™ —0.013" —0.028
(0.0061) (0.0070) (0.010) (0.0093) (0.0054) (0.0034)

Hkk

Observations 178249 178249 178249 178249 50406 50406
Outcome mean 0.542 0.542 0.260 0.260 0.476 0.476
Outcome SD 0.498 0.498 0.439 0.439 0.499 0.499
p-value: female 0.012 0.000 0.000 0.000 0.328 0.828
Kleinbergen-Paap F-Stat 51.995 51.995 59.624
District FE Yes Yes Yes Yes Yes Yes

Month-Year FE Yes Yes Yes Yes Yes Yes

NOTE: Standard errors are clustered at the district level. This table presents OLS estimates of the effect of
PMGSY roads on employment and labor force participation among adults (18-60 years), and enrolment in
school / college at the time of interview for young adults (14-22) in columns 1-2, 3-4, and 5-6, respectively. For
details of variable construction, please refer to the Data section. The estimating equations are of type (1), as
presented in the Methods section. Controls include: respondent’s age (and square of age), marital status,
education level, religion and social category, household size, ownership of land, and whether the household
owns a NREGA card.

*, %% and *** denote significance at the 10%, 5%, and 1% levels, respectively.

employment grants women more time for leisure and household work. On
the other hand, it weakens their bargaining power in household decisions
(Anderson and Eswaran 2009) and exacerbates the problem of low female
labor force participation (FLFP).

However, a decline in employment rates does not necessarily entail a
fall in FLFP. To understand the effect of FLFP, we assess the change in the
share of respondents engaged solely in household work. Column 4 shows
that once roads were built, men were 12 percent less likely to participate
only in household work, but women were 9 percent more likely to do so.?!
Given that female employment declined by 11 percent, this suggests that an
overwhelming majority of the women who lose employment also drop out
of the labor force. In columns 5 and 6, we explored whether the increase in
employment was because of children or young adults aged between 14 and
20 dropping out of school or college, which can happen if sufficiently remu-
nerative jobs are created (Becker 1974). Our evidence suggests otherwise,
that is, any pecuniary externalities of jobs created due to PMGSY roads are
not salient enough to compel adolescents to drop out of school and join the
labor force.

It bears mentioning that our results on employment differed from
those of Aggarwal (2018), who also studied the effect of PMGSY roads at
the district level. We believe this is because of differences in our respective
samples; we restricted attention to the six complier states, while Aggarwal
(2018) used data from all 28 states. This is especially relevant because many
of the noncomplier states, such as Bihar, have built lots of roads without fol-
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TABLE 6 Rural roads and labor market outcomes (robustness); NSS rounds
50-55)

Employed Only HH work Currently in school
Placebo Trends Placebo Trends Placebo Trends
log(PMGSY) 0.026 0.027** —0.034 —-0.025* 0.12 0.0100

(0.069)  (0.013)  (0.090) (0.015) (0.16)  (0.016)
log(PMGSY) x female —0.029%* —0.049*** 0.019  0.070*** 0.012 —0.014**
(0.015)  (0.0061) (0.021) (0.010) (0.0094) (0.0054)

Observations 60604 178249 60604 178249 17780 50406
Outcome mean 0.577 0.542 0.220 0.260 0.370 0.476
Outcome SD 0.494 0.498 0.414 0.439 0.483 0.499
p-value: female 0.958 0.094 0.866 0.005 0.443 0.803
District FE Yes Yes Yes Yes Yes Yes
Month-Year FE Yes Yes Yes Yes Yes Yes
District trends No Yes No Yes No Yes
Sample period 1994-2000 2004-12 1994-2000 2004-12 1994-2000 2004-12

NOTE: Standard errors are clustered at the State-Region-Stratum level. This table presents OLS estimates of the
effect of PMGSY roads on employment and labor force participation among adults (18-60 years), and enrolment
in school / college at the time of interview for young adults (14-22) in columns 1-2, 3-4, and 5-6, respectively.
For details of variable construction, please refer to the Data section. The estimating equations are of type (3), as
presented in the Methods section. Controls include: respondent’s age (and square of age), marital status,
education level, religion and social category, household size and ownership of land.

*, %% and *** denote significance at the 10%, 5%, and 1% levels, respectively.

lowing program guidelines. Asher and Novosad (2020) also studied the ef-
fect of PMGSY roads on village-level employment using a regression discon-
tinuity design on a sample of the six complier states. They found that overall
employment did not change; moreover, they did not look at heterogeneity
by gender. Although we did not report the result for brevity, we also found
no change in overall employment. This is unsurprising because the oppos-
ing effects of roads on male and female employment were of similar mag-
nitudes. Therefore, our result on employment complements their finding.
Additionally, employment effects are unlikely to be driven by the
launch of India’s workfare program, the Mahatma Gandhi National Ru-
ral Employment Guarantee Act (MGNREGA), which was implemented in a
staggered fashion between 2006 and 2008. Imbert and Papp (2015) showed
that MGNREGA led to a one-to-one crowding out of private employment,
that is, people shifted away from private employers to public works. How-
ever, they did not document an increase in employment. In any case, our
specifications in Table 5 included a covariate indicating whether the house-
hold owned an MGNREGA card, without which they cannot avail work
under the program. This covariate allowed us to account for the availabil-
ity of MGNREGA. We also tested the robustness of these results in Table 6,
where we first ran placebo tests to test for pre-trends and then reran the
specifications from Table 5 with district-specific linear time trends. None of
the placebo tests suggest the existence of pre-trends, while the inclusion of
district-specific trends does not qualitatively affect our results.
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Ancillary results

As male and female employment changed in different directions, it was
unclear whether household incomes changed and, if so, in which direc-
tion. Online Appendix A investigates this issue. We found no evidence
of a change in incomes and, moreover, identified that PMGSY roads in-
duced a decline in the share of households that reported agriculture as
their primary source of income. This suggests that perhaps paved roads en-
able men to take up higher-paying jobs that can offset the foregone income
from women’s employment. Our finding is consistent with the studies by
Asher and Novosad (2020) and Aggarwal (2018), who found that work-
ers switched to retail and manufacturing jobs once paved roads were built
within a village. Given that these jobs are more likely to be in distant ur-
ban areas, it is plausible as a result of issues such as safety and norms that
men can access them more easily than women. Nevertheless, because we
observed no tangible change in household incomes, any effects of roads on
the affordability of childcare would have to be through indirect means, such
as cheaper transportation fares.

In Online Appendix B, we ruled out other possible mechanisms that
could explain our result on fertility. Briefly, we found that rural roads mit-
igate the transport barriers to health care without affecting contraceptive
use. We also demonstrated that access to care workers, which was bolstered
by a contemporary public program known as the JSY, was not systemati-
cally different in villages that received PMGSY roads compared to those that
did not.

Additionally, in Online Appendix C, we illustrated the medium-term
effects—those that occur with a lag of five years—of roads on all the out-
comes that have been previously studied. We noted that the fertility decline
persisted in the medium term, although infant mortality and other health
indicators became unresponsive. This suggests that while the mechanisms
operate in the short term, they can affect both contemporaneous and future
fertility.

Discussion

Rural road connectivity, particularly in erstwhile isolated regions, can be
the harbinger of significant change. It can improve transport networks and
hasten structural transformation (Asher and Novosad 2020), enrich house-
holds’ consumption baskets (Aggarwal 2018), increase the uptake of immu-
nization and institutional care for in-utero children (Aggarwal 2021), and
facilitate young children’s access to education (Adukia, Asher, and Novosad
2020). However, not all changes may be desirable. Although the movement
of workers out of agriculture increases mechanization on farms (Sham-
dasani 2021), it also leaves behind a shortfall of agricultural labor that, in

85UB01 SUOWILLOD BAITERID 3|l dde 8L Ad paueAo 28 S3oILe VO ‘88N JO S9N 0} ARIq1T 8UIIUO AB]IM UO (SUORIPUOD-PLB-SWLIBHWI0" A3 | 1M ARe.d) Ul [UO//SARL) SUORIPUOD PUE SWB | U1 88S *[5Z02/20/72] U0 A%eiqI8uliuo A1 BIgwNioD usnLg JO AUSeAN Ad 109ZT Jped TTTT'0T/I0p00 A8 1 AReIq 1 eul|uo//SANY W01} pepeojuMOa ‘T *20T ‘Siv8ZLT



APARAJITA DASGUPTA / ANAHITA KARANDIKAR / DEVVRAT RAGHAV 141

certain areas, brings about an increase in farm fires, air pollution, and infant
mortality (Garg, Jagnani, and Pullabhotla 2022).

Against this backdrop, in this paper, we asked how last-mile connec-
tivity atfects fertility and shed light on the possible mechanisms. We found
that road provision unambiguously decreases fertility by as much as 5 per-
cent of the mean. This change appears to be driven primarily by a roughly
equivalent decline in infant mortality, which can reduce the uncertainty
around child survival and decrease the household demand for additional
children (Adsera and Menendez 2011). The fall in infant mortality itself
can be attributed to an increase in child immunization and breastfeeding
because the latter is salient. Furthermore, we demonstrated that roads im-
prove households” access to health care facilities and posited that these ac-
cess improvements could explain the uptick in immunization, reinforcing
a congruent finding by Aggarwal (2021). However, we also showed that
roads have mixed effects on employment; men are more likely to work
once roads are built, but women are less likely to do so. The opposing ef-
fects were similar enough that aggregate employment did not change, as
documented by Asher and Novosad (2020). In line with this, we found no
evidence of change in household consumption expenditure. Thus, road con-
nectivity can worsen the gender gap in employment while allowing mothers
to spend more time, if not resources, on childcare.

An obvious limitation of our analysis is the need for district-level ag-
gregation when studying employment and household consumption because
more granular identifiers are absent in the data. Nevertheless, the qualita-
tive similarities between the effects on fertility and infant mortality when
we used district- and village-level measures of road access provide some
confidence that the district-level results are indicative of effects at a more
granular level. Another issue is that we cannot disentangle the short- and
medium-term effects of roads principally because we used a cumulative
measure of road construction. However, our choice ensures that we do not
omit the lagged effects of roads, which are akin to economic shocks that
affect fertility with a lag of between one and four years (Sobotka, Skirbekk,
and Philipov 2011; Lovenheim and Mumford 2013). In line with this litera-
ture, we found that roads affect fertility in the medium term. Nevertheless,
there may exist another mechanism that could explain how roads induce
this effect because our principal channel—a decline in infant mortality—is
no longer active in the medium term. Identifying such a mechanism may
be an exercise for future research.

In a wider context, the means through which PMGSY roads affect
fertility differ substantially from several other forms of infrastructure that
have been well-studied in previous literature. For instance, Gertler and
Molyneaux (1994) found that in Indonesia, better availability of health
facilities is associated with lower fertility because of higher contraceptive
use. Contraceptive use and adoption of “stopping behavior” has been the

85UB01 SUOWILLOD BAITERID 3|l dde 8L Ad paueAo 28 S3oILe VO ‘88N JO S9N 0} ARIq1T 8UIIUO AB]IM UO (SUORIPUOD-PLB-SWLIBHWI0" A3 | 1M ARe.d) Ul [UO//SARL) SUORIPUOD PUE SWB | U1 88S *[5Z02/20/72] U0 A%eiqI8uliuo A1 BIgwNioD usnLg JO AUSeAN Ad 109ZT Jped TTTT'0T/I0p00 A8 1 AReIq 1 eul|uo//SANY W01} pepeojuMOa ‘T *20T ‘Siv8ZLT



142 ROAD ACCESS, FERTILITY, AND CHILD HEALTH IN RURAL INDIA

dominant mechanism in reducing fertility for several infrastructure ad-
vances, such as rural electrification (Dinkelman 2011) and the rapid spread
of television programs (La Ferrara, Chong, and Duryea 2012). However,
we found no evidence to suggest that contraceptive use increased in our
setting. Moreover, rural roads can create employment opportunities for
women (Khandker, Bakht, and Koolwal 2009; Khandker and Koolwal
2011), which can reduce the demand for children (Schultz 1969). On the
other hand, we found that the provision of PMGSY roads is actually asso-
ciated with a decline in FLFP. Instead, we found the fall in infant mortality
enabled by improved access to health care facilities to be the major driver
of a reduction in fertility. Put simply, it appears that last-mile connectiv-
ity brings to the fore the quality—quantity trade-off faced by households
(Rosenzweig and Evenson 1977), whereby households decide to have
fewer children, but invest more in each child. Moreover, the lack of change
in contraceptive use is likely why the observed decline in fertility is smaller
than when compared to interventions such as rural electrification. For
example, in the Indonesian setting, rural electrification can explain up to
65 percent of the overall decline in fertility (Grimm, Sparrow, and Tasciotti
2015), while our estimates suggest that PMGSY roads cannot produce more
than 20 percent of fertility decline observed in India during 2004-2015.

From a policy perspective, the effects of rural roads on child health
care provide evidence for positive social externalities. These benefits are
likely to compound over time because better health translates into im-
proved educational attainment (Alderman, Hoddinott, and Kinsey 2006;
Bobonis, Miguel, and Puri-Sharma 2006) and labor supply (Baird et al.
2016), which has implications for both spatial and intergenerational mo-
bility (Ahlburg 1998). Further, as improvements in the “quality” of chil-
dren through reduced mortality and increased health investments would
coincide with lower fertility, rural roads have the potential to hasten the
demographic transition (Cervellati and Sunde 2011). The benefits are not
limited to the demand side of health care; we found suggestive evidence that
rural roads improve households” access to formal health care and, hence,
help resolve the supply-side constraints in the last-mile delivery of health
inputs for children. More generally, across the developing world, the provi-
sion of all-weather roads has been linked to reductions in poverty (Gibson
and Rozelle 2003; Dercon et al. 2009; Khandker, Bakht, and Koolwal 2009).
Despite these desirable consequences, our results on employment showed
that there is a strong gender dimension to the effect of roads. The mixed
nature of our results underscores the need to study the multifaceted con-
sequences, intended or otherwise, of massive infrastructure programs such
as the PMGSY and to ascertain their impact on socioeconomic welfare.
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Notes

1 Throughout this paper, we define fer-
tility as the probability of a woman aged be-
tween 16 and 49 giving birth in any given
year.

2 The demographic transition denotes a
country’s shift away from a high fertility, high
infant mortality setting towards a low fertil-
ity, low infant mortality environment.

3 Asof 2022, it has provided connectiv-
ity to over 90 percent of the 178,000 eligible
habitations by building more than 780,000
km of roads at a cost of $48 billion during
its lifetime.

4 The population criterion was based on
the 2001 census and applies to all regions
except those with designated special status.
In the special category states (Arunachal
Pradesh, Assam, Manipur, Meghalaya, Mi-
zoram, Nagaland, Sikkim, Tripura, Himachal
Pradesh, Jammu & Kashmir, and Uttarak-
hand), designated Desert Areas, designated
Tribal Areas (listed in Schedule V of the Con-
stitution), and selected Tribal and Backward
Areas (identified by the Ministry of Home
Affairs and Planning Commission), habita-
tions with a population of 250 persons and
above are eligible.

5 We use village as a shorthand for rev-
enue villages, which are the smallest rural ad-
ministrative units in India and consists of one
or more habitations. As of the 2011 Popu-
lation Census, the average village in India is
home to over 1,200 people.

6 A state is the second level of adminis-
tration in India that has its own government
with the legislative power to make specific
decisions. A district is the third level of ad-
ministration, with each state containing sev-
eral districts.

7 As of 2023, the PMGSY has had three
phases. We only concern ourselves with the
first phase, where program guidelines prior-
itized villages exclusively on population cut-
offs. Subsequent phases launched in 2013
and 2022 also use socioeconomic criteria to
prioritize villages.

8 The two exceptions are (i) transport
barriers to health care and (ii) immunization,

where we find a null effect on a sample of all
Indian states. In contrast, on a sample of the
complier states, we find that transport barri-
ers reduce and immunization increases in the
aftermath of roads.

9 The data can be obtained at
https://www.devdatalab.org/shrug.

10 Each state in India is made up of mul-
tiple districts, which are also administrative
units. The average district is approximately
11 km? in size and comprises just over 1,500
villages.

11 A village was considered eligible if,
at the baseline (2001), it had unconnected
habitations and a population of at least 250
people.

12 We were unable to use NFHS-3
(2005-2006) because it lacks district identi-
fiers, unlike subsequent rounds. The small-
est geographic identifier that is available in
NFHS-3 is the state, with the average state
containing 30 districts. Other geographic
identifiers were removed to preserve the re-
spondents’ anonymity because the survey in-
cluded questions on HIV status. Prior rounds
were also unused for two reasons. First, the
number and boundaries of spatial units (dis-
tricts) over which we conducted our analysis
have changed markedly over time. Second,
the prior rounds had smaller sample sizes
that were not representative at the district
level, which introduces additional errors in
any comparisons over time.

13 For each outcome variable, we com-
puted its mean and standard deviation for
children of a given age residing in con-
trol group districts, that is, districts where
no PMGSY roads had been built. We then
used these computed values to standard-
ize the outcome variable. The aggregation
process is akin to taking a weighted sum of
the standardized outcome variables, where
the weight on an outcome is lower if it
is highly correlated with other outcomes
(i.e., its inclusion does not add much more
information).

14 The minimum working age in India
is 14 years. Employment was coded as miss-
ing for those who reported one of the fol-
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lowing as their employment status: (i) beggar
or sex worker; (ii) unable to work because
of physical disability; and (iii) pensioner or
rentier.

15 In a classical DiD framework, the
construction of PMGSY roads within a dis-
trict would be denoted by a binary outcome,
which would take the value 1 if any roads
were built and 0 otherwise. However, the
continuous DiD approach defines the inten-
sity of road construction using a measure that
can take any number of different values (see
the Data section for how we define our road
measure).

16 For example, districts with fertile
land could be more agrarian, which could
create an incentive for families to bear more
children so that they can work in the field.
However, these areas could also be poorer,
lack industry, and not be as well connected.
Consequently, they could be eligible to gain
more roads as a result of PMGSY.

17 The JSY was a safe motherhood in-
tervention under the aegis of the National
Health Mission, designed to promote institu-
tional deliveries among women. It involved
financial assistance of either Rs. 600 ($13)
or Rs. 1,400 ($31), with the larger amount
being offered to mothers if they belonged to
states with high fertility.

References

18 For example, if local officials of some
district 4 conducted a family planning drive
in year ¢, the average effect of that drive on
fertility across all villages in district 4 for each
year would be accounted for by the fixed ef-
fect.

19 The OLS estimate lies well within the
90 percent confidence interval around the
IV estimate, which suggests that endogene-
ity concerns are not very pronounced.

20 This finding could mean that house-
holds either continued to visit the same
health facilities even after roads were avail-
able and other costs did not change or chose
to visit more expensive and distant health fa-
cilities amid a drop in transport costs. Unfor-
tunately, we cannot say for certain which of
the two alternatives is true.

21 Although we omitted the result for
brevity, we found that nearly half of the de-
cline in female employment was because of
the agricultural sector. However, men are just
as likely to drop out of agriculture because
the sector shrinks once roads are built and
local markets are interlinked more closely
(Asher and Novosad 2020). The differences
in employment, we suspect, are also because
the employment opportunities after road de-
velopment will differ for men and women,
especially if non-hyperlocal jobs become
available once commute becomes easier.

Adsera, Alicia, and Alicia Menendez. 2011. “Fertility Changes in Latin America in Periods of Eco-
nomic Uncertainty.” Population Studies 65: 37-56.

Adukia, Anjali, Sam Asher, and Paul Novosad. 2020. “Educational Investment Responses to Eco-
nomic Opportunity: Evidence from Indian Road Construction.” American Economic Journal:
Applied Economics 12: 348-376.

Aggarwal, Shilpa. 2018. “Do Rural Roads Create Pathways Out of Poverty? Evidence from In-
dia.” Journal of Development Economics 133: 375-395. https://doi.org/10.1016/j.jdeveco.2018.
01.004.

Aggarwal, Shilpa. 2021. “The Long Road to Health: Healthcare Utilization Impacts of a Road Pave-
ment Policy in Rural India.” Journal of Development Economics 151: 102667.

Ahlburg, Dennis. 1998. “Intergenerational Transmission of Health.” The American Economic Review
88:265-270.

Alderman, Harold, John Hoddinott, and Bill Kinsey. 2006. “Long Term Consequences of Early
Childhood Malnutrition.” Oxford Economic Papers 58: 450-474.

Anderson, Michael L. 2008. “Multiple Inference and Gender Differences in the Effects of Early In-
tervention: A Reevaluation of the Abecedarian, Perry Preschool, and Early Training Projects.”
Journal of the American Statistical Association 103: 1481-1495.

Anderson, Siwan, and Mukesh Eswaran. 2009. “What Determines Female Autonomy? Evidence
from Bangladesh.” Journal of Development Economics 90: 179-191.

85UB01 SUOWILLOD BAITERID 3|l dde 8L Ad paueAo 28 S3oILe VO ‘88N JO S9N 0} ARIq1T 8UIIUO AB]IM UO (SUORIPUOD-PLB-SWLIBHWI0" A3 | 1M ARe.d) Ul [UO//SARL) SUORIPUOD PUE SWB | U1 88S *[5Z02/20/72] U0 A%eiqI8uliuo A1 BIgwNioD usnLg JO AUSeAN Ad 109ZT Jped TTTT'0T/I0p00 A8 1 AReIq 1 eul|uo//SANY W01} pepeojuMOa ‘T *20T ‘Siv8ZLT


https://doi.org/10.1016/j.jdeveco.2018.01.004
https://doi.org/10.1016/j.jdeveco.2018.01.004

APARAJITA DASGUPTA / ANAHITA KARANDIKAR / DEVVRAT RAGHAV 145

Anukriti, Sharma, and Todd J. Kumler. 2019. “Women’s Worth: Trade, Female Income, and Fertility
in India.” Economic Development and Cultural Change 67: 687-724.

Apouey, Bénédicte, Gabriel Picone, and Joshua Wilde. 2018. “The Economics of Malaria Preven-
tion.” In Oxford Research Encyclopedia of Economics and Finance. Oxford, UK: Oxford University
Press.

Asher, Sam, and Paul Novosad. 2020. “Rural Roads and Local Economic Development.” American
Economic Review 110: 797-823.

Baird, Sarah, Jed Friedman, and Norbert Schady. 2011. “Aggregate Income Shocks and Infant Mor-
tality in the Developing World.” Review of Economics and Statistics 93: 847-856.

Baird, Sarah, Joan Hamory Hicks, Michael Kremer, and Edward Miguel. 2016. “Worms at Work:
Long-Run Impacts of a Child Health Investment.” The Quarterly Journal of Economics 131: 1637—
1680.

Becker, Gary S. 1974. “A Theory of Social Interactions.” Journal of Political Economy (82): 1063-1093.

Becker, Gary S. 1960. “An Economic Analysis of Fertility. ” In Demographic and Economic Change in
Developed Countries, NBER Conference Series, 209-231. New York: Columbia University Press.

Bhalotra, Sonia. 2010. “Fatal Fluctuations? Cyclicality in Infant Mortality in India.” Journal of De-
velopment Economics 93: 7-19.

Bhattacharjee, Shampa, and Aparajita Dasgupta. 2022. “Disease Eradication, Infant Mortality, and
Fertility Response: Evidence from Malaria Eradication in India.” The Journal of Development
Studies 58: 2444-2459.

Bloom, David E., David Canning, Rainer Kotschy, Klaus Prettner, and Johannes J. Schiitnemann.
2019. “Health and Economic Growth: Reconciling the Micro and Macro Evidence.” Technical
Report, National Bureau of Economic Research.

Bloom, David E., Michael Kuhn, and Klaus Prettner. 2019. “Health and Economic Growth.” In
Oxford Research Encyclopedia of Economics and Finance. Oxford, UK: Oxford University Press.

Bobonis, Gustavo J., Edward Miguel, and Charu Puri-Sharma. 2006. “Anemia and School Partici-
pation.” Journal of Human Resources 41: 692—721.

Cervellati, Matteo, and Uwe Sunde. 2011. “Life Expectancy and Economic Growth: The Role of the
Demographic Transition.” Journal of Economic Growth 16: 99-133.

Currie, Janet, and Hannes Schwandt. 2014. “Short-and Long-Term Effects of Unemployment on
Fertility.” Proceedings of the National Academy of Sciences 111: 14734-14739.

Cutler, David, Angus Deaton, and Adriana Lleras-Muney. 2006. “The Determinants of Mortality.”
Journal of Economic Perspectives 20: 97-120.

Dercon, Stefan, Daniel O. Gilligan, John Hoddinott, and Tassew Woldehanna. 2009. “The Impact of
Agricultural Extension and Roads on Poverty and Consumption Growth in Fifteen Ethiopian
Villages.” American Journal of Agricultural Economics 91: 1007-1021.

Dinkelman, Taryn. 2011. “The Effects of Rural Electrification On Employment: New Evidence from
South Africa.” American Economic Review 101: 3078-3108.

Eswaran, Mukesh. 2006. “Fertility in Developing Countries.” In Understanding poverty, Part 1, 143—
160. Oxford University Press.

Ferreira, Francisco H. G., and Norbert Schady. 2009. “Aggregate Economic Shocks, Child Schooling,
and Child Health.” The World Bank Research Observer 24: 147-181.

Garg, Teevrat, Maulik Jagnani, and Hemant K. Pullabhotla. 2022. “Structural Transformation and
Environmental Externalities.” arXiv [Econ.GN] http://arxiv.org/abs/2212.02664.

Gertler, Paul J., and John W. Molyneaux. 1994. “How Economic Development and Family Planning
Programs Combined to Reduce Indonesian Fertility.” Demography 31: 33-63.

Gibson, John, and Scott Rozelle. 2003. “Poverty and Access to Roads in Papua New Guinea.” Eco-
nomic Development and Cultural Change 52: 159-185.

Grimm, Michael, Robert Sparrow, and Luca Tasciotti. 2015. “Does Electrification Spur the Fertility
Transition? Evidence from Indonesia.” Demography 52: 1773-1796.

Grogan, Louise. 2016. “Household Electrification, Fertility, and Employment: Evidence from Hy-
droelectric Dam Construction in Colombia.” Journal of Human Capital 10: 109-158.

Hjort, Jonas, and Jonas Poulsen. 2019. “The Arrival of Fast Internet and Employment in Africa.”
American Economic Review 109: 1032—-1079.

'SduY) SUONIPUOD PUe SWB L 3L 89S *[5202/20/72] Uo ARiq1T8UIIUO ABIIM "RIqwn|oD USHLE JO AISRAIUN A $09ZT IPed/TTTT OT/I0pALI00 8] W ARIqIBU1|UO//'SANY WOy Papeolumoq ‘T '¥20Z ‘LSYY8ZLT

oA

35UBD| 7 SUOLILLIOD SA IR0 3|edljdde ayy A pausenoh afe sapiie YO ‘SN JO S3ni 1o Akeld1auluQ A3]IAN UO (SUORIPUOD-PL


http://arxiv.org/abs/2212.02664

146 ROAD ACCESS, FERTILITY, AND CHILD HEALTH IN RURAL INDIA

Imbert, Clement, and John Papp. 2015. “Labor Market Effects of Social Programs: Evidence from
India’s Employment Guarantee.” American Economic Journal: Applied Economics 7: 233-263.

Jayachandran, Seema, and Ilyana Kuziemko. 2011. “Why Do Mothers Breastfeed Girls Less Than
Boys? Evidence and Implications for Child Health in India.” The Quarterly Journal of Economics
126: 1485-1538.

Jensen, Robert, and Emily Oster. 2009. “The Power of TV: Cable Television and Women'’s Status in
India.” The Quarterly Journal of Economics 124: 1057-1094.

Kalemli-Ozcan, Sebnem. 2003. “A Stochastic Model of Mortality, Fertility, and Human Capital In-
vestment.” Journal of Development Economics (Elsevier) 70: 103-118.

Khandker, Shahidur R., and Gayatri B. Koolwal. 2011. “Estimating the Long-Term Impacts of Rural
Roads: A Dynamic Panel Approach.” World Bank Policy Research Working Paper.

Khandker, Shahidur R., Douglas F. Barnes, and Hussain A. Samad. 2013. “Welfare Impacts of Rural
Electrification: A Panel Data Analysis from Vietnam.” Economic Development and Cultural Change
61: 659-692.

Khandker, Shahidur R., Zaid Bakht, and Gayatri B. Koolwal. 2009. “The Poverty Impact of Rural
Roads: Evidence from Bangladesh.” Economic Development and Cultural Change 57: 685-722.

Kim, Jungho, and Alexia Prskawetz. 2010. “External Shocks, Household Consumption and Fertility
in Indonesia.” Population Research and Policy Review 29: 503-526.

La Ferrara, Eliana, Alberto Chong, and Suzanne Duryea. 2012. “Soap Operas and Fertility: Evidence
from Brazil.” American Economic Journal: Applied Economics 4: 1-31.

Lei, Lei, Sonalde Desai, and Reeve Vanneman. 2019. “The Impact of Transportation Infrastructure
on Women’s Employment in India.” Feminist Economics 25: 94—125.

Lenz, Luciane, Anicet Munyehirwe, Jorg Peters, and Maximiliane Sievert. 2017. “Does Large-Scale
Infrastructure Investment Alleviate Poverty? Impacts of Rwanda’s Electricity Access Roll-Out
Program.” World Development 89: 88-110.

Lovenheim, Michael E, and Kevin J. Mumford. 2013. “Do Family Wealth Shocks Affect Fertility
Choices? Evidence from the Housing Market.” Review of Economics and Statistics 95: 464—475.

Lucas, Adrienne M. 2013. “The Impact of Malaria Eradication On Fertility.” Economic Development
and Cultural Change (61): 607—631.

Medeiros, Victor, Rafael Saulo Marques Ribeiro, and Pedro Vasconcelos Maia do Amaral. 2021. “In-
frastructure and Household Poverty in Brazil: A Regional Approach Using Multilevel Models.”
World Development 137: 147-163.

Miller, Grant, and B. Piedad Urdinola. 2010. “Cyclicality, Mortality, and the Value of Time: The Case
of Coffee Price Fluctuations and Child Survival in Colombia.” Journal of Political Economy 118:
113-155.

Murthi, Mamta, Anne-Catherine Guio, and Jean Dreze. 1995. “Mortality, Fertility, and Gender Bias
in India: A District-Level Analysis.” Population and Development Review 21: 745-782.

Parikh, Priti, Kun Fu, Himanshu Parikh, Allan McRobie, and Gerard George. 2015. “Infrastructure
Provision, Gender, and Poverty in Indian Slums.” World Development 66: 468—486.

Paxson, Christina, and Norbert Schady. 2005. “Child Health and Economic Crisis in Peru.” The World
Bank Economic Review 19: 203-223.

Ranganathan, Shyam, Ranjula Bali Swain, and David J. T. Sumpter. 2015. “The Demographic Tran-
sition and Economic Growth: Implications for Development Policy.” Palgrave Communications
1: 1-8.

Rosenzweig, Mark R., and Robert Evenson. 1977. “Fertility, Schooling, and the Economic Con-
tribution of Children of Rural India: An Econometric Analysis.” Econometrica: Journal of the
Econometric Society 45: 1065-1079.

Saing, Chan Hang. 2018. “Rural Electrification in Cambodia: Does It Improve the Welfare of House-
holds?” Oxford Development Studies 46: 147-163.

Schultz, T. Paul. 1969. “An Economic Model of Family Planning and Fertility.” Journal of Political
Economy (77): 153-180.

Sedai, Ashish Kumar, Ramaa Vasudevan, Anita Alves Pena, and Ray Miller. 2021. “Does Reliable
Electrification Reduce Gender Ditferences? Evidence from India.” Journal of Economic Behavior
& Organization 185: 580-601.

85UB01 SUOWILLOD BAITERID 3|l dde 8L Ad paueAo 28 S3oILe VO ‘88N JO S9N 0} ARIq1T 8UIIUO AB]IM UO (SUORIPUOD-PLB-SWLIBHWI0" A3 | 1M ARe.d) Ul [UO//SARL) SUORIPUOD PUE SWB | U1 88S *[5Z02/20/72] U0 A%eiqI8uliuo A1 BIgwNioD usnLg JO AUSeAN Ad 109ZT Jped TTTT'0T/I0p00 A8 1 AReIq 1 eul|uo//SANY W01} pepeojuMOa ‘T *20T ‘Siv8ZLT



APARAJITA DASGUPTA / ANAHITA KARANDIKAR / DEVVRAT RAGHAV 147

Shamdasani, Yogita. 2021. “Rural Road Infrastructure & Agricultural Production: Evidence from
India.” Journal of Development Economics 152: 102686.

Sobotka, Tomas, Vegard Skirbekk, and Dimiter Philipov. 2011. “Economic Recession and Fertility
in the Developed World.” Population and Development Review 37: 267-306.

Tasciotti, Luca, Farooq Sulehria, and Natascha Wagner. 2022. “Fertility, Electricity and Television:
Is There a Link? Evidence from Pakistan, 1990-2018.” Journal of Demographic Economics. First
View. https://doi.org/10.1017/dem.2022.6

'SduY) SUONIPUOD PUe SWB L 3L 89S *[5202/20/72] Uo ARiq1T8UIIUO ABIIM "RIqwn|oD USHLE JO AISRAIUN A $09ZT IPed/TTTT OT/I0pALI00 8] W ARIqIBU1|UO//'SANY WOy Papeolumoq ‘T '¥20Z ‘LSYY8ZLT

oA

35UBD| 7 SUOLILLIOD SA IR0 3|edljdde ayy A pausenoh afe sapiie YO ‘SN JO S3ni 1o Akeld1auluQ A3]IAN UO (SUORIPUOD-PL


https://doi.org/10.1017/dem.2022.6

