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DISSERTATION ABSTRACT

Saurabh Gupta

Doctor of Philosophy

Department of Economics

June 2022

Title: Essays on India’s Economic Development.

This dissertation is on the economic development of India during the past
three decades with a focus on its changing industrial and household structure.
Chapter 1 provides a brief introduction of the Indian economy and motivates the
theme of the dissertation.

In Chapter 2, I study the effects of transportation infrastructure on regional
manufacturing activity. I exploit geographical and temporal variation in project
implementation to argue for causal effects on the regional industrial outcomes. 1
investigate how highways can improve market competition between firms situated
in geographically distant locations, and as a result, create incentives to invest
in activities that improve productivity. The results show that highways had no
direct effect on India’s manufacturing output growth and led to a decline in average
manufacturing productivity. I argue that these results can be attributed to lack of
improvements in allocative efficiency within regions, and slow movement of skilled
labor into the manufacturing sector. These results are contrary to some recent work
on India but in line with evidence presented in the wider literature on low-income
countries

In Chapter 3, I investigate the relationship between highways and female

labor force participation (FLFP). Using census level data from India, I estimate

v



how the construction of highways may have opened up market opportunities
for households and consequently affected FLFP. I find that the effects are
heterogeneous across districts with some districts experiencing an increase while
others experiencing a decline in FLFP. The decline was driven mostly by married
and educated women withdrawing from the manufacturing and services sectors.
I also find suggestive evidence that highways led to an increase in labor force
participation of low skilled women.

In Chapter 4, jointly with Dr. Shankha Chakraborty, we examine how
household decision making can explain India’s declining FLFP over the last
three decades. We propose a tractable analytical model in which married women
respond to opportunity costs of their labor hours when dividing their time between
household and market production. The model incorporates cultural costs attached
to female work and its negative effect on female labor supply. We highlight
competing mechanisms at play that suggest a U-shaped pattern of FLFP in
response to economic growth.

Finally, Chapter 5 summarizes the results of the dissertation and presents a

concluding remarks.
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CHAPTER I
INTRODUCTION

India has experienced rapid growth in the past four decades starting
with a structural shift in the late 1980s. During this time, India liberalized its
economy and introduced gradual trade reforms that paved the way for growth in
international trade and investment. A dismal GDP growth of 3.4% during the
decade of 1970-1980 transformed into an average growth rate of 7.5% after the
late 1980s, peaking at 8.9% during 2000-2010. This economic transformation was
accompanied by secular improvements in the country’s development indicators and
large-scale structural shift away from traditional agriculture.

India’s growth and transformation has been unique in one respect. It has
largely been driven by the services sector instead of growth in the manufacturing
sector, a pattern at odds with the experiences of other developing countries such
as Bangladesh, China, or South Korea. Decomposing this growth further,
plots the average sector-wise decomposition of value added to the GDP between
1950s and 2010s. These estimates show that between the decades of 1980s and
2010s the contribution of manufacturing sector towards the GDP increased from
14.5% to 17.7% whereas the contribution by the services sector increased by a much
larger margin from 46% to 61%. Not surprisingly, contribution by the agriculture
and allied activities decreased from 35% to 16.5% during the same time period.ﬂ

Several reasons have been proposed in the literature for this slow growth
in manufacturing. For example, the literature has identified a “missing middle”
in India’s manufacturing sector (Hsieh and Klenow, [2009)): manufacturing firms

are unable to scale up due to which markets are dominated by a few very large

!These estimates have been complied from Reserve Bank of India’s annual publication on the
Indian economy, Handbook of Economics and Statistics
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Figure 1. Share of India’s GDP by industry
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firms and numerous small firms. These conditions are further exacerbated by a
large number of very small firms operating in the informal sector. The stunting
of manufacturing growth has also been attributed to India’s strict labor laws
making it difficult for firms to hire cheap labor, and bureaucratic hurdles such as
complicated tax laws that make it difficult to run businesses (see Mitra and Ural,
2008, Rao, 2005).

In addition to India’s unique sectoral growth, transformation in the labor
markets and demographics is also worth noting. The economic growth in the past
four decades has been associated with high educational attainment among younger

people and declining fertility rates for women. As per World Bank estimates, the
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average literacy rate in India has grown from 48% in the year 1991 to 74% in the
year 2018. Simultaneously, the average fertility rate went down from 4.83 child
births per woman in 1980 to 2.22 child births per woman in 2018. We may expect
this fall in fertility and increase in education to encourage more women to join
the market work; however, the female labor force participation (FLEFP) rate has
declined from 30% in 1990 to 19% in 2019

In this dissertation, my goal is to understand these patterns of slow
manufacturing growth and female labor force participation in conjunction with
investments in transportation infrastructure. The decades when India experienced
significant economic growth coincided with the construction of large-scale
transportation infrastructure projects. I hypothesize that construction of highways
may have helped transform regions closer to it in a manner different than what
we see through the national trends. For example, highways could have improved
market competition and efficiency, and hence, comparatively higher positive
gains for the manufacturing sector in regions closer to the highways. Similarly, if
highways improved access to schools, jobs, business opportunities for households,
they could have encouraged female labor force participation.

Exploration of these ideas situates this dissertation in the broader policy
framework that tries to understand the role played by transport infrastructure
in economic development. Significant efforts at the global and the country level
are devoted towards improving public infrastructure that can increase overall
productivity of the economy. Transport infrastructure is believed to be one of the
most significant factors that influences the economy in multiple ways. For example,

Woetzel et al. (2016) predict that global infrastructure demand will be $2.5 trillion

2These empirical facts have been compiled from World Bank’s DataBank that can be accessed
at this website. https://data.worldbank.org/country/IN
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annually between 2016-2030. In 2021 alone, the World Bank approved transport
projects worth $3.6 billion. These facts emphasize the growing importance of
transport infrastructure in the global economy.

In Chapter 2 and 3, I investigate the role played by the construction of
highways on regional manufacturing industry and female labor force participation
in India. The results show that highways did not significantly impact the
manufacturing output in regions that were located closer to the highways; instead,
I notice a decline in average manufacturing productivity. In the labor markets, the
highways seem to have affected districts based on their initial market conditions.
Districts with lower literacy rate, higher road connectivity, and lower caste
fractionalization experienced an increase in FLFP.

Chapter 4, jointly with Dr. Chakraborty, investigates the economic reasons
behind the falling FLFP in India and proposes an analytical model that emphasizes
the role of gender norms and mother’s time devoted towards children’s human

capital production.



CHAPTER II
DO HIGHWAYS AFFECT MANUFACTURING GROWTH? A CAUTIONARY
TALE FROM INDIA
2.1 Introduction

Transport infrastructure is a crucial element of public investment.
Understanding the potential of transportation to facilitate economic gains is of
growing policy relevance. Intuitively, we can assume that railroads, highways,
and rivers provide easy access to markets across regions within a country, improve
market competition and contribute to welfare gains. They may also help alleviate
cost impediments to trade between firms located in different regions, thereby
providing an integrated market economy to firms as well as consumers. A lot
remains to be understood about this relationship between transport infrastructure
and the market economy.

The current literature offers mixed results on this relationship in the context
of low-income countries. For example, in the case of China, highways do not seem
to significantly stimulate any economic growth. Some studies find that locations
closer to the highways experienced negative GDP growth in manufacturing and
all other sectors combined (see Faber, 2014} Banerjee, Duflo and Qian, 2020).

In contrast, evidence from sub-Saharan Africa and India show robust positive
growth for locations situated near the highways (see Storeygard, 2016, Ghani,
Goswami and Kerr, 2016). The purpose of this paper is to revisit the case of India
to estimate the relationship between transport infrastructure and economic growth
using robust methodological tools. In addition, it also attempts to shed light on

barriers that may hold back economic gains from the highways.



I first examine the link between highway construction and subsequent
changes in the manufacturing sector. I use a large highway project, the Golden
Quadrilateral (GQ) Project, constructed in India during the period 2000-20009,
to examine the effects of national highways on local district-level manufacturing
output growth. To counter the problem of endogenous placement of the highway,

a combination of the difference-in-differences and instrument variable strategies is
used. Two hypothetical highway routes are constructed using detailed geographical
information to instrument the original GQ project, and bring quasi-random
variation in the placement of highways among districts. Finally, the estimates are
conditioned on a variety of district-level covariates including socio-economic and
geographical characteristics. The results suggest that contrary to previous work on
the effect of highways in India, districts closer to the GQ project did not experience
significant manufacturing growth compared to districts further away.

I then explore potential mechanisms that may have limited the effects of
the GQ project on manufacturing growth. Two notable roadblocks to India’s
manufacturing growth have been identified in the literature. First is the higher
degree of resource misallocation in India (Hsieh and Klenow, 2009). One
implication of resource misallocation is that market shares are not efficiently
allocated across firms; specifically, low productivity firms may command a higher
market share. I examine how the GQ project may have alleviated this problem.
The results suggest that for districts closer to the GQ project, market shares
adjusted towards less productive firms as opposed to more productive firms.
Additionally, these districts experienced a significant decline in their overall

productivity.



Another challenge to India’s manufacturing sector is labor market rigidity
(T. Besley and R. Burgess, 2004)). Given India’s labor abundance, I hypothesize
that market integration through the GQ project would provide better access to
factors resources, incentivizing firms to adopt more labor to be more competitive.
Following the stylized results established in trade theory, this part of the chapter
investigates whether the removal of barriers between locations increases the
proportion of skilled labor in skill-abundant regions and non-skilled labor in skill-
scarce regions. We learn that labor composition did not change significantly due to
the construction of new highways, at least through the channels considered in the
chapter.

The chapter is divided into the following sections. Section 2 gives a brief
account of the relevant literature. Section 3 provides background information about
the GQ project I use as a quasi-natural experiment. Section 4 details the data
description and preparation. Section 4 lays out the empirical strategy. Section 6
presents the main results followed by some robustness checks in Section 7. Finally,
Section 8 presents the conclusion of the chapter.

2.2 Relevant Literature

Low-income countries provide a unique setup for analysis because of the
higher potential for returns on infrastructure investment. On the contrary, they
also suffer from market distortions and low quality of construction technology
that makes the efficacy of highway networks non-comparable to those in developed
countries. Therefore, returns on investment in infrastructure may vary along a wide

margin across countries/l|

!The seminal paper by Chandra and Thompson (2000) leads the way for many studies in
recent decades, they study the interstate highway system in the US and their results show that
counties connected with the national highway experience significant growth in economic activity.



Two influential studies addressing the economic impact of highways in China
are Faber (2014) and Banerjee, Duflo and Qian (2020). Faber (2014) analyze a
more comprehensive highway network than the one I study in this chapter. He
finds that China’s National Trunk Highway System (NTHS), a highway project
connecting all provinces with an urban population of more than 500,000, decreased
economic activity in non-targeted small peripheral counties. He argues that the
reason for this decreased activity is lower trade costs which shift economic output
towards larger metropolitan centers. To address the issue of endogenous placement
of highways he constructs a hypothetical highway network between counties based
on a minimum cost path network, and euclidean straight lines to instrument the
original highway.

Banerjee, Duflo and Qian (2020)) focus on long term growth effects.
Confirming Faber’s results, they show that highways did not have any significant
impact on economic growth in the long run. While they did affect other economic
variables such as GDP per capita levels, number of firms, and firm profits, the
effects were too small to be considered of policy relevance. Their methodology also
involves constructing straight lines to proxy for highway and rail networks, while
controlling for a variety of other geographical controls.

In contrast, for the case of India we have have three studies who find robust
economic growth in locations close to the GQ project. The conclusion of this
research is quite different from these earlier studies. Ghani, Goswami and Kerr
(2016) use similar data and methods to find robust manufacturing growth in
districts closer to the GQ project whereas I find lack of evidence to support this

claim. I argue that difference arises due to different period of analysis and methods

On the contrary, the adjacent counties experience a decrease in economic activity. They establish
identification by assuming that non-metropolitan cities accidentally receive the highway network.
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used to identify the causal parameters of interest. I restrict the study period to two
years before the GQ project construction started, allowing for better geographical
granularity of districts, and consistent definitions across years. In contrast, Ghani,
Goswami and Kerr use the year 1994, six years before construction, to validate
their results. Therefore, it becomes essential for them to aggregate a few districts
to keep the sample consistent across years. The second difference is that I do not
use the baseline levels of the outcome variable as an additional control for the

main specifications. I argue that this additional control leads to an alternate set

of identifying assumptions consequently changing the results with a wide margin.

A recent study by Chatterjee, Lebesmuehlbacher and Narayanan (2021]) uses
firm-level manufacturing data similar to this chapter, to understand the returns on
public investment in the manufacturing sector. They proxy public investment with
the GQ project. A major deviation from this chapter is their identification strategy,
which uses variation in project completion times and geographical proximity to
identify the effects of the GQ project. Their results corroborate the evidence
provided by Ghani, Goswami and Kerr, and finds that firms located closer to the
GQ project had higher productivity. Khanna (2016 uses luminosity data to argue
for increased urbanization in more narrowly-defined locations near the GQ project.
He even finds spillover effects of the GQ project over time. The luminosity data
captures overall economic activity which may include effects due to other sectors,
public amenities, or agglomeration. I attempt to provide a more complete picture of
the manufacturing sector which may not be captured by the luminosity data.

The chapter is also related to the literature on resource reallocation after
a reduction in trade barriers. Harrison, Martin and Nataraj (2013)) explore a

related concept, the reallocation of market shares among Indian firms after trade



liberalization in 1991. My approach in understanding the misallocation of resources
is very similar to their paper. The main difference is that their treatment variable
is the trade liberalization episode whereas I consider the construction of highways
as an event that reduces trade barriers. Their results emphasize within-firm
productivity improvements as opposed to the reallocation of market shares as a
channel through which aggregate productivity has improved in India in the 1990s
and early 2000s.

None of the studies in the literature directly investigate the relationship
between labor composition and highways for low-income countries. Michaels (2008)
investigates this relationship in the US using an elaborate Heckscher-Olin model.
My objective is tangential to his approach and is limited to providing insights
on labor market rigidity and the subsequent impact on skill composition through
trade-related channels.

2.3 The Golden Quadrilateral Project

The Golden Quadrilateral (GQ) project was announced by the Government
of India in 1998. The objective of the project was to connect four major metro
cities in India, Delhi, Mumbai, Chennai, and Kolkata, situated at opposite
geographical ends of the country. presents the GQ project on the
Indian map. The GQ project was a significant part of a bigger initiative by the
government called the National Highway Development Project (NHDP). The
objective of this broader project was to introduce and upgrade the vast network of
national highways in India. The other major project of this scheme was the North
South East West Corridor (NS-EW), which was completed almost 9 years after the

GQ project but was started at a similar timeﬁ

Interestingly, the GQ project also overlapped with an ancient Indian road system called the
Grand Trunk Road (GTR) which supported majority trade and labor mobility in ancient and

10



The GQ project took almost 11 years to complete. A total stretch of 5846
kilometers was introduced /upgraded with 4/6 lane high-speed highways. The
planning for the project started in the year 1998. However, the actual construction
started only between late 2000 and early 2001. A substantial portion of project
execution was done during the years 2002-2005. Finally, it was around 95%
complete by 2007. A full account of the project progression is given in

Table 1. Golden Quadrilateral - Progress (in kms.)

2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07
Completed 643 1063 1327 2612 4697 5278 5556
Under Constr. 2093 4594 4383 3234 1149 968 290
% Complete 109%  181%  22.7%  44.7%  80.3%  90.2% 95%
Total Length 5846 5846 5846 5846 5846 5846 5846

Note: The measures are calculated from the official annual reports of the National
Highway Authority of India (NHAI). The year 2000-01 represents the financial year
which runs from 1 April, 2000 to 31 March, 2001. All values are in kilometers

2.4 Data Preparation

I use firm-level survey data on formal Indian manufacturing published every
year by the Ministry of Statistics and Program Implementation (MOSPI), India.
The survey is called the Annual Survey of Industries (ASI) and has been used
in numerous influential firm-level studies related to India (for example, Harrison,
Martin and Nataraj, [2013, Martin, Nataraj and Harrison, 2017). It is a nationwide
survey of all formal manufacturing firms employing 10 or more workers. The

data classify firms into standardized industries defined as the National Industrial

medieval India. The British upgraded this road system by introducing metaled roads and at least
one-fourth of the GQ project was engaged in further upgrading this ancient transport system to
4/6 lane highways.

31 exclude the analysis of the NS-EW corridor in this chapter, to better understand the results
from the GQ project in isolation, and without the contamination of treatment effects due to the
NS-EW corridor.
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Classification (NIC) which is regularly revised to meet the international industry
classification standards.

MOSPI collects the ASI data as a representative sample. The sampling
procedure varies and can be classified into two categories, “Census” or “Sample”.
A standard procedure is followed each year, a complete list of registered firms is
collected from the state-level authorities, and firms are broadly categorized into
“Census” or “Sample” sectors based on their size. The Sample firms constitute a
representative sample of the population of firms in a given state and NIC-4 digit
level industry. Only a certain percentage (20% for recent years) of total firms are
recorded in the data and are assigned appropriate survey weights to match the
population at the industry-state level. The Census firms include all firms with more
than 200 workers [

In addition, the ASI data is disseminated in two formats, a panel set of
firms and a cross-section repeated over years. The panel data is protected behind
a paywall whereas the cross-sectional format is publicly available since 2019. For
this chapter, I use the publicly available cross-sectional data. A panel data analysis
would have been ideal since it gives information about the evolution of firm-level
parameters over time. It can also accurately predict the entry and exit rates of
firms in the market, and precisely estimate firm-level productivity.

The cross-sectional data set comes with an elaborate description of firm-
level characteristics. For example, product level input-output information, kinds
of labor employed, capital assets, and other important firm-level information. It
allows the construction of several firm-related parameters, I particularly make use

of total output, total input, fixed capital net of depreciation, total emoluments

4For a more detailed exposition of the ASI data please refer to Martin, Nataraj and Harrison
(2017).
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paid to labor including bonus, other benefits, and total labor used. I clean the
data to eliminate any outliers and errors due to data entry. Observations having
zero or negative values for the variables of interest are dropped from the sample. I
only keep firm observations that are marked as open. Therefore, the results in this
chapter will apply only to the incumbent firms.

I gather other geographical data from different sources. The actual shapefiles
of the GQ and NSEW project are from Ghani, Goswami and Kerr (2016). The
shapefile data on the railway network and the Indian coastline is collected from
MIT GeoWeb where it has been published by the International Steering Committee
for Global Mapping. While this data was recorded in the year 2007, it is an
accurate description of railways in the 1990s since the rail network in India has
not changed significantly over the last three decades.

The descriptive statistics of the data are provided in the [Table A1l The
last three rows of the table show that the average distance from railways, coastline,
and the GQ project are positively correlated with each other. Therefore, adding
these geographical controls are necessary to properly identify the effects of the GQ
project. Second, the average output is the highest for the nodal districts, which
is expected because they represent the biggest metropolitan districts of India. In
addition, the districts closer to the GQ project have a substantially higher output
as compared to districts 40 km or 120 km away.

2.5 Empirical Strategy

2.5.1 Basic Setup. The basic strategy is to compare the changes
in outcome variables from the pre-construction period to the post-construction
period when the GQ project was completely built in difference-in-differences setup.

The unit of analysis is the sub-national regions in India called districts. I assume

13



that the districts closer to the highways would experience a higher impact of the
highway as compared to districts further away. This assumption motivates the
categorization of districts into four district groups based on their proximity to

the GQ project. The first group consists of nodal districts which were originally
intended to be connected with the GQ project. The second group is defined as the
districts between (0-40) km away, the third group has districts (40-120) km away,
and the fourth group has districts (>120) km away from the GQ project.

The main focus of the analysis is the (0-40) distance group which I consider
as the treated group because it is closest to the highway. T compare (0-40) distance
group with the (>120) distance group which acts as control. The second group
(40-120) km away acts as a buffer between the two groups to capture spillover
effects due to the highway, and also helps provide an overall picture of shifts in the
manufacturing activity. For example, one possible scenario is that the introduction
of the highway has heterogeneous effects across industries, for some industries
the effects may be captured within the (0-40) range whereas for others the effects
may extend beyond 40 km. To account for such differences I take into account an
alternate treatment group (40-120). In any case, I assume that the highway effects
do not extend beyond 120 km. Therefore, I consider (>120) as the control group.

2.5.2 Main Specification. The main specification follows the long
difference approach. I compare changes in the years 2007 and 2009 with the
baseline year 2000, when the GQ project construction had started. The baseline

specification is of the form:

In <}/i2009/2007> —In (YZ?OOO) =+ Z B,GQdistgroup, + nX; + ¢ (2.1)

geG
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here, Y; is the outcome of interest, subscript ¢ represents the district, and g
represents the four distance groups. GQdistgroup, is a dummy which captures
which distance group does the district belongs to. X; represents district-level
characteristics such as literacy rate, rural population, population density, and
SC/ST population. These district characteristics are recorded in the year 2001. It
also includes geographical controls such as distance from the nearest rail network
and distance from the Indian coastline. The coefficient of interest is 3, which
captures the decade-long effects of the GQ project on the distance group g when
compared with (>120) distance group. I consider the average of the variables in the
years 2007 and 2009 as the post-construction outcomes since most of the highway
was complete by the year 2006 (see [Table 1). The average of two post-construction
years helps overcome issues arising due to serial correlationﬂ The year 2000 is
chosen as the baseline since the GQ project construction started at the end of that
year. The error term ¢; could be correlated across years for districts. Therefore, I
cluster standard errors for all specifications at the district level.

2.5.3 Identification Issues. The most challenging issue while
investigating the relationship between highways and economic activity is the
problem of reverse causality. In most cases, highways are planned with the growth
potential of locations in mind. For the G(Q project, the policymakers likely
selected districts based on certain economic characteristics. Annual reports and
geographical maps show that the highway passes through some important cities
in India. Descriptive statistics in the previous section show that (0-40) district
group had significantly higher manufacturing output than districts further removed.

This makes it hard to identify the true effects of the GQ project from other

5This is after assuming that the highways impacted all treated districts similarly. Another
reason is to compare the results with Ghani, Goswami and Kerr (2016])
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potential mechanisms or confounders which may have existed before the highway
construction started.

Figure 2. Straight line and Least Cost Path Instrument Variables

— Straight-line Instrument — Original highway — LCP Instrument — Original highway

(a) (b)

Note: Hypothetical networks used as instruments for the original highway are
presented in red and the original GQ project is presented in blue. presents the
straight line instrument and presents the least cost path instrument. The linear
cost function for the least cost path network is computed using factors such as elevation,
land cover and wetlands. The background map shows district boundaries in India. First
stage estimation results are reported in the appendix.

A related problem is selection bias, where the selection of districts into the
treatment group could be driven by potential confounders. I control for a variety
of factors under X;, to take care of socio-economic characteristics and particulars
related to geographical location. Additionally, the long differences help control for
any time-invariant district fundamentals confounding the estimates. However, there
may be other unobservable factors that may remain uncaptured. A simple way to
check if these unobservables are leading to any kind of bias is by examining the
growth trajectory of outcome variables before the construction of the GQ project

conditional on the observed covariates. The data restrictions do not allow for such
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an extension before 1998, without discounting the quality of the dataﬁ However, 1
do provide some empirical evidence in the next section that endogeneity is a crucial
concern.

To resolve the problem of endogeneity due to the non-random selection of
districts into districts groups, I use an instrument variable strategy commonly used
in the highways literature. The first instrument is a connection of four straight lines
between the nodal districts which were initially supposed to be connected with the
GQ project. An additional kink is added to the eastern side of the instrument in
order to keep it on land. presents this instrument on the Indian map
alongside the original GQ project. This instrument is similar to the Euclidean
network constructed by Faber (2014). The second instrument is also a hypothetical
construction based on the least cost path between the four nodal districts. The
least-cost path instrument (LCPIV) is constructed by assigning a cost structure
to a high-resolution location grids representing the map of the whole country.

For every grid on the map, the total cost is assumed to be a function of surface
elevation, land cover, and coverage due to Wetlandsm Using this cost structure a
path is constructed which minimizes the overall costs of travel between the nodal
districts. depicts this instrument on the map alongside the original GQ
network.

The identification assumption is that the two hypothetical instruments

affect the outcome variables of interest only through the original GQ network. To

6The district definitions change very frequently in the 1990s because of the creation of
three new states. The reshuffling of districts makes it hard to keep the district definitions
consistent over a long period. As a result, districts need to be aggregated to keep them consistent
throughout which leads to a loss in geographical granularity and sample size.

"More precisely, the cost function follows Faber (2014). For every grid n, I compute a cost
function such that ¢, = Elevation + 25 % (LandCover — Dummy) + 25 x (Wetland — Dummy)
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control for factors that may potentially violate the exclusion restriction, I include
the two sets of control variables discussed before, district-level characteristics and
geographical characteristics in all specifications estimated in the chapter.
presents the first stage results with and without the additional controls. The first
stage is estimated using the two-stage least squares method. The first stage results
show that both instruments are highly correlated with the original highway with
F-statistic for the straight line IV of 38.8 and for the least cost path IV as 65.27.

In addition to the socio-economic and geographical characteristics, I also
estimate the main specification after including the baseline levels of district output
as an additional control. I do this only for the case of manufacturing output.
This additional control serves two purposes. First, it helps compare the results
in this chapter with Ghani, Goswami and Kerr (2016)), who use similar data and
methodology. Second, it helps shed light on the sensitivity of results under two
cases, that is, with and without the baseline levels as an additional control. The
identification assumptions under these two cases are very different, discussed
more elaborately in the appendix. In a nutshell, including this additional control
amounts to conditioning the estimates on lagged dependent variables whereas
excluding it conditions on district fixed effects.
2.6 Empirical Results

2.6.1 Exploring Selection Bias. To provide a complete picture of

the long-term effects, I plot the dynamic trajectory of the raw outcome variables
(output, labor, capital and number of firms) ranging from the pre-construction
period in 1998 till the year 2009 when the GQ project was complete. |[Figure 3| plots
these graphs. A visual inspection of these plots shows that there is no significant

increase in any of these variables. The growth trends are similar for every distance
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group. The level differences between distance groups confirm evidence from the
descriptive statistics that the distance groups are characteristically different from
each other. The raw plots show that the magnitude of effects from the GQ project,
if any, were not large enough to decisively change the growth trajectory of districts.
However, the (0-40) district group shows a marginally higher increase in total
output and fixed capital after the year 2000 when compared
with other distance groups. To put this into context, the (0-40) distance group
experienced grew at an average rate of 10% per annum between 2000 and 2009
highest when compared with other distance groups. This exploratory analysis
shows that the GQ project did not disproportionately affect the overall growth
trajectory of manufacturing activity in districts close to it. However, we do see
comparatively higher growth in output and capital in the (0-40) distance group.

In the next step, I investigate the more promising growth in manufacturing
output. It is important to understand which factors contributed to this growth
and how much of it is driven by the construction of the GQ project. I identify
the effects of the GQ project by controlling for as many district-level factors
as possible. The first set of specification assumes a dynamic panel framework
and estimates a fixed effects model with districts as the unit of analysis. I
include district and year fixed effects and re-estimate the growth trajectory of

manufacturing output. I estimate the following equation,

2009

In(Yigp) =a+ Z Bt GQdistgroup;, x Yeary + A + ;i + €igt (2.2)
t=1998

here, subscript ¢ represents the district, subscript g represents the distance groups,
and subscript ¢ represents the year. GQdistgroup, represents a dummy for the

distance category of either (0-40) km or (40-120) km away, two separate regressions
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Figure 3. Comparing manufacturing sector outcomes for different district groups.
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Note: This figure plots raw manufacturing sector variables for districts categorized

into different distance groups based on their proximity to the GQ project. Nodal
represents the group of four main districts connected by the GQ project, that is, Delhi,
Mumbai, Chennai, and Kolkata. It also includes the sub-urban districts located near the
main ones. All variables are log transformations.

are run for both distance groups with (>120) as the base category. Year; is a
dummy for all years between 1998 and 2009 with the year 2000 as the base year.
Finally, u; represents district fixed effects and \; represents year fixed effects.
The district fixed effects help capture district fundamentals such as resource
endowments, demographic and cultural aspects whereas year fixed effects capture

overall changes to the Indian economy. The coefficients 34 capture the effect of the
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GQ project on the distance groups for every year t. These coefficients are plotted

separately for (0-40) and (40-120) distance groups.

Figure 4. Comparing annual changes in outcomes after controlling for district fixed
effects.
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Note: This figure plots coefficients 34 from a fixed effects model defined by

for two separate distance groups. compares treated districts with
the control districts and compares intermediate districts with control districts.

The black dotted lines represent confidence intervals and the significance levels are marked
alongside the nodes following conventional norms (* p < 0.1, ** p < 0.05, *** p < 0.01).

The results show wide differences in growth between different distance

groups with districts (0-40) km away showing increased improvements in

manufacturing output. |[Figure 4al and |Figure 4b| show these contrasts. The point

estimates [, show a growing trend for the (0-40) district groups whereas the trends
are almost flat throughout the sample period for (40-120) district groups. These
coefficient estimates are not significant except for a few at the end of the sample
period but have a positive magnitude suggesting a positive effect.

The major cause of concern in these estimates is the lack parallel trends
before the construction of the GQ project. shows that the growth
trend starts in the year 2000 as opposed to the years after 2000 when the GQ

construction started. This makes it hard to attribute the differences after 2000
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to the GQ project specifically. The unobservable factors driving growth before the
construction of the GQ project could be driving the future trajectory of growth
in (0-40) district groups. More pre-construction periods could help give more
information on how these trajectories evolved, what underlying factors could be
driving them, and if we can specifically attribute this growth to the GQ project or
not.

I check the extent of bias due to the self-selection of districts into the
treatment group by estimating a logit model which predicts the construction
of the GQ project using economic characteristics recorded before the highway
was constructed. I use the dummy for the distance group (0-40) km away as the
dependent variable and regress it on a battery of district-level characteristics
recorded in the year 2001, and manufacturing industry characteristics recorded
in the year 1999. Ideally, the district characteristics must also be recorded before
2000, but due to lack of data, I assume that the demographic variation across
districts does not change significantly over these two years. The equation I estimate

is as follows,
Pr (Gde’stgroupi(o_@) = 1) =A (% + 1 X%+ wQXiQ) (2.3)

Here, X' represents district characteristics such as literacy rate, rural population,
population density, distance to the rail network, and distance to the coastline. Xo,
represents manufacturing industry characteristics recorded in the year 1999, these
include the outcome variables studied in the following sections, total output, share
weighted average productivity, skill intensity, and urban share.

Table A.3| presents results from the above model. The coefficient estimates
on total output are statistically significant even after controlling for other district
characteristics. This means that districts with higher output had a higher
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Table 2. GQ construction main specification results

OLS SLIV LCPIV

(1) (2 (3) (4) (5) (6) () (8) (9)
No Controls Controls Controls NoControls Controls Controls No Controls Controls Controls

Nodal = 1 2041479 0083 0.282 20.354%F  0.110 0.604 -0.281 20.078  0.308
(0.132) (0.208)  (0.251) (0.168) (0.311)  (0.381) (0.177) (0.256)  (0.319)

Treated = 1 0.068 0.139 0.374%%% 0281 0.459 0.760 -0.237 20117 0.139
(0.123) (0.130)  (0.138) (0.592) (0.677)  (0.678) (0.339) (0.353)  (0.377)

Intermediate = 1 0.177 0.213 0.241 0.199 0.174 0.560 1.033 1.022 1.219%*
(0.181) (0.180)  (0.161) (0.949) (1.057)  (0.905) (0.635) (0.655)  (0.602)

Baseline -0.249%%* -0.266%%* -0.219%%%

(0.043) (0.060) (0.053)
N 284 284 284 284 284 284 284 284 284
R sqr. 0.012 0.041 0.19

Note: This table presents the main results for the effects of the GQ project on manufacturing output growth. The coefficient

estimates are produced by running with change in logged levels of output between 2000 and 2007/2009 as the
dependent variable. Columns (1)-(3) present the OLS estimates and (4)-(9) present the IV estimates. Standard errors are clustered
at the district level.

*p < 0.1, ¥ p <0.05, ¥* p < 0.01, Standard errors in parentheses.

probability of getting treated with the GQ project. The negative sign in column
(3) on the variables representing the distance from the nearest rail network and
the coastline show that the GQ project was constructed close to these geographical
entities. The results show that manufacturing industry characteristics of districts
recorded in the year 1999 played a crucial role in determining the treatment of
districts with the GQ project. Therefore, the estimates from the long differences
presented in the next section will be biased. Therefore, the results presented by the
instrument variables will be crucial for causal interpretation of results.

2.6.2 Main Estimates: Manufacturing Output. The results from
the main specification defined in are presented in [lable 2l The OLS
estimates presented in columns (1)-(2) show that the district groups (0-40) and
(40-120) experienced higher output growth than the (>120) district group. The
coefficient estimates are positive but statistically insignificant. Additionally, the
magnitude of estimates is higher for the (40-120) district group when compared

with the district group (0-40). This is contrary to the expectation that the treated
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district group (0-40) will experience the highest growth due to the construction of
the GQ project.

The qualitative aspects of the OLS estimates are repeated in columns (4)-
(5) where the original highway is instrumented with the hypothetical highway
built along a straight line. The point estimates remain positive but the magnitude
increases, pointing at the fact that the GQ project targeted more prosperous
regions biasing the OLS estimates downward whereas the actual estimates may be
larger. In contrast, the least-cost path instrument produces different results. The
coefficient estimates on the (0-40) district group are almost zero with controls and
negative without controls whereas the (40-120) district group shows statistically
significant coefficients with higher magnitudes. These results predict that both
district groups (0-40) and (40-120) experienced positive output growth when
compared with (>120), but higher growth is seen in intermediate districts.
However, noise and uncertainty makes these point estimates non-significant.

The IV results for the straight line and the least-cost path instruments
are very different. This difference could be due to two possible reasons. Either
these two instruments are targeting fundamentally different types of districts and
these differences are not controlled for in the control variables, or, the implicit
assumption stating that the effects of the GQ project are homogeneous across
districts may not be true. The GQ project may have had heterogeneous effects
across districts along dimensions that may be difficult to identify. The two
instruments may pick up some of these heterogeneous effects separately. Later in
the chapter, I check how far we can extend these local average treatment effects
to the average treatment by showing differences in characteristics of complying

districts under these two instruments.
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The differences in magnitudes of the coefficient estimates for (0-40) and (40-
120) district groups warrant further discussion. One potential reason is diminishing
returns, due to which economic growth could be negatively correlated with the
baseline output levels. In other words, districts with higher baseline output
levels may experience lower economic growth than a district with lower baseline
output levels. Therefore, we may need to estimate the main specification while
conditioning on the baseline levels of district output. Columns (3), (6), and (9)
show results after controlling for the baseline levels of output for each district. The
results in column (3) are statistically significant, and the magnitude is higher for
the district group closer to the highways.

An important point to note is that adding baseline output levels changes

the conditional assumptions underlying the main specification. As discussed

in [subsection 2.5.3| columns (2) and (3) are estimated under a different set of

assumptions. Column (2) conditions the regression equations on district-level
controls and time-invariant confounders. Column (3) on the other hand, conditions
based on district-level controls and the baseline level of output. As is evident in
columns (2) and (3) the point estimates are sensitive to these two alternative
specifications. It is difficult to know which of the controls correctly identify the
effects of the highways since both specifications are independent and not nested
into each other.

Ghani, Goswami and Kerr (2016) estimate long differences while controlling
for baseline outcome levels and find positive significant effects of the GQ project
on districts as shown in column (3). Based on that they conclude that districts

near highways gained significantly from the GQ project. This conclusion may be
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misleading for the alternate specification for which, the intermediate district group
seems to gain more from the highways than the treated group.

2.6.3 Manufacturing Productivity. The previous section presents
suggestive evidence that the positive effects of the GQ project may not be as
large as we have seen in the literature. The effects are more pronounced in the
intermediate districts than the treated districts. In this section, I explore other
channels through which highways may have affected manufacturing output in the
districts. I explore two channels more relevant for the Indian economy. These
channels can be summarized under two basic questions I try to answer. First,
do highways shift economic activity towards more productive firms? Second, do
highways shift factors of production towards more favorable spatial locations?

These questions have been investigated in two different strands of the
literature. Hsieh and Klenow (2009)) highlight the importance of misallocation of
factor resources in India’s manufacturing sector. They propose a theoretical model
which captures market distortions due to misallocation of resources among firms
and use it to compare the magnitude aggregate productivity between different
countries. They argue that misallocation helps explain the vast differences in
aggregate productivity between India and other developed countries. Resource
misallocation could emerge due to market distortions created by inefficient labor
markets, trade barriers, industrial policy, and other policy-related factorsﬁ As a
consequence, less productive firms can hold a vast proportion of labor and capital
resources. The introduction of the GQ project has the potential to reduce this

misallocation by optimally allocating factors of production across space. As a

8The literature has always struggled to find a dominant source of misallocation. The factors at
play are more context-dependent. A set of potential factors are explored in a survey by Restuccia
and Rogerson (2017)
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result, we may see efficient firm selection into the market due to the increased
competitiveness of the manufacturing industry.

The second potential reason for negligible growth comes from frictions in
India’s large labor markets. Factor mobility in India has been low and to what
extent do highways alleviate this issue is a question of crucial policy importance.
Some policy reports provide evidence that labor migration across states is very
restricted, whereas a large portion of internal migration in India happens between
locations within states. In a different regulatory context, Banerjee, Duflo and
Qian (2020) point to a similar issue in the case of China, where factor mobility is
restricted due to peculiar government regulations which they argue could be one of
the critical factors why we see no effects of highways on economic growth.

In the backdrop of low factor mobility, I test the main results from the two-
factor Hecksher-Olin model which holds only under complete factor mobility. More
specifically, I test a version of Rybczynski theorem which states that regions with
higher skill endowment will specialize in skill-intensive goods, and vice versa. I test
whether the introduction of the GQ project changed the skilled labor composition
of districts along these lines.

District Productivity and Firm Selection. To capture shifts in the
firm selection, I construct two measures of district-level productivity. The first
measure is a simple average of productivity for all firms in a given district. The
second measure weights each firm’s productivity with its output share. The prime
focus of this section is the second measure, which helps capture the reallocation of
output shares among firms based on their productivity. If highways bring trade-
related competitive effects to regions, we will see more productive firms selecting

into the market and gaining higher market shares (Melitz, 2003). This measure
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could shift due to two reasons. First, changes in average levels of firm productivity,
which represent within-firm enhancements in production efficiency. Second, due to
the reallocation of market shares between firms.

To construct this measure, I first compute firm-level productivity using a
method proposed by Levinsohn and Petrin (2003) (LP). The residuals of the log-
linearized Cobb-Douglas production function are used as a measure of total factor

productivity and can be estimated according to the following equation.

In(GV Anje) = o + Buijln(Lnji) + Boiln(Knji) + dnji (2.4)

Here, the subscript n represents the firm, j represents NIC 3-digit level industry,
and t represents the year.ﬂ GV A, is the gross value added by the firm every year,
L, ;: is the total labor used, K, is the fixed capital assets of the firm, and ¢,;; is
the residual which captures the total factor productivity at the firm level. In the
above specification, the capital and labor coefficients estimated by ordinary least
squares may be biased. A common issue of endogeneity arises due to simultaneity
bias, where the level of output may determine firms’ level of fixed capital adoption.
The LP method estimates consistent labor 3;; and capital 3y; coefficients for each
industry while accounting for endogeneity in capital usage. They use control inputs
like materials, fuel, to inform about the productivity dynamics. More specifically,
firm productivity is assumed to follow a first-order Markov process and is proxied
by a polynomial expressed in capital and control inputs. This helps extract a

consistent labor coefficient which I then use to compute the capital coefficient

9NIC stands for national industrial classification, a standard for industry classification in
India which is comparable to the international industry classification standards. A 3-digit NIC
classification refers to the broader industry, for example, textile industry, paper industry, or, food
products.
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assuming constant returns to scale[l’] Due to the cross-sectional nature of the data
I cannot directly implement this approach. Therefore, I estimate one period lagged
values of relevant variables for each firm by taking the average of closest industry-
size-location matches from one period lagged years, a method similar to Sivadasan
(2009). After estimating labor and capital coefficient for each 3-digit level NIC
industry. I take the residuals as the measure of a firm’s total factor productivity.
Consequently, I estimate district-level share weighted average productivity as

follows,

;= Z Snit Pnit (2-5)
n

here, s,;; is the market share of the firm n in a district . There are two things
to note about this measure. First, it implicitly captures district-level changes
in productivity due to the entry/exit of firms and doesn’t parse these effects
separately. Second, it captures both within the industry and across industry market
share shifts. The literature argues that trade liberalization generally shifts market
shares between firms within well-defined industries (Melitz, |2003). Focusing on
within industry-district market share shifts would be more plausible. However, as
discussed before the data sample is not designed to represent the population at the
industry-district level unit. The industries become very sparse at the district level
and many of them are not recorded for the majority of the years, making it difficult
to track manufacturing activity within industry-district units. As an alternative,
I look at the overall changes within the district. Therefore, shifts in output shares

could come from within or across industry reallocations of market shares.

10G8tructural methods like these are regularly used in the industrial organization literature to
overcome endogeneity issues while estimating production functions.
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Table 3. GQ treatment effect on productivity changes within districts

OLS SLIV LCPIV
(1) (2) (3) (4) (5) (6)

No Controls Controls No Controls Controls NoControls Controls

Panel A: A Productivity (share-weighted mean)

Nodal 0.041 -0.374 -0.152 -0.728%** 0.146 -0.309
(0.233) (0.230) (0.295) (0.350) (0.256) (0.259)
Treated -0.059 -0.203 -0.272 -0.676 -0.164 -0.276
(0.127) (0.145) (0.394) (0.517) (0.209) (0.252)
Intermediate -0.339** -0.371%** -0.748 -0.575 0.058 0.070
(0.149) (0.157) (0.679) (0.605) (0.478) (0.429)
Panel B: A Productivity (mean)
Nodal 0.096 -0.316* 0.006 -0.489** 0.271 -0.261
(0.177) (0.178) (0.222) (0.249) (0.207) (0.216)
Treated -0.243%FF  -0.316%FF  -0.192 -0.504 -0.326** -0.437%*
(0.088) (0.099) (0.286) (0.361) (0.162) (0.188)
Intermediate -0.203%* -0.195%* -0.513 -0.402 0.385 0.331
(0.102) (0.110) (0.459) (0.411) (0.367) (0.319)

Note: This table follows a similar setup to[Table 2]but with share weighted productivity as
the dependent variable. Standard errors are clustered at the district level.

*p < 0.1, * p <0.05, ¥*** p < 0.01, Standard errors in parentheses.

The results are presented in [Table 3 Panel (A) presents results from the
second measure representing changes in market share weighted district productivity.
The OLS specification results in columns (1) and (2) show negative and statistically
significant estimates for treated as well as intermediate districts, meaning that
market shares were distributed to less productive firms in these district groups.
Instrumenting the original highway with the straight line and least-cost path
switches the sign for intermediate districts but the treated districts retain their
negative sign and significance. These results show that the GQ project forced
the market shares to be reallocated towards less productive firms. One possible
explanation is that more productive firms are gaining ground in districts away from

the highways.
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Panel (B) further solidifies these results, it shows the effects on average
district productivity without weighting on market shares. This measure captures
changes within-firm productivity and provides more insights into the overall
productivity of the districts. The results show that average productivity declined
decisively for the treated districts with negative point estimates significant
under OLS and IV specifications. Three possible scenarios explain these average
productivity results. First, incumbent firms in the treated group are leaving for
more favorable locations. Second, incumbent firms experience a decline in their
productivity which seems highly unlikely. Third, highways attract more economic
activity but due to market distortions, low productivity firms can enter the market.

Two plausible reasons could potentially bias these estimates. First, there are
strong assumptions on the way productivity is estimated. For example, firm-level
characteristics other than location, size, and industry could influence the firms’
adoption of resources, making the estimated lagged variables for firms inaccurate.
Second, the nature of the production function could be different. Following the
literature, I assume that the production function exhibits constant returns to scale,
this may or may not be appropriate in the Indian context.

District Labor Composition. In the previous exercise, I looked at the
firm selection and changes in district productivity. In this section, I explore India’s
low labor mobility and rigid labor laws which add to the challenge of efficient
allocation of resources across firms. The purpose of this section is not to directly
assess the labor mobility across India as that would require an elaborate analysis
beyond the scope of this chapter. Instead, I check for evidence of labor mobility
through trade-related channels more often associated with the highways. I use

results from the Hecksher-Olin (HO) model of trade to study the changing nature
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of labor composition in districts. One of the important results from the HO model
is the Rybczynski theorem, which states that under an open economy with trade,
locations favor the production of goods for which they have a higher abundance of
relevant factor endowments. For example, districts with higher skill endowments
will start specializing in more skilled labor-intensive goods. These results only hold
under the assumption that there is non-frictional labor mobility across space and
the labor laws favor easy adoption of skilled labor.

I investigate whether districts close to the GQ project attract more skilled
labor into manufacturing.ﬂ I construct a simple skill intensity measure by taking
the ratio of skilled labor to total labor engaged in formal manufacturing for a given
district year. Here, the treatment variable is the interaction between the dummy
for the distance groups and pre-construction endowment of skilled labor, measured
by districts’ literacy rate recorded in the year 2001. Specifically, I estimate the

following equation,

g

In (S;oog/2007> —In <Si2;)00> =a+ Z B,GQdistgroup;, x Literacyi;m + X,y +e€, (2.6)
geG

here Literacyfgm

The results are presented in [Table 4] The results are too noisy to draw any useful

represents district literacy rate for districts in the year 2001.

conclusions. The signs of point estimates change depending on which instrument is
used. The extreme volatility of results points at two possible explanations. First,
the effects of the GQ project on labor markets in the districts are heterogeneous

across regions. Second, the specification defined in may not be correct

HMichaels (2008) empirically tests the predictions of the Hecksher-Ohlin (HO) model and
concludes that, contrary to the predictions of the HO models, highways in the US didn’t affect
demand for high skilled workers relative to low skilled workers. However, he finds that it did
increase the wage bill of high-skilled workers in counties with relatively high skilled intensity
before the highway construction.
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Table 4. GQ treatment effect on changes in labor composition within districts

OLS SLIV LCPIV
(1) (2) (3) (4) (5) (6)
NoControls Controls NoControls Controls NoControls Controls
Nodal 0.080 0.080 0.122* 0.222 0.098** 0.094
(0.049) (0.050) (0.067) (0.313) (0.049) (0.061)
Nodal X Literacy -0.115 -0.105 -0.186* -0.355 -0.153* -0.137
(0.078) (0.086) (0.113) (0.572) (0.079) (0.109)
Treated -0.016 -0.007 0.963 1.116 -0.002 0.006
(0.035) (0.033) (2.186) (2.377) (0.081) (0.087)
Treated X Literacy 0.058 0.051 -1.492 -1.721 0.023 0.025
(0.064) (0.060) (3.452) (3.782) (0.132) (0.147)
Intermediate 0.009 0.019 -0.273 -0.290 0.089 0.111
(0.030) (0.031) (0.933) (1.036) (0.058) (0.068)
Intermediate X Literacy 0.028 0.017 0.396 0.382 -0.138 -0.182
(0.054) (0.057) (1.367) (1.490) (0.114) (0.134)
Literacy 0.081*** 0.076*** 0.152* 0.116 0.119*** 0.101%%*
(0.028) (0.029) (0.087) (0.089) (0.035) (0.029)
N 284 284 284 284 284 284
R sqr. 0.12 0.19

Note: This table estimates with the ratio of skilled labor to total labor as the
dependent variable. Standard errors are clustered at the district level.

*p < 0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.

and other functional forms may define the relationship between skill composition
and highway construction.

Overall, the results from this exercise confirm the findings in Michaels (2008)
who finds similar insignificant results in the case of US. These results also suggest
that the rigid labor markets in India may have restricted the incentives for firms to
adopt skilled labor as a resource.

2.7 Robustness
2.7.1 Local Average Treatment Effect. A potential concern is that

the IV estimates presented before only address the treatment effects for a subset

33



of “complier” districtsE The complier districts are those which are randomly
assigned to the GQ project and whose nature of treatment was decided by their
allocation into the treated group based on the distance from straight line or least
cost path instruments. In a counterfactual scenario, they would not have received
the highway had they been assigned to the control group by these instruments.m
The characteristics of the compiler group define the local average treatment effects
(LATE) estimated in the previous sections. If this group is significantly different
from the overall population of districts then this is not a a valid instrument.
The LATE might not inform us about the average treatment effects (ATE). An
implicit assumption throughout the IV specifications has been that the effects are
homogeneous across all districts. However, there may exist heterogeneous treatment
effects with a potential to limit the results presented in the chapter. To investigate
this problem, I check whether the complier districts are different from the rest of
the population.

It is not possible to directly identify the complier districts in the data.
However, we can estimate the proportion of compliers in the population using the

following expression.

Pr(Z; =1)(E(G;|Z; =1) — E(G;]Z; = 0))
Pr(G; =1)

Where G is a dummy for whether the original GQ project categorizes a district

into the treated group or not, G; and Gg; represent the potential for treatment

12Here the terminology “compliers” is similar to what is used in the program evaluation
literature, see Angrist and Pischke (2009).

13Contrast this with “never takers” who do not receive the GQ project irrespective of their
assignment to treatment or control groups, and “always takers” who receive the project under all
conditions. An implicit assumption is that there are no “defiers”, meaning a district does not have
the power to go against its initial assignment.
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and only one of these observed in the real data. Pr and E are probability and
expectation operators, respectively. Z; is the dummy for whether the instrument
predicts treatment into the treated or control group. Using the above expression,
the proportion of compliers for the straight line instrument is 31.3% and for the
least cost path network is 36.2% of the districts.

The next crucial question is how different are these complier districts from
the rest of the population? Although it is not possible to identify the complier
distircts directly, Angrist and Pischke (2009) show that we can still know about
the characteristics of the compliers. To implement their strategy, I first create
dummies for district characteristics by categorizing districts into above or below
median value of a characteristic. Following this, we can measure the relative
likelihood of a complier district belonging to the above median category of a
district characteristic by taking the ratio of the first stage for the districts with
above median characteristics to the overall first stage. The results of this exercise
are reported in [Table 5|

For the straight line instrument, column (2) and (7) show that the complier
districts had comparatively higher literacy rates and were generally closer to
the coast line. For the least cost path instrument, column (2), (3), (6), and (7)
show that districts close to this network had higher literacy rate, more rural
population, and were closer to both, existing rail network and the coastline. This
robustness check shows that there may be significant heterogeneity in the way
highways affected the districts. It also helps understand the main results where
both instruments show different estimated coefficient. One potential reason for
these differences could be characteristically different complier districts being picked

up by the two instruments.
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Table 5. Testing for Heterogeneous Effects

(1) (2) (3) (4) (5) (6) (7)
FullSample literacy  rural  pop_dens scstpop H_rail H_coast
Panel A: First Stage: Straight Line Instrument

GQ_40kms_iv 0.626%%%  0.720%%% 0.807TFFF  (.662FFF  0.631FFF (.658%FF (.823%F*
(0.068)  (0.069) (0.044)  (0.056)  (0.085) (0.123) (0.039)

N 208 107 97 97 110 111 104

R sqr. 0.25 0.33 0.38 0.32 0.24 0.22 0.26

Panel B: First Stage: Least Cost Path Instrument

GQ_40kms_iv2 0.702FFF  0.784%FF (.838%FF  (G8IFFF  ().738%HK (.832%KF ().849%
(0.056)  (0.044)  (0.042)  (0.056)  (0.062) (0.069) (0.037)

N 208 107 97 97 110 111 104
R sqr. 0.32 0.39 0.47 0.35 0.39 0.49 0.37

Note: The first-stage results are presented for the treated and control district groups only.
The first column presents full sample first-stage regression. The rest of the columns run
separate first-stage regressions after dividing the data into sub-samples based on district
with above median characteristics. Standard errors are clustered at the district level.

*p < 0.1, ** p < 0.05, *** p < 0.01, Standard errors in parentheses.

2.7.2 Sampling Errors: Sub-sample Analysis. The problem
with the manufacturing data I use is that due to unknown sampling errors it is
not representative of the population of firms at the district level. For the main
specifications, I assume that the sampling errors are small such that they do
not impact the main results presented in the chapter. However, if the sampling
errors are significant then the estimates could be biased in two potential ways.
First, if the proportion of firms sampled in the observed data is lower than the
real population of firms in districts closer to the highways, the results presented
could be downward biased. Second, if this proportion is higher the results could be
upward biased.

I make use of sampling details provided along with the ASI data to check
the extent of the bias generated by the sampling errors. As discussed before, the

ASI data is disseminated in two different categories. The Census category of firms
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Table 6. Main results with Census firms: Manufacturing Output

OLS SLIV LCPIV

(1) (2) (3) (4) (5) (6)
AlnOutput  AlnOutput  AlnQutput AlnOutput AlnOutput  AlnOutput

Nodal 0.360%%  -0.152 -0.308* 0.174 -0.252 -0.121
(0.145) (0.227) (0.182) (0.335) (0.187) (0.269)
Treated 0.044 0.088 0.508 0.714 -0.177 -0.070
(0.117) (0.128) (0.633) (0.732) (0.302) (0.320)
Intermediate  0.211 0.250 -0.065 -0.076 0.877 0.890
(0.192) (0.194) (1.031) (1.170) (0.615) (0.635)
N 284 284 284 284 284 284
R sqr. 0.012 0.037

*p < 0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.

Note: This table follows a setup similar to With manufacturing output as the
dependent variable. The data considered is a sub-sample of firms with more than 200 workers.
These firms represent the whole population of bigger sized firms, therefore, sampling errors are
very minimal. Standard errors are clustered at the district level.

represents the population of manufacturing firms with more than 200 workers, no
sampling is done for this category and the whole population of firms is recordedE
I drop the firms belonging to the Sample category which contributes the most to
the sampling errors, as only 10-20% of these firms are sampled every year. I then
re-estimate the main specifications from on manufacturing output

growth only using the Census firms. This helps confirm the robustness of results

presented in [subsection 2.6.2 but only for firms with more than 200 workers.

If the results are driven by sampling errors, then this exercise should
output different results than those presented before. The results are presented in
Table 6, The magnitude and sign for the OLS and IV coefficients in all columns is
qualitatively similar to the main results presented in [Table 2| This provides some
reassurance that the results presented before are not significantly affected by the

sampling errors.

14This may still have other measurement errors commonly encountered in any random sample of
a data.
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2.8 Conclusion

This chapter finds no direct evidence related to the positive effects of
highways on manufacturing output growth. On the contrary, it finds that districts
located closer to the highways experienced a decline in their manufacturing
productivity and market shares shift towards less productive firms. Additionally,
no significant changes in labor composition are found in response to the highways.

The results in this chapter help consolidate a wider picture of growth in low-
income countries. Services and the informal sector has played an important role
in India’s GDP growth over the past years. The double-digit growth during the
decade of 2000s was propelled by large productivity gains in the services sector.

In addition, the informal sector employs a significantly large proportion (80% of
non-agricultural labor) of India’s labor marketslf] The effects of the highways may
not be as large in the manufacturing sector as has been found in other studies.
However, the GQ project may have led to developments in the service or informal
sector.

There are three potential ways to forward our understanding of the effect
of highway effects on economic activity in low-income countries. First, for the
manufacturing sector, other potential channels should be explored. For example,
labor market rigidity and resource misallocation are likely to be important margins
along which highways affect growth in low-income countries. Second, for an overall
picture, it is important to know how highways may affect the labor markets,
and the kind of opportunities they create for individual households by providing
access to markets. A tentative step in this direction is taken in Chapter 3. Third,

since highways bring large scale urbanization, it is worth exploring its impact on

15Rough estimates as per the International Labor Organization found fhere
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the informal sector, a major component of employment in low-income countries.
Exploring these additional channels can provide a more clear picture of the returns

to infrastructure investment in developing countries.
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CHAPTER III
NATIONAL HIGHWAYS AND FEMALE LABOR FORCE PARTICIPATION
3.1 Introduction

Women may face asymmetrically higher socioeconomic costs to enter the
labor force compared to men due to unfavorable gender norms, and lack of suitable
job opportunities. These can negatively affect their economic prospects despite
significant economic growth. When it comes to female labor force participation
(FLFP), several mechanisms have been proposed regarding the effect of economic
growth. For example, a common argument is that growth has a U-shaped non-
monotonic effect on FLFP. Besides the culture-based explanation pursued in
Chapter 4, one explanation is that during the initial stages of economic growth,
women transition from necessary subsistence work to household production because
of an income effect. As the economy grows and real wages for women continue to
rise, the opportunity costs for household production increase and women substitute
household work for market work.

Due to regional disparities in opportunities for market work, the role of
transport infrastructure in this type of transition is critical. Roads can provide
access to schools, colleges, conducive work environment and better paying jobs.
Therefore, roads may not only help accelerate the movement along the U-shape
but also help with structural transformation in regions where growth is contingent
upon geographical connectivity. In this chapter, I provide suggestive evidence
that in rural areas of districts located closer to national highways, skilled women
working in manufacturing and services sector withdrew from market production. In
contrast, the agricultural sector shows signs of an increase in labor supply of low

skilled female workers. This evidence aligns with U-shaped relationship between
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FLFP and economic growth, additionally suggesting that highways do open up
market opportunities for female workers.

India has seen a secular decline in FLFP during the past three decades. This
is surprising because at the same time fertility levels have fallen, and for married
women, that should have made more time available for market work. Moreover,
increases in labor productivity due to higher female educational attainment would
have opened up job opportunities. The rural regions have contributed more to
India’s FLFP decline whereas the urban centers have experienced stagnation
(Afridi, Dinkelman and Mahajan, 2018, Klasen and Pieters, 2015)).

In this chapter, I explore how the construction of the Golden Quadrilateral
(GQ) Project may have led to FLFP decline in rural areas. The analysis shows
that the overall treatment effect of the GQ project is non-significant on FLFP in
districts located closer to it. Interestingly, pre-construction district characteristics
play an important role in determining the future impact of the project on FLFP
in non-agricultural sectors. In particular, I find that districts located closer to
the project that had higher literacy rates, lower road connectivity, and higher
caste fractionalization before the construction of the highway project experienced
a sharper decline in FLFP. These changes are primarily due to decreased female
employment rather than increase in working age population from migration towards
districts with higher literacy. The results are robust to several district level controls
and can be interpreted causally.

I establish these results using a difference-in-differences methodology. 1
use the GQ project constructed in India between 2000-2009 as a quasi-natural
experiment and study its effects on districts located closer to it (treated group),

in comparison to districts located further away (control group). Consequently, the

41



universe of districts within India are divided into groups based on their proximity
to the GQ project. Treated and control groups are defined, and an incidental
group is considered to account for any spillover effects. FLFP is then compared
between these groups starting in the year 1999 (before construction) and 2009
(after construction). To estimate district level measures, I make use of data from a
wide variety of sources. I use the National Sample Survey (NSS) dataset to capture
employment information on households in districts, augmenting this with Census
data to add district level economic characteristics such as literacy rate, population
characteristics, and finally, extracting infrastructure related variables from the
publicly available SHRUG data set.

This chapter contributes to the literature in significant ways. First, I provide
evidence that large scale highway projects may have asymmetric effects across
genders. Second, I highlight the importance of prevailing market conditions in
determining how highways may impact a given location. Third, I add to the U-
shaped FLFP literature by providing evidence at a more dis-aggregated level and
show how the transformation may take place in the regional economies. Fourth,

I emphasize the role played by increased market access brought upon by the
construction of the highways.
3.2 Relevant Literature

Several literatures are relevant to this chapter. First, my work contributes
to the limited evidence on asymmetric effects of national highways across genders
in developing economies. Lei, Desai and Vanneman, 2019 address this issue on
the intensive margin, that is, hours worked. They use a household level panel
dataset, the India Human Development Survey (IHDS) collected between 2004-

2005 and 2011-2012, to predict the probability of individual working in the non-
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farm as compared to traditional farm sector. They find that access provided

by paved or unpaved roads and frequent bus service increases the likelihood of
employment in the non-agriculture sector for both men and women. These effects
seem to be stronger for women. Interestingly, they also find that women’s non-
farm employment increases in communities with more egalitarian gender norms,
measured by the practice of purdahﬂ The results in this chapter are estimated
at the district level and capture overall changes in local labor market rather
than looking at changes at the household-level. The results confirm the broader
argument of their paper. Similar to their conclusions, I show that even at the
district level rural areas with better road connectivity saw an increase in female
labor force participation due to the construction of the GQ project.

Melecky, Sharma and Subhash (2018) use a methodology similar to this
chapter to estimate the wider economic benefits of the GQ project. They also argue
that initial local market conditions play an important role in determining how
certain locations benefit from the highways | They emphasize that districts with
higher levels of secondary education attainment prior to the project construction
experienced a significant transition from farm to non-farm employment. In
addition, they look at a wider set of outcomes dealing with poverty, household
consumption, and environmental impacts. This study extends their analysis
by thoroughly examining female labor force participation in particular and

investigating the role played by the GQ project in its decline in India for the past

! According to Lei, Desai and Vanneman (2019), purdah is the practice of covering one’s face
with a piece of cloth like a scarf or shawl. This practice is followed in the presence of men and
while stepping out of the household.

2They also cover another national highway project built alongside the GQ project but that was
significantly delayed, the North South East West (NSEW) Corridor. I remove districts treated
with the NSEW corridor from my sample, and focus solely on the GQ project.
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three decades. To improve upon their methodology, I incorporate a decade long
pre-construction time series to test for parallel trends between treated and non-
treated district groups.

In addition to gender specific effects, this chapter contributes to the
literature on the effects of transport infrastructure on rural economic development.
One of the few studies relevant in this context, specifically for India, is by Asher
and Novosad (2020). They argue that local rural roads facilitate structural
transformation by incentivizing workers to move out of agriculture. However,
they don’t find any major changes in agricultural outcomes, such as income, or
assets. Similarly, Shamdasani (2021)) finds that road connectivity for remote villages
leads to crop portfolio diversification, and farmers start to invest in more labor
and capital intensive production methods. Overall, she augments the structural
transformation results presented by Asher and Novosad (2020) but adds that
agriculture sector grew as opposed to the non-farm sectors for some villages
despite road connectivity. I show that the gender specific effects are important,
highways may impact certain demographics through radically different channels.
I provide evidence that structural shifts from agriculture to non-agriculture
sectors may not be happening for women, even when the regional economies are
experiencing significant economic growth. I find that the effects of highways is
heterogeneous across districts with some districts experiencing a decline whereas
others experiencing an increase in FLFP. I propose potential channels that may
explain these shifts.

Finally, I provide evidence in support of the U-shaped theory of female
labor force participation proposed by Goldin (1990). More specifically, results in

this chapter support the predictions of the theory that during the initial period
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of economic growth women’s labor supply might decline. In the context of India,
Afridi, Dinkelman and Mahajan (2018) demonstrate that increased education
levels among rural population of men and women leads to a fall in FLFP. They
argue that relatively higher returns to home production compared with market
production may be driving these results. The results presented in the study suggest
that these effects might be more localized and may as well be applicable to the
regional economies.
3.3 The Highway Project

To understand the relationship between highways and the local labor
markets, I use the introduction of a large infrastructure project in India, the
Golden Quadrilateral (GQ) project, as a quasi-experiment to parse out the effects
of highways on Indian districts. The GQ project was introduced with the objective
of connecting four major metro cities in India located at the four corners of the
country. I will use this project to study how it may have affected household
incentives through local market connectivity. Briefly, the project was proposed
in the year 1999 and the construction was started only in the second half of the
year 2000. The project was more than 90% complete by the year 2006. Therefore,
I consider the year 1999 as the pre-construction period and the year 2009 as the
post-construction period. A more detailed description of the project is given in
Chapter 1 of this dissertation.
3.4 Empirical Strategy

This section lays out the empirical strategy to analyse the impact of the GQ
project on the regional labor markets. I rely on a standard difference in difference

approach to estimate the causal effects of the GQ project. The publicly available
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data makes it easier to construct a long time-series of outcomes variables before the
construction of the project that can be used to check for pre-construction trends.

I conduct the analysis at the district level. According to the census of
2001, India had 593 districts in total, a few of which were carved out of bigger
districts since the country’s independence. To keep a consistent panel of time
series at the district level, the districts are collapsed to their parent regions and
423 individual districts remain in the data set for the analysis. I allocate districts
into four distinct groups based on their distance from the GQ project. The nodal
districts lie at the four points that form the corners of the GQ project. The first
group contains districts that are 0-40 kms away from the highway, the second group
contains districts that are 40-120 kms away from the highway and finally, the last
group contains districts 120-500 kms away from the highway. The focus throughout
the analysis is on the first group that is assumed to benefit the most from the GQ
project. I also consider the second group to take into account any spillover effects
from the highway construction. The third group is the control groupﬁ

I follow a simple identification strategy. I compare the labor market
outcomes in treated and control district groups before and after the construction
of highways. The hypothesis is that district groups closer to the GQ project (0-
40kms) will show significant effects in the outcome variables as compared to district
groups (120-500kms) further away from the highways. To check for these temporal
changes in labor market outcomes at the district level, I estimate the following

equation .

3This classification of districts is similar to Chapter 1, to keep a consistent and comparable
sample I keep the same classification for this Chapter as well.
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3
AY; =Y BDiy+ Xi+ 6 (3.1)

g=1
Here Y; is the dependent variable such as district level FLFP. The subscript ¢

represents district, g represents distance group to which the district is allocated
based on its distance from the highway. For example, g = 1 represents a dummy for
districts falling on the nodal points of the highway, g = 2 represents a dummy for
districts 0-40 kms away from the GQ project. X; represents district level controls
recorded before the highway construction was started.

As discussed later in this chapter, treatment heterogeneity will play a
crucial role in determining the causal effects of the GQ project. For example,
as per the U-shaped hypothesis, rural areas of the districts along the project
with higher presence of the manufacturing industry may experience a decline in
FLFP. I capture this treatment heterogeneity by interacting district characteristics
with the treatment dummies. Specifically, I interact the D;, dummy with a set
of district level characteristics recorded before the GQ construction had started.

Consequently, I will also estimate the following equation.

3 3
AY; =Y BiDig+ > B2Dig x Inti + Int; + X; + ¢; (3:2)
g=1 g=1

Here, Int; represents the interaction term for each district that captures the pre-
construction economic characteristics of the districts such as literacy rate, road

connectivity, and caste fractionalization.

Endogeneity Issues: A common issue while estimating the causal effects of
highways on economic activity is that highways are usually built where there is

already a potential for economic activity to grow. In the context of this project,
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female labor participation may not directly influence the placement of highways but
it may influence the incidence of highways through other channels. For example, if
we assume that gender norms based on cultural factors such as societal outlook
towards women participating in market work is positively correlated with the
economic output of the region, then regions with higher economic output may

see more women participating in the labor force. It is likely that highways will be
placed in regions with high economic output or with gender norms favorable for
women’s participation in the labor force. Therefore, highway placement may not be
completely random and may be governed by the district characteristics correlated
with the outcome variables of interest.

The general approach to circumvent this identification problem in a
difference-in-differences framework is to test for parallel trends between treated
and control regions in the pre-treatment period. A precise time series analysis of
this kind is not possible because the survey data I use is conducted every 5 years.
However, I run placebo tests that mimic the GQ project construction before the
actual construction and check if any significant trends are prevalent before the GQ
construction started. I discuss this more in the next sections. In addition to this,

I take several other precautions to make sure that the estimated coefficients are
not biased. I consider regions which were “accidentally” treated with the highway
project. In other words, I exclude all nodal districts (the four metro cities) and
adjacent regions which were supposed to be connected with the highway project
from the treated group. Additionally, I add a set of control variables accounting
for district level characteristics that may potentially affect determine how districts

respond to the construction of the highway.
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3.5 Data

The data I primarily use for this chapter is the household level survey
conducted after every 5 years in India, the national sample survey (NSS). The
survey is divided into four parts covering various aspects of the Indian household.
These parts are named schedules, and each schedule is roughly surveyed every 5
years. I make use of the schedule that covers the employment and unemployment
information of each member of the sampled household. The survey is conducted
separately for rural as well as urban areas of the country. The rural sample is
representative at the district level whereas the urban sample is representative at the
sub-state level but not at the district level[] The survey helps construct labor force
participation rates and other labor market characteristics for the rural areas at the
district level for almost two decades between 1987-2009. I focus on the surveys that
cover periods during and around the time when the GQ project was constructed.
Surveys relevant for this study are National Sample Survey Office (NSSO)’s 43rd
round (July 1995-June 1996), 52nd round (July 1995-June 1996), 55th round (July
1999-June 2000), and 64th round (July 2007-June 2008), 66th round (July 2009-
June 2010), 68th round (July 2011-June 2012). In this version of the chapter, I
only make use of the 43rd, 55th, and 66th rounds to assess the impact of the GQ
project.

To construct the measures for labor force participation at the district
level, I make use of relevant survey responses from the household members. For
each member, the survey records “current activity status” which has more than
10 different categories that signify the status of an individual. For example,

“worked as a casual wage earner”, “sought work”, “did not seek work”, etc. I

4The sampling for the urban areas is done from the NSS regions, that are generally defined as
an aggregate of 4-5 districts within a state.
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use a specific set of responses to categorize each sampled individual into whether
she participated in the labor force or not.ﬂ The data also allows for capturing
the industry in which the worker is employed. For everyone employed, the data
provides industry classifications according to the National Industry Classification
(NIC). I use these NIC codes to identify the broader sectoral categories such as
agriculture, manufacturing, and services where an individual works. Additionally,
I use the education and marriage information of the household members to further
decompose the effects of the GQ project on different categories. In addition to the
NSS data, I also use census information from the 2001 survey to construct district
characteristics such as literacy rates, rural population, and caste fractionalization.
[ extract the census information from Martin, Nataraj and Harrison (2017)
publicly provided along with their study. To check the baseline results before the
construction of the GQ project I also use census information from the 1991 survey
made available in the SHRUG data set.ﬁ The SHRUG data set also helps provide
information about the number of colleges, schools, and other public amenities (local
roads, etc.) at the district live that I use to check heterogeneous impacts of the GQ
project. Summary statistics of selected variables are provided in the
3.6 Results

This section presents the main results of the study. I first check the trends
of the outcome variables in treated versus control district groups before the

construction of the GQ project. Next, I present the main results. I start with

For example, I consider an individual to be in the labor force is he/she belongs to either of

99 [43 99 “

these categories defined by NSS 55, “self-employed”, “employer”, “unpaid family worker”, “wage

7 “ 2 [43

employee”, “casual wage laborer”, “other types of work”, and “did not work but was seeking”.

6SHRUG stands for Socioeconomic High-resolution Rural-Urban Geographic Platform for
India. It is initiative by economists to consolidate data on the Indian economy from a variety of
sources for easy access. More details about the data can be found at its website here.
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average treatment effects that simply compare the treated districts with the control
districts. This is followed by an analysis of heterogeneous treatment effects where I
interact district economic characteristics and the treatment dummies.

3.6.1 Baseline Comparison. To causally interpret the results it
is critical to assess the pre-construction behavior of the districts. As mentioned
earlier, the difference-in-differences methodology stipulates that the treated and
control groups exhibit parallel trends in outcome variables before the treatment
takes effect. For this project, data restrictions make it impractical to perform such
an analysis. The primary data used for this study, specific schedules of the NSS
data, are surveyed only after every 5 years making it harder to visually inspect
the trajectory of outcome variables across time. Alternatively, I can run placebo
regressions. Placebo regressions repeat the main analysis of comparing the treated
and control districts but using a different time period, where the treatment variable
remain the same. Any significant changes from the main results will shed light on
pre-trends that can be a possible cause of worry for causal inference. I run these
placebo regressions for the period between 1987 and 1999 with the same treatment
dummies that are used in the main regressions. I use to estimate
these regressions.

The results of this exercise are presented in the [Table 7. The regressions
are run separately for men and women. I also add a set of controls that account
for distance from the railways and the coastline| The coefficient estimates are
non-significant, except for women in the treated districts. This implies that the

districts closer to the GQ project were experiencing a decline in female labor

I add more controls in the main equations that account for several other district
characteristics. Since data on district characteristics is not available for the year 1987, I have
not included those controls here.
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Table 7. Baseline - Placebo Treatment Effects

Male Female

(1) (2) (3) (4)
AFLFP AFLFP AMLFP AMLFP

Nodal 0.046** 0.020 0.015 0.007
(0.020) (0.029) (0.012) (0.012)

Treated -0.032 -0.054**  -0.003 -0.010
(0.024) (0.024) (0.011) (0.009)

Intermediate -0.010 -0.016 0.013 0.012
(0.029) (0.028) (0.011) (0.008)

District Controls No Yes No Yes

N 294 294 294 294

R sqr. 0.0057 0.021 0.0036 0.013

Note: This table presents results from placebo regressions run
for the period 1987-1999 with the GQ project as treatment and
female labor force participation rate as the outcome variable.

The coefficient estimates are produced by running

and standard errors are clustered at the district level.
*p o< 0.1, **p < 005 ¥*p < 0.01, Standard errors in
parentheses.

force participation. These trends are in line with the overall changes that were
happening in the female labor markets during that time (see Afridi, Dinkelman and
Mahajan, 2018). As I will show in the later sections, this falling trend on average
is reversed for the treated districts but hastened after the construction of the GQ
project for districts with higher literacy rates .

3.6.2 Main Results. I estimate the average treatment effects
by comparing treated and control districts. The results are estimated using
with labor force participation as the outcomes variable, estimated
separately for both men and women in the sample. The results are presented in
Table §. The coefficient estimates of average treatment effects for both men and
women in treated districts is positive after controlling for the set of controls. The
magnitude of these positive effects is very low. For example, in the case of women,

the highway construction only led to 2 percentage points increase in the labor force
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participation over the decade during which the GQ project was constructed. It is
hard to make any causal claims from these estimates since they are not statistically
significant, and consequently indistinguishable from zero. Taking into account the
placebo effects estimated earlier, the magnitude of effects in treated districts is now
opposite. This shows that there was a significant shift in the trends of labor supply
due to the construction of the GQ project. The secular decline for all districts
between the years 1987 and 1999 was replaced by a positive or zero net effect
between 1999 and 2009.

It is not surprising that the average treatment effects from the GQ
project are not significant. The high standard deviations of district economic
characteristics presented in suggests that they (treated, intermediate,
etc.) were different in many respects. These differences could have played an
important role in determining the future impact of the GQ project. For example,
the marginal benefits from the highway construction could have been much higher
for districts that had relatively low market opportunities available for women before
the construction. In other words, there may be diminishing returns to the highway
construction with low developed districts gaining the most. In addition, there could
be a variety of other channels where initial market conditions interact with the GQ
project construction to bring about specific changes that might not get captured
in the average treatment effects. I next explore these district-level heterogeneities
in terms of economic characteristics of districts recorded prior to the GQ project
construction and investigate how they may have determined the trajectory of
changes in the local labor markets.

The most important margins along which the highways affect districts are

highlighted when we look at the different production sectors separately. Much
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Table 8. Average Treatment Effects

Women Men

(1) (2) (3) (4)
AFLFP AFLFP AMLFP AMLFP

Nodal 0.062* 0.092** 0.003 0.026
(0.034) (0.040) (0.034) (0.040)

Treated -0.019 0.020 -0.012 0.008
(0.031) (0.033) (0.014) (0.013)

Intermediate -0.013 0.023 -0.026** -0.011
(0.028) (0.028) (0.012) (0.011)

District Controls No Yes No Yes

N 322 322 322 322

R sqr. 0.0038 0.079 0.0092 0.041

Note: This table presents the main results for the effects of
the GQ project on female labor force participation (FLFP).

The coefficient estimates are produced by running
with change in FLFP between 1999 and 2009 as the dependent

variable. Standard errors are clustered at the district level.
*p o< 0.1, **p < 005 ¥*p < 0.01, Standard errors in
parentheses.

empirical research has emphasized the structural change in local economies due
to road construction (see Asher and Novosad, 2020, Shamdasani, 2021, Aggarwal,
2018)). This change shifts surplus labor from agriculture to manufacturing or
services due to increases in agricultural productivity facilitated by economic
channels opened up by road infrastructure. The decade through which the GQ
project was built seems to have gone through similar economic shifts. This is shown
in where I plot the overall change in the share of women’s employment for
the three production sectors before and after the construction of the GQ project.
The shift in the labor share from agriculture to manufacturing and services is very
evident.

Taking this into account, I dissect the district-level employment data into
three primary production sectors and calculate female labor force participation

for each separately. To take into account the role played by initial economic
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Figure 5. Women’s Employment Share by Industry Sectors

Women's Employment by Industry
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characteristics I then interact the variables representing these characteristics

with the district group dummies and finally estimate the regression coefficients
defined in [Equation 3.2} T estimate these equations separately for the agriculture,
manufacturing, and services sector. I consider a variety of initial district level
characteristics as interaction terms but only present results for literacy rate, paved
roads, and caste diversity. I briefly talk about other parameters at the end but do

not emphasize those results because of the lack of statistical significance.

Literacy Rate: 1 construct the rural literacy rate of districts using the Indian
census data of 2001. I take the ratio of the total “literate” population in the rural
areas of a district to the total rural population. The definition of literacy in India
at an individual level that one must be able to read and write with understanding.
The expectations to accomplish this are low, and, on average, anyone with primary
education is considered literate. I interact these literacy rates with treatment
dummies and run regressions as per for each production sector
separately. The results are presented in [Table B.2] The coefficient estimates are
significant (at 1%) for the treated districts. Broadly, the results suggest that FLFP
declined more for districts that exhibit higher literacy rates before the construction
of the GQ project. This holds for manufacturing as well as the services sector. On
the contrary, the agricultural sector saw positive shifts but the coefficient estimates
are non-significant.

To interpret these results statistically and compute the overall effects, we
can take the coefficient on the interaction terms, multiply it with the literacy rate
in a district, and add the overall coefficient representing the effects on district
groups. For example, the services sector results outlined in column (6), there is a

3.12 percentage points decrease in FLFP due to the GQ project for districts with
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a literacy rate of 70% (0.057 — (0.126) x 0.7). Similarly, one point increase in
the literacy rate of a district leads to a decline of 0.126 percentage points in the
FLFP. For a clearer exposition, I simulate these interaction effects in

for all sectors. These simulations clearly show that FLFP in the manufacturing
and services sectors is declining for high-literacy treated districts . The threshold
literacy rate lies between 0.4 and 0.6. This implies that, on average, districts with
literacy rates higher than the threshold on average will experience a decline in
FLFP, whereas, districts with lower literacy rates on average will experience an
increase in FLEFP.

Since the FLFP is the ratio of labor force and total population in a
district, changes in FLFP could be due to shifts in population across districts.

A potential concern could be that labor is migrating towards higher literacy
districts to access better education and other related amenities. Therefore, the
decline in FLFP presented in could be driven by population shifts rather
than changes in employment levels or contraction of labor force. To test what is
driving these results, I look at changes in the employment levels of districts. The
results presented in show that employment levels also decreased in the
manufacturing and services sector where rural literacy was higher.

To test whether these results are due to the GQ project instead of
unobservable factors already prevalent before the construction, I run the placebo
regressions with the treatment dummies interacted with the literacy rate of districts
in the year 1991. The outcome variable is similar to before, that is, the change in
FLFP between 1987 and 1999. For this analysis, I run the regression [Equation 3.2]
The results are presented in [Table B.4l Here, none of the coefficient estimates are

statistically significant. This provides confidence in the fact that there were no
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alternate unobservable factors in the pre-treatment period that affected the treated
districts.

A possible explanation for these results is the U-shaped behavior of the
female labor force participation. The theory first proposed by Goldin (1990)), posits
that in the initial stages of economic growth the female labor supply declines as
production moves from individual households to businesses in the market. This
happens because low skilled women generally have strong social stigma attached to
manual work that is available outside the household. Decline in labor participation
may also be seen for educated women as they may choose to focus more on
investing in children’s education, an argument that we pursue in Chapter 4E| The
U-shaped hypothesis has been tested in the case of India by Afridi, Bishnu and
Mahajan (2019) where they use the same data as used in this chapter but perform
a country-wide study and argue that the U-shaped behavior is at play in India
as well. Their decomposition exercise shows that FLFP in rural India declined
between 1999 and 2011. They argue that this decline can be explained by the fact
that more number of young women are pursuing education and married women are
finding it more beneficial to invest their time in household production.

The literacy interaction results confirm this idea at the district level and
show that the infrastructure investments like the GQ project accelerate the
movement along the U-shaped curve. Significantly different results for agriculture
and non-agricultural sectors help magnify the movement along the U-shape curve.
shows that the average skill level of female workers in these sectors is
quite different. The services sector has the highest share of labor with graduate

education and the agriculture sector has the higher share of people with primary or

81t is assumed that women disproportionately bear the responsibility of childbearing in a
household and draw away from market production.
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Figure 6. Women’s Employment Shares by Industry and Skill level

Women's Employment by Industry and Education
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no education. In light of this distribution, we can assume that the declining female
labor supply in the services and the manufacturing sector is primarily driven by
more skilled women. In contrast, women with low skill levels seem to be engaging
in agricultural labor in larger numbers.

In summary, the GQ project led to a movement along the U-shaped curve
with FLFP in the manufacturing and services sector declining significantly, and the

agriculture sector drawing in more unskilled women into the markets.

Rural Infrastructure: Next, I check whether the existing road infrastructure
in the rural areas had a significant role to play in the way districts benefited

from the GQ project. I construct district aggregates that capture paved road
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Figure 7. Simulation of Literacy Interaction Effects

GO Treatment Effects an FLFP
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connectivity to villages in 2001. T use the SHRUG data set to construct these
measures. The data provides binary response variables for every village describing
whether a village has a paved road connectivity or not. I aggregate these binary
responses to the district level and use it to proxy for rural road connectivity of the
district. In other words, the measure captures the number of villages that have
paved road connectivity in a district. I take log of this variable to interpret the
results in percentages.

The results are presented in the [Table B.5 Similar to the literacy
interaction effects, the effects are more evident in the non-agricultural sectors.

However, two differences stand out. First, the coefficients on the interaction terms
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are positive for all the sectors, suggesting that female labor for participation
increased in districts with better rural connectivity before the construction of
the GQ project. Second, the coefficients for the manufacturing and agricultural
sectors are non-significant, suggesting that the services sector was the most affected
through this channel. Examining the coefficient estimates in column (6) we can see
that the magnitude of positive change is high. For example, a one percent increase
in rural road connectivity increases the impact of the GQ project on services FLFP
by 0.5%. These results could mean that village road connectivity was augmented
by the GQ project, opening up wider range of market opportunities for women.
Since a major share of high-skilled workers is in the services sector, the results
suggest that the nature of these opportunities was specific to the skilled workers.
These results are opposite to the previous exercise with literacy interactions.
Ideally, economic growth is assumed to be positively correlated with the literacy
rate, rural road infrastructure, and development related characteristics of districts.
Therefore, the results in the above analysis should be similar to the literacy
interaction effects. In other words, if the FLFP is declining for districts with higher
literacy rates then it must decline for districts with better rural road infrastructure.
However, the best possible explanation for the contradictory results is that
two different economic forces are counter-acting each other. To understand this,
we must note that the cross-sectional variation in district-level literacy rates and
rural road infrastructure may not be positively correlated with each other. These
economic characteristics might be a product of district and state-level budget
allocations where there are trade-offs between education and road infrastructure
investments. A simple correlation exercise shows that these two characteristics

are negatively correlated in the case of India in the year 2001. Therefore, the GQ
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project might be affecting FLFP through different channels that are actuated based
on the pre-construction district characteristics. I previously discussed the U-shaped
phenomena in the case of literacy interaction effects. The other channel, different
than the U-shaped phenomena discussed earlier, could be the opening up of market
opportunities. The GQ project could have augmented the already existing rural
road infrastructure and opened access to opportunities that may not be accessible
through local roads, as a consequence increasing FLFP. This argument is aligned
with the literature on intra-country trade where highways provide access to remote

markets.

Caste Fractionalization: The literature has actively explored the role
played by identity in economic decision-making. In the context of labor supply
decisions in India, Oh (2021)) argues that these decisions are influenced by the
caste association of an individual. She finds that individuals favor jobs that are
associated with their caste/community and do not take up even a higher-paying
jobs if the job under consideration is traditionally performed by a lower caste.
Similarly, theoretical research has pointed out caste networks as a valuable resource
that opens up opportunities in urban areas (see Munshi, [2019). These social factors
could significantly influence the female labor force participation decisions in the
treated districts. It is interesting to see how these social factors interact with the
construction of the GQ project and affect the local labor markets. For example, at
the district level, a more homogeneous caste population will be able to benefit more
from caste networks and increase FLFP. Additionally, this would also mean that
individuals have a higher probability of finding jobs that are associated with their
own caste group, and hence have lower social costs to bear while taking up a job

offer.
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To test this hypothesis, I construct a caste fractionalization index using the
Indian census data from the year 2001. The index represents caste diversity within
a district. Specifically, I use a Herfindahl concentration method to construct caste
concentration based on the population share of the scheduled castes, scheduled
tribes, and the general category. I subtract this concentration index from 1 and use
it as a measure for caste fractionalization. Higher levels of the index indicates more
caste diversity. More diversity restricts the set of caste specific job choices female
labor can choose from when they participate in the labor force. Therefore, having a
negative effect on average district-level FLFP. By the same logic, lower levels of the
index may have positive effects on FLFP.

The results presented in suggest that the caste fractionalization
did not play a significant role in districts located next to the GQ project.
Nevertheless, regressions for the services sector show some support for the
evidence underlining the mechanisms discussed by Oh (2021). The magnitude
of coefficient estimates is negative for all the sectors, meaning that higher caste
fractionalization (more diversity) leads to lower levels of FLFP. The interaction
terms are statistically significant only for the services sector, meaning that one
index point increase in the diversity of the district leads to 6.6% drop in female
labor force participation.

These results can be further interpreted in light of the evidence provided
by Oh (2021). She runs a field experiment with 640 male participants to study the
effect of identity on labor supply decisions. The study focuses on male subjects,
whereas the results presented in this chapter study similar effects for female labor
supply. Caste fractionalization is generally interpreted as the probability that

two randomly selected people come from different caste backgrounds. Higher
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probabilities in this context would lead to more labor market conflicts while taking
up a job offer, negatively affecting the overall supply of female labor force in the
region.

3.7 Discussion

In the previous section, we saw that the GQ project on average did not have
any significant effects on the treated districts located 0-40 kms away. However,
we learn that significant heterogeneities across districts determined the future
gains from the GQ project. Higher literacy rates and caste fractionalization within
districts before the construction of the GQ project led to a decline in FLFP in the
treated districts. On the contrary, better road connectivity in the rural areas of the
districts led to positive changes in FLFP from the project. In this section, I discuss
some of these results in more detail and provide further support for the arguments
presented in the previous section.

I argued that the reason for decline in FLFP in districts with higher
literacy rates is that the GQ project could be accelerating movement along the
U-shaped curve. The main idea behind this theory is that relative returns to home
production increase (compared with market production) with increased economic
growth and activity due to the highway construction. To further strengthen this
argument, it may help to highlight changes in how women choose to allocate time
for different activities. The NSS data provides information on whether a household
member is pursuing education or engaged in domestic activities, among other
activities. However, this data becomes very thin at the district level and makes
the analysis infeasible. However, I can test whether this decline is primarily driven

by educated versus less educated and married versus unmarried women.
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I first categorize district-level female employment according to women’s
education characteristics. I recognize three categories of education, primary
schooling and no education, secondary schooling, and graduate-level education. For
each of these education categories, I compute the share of their employment in year
1999 and 2009. I then run similar regressions as before, defined in [Equation 3.2|
The results of this exercise are presented in [Table B.7. As expected, there is a
significant decline in the share of women’s employment with graduate degrees in
districts that had higher literacy rates. Moreover, districts with higher literacy
rates also show an increased share of women employed with secondary education.
The coefficients on these interaction terms are statistically significant, providing
robust evidence in favor of the U-shaped hypothesis.

The U-shaped path of female labor force participation could explain the
significant effects we see on educated women. The theory underlines two competing
forces that govern women’s labor market decisions. First, women are motivated
to join market production since it increases household utility by bringing in more
income. Second, the opportunity cost of market production is time spent in the
household production raising children and performing other domestic duties. The
construction of the GQ project led to economic growth in the treated districts
(see Khanna, [2016]). Households with lower income levels and human capital will
respond to this growth by joining the labor force. On the contrary, women in
households with higher income levels and human capital will withdraw from market
production as they devote more time in children’s education that becomes more
important with economic growth.

I also check whether this decline is concentrated among married women.

Since the choice of the market versus home production would more often arise in
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the case of married women, married women would contribute more towards the
declining FLFP. Similar to the exercise above, I categorize women employed into
married vs non-married categories and compute the FLFP rates. For the married
category I also include women who are either divorced or widowed. Finally, I test
the change in employment levels of married vs unmarried women caused by the
GQ project. The results are presented in [Table B.8 Here too, the married women
show a significantly larger decline in the female labor force participation in the
services and manufacturing sector, augmenting the previously presented results and
strengthening the U-shaped hypothesis.

3.8 Conclusion

This chapter presents evidence that the construction of a national highway
project led to heterogeneous effects on female labor force participation (FLFP)
in districts located closer to the highways. Districts with higher literacy rates,
lower levels of road connectivity, and higher caste fractionalization experienced
a significant decline in FLFP. This decline is predominantly concentrated in the
manufacturing and services sector.

The results are consolidated by proposing two broader theories of structural
transformation. First, suggestive evidence is presented in favor of acceleration
downward along a U-shaped transformation of FLFP. The highway-led economic
growth may have led to appreciation in the returns to children’s education, making
investment in home production more beneficial. Consequently, skilled women may
be withdrawing from the labor force to engage in child rearing duties, lowering
the district level FLFP. Second, the highway construction shows signs of opening
up market opportunities for households. Districts with lower literacy rates seem

to have gained the most from these new opportunities. In addition, the national
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highways potentially augmented rural road connectivity, because districts with
better road infrastructure before highway construction also saw an increase in
FLFP.

In future work, I plan to extend the analysis in this chapter in three
important dimensions. First, the key implicit assumption that holds together the
explanation for the decline in FLFP is that highways create economic growth. I
plan to check this association by capturing economic growth through the luminosity
data from the SHRUG dataset and providing robust evidence on how the labor
market may have changed on the demand side. Along with this, I also plan to
strengthen the asymmetric effects on women by incorporating an analysis of change
in income levels and household consumption patterns data collected from the NSS
surveys. This will help shed light on the household level decision making may
have influenced changes at the extensive margin, at the district level. Second, 1
wish to explore the kind of market opportunities that were created due to the
GQ project and how they might be different from the market access provided by
the local rural roads. Third, robustness checks are needed to provide confidence
in the causal claims made in the chapter. The first set of robustness checks will
incorporate more data from the NSS surveys that are not covered in this chapter.
This will provide an up-to-date complete trajectory of FLFP in time and help with
additional placebo regressions. Taking into account significant heterogeneity in
the treatment effects, I also plan to estimate the causal effects using alternative

techniques such as a combination of matching and difference-in-difference methods.
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CHAPTER IV
FEMALE LABOR FORCE PARTICIPATION IN INDIA

This chapter is co-authored with Dr. Shankha Chakraborty. The empirical
analysis and numerical simulations were done by me under the supervision of
Dr. Chakraborty. The analytical model was developed by Dr. Chakraborty, and I
provided proof-checking assistance. The writing of sections 4.2.1, 4.2.2, and 4.5 was
done by me, and the rest of the chapter was written by Dr. Chakraborty.

4.1 Introduction

A central goal of economic development is to improve the living standards
and opportunities of a population. In practice, those improvements are unevenly
spread across socio-economic groups. Of interest is how they affect disadvantaged
groups, particularly women.

This chapter studies how economic development facilitates the participation
of women in the market economy and dissolves gender norms. It is reasonable to
think that economic development will raise wages for women and, through reduced
fertility, shift their time allocation from demanding childcare to compensated
market work. One measure of such work is the female labor force participation
(FLFP) rate, defined as the proportion of women 15 years and older who are
working. During 1880-1998, income (GDP) per person in the U.S. increased by
a factor of 11, full-time earnings of American women rose from 46% to 67% of
men’s earnings and fertility rates for white women fell from about 3.5 children
to 1-2 (Bailey and Hershbein, 2018; Goldin, [1990; Maddison, 2001)). During that
same period, the FLFP rate steadily rose from 2% to more than 70% in the U.S.
(Fernandez, [2013)). This general increase in FLFP is observed in many other

advanced economies.
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Contrast this to the case of India, an emerging economy. Between 1990 and
2016, India’s GDP per person grew by a factor of 3.5 and fertility fell from 4.5 to
2.33 per woman. Over the same period, India’s FLFP rate dropped from 30.38% to
23.18% (Figures [§ and [9). Why?

Recent work has been documenting how this drop in India’s FLFP is
occurring in several sectors, education groups and religious communities. Some
researchers also provide explanations relying on within-family resource allocation
and weak job opportunities for women (for example, Afridi, Bishnu and Mahajan,
2019, Klasen and Pieters, 2015, Neff, Sen and Kling, |2012)). What is lacking,
though, is a comprehensive understanding of women’s labor supply decisions
in an economy that is undergoing rapid structural change. In particular, some
commentators have equated the falling FLFP with worsening gender equality
(Pande and Moore, 2015) and to treat the Indian experience as unique. Neither
is necessarily true.

FLFP, India
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Figure 8. Female Labor Force Participation Rate, India

To understand why not, compare the Indian case with contemporary and
historical ones. During 1990-2016, as China’s GDP per person grew by a factor of

11.8, its FLFP rate fell from 73.20% to 60.64%, even more than India’s. Morocco’s
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FLFP rate, on the other hand, first rose from 23.18% (1990) to 26.56% (2004)
before falling to 22.27% (2016) during a time when its GDP per capita increased
by a factor of 1.86E| The pattern across countries, as Figure |10| shows, is not
uniform and falling FLFP is hardly unique to India. In fact, falling FLFP is also
observed in historical data. Goldin (1990)) finds, for example, that the labor force
participation rate of married — as opposed to all — women in the U.S. declined
from the late-nineteenth to early-twentieth centuries before increasing. A similar
decrease was observed in late-nineteenth century England when more and more
educated women were staying home to raise families (Clark, 2015). Viewed in this
light, decreasing FLFP may be a normal pattern of economic development as long
as it is temporary, that is, soon followed by increasing participation. To the extent
that one can extrapolate time series implications from cross-sectional data, Figure
shows that the association between FLFP and economic development has been
non-monotonic.

In this chapter, we propose a tractable analytical framework of household
decision-making that identifies factors behind a potentially U-shaped FLFP. The
model has several ingredients. Decisions are made in a unitary household on
consumption, fertility, child investment and labor supply by the wife. The latter
is subject to social costs: specifically, the very decision to work outside the house
involves a social stigma that the household internalizesﬂ The wife’s decision to
work therefore depends on balancing the obvious benefits — higher household

income — with the costs — time away from childbearing and care giving, and the

!Contemporary FLFP data from the International Labor Organization, income and fertility
data from World Development Indicators (World Bank).

2 Alternatively, the wife internalizes her husband’s resistance to the idea of her working. This
may not be as far fetched as it sounds; see Lowe and McKelway (2019) for experimental evidence
in a different context.
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Figure 11. FLFP and per capita income, Afridi, Bishnu and Mahajan, 2019

psychic cost of breaking a social taboo. The tradeoff regarding time away from
children is particularly salient: working outside means not just less time in raising
young children, but also time away from monitoring them, looking after them and
other time investments that augment their human capital. Anecdotal evidence and
commentaries, for example, point to these as important margins for urban Indian
women (M. B. Das and Zumbyte, |2017).

The tractable household model outlined below shows three things. First,
unchanging culture in the sense of unchanging attitudes towards women’s work
can interact with economic forces in interesting ways to produce a non-monotonic
response of the female labor force participation rate to economic development.
Secondly, child quality investment within the household is an important margin
— particularly where fertility rates are falling — affecting women’s decision to work.
When households are primarily investing mother’s time in quality investment, labor
supply can be particularly costly unless wages were to be sufficiently high. Third,

FLFP is not necessarily non-monotonic. This depends on the importance of culture
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and level of development: societies less resistant to the idea of working wives and
mothers and/or at a level of development where the gender wage gap is relatively
low would see FLFP rates rise with further development.

Section 4.2 below presents some empirical evidence on India’s FLFP and
related contributions to the literature. The household model is presented in section
3 which is used to construct the aggregate FLFP rate in section 4. Section 5
outlines the next steps we plan to take in the future and ideas for an extension.
4.2 Background

4.2.1 Additional Facts. Much has been written about the secular
increase in FLFP in the advanced economies since industrialization. Goldin’s
(1990) seminal work on the US labor market since the late nineteenth century has
informed modern commentaries about the challenges and nuances of labor force
participation of married women.

The quirkiness of India’s FLFP during last three decades of robust growth
has, not surprisingly, attracted a lot of attention. India’s overall FLFPR has
declined from an already low of 22% in 1987. If we also consider the status of
subsidiary activities then, Sarkar, Sahoo and Klasen (2019)) show that the overall
FLFP has declined from 51.4% in 1983 to 38.7% in 2011 for the age group of 25-
55. These changes when decomposed at the rural and urban level, show contrasting
pictures.

In the rural areas, the decline has been more significant among the age
group of 25-65 years old. Afridi, Dinkelman and Mahajan, 2018| perform a
decomposition analysis of the National Sample Survey (NSS) data and conclude
that the higher decline in rural areas is because of an increased participation in

domestic work and higher levels of education attainment. They conjecture that
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only having primary education is not sufficient, as it provides skills complementary
to household domestic work. Therefore, the opportunity cost of participating in the

labor force has increased, driving down rural FLFP.

Secondary school enrollment rate (female)
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Figure 12. Secondary enrollment 1990-2019
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Figure 13. LFPR by education (urban, married and not married, age 20-45) Afridi
et al. (2020)

Another quirk of India’s FLFP has been the weak association between
education and work. It stands to reason that rapid economic growth creates both
demand for skilled labor and incentives to acquire education. As in several other
Asian economies, female education has been steadily rising in India during 1990-

2019 (Figure . Figure [14] plots changes in school level educational attainment
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Figure 1. Changes in female educational attainment in India

for women in India above the age of 25. There has been a consistent increase in
educational attainment at all levels of schooling, primary, secondary and tertiary.
Also, a simultaneous decrease in the number of females who never went to school
has declined significantly between 1985 and 2010. Yet FLFP of educated women
has stagnated.

This is especially clear when we look at urban areas. The urban population
has more graduates and fewer illiterates, while the opposite is true in rural areas.
Therefore, we would expect an increase in labor supply and as a consequence higher
FLFP in the urban areas. FLFP for married women between the age group of
25-55 there fell slightly from 18.5 % in 1987 to 17.9% in 2011, even as it declined
significantly in rural regions (Klasen and Pieters, 2015).

Basu and Desai and M. B. Das and Zumbyte find that
children in one-child families to be advantaged: they are more likely to be sent

to private schools and English medium schools, and more likely to receive private
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tutoring in addition to schooling, than children from larger families. Yet women
in one-child families are less likely to be employed than those in larger families.
Following on this theme, M. Das and Desai (2003)) argue that standard economic
factors such as job opportunities may have more to do with low FLFP in India,
than cultural factors.

4.2.2 Cultural values. To get a sense of the role of culture, we look
at the changing values and perceptions of Indian households. The World Values
Survey (WVS) provides comprehensive data on multi-dimensional values and belief
systems people hold true in different countries. We look at two specific variables
from this dataset to gauge how values may have shifted in past two decades.

The WVS asks relevant questions to the participants and gives them choices
to select their answer from. Figure [15| shows responses to the question whether or
not men should have more right to a job than a woman. In 2010 more people have
shifted from disagreeing with the statement to being neutral, that is, more people
became undecided whether or not men have more right to a job than women.

In contrast, in 1990 a significant number of people disagreed to the statement.
While this change may be due to shifting cultural attitudes against FLFP, it is
also possible that it reflects more competition in the labor market and limited job
availability. In such a scenario, holding cultural norm constant, men may prefer to
be chosen for the job rather than an equally qualified woman.

Another variable of interest in the WVS is how much importance households
place on their children’s education and specifically, on their daughter’s. Figure
report survey data on the question whether university education is more important
for a boy than a girl. Responses do not conclusively point in one direction. We see

that between 1995-2005 there is a decline in population which strongly disagrees
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Men have more right to a job than women.
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Figure 15. Changes in values if men should have more right to jobs

with the fact that boys deserve more education than girls and simultaneously an
increase in population which agrees with the statement.

4.2.3 Theoretical works. Two sets of theoretical works bear upon
the analysis in this chapter. One set studies household decision-making under
alternative assumptions of the decision-making process. These range from collective
models of the household (a special case of this, the unitary model, is widely used
in the macro literature and adopted below), to cooperative models where the
bargaining strength of the spouses determine allocations (for example, Heath and
Tan (2020))), to non-cooperative models where the conflict arises from preference

mis-match and the sequence in which decisions are made.E|

3A popular framework that has been increasingly adopted is Lundberg and Pollak’s (1993)
“separate spheres” model where each spouse’s outside option involves them spending on their
private good and the household public good they care more about.
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Figure 16. Changes in values if university is important for a boy or a girl

Our work has less to do with this body of theoretical work on household
decision-making and more to do with analyses on gender and development itself.
This literature is relatively sparse but a few papers are closely related to ours.
Hiller, proposes an OLG model where inegalitarian cultural norms affect
parental investment in children’s human capital: “strong norm” parents invest
less in daughters. During the early stages of development, two opposing forces are
at work. There is a positive income effect that raises educational spending on all
children, while a negative cultural effect delays parental investment in daughters’
human capital. The author shows that the interaction between endogenous
inegalitarian norm and the gender gap in education can generate multiple
equilibria. Initial conditions determine convergence to either an inegalitarian norms
development trap, or to an egalitarian norms affluent society. More relevant for our

purposes, along convergence path, FLFP follows an U-pattern.
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In Chichilniski and Frederiksen’s (2009) model of the gender wage
gap, women’s productivity in market work decreases with an increase in time
devoted towards child-bearing activities. The model produces multiple equilibria:
expectation of women’s lower quality work is self-fulfilling as the lower offered wage
prevents women from engaging in market work, thereby keeping their productivity
low. The evolution of the gender pay gap is the focus of Galor and Weil’s (1996)
model. They assume that women specialize in mental labor, men in physical labor.
As capital accumulation rises with economic development, returns to women’s labor
rise faster because mental labor complements capital in the production process.
Rising women’s relative wages, in turn, reduces fertility by raising the cost of
children more than household income. Lower fertility raises capital per worker even
more. These effects are complemented by increasing education among women that
augments their productivity in mental labor; see also Kimura and Yasui (2010)).
4.3 Household Decisions

Consider a static framework where an economy is populated by a continuum
of unitary households. Households are heterogeneous along two dimensions, human
capital and culture.

Each household consists of a husband (m) and wife (f) who pool their
resources and jointly maximize the household’s welfare. This involves choosing
household consumption, fertility, child investment and wife’s labor force
participation. Culture enters the model through resistance to the idea of the wife
working outside the household. This is parameterized as y, the subjective cost
or social stigma experienced should the wife decide to work. Besides paid market
work, women have the option staying home to raise and care for children and/or

engaging in unpaid home production, distinct from childcare. Home production of
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the non-market good is valued differently (imperfect substitutes) from consumption
of the market good c. The wife’s opportunity cost of raising children depends on
her immediate alternative: home production or market production.

Let the human capital of the wife be represented by hy and of husband by
Ry A household is characterized by the vector (hy, hy,, x). Denote by w; and wy,
the wage rates per unit of human capital for female and male workers, respectively;
we will refer to these as efficiency wage rates. The joint decision-problem for the

household is
max Inc+0bl,+y[@lnn+ (1 —0)Ing] — xI
s.t.
¢ = wWphpy +wrhely — gen
h+l=1—(T"+719)n
I, >0, 1 >0

g = max {qo, (e + at?hs)*}, a €0,1]

0, iflf=0
I =

1, ifly>0
It is assumed that § > (1 —6) and b > 1. [; and [;, are the wife’s time allocations
to market and home production. Home production requires time away from child
rearing, besides withholding labor supply from the marketﬁ We assume that only
the wife contributes to child rearing and education time costs. It can be shown that

the household will optimally choose to do so as long as w,, > wy.

4This serves an important objective: if ¢ = 0, a mother’s opportunity cost of time is no longer
the market wage rate and we need her time to be used for something else to get the opportunity
cost effect.
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The production of child quality ¢ takes as input mother’s education time
(attention to children’s welfare) 79, and market-provided educational goods
and services (school quality for example) e. These two inputs are perfectly
substitutable. This is a simplification: as long as the two inputs are substitutable
to some degree, child quality will be time-intensive at low levels of income
(specifically wy), resource-intensive at higher levels of income ]

We analyze household decisions sequentially. First we derive their behavior
based on whether or not the wife chooses to work, then we look at the female labor
supply decision on the extensive margin.

4.3.1 Casel: I =0. Forl; =0, we can simplify the decision problem

to be
max Inc+0bl, +v[@lnn+a(l —0)In(e+ ar?hy)]
s.t.
c = wph, — pen
lh=1—(T"+719)n>0.

from which follows the optimality conditions

pe ~0
by =2 4.1
-t (r" +77) . (4.1)
ahf
_ —)— < 0> ,
bn + ay(1 9>e+a7th <0, 77>0 (4.2)
—¢—n—l—a (1—9);<0 e>0 (4.3)
c 7 e+arthy — T '

for n, 79 and e respectively. This leads to one of two outcomes depending on wages

and human capital of the spouses.

SIntroducing ¢ in the quality production functions nests the possibility of no investment in
child quality. This assumption is often used in fertility models to produce a larger fertility gap
between parents who do not invest and parents who do. In what follows, we will assume this is
not binding. It may become necessary for computational work later.
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For wy,h,, < aghy/b, the household invests only time in child quality

production (e = 0) and
_ 10— - 0)]
brm
, a(l—0)rm
0—a(l—0)

(4.4)
¢ =Wy hm
_ [aa(1—6)7"hs]"
Tl 0—a(l—-0)
For wy,hy, > aghy/b on the other hand, only resources go into child quality

production:
)
brn
_a(l1-0) br™
Tl oo "
Wy o,
1+ avy(1-06)
a(l—0) br™ “
0= (1= 0) o[d —a( =) "/

Since the wife does not work outside, only the husband’s labor income matters for

n =

(4.5)

q:

whether or not the household can afford resource investment in children.

4.3.2 Case II: I =1. Under [, = 0, the decision problem
max Inc+~vy[@lnn+ ol —0)ln(e+ar?hy)] — x
s.t.
¢ = Wphy +wihely — gen

ly=1—("4+71)n>0
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leads to the FONCs
ge+ (17 + 7" )wshy 20

4.
& n (4.6)
wfhfn ahf
— 1—-0)—————— <0, 77>0 4.7
on 1
—— 1—-0)——<0,e>0 4.8
c o )e—irarth_ 0= (48)

for n, 79 and e respectively. Similar to above, when w; < a¢, only time is invested

in child quality and we have

0 — (1 - 0)] (1 n wmhm)

"= (1 +’)/0)Tn wfhf
0 a(l—0)r™
0—a(l—20) (4.9)
o wmhm + ’l,Ufhf
‘= 14 ~0
_ [aa(1 —0)r"hs ]
=179 —a(i—0)
For wy > a¢, 79 = 0 and we have
_ [0 — a(1 — 0)] (1 N wmhm)
(1 —|-’}/9)T" wfhf
. a(l—0) 1rwehy
l+ay(1—-6) ¢ (4.10)
. wmhm —|—wfhf
14~6

q= [_9 f(olé(z ﬁ)g_) anfhf} )

Here, the husband’s income does not matter for whether or not the household
invests resources in child quality. Because time investment in children is undertaken
only by mothers in this setup, the relevant tradeoff is whether or not the female
wage rate is high enough: for a low wage rate, the opportunity cost of mother’s
time is low and working wives are also in charge of child quality production.

4.3.3 Extensive margin decision: to work or not. Armed with

these optimality conditions, the decision on whether or not the wife works outsides
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the household boils down to comparing the indirect utility functions under I =
0 and I = 1. Observe, however, that this comparison will depend on which of
the parametric conditions for child quality production hold hold. We analyze two
scenarios below.

The model predicts gender equality in education, that is, same educational
outcomes for boys and girls in a household. We assume on top of that positive
assortative matching on the marriage market so that hy = h,, = h. This reduces
the dimensionality of the household’s characteristics vector to (h, ). Also assume
that u = wy/wy, € (0,1) which we call the gender wage ratio or wage gap.

Scenario 1: Case I.A versus Case II.A. Recall that Case [.A
applies when w,,h,, < aghy/b and Case ILA when w; < a¢. We are, therefore,

considering the scenario where both apply, that is,
wy < Wy, < ag

assuming b > 1 and h,, = hy. The wife decides to work as long as

In (2—;) + {an (%) +(1—-0)In (Z—;)} > x + bl
where variables with superscript 0 refer to decisions and those with
superscript 1 to decisions under h,, = hy = h. On the RHS of the condition
above are the social stigma faced and the utility from home production given up
when the wife chooses to work. The first term on the LHS is the utility gain from

consumption when the wife works: clearly working outside brings in additional

income, and that gain is higher for a higher gender wage ratio:

! I wp+wp  14p

00:1+79 Wy 146

The second and third terms on the LHS represent the tradeoffs regarding quantity

and quality of children from the wife working. On the one hand, more time to
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the labor market detracts from time available to raising children which lowers the

household’s utility. Here the loss is higher, higher is the wage ratio:
nt b 1+u

E_l—i—ve 1

On the other hand, the household may want to compensate for the utility loss from
fewer children by investing more intensively in them when the wife works. As it
turns out, because in both situations it is the mother who is investing her time in

children’s human capital formation, the net effect is a wash:

Simplifying these expressions, we arrive at the decision that {; > 0 as long as

G(p) =In(1 + p) ++61n {1 Z M} >T (4.11)

where I' = x 4+ b + In(1 + v0) — v0. The associated female labor supply function for
the household

0 1
—1-— |1+ - 4.12
ly 1+9[+/J (4.12)

is increasing in the female wage rate, decreasing in the male wage rate; the latter is
due to the usual opportunity cost margin.

Note from that x and b enter additively: cultural stigma is
indistinguishable from the cultural value placed on the enjoyment of home
production. Both discourage women’s labor force participation similarly. Two
points are worth making about this. First, this implies cultural resistance to FLFP
can be broader than just social stigma against wives and mothers working outside.
Secondly, in some societies the cultural value of household production can be as
strong as, if not stronger than, stigma. Take this example from Dasgupta (1997):

...the Pathan tribeswomen of of a particular village in the Northwest Frontier

Province (Pakistan) have traditionally walked some 8 km each way to a small
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aqueduct to wash clothes once a week. In order to ease the plight of these women,

a foreign aid project built a traditional washing facility nearby. The project was a

failure. While the women admired it, they refused to use it. A female anthropologist,

employed to discover why the facility, remained unused, discovered that the

tribeswomen are rarely permitted to leave their homes. They spend most of their

lives within the confines of the mud castles owned by each Pathan family. These

weekly trips were their only chance to talk to the other women in the community,

when they could laugh, gossip, and play, The event lasted the whole day, and was

much looked forward to. The women also reasoned that if they were to complete the

laundry in less time their husbands would merely find more things for them to do.
Rising male wages can allow wives to more intensively specialize in household
production of children and goods. Even if the female wage rate is rising at the same
time, this margin may be unaffected for households that strongly value home life.

Returning to , observe that it does not depend on the household’s
human capital h, an outcome of the positive-assortative-matching assumption. As
such the household’s potential income, more precisely whether or not the household
is (potentially) rich or poor in terms of human capital (h,,, hf), has no bearing on
the female labor supply decision. What does produce heterogeneity of outcomes is
heterogeneity in x: all else equal, higher x (I') households withhold female labor
supply.

Conversely, given a x, higher wage ratio (lower gender wage gap) has a
non-monotonic effect on the labor market participation decision as illustrated in
Figure [I7 If 4 < pp or g > pp, then I = 1. In this range, Iy increases in wy
from (4.12). The tradeoff between staying at home and working for a wage depends
on opportunity cost and productivity in home production, and working mothers’
involvement in non-market production depends on whether or not they invest time

in children’s education. To see this clearly, first note that the non-monotonicity
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Figure 17. LFP decision at the household level

of G depends on the increasing function In(1 + ) and on the decreasing function
In(1+41/p). The former comes from the household’s relative utility gain from higher
household consumption when the wife works (clearly higher when wage ratio is
higher), the latter is the relative utility loss from restricting family size were the
wife to work. Starting from low values of u, the latter dominates: because p is low,
the household’s consumption gain is not particularly high, while the need to restrict
family size owing to the mother’s time commitments on the labor market is very
costly.

Scenario 2: Case I.B versus Case II.A. Suppose now
Wy, > a¢/b and wy < ag
which requires a lower wage ratio than the previous case. A more complicated

tradeoff arises here since the wife would not be investing time into child quality
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production if she were not to work. As before, participation is positive as long as

ol nl 1
In (C—0> + {Hln (E) +(1—-0)In (%)} > x + bl
or, substituting in optimal decisions, when
_ L+p _
G(p) =In(1 + u) +~+01n — > T+ k(wy) = Qwy,) (4.13)
where
K(wn) = ay(l —0) [Inw,, — In(ap)] + (1 4+ ~6) In(1 + 70)
—l+ay(1=0)]In[l+ay(1—-0)]+ay(l—0)lnb,

and the associated female labor supply function for the household is the same as
(4.12). By participating in the labor market, women face wy as the time cost of
child bearing: as wy goes up, it lowers fertility and lowers utility. In the previous
case the lower fertility was not compensated by an increase in ¢, now it is. But

the increase is less than the decrease because § > «(1 — 6). Hence the gain in
consumption has to be high enough to offset the loss of utility from children. That,
in turn, requires j = wy/wy, to be high enough.

This illustrates another channel that affects FLFP besides the conventional
income channel and culture: the ability to substitute child quality for quantity.
Moreover, here this ability depends on ¢: a higher cost of education lowers ¢°,
which encourages labor force participation because in doing so, the household
switches to mother’s time-intensive quality production which can raise child quality
significantly if wy is not high enough. In , () is decreasing in ¢: all else equal,
the constraint is therefore more likely to be satisfied for higher ¢.

What is especially interesting in Scenario 2 is the (2 is now endogenous
through its dependence on the male wage rate w,,. This is because when the wife
does not work, it is the husband’s labor income that is relevant for financing child
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quality investment. In choosing to work, if the female wage rate is not high enough,
the wife has to balance her labor time with child quality time: higher is w,,, the
more does the wife need to devote time to produce a commensurate level of child
quality and, therefore, less time she has to work. Given a w,,, changes in w; affect
the decision to supply labor similar to Figure [17] above: labor supply is positive for
<y and p > p'y where (u);, i) are suitably defined. Were w,, to change too, it
would, all else equal, disincentivize female labor supply at the margin.

We leave it to future work to analyze this particular scenario. In light of the
evidence discussed in section 2, it may be especially relevant to understanding how
urban, relatively educated women respond to changing labor market conditions.
4.4 Aggregate Female Labor Force Participation

Returning to the case above, we next construct the aggregate female labor
supply decision. Let us assume that x ~ Ulxp, xg] with a mean value y = (xg —
x1)/2. Given a wage ratio u, as we saw in Figure , those households for whom
G(u) =T

To understand how this works, consider Figure that shows only the low-
and high-types as described by x and x g respectively, corresponding to [';, and
I'y. For a wage ratio < g or a wage ratio > g, both high-cost and low-
cost households are willing to supply female labor. For intermediate values of the
wage ratio, only the low-cost household is. As a result, the extensive margin at the

aggregate level looks like the lower panel of the Figureﬁ

6There is an intensive margin response: below p7, and above py, and increase in w ¢ holding
constant w,, increases the hours supplied by a household.
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Figure 18. Aggregate FLFP, y € {x%, x*}
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It follows that with a continuum of household types on [xr, xu], the

aggregate labor force participation rate

by = /IidXi

will be U-shaped with respect to the gender wage ratio as seen in the lower panel of

Figure [I9] Of course, the aggregate labor supply is a function of both extensive and

\ G(w)
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Figure 19. Ly with continuum of types, effect of culture

intensive margins, the latter being an increasing function of p as long as I = 0. The

figure is drawn under the assumption the extensive margin dominates.
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It is important to note that the theory does not predict the aggregate
FLFPR is always non-monotonic. For example, were I'"? is below G(u) in Fig ,
then all households choose I = 1 and therefore, via , ¢y = 1. Or, if an
economy were to start from relatively high gender wage ratio, say higher than y,
then an increase in the relative wage can only increase £;.

Moreover, while cultural resistance by itself does not change in response to
I, it can explain a low level of FLFP rate. An increase in Y, for example, shifts
the distribution of I'; up, making previously indifferent households opt for no
participation and lowering the aggregate FLFP rate.

Based on the discussion from the previous section, we summarize the key

features of £;: Comparative statics with respect to b, ¢, «

— An increase in y and/or b lowers the net benefit of FLFP, increases puy,

decreases gy and lowers £;

— An increase in ¢ affects FLFP only if the household were spending resources
in child quality investment in the absence of FLFP. In this case, an increase

in ¢, can increase {y;
— An increase in the return to education, «, has ambiguous effects on FLFP;

— An increase in the gender wage ratio p from below py, (low) to above will
produce a non-monotonic effect on £;; conversely, £; will increase if the

economy starts with relatively high gender wage ratio.

4.5 Numerical Illustration
This section numerically illustrates the household model presented in the

previous sections. The illustration simulates a U-shaped FLFP with respec to
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Parameter Parameter Explanation Parameter Values

b Utility from Home Production 0.6

0 Elasticity of Substitution (Child Quantity and Quality) 0.6

¥ Utility from Children 1.4
X" Negative Utility from Female Market Production (Max.) 0.905
b Negative Utility from Female Market Production (Min.) 0.897
0] Costs for child-rearing 0.5

«a Child Quality Production Function 0.5

a Child Quality Production Function 10000
Tn Time spent child-bearing 2

Table 9. Parameter Values for Simulation

economic development, where the latter is proxied by the female/wage ratio. An
increase in the wage ratio is indicative of better economic development. This
exercise does not calibrate the model instead presents the mechanisms at work
using arbitrary parameter values. Calibration, together with dynamic simulation,
would be the next step of the project. Relevant parameters are considered as per
the constraints defined by the model. For example, because {; > 0 requires p > 0
from (4.12) we restrict the gender wage ratio to the interval [, 1]. Parameter values
are presented in Table [9]

Household Level We first present simulations at the intensive margin. In
other words, how households make female labor force participation decisions as
cultural costs change. The simulation results are presented in Table 20l The figure
plots the threshold condition arrived at in equation [£.11] Here, the relationship
between G(u) the relative wage of women is plotted. The variation in thresholds
for labor force participation at the household level are driven by cultural costs x,
and yg depicted by the horizontal curves. To interpret this, take an example of the
highest value of cultural cost x g, households facing these costs will not participate
in market production for the relative wage rate between [0.77,0.98].

Aggregate FLFP Extending the intensive margin decision to the aggregate

level, we consider that the cultural costs are heterogeneous across the population.
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Figure 20. Numerical Simulation for LFP decision at the household level
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Figure 21. Numerical Simulation for Aggregate FLFP, y € {x%, x*}

We assume that the population is distributed normally over the space of low and
high cultural costs. More specifically, we assume that the population is distributed
normally with the meanof Y = (xy — x1)/2 and standard deviation of y,q =
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(X — xm)/3 with parameters of yy and x, presented in Table[)} The simulation
results are presented in As per the simulations, a relative wage increase
from 0.77 to 0.81 decreases aggregate female labor force participation by 75%.

4.6 Conclusion and future plan

The household decision problem outlined so far identifies three margins
that contribute to FLFP: consumption gain from both spouses working, women’s
ability to balance child care responsibilities with working outside the home,
and the cultural cost society imposes on working wives and mothers. If people
are heterogeneous in how they perceive this cost, then they will differ in their
willingness to supply labor given the same set of economic conditions. This simple
idea produces a naturally U-shaped response of the aggregate FLFP rate to female
wages (more precisely, to the gender wage ratio).

Future iterations of this work will pursue two related strategies. The first
strategy would be to introduce a role for human capital for the FLFP decision. It
is unclear, at this stage, how that can be done without breaking the assumption of
positive assortative matching. One possible option is to alter the nature of human
capital production. We are also interested in making the model dynamic. That
would require explicit assumptions about why the gender wage ratio is less than
one and why it increases with economic development. Galor and Weil (1997),
discussed in section 2, provide a roadmap for this using an aggregate production
function that relies on physical and mental labor. A more parsimonious approach is
to assume exogenous productivity growth rates of male and female labor that differ
in the short- and medium run but converge in the long run. This “reduced-form”
specification would be sufficient to understand the dynamics of FLFP, though not

the deeper causes of gender inequality.
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A second strategy for future research is to study a more realistic labor
market choice. In deciding to work outside home in developing countries, women
face a choice between traditional market activities (agrarian, low-skill occupations)
and non-traditional ones (manufacturing, formal sector service). The former is
organized along family and community lines in which home and market activities
are unified (Goldin, 1990; Galor and Weil, 1997). This implies two things. First,
through tradition and upbringing, women are well-trained in these activities.
Secondly, they have an easier time balancing childcare with market production.

In comparison, jobs in non-traditional occupations require information about
participating in them, at least initially, and a clear separation of time devoted to
home versus market production. The former implies women start out in the new
economy with an informational disadvantage, the latter makes it harder for them to
give up time from childcare.

When an economy is experiencing rapid structural change, resources
gradually shift from the agricultural sector and labor-intensive cottage industries
to capital-intensive manufacturing and, then, skill-intensive services. These new
jobs offer a higher wage but the time-allocation and information problems can
dissuade many women from pursuing these jobs. Recent works, on US FLFP since
the nineteenth century, have identified information barriers as deciding factors.
Models such as Fernandez (2013) and Fogli and Veldkamp (2011)) offer feasible ways

these can be incorporated in a model of structural change.
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CHAPTER V
CONCLUSION

This dissertation presented empirical evidence on the role played by
highway investments on India’s manufacturing industry and female labor force
participation (FLFP), and explored the broader economic reasons behind India’s
FLFP decline using an analytical model. My research shows that highways did
not have significant effects on the manufacturing sector, suggesting that there
are other structural reasons behind India’s slow manufacturing growth. Similarly,
highways did not significantly affect average district-level FLFP, but had significant
heterogeneous effects across districts conditional on initial market conditions. This
led to FLFP decreasing in some districts while increasing in others. Finally, an
analytical model of household decision-making shows that India’s FLFP decline
can be accounted for by gender specific norms that discourage FLFP, and mothers
choosing to invest in their children’s human capital over market production.

In Chapter 2, no significant evidence supports the idea that highways
lead to growth in the manufacturing output. On the contrary, the results show
that districts near the highways experienced a decline in their manufacturing
productivity. I speculate that India’s strict labor laws and complicated tax regime
may have restricted the positive gains from the highway project. These results are
different from what other studies have found for India but in line with the evidence
collected from China. Therefore, this chapter recommends that exploring specific
channels that connect transport infrastructure with manufacturing sector may help
consolidate contradictory results in the literature.

The third chapter explored the relationship of highways with FLFP in

India. The results are heterogeneous across districts, where districts with higher
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literacy rates, lower levels of road connectivity and higher caste fractionalization
experienced a relative decrease in FLFP. These effects are predominantly
concentrated in the manufacturing and services sector. I study the districts that
experienced a decline and present suggestive evidence that this decline is driven
by married and skilled women. Future work will closely examine the trajectory of
FLFP growth in districts with low and high literacy rate districts separately. This
will help understand the heterogeneity across districts and propose mechanisms
explaining the variation.

The fourth chapter deconstructs the decline in FLFP by examining the
household decision-making process through the lens of an analytical model. A U-
shaped behavior of aggregate FLFP with respect to gender wage ratio is simulated.
Three margins are identified that contribute to FLFP: consumption gain from
both spouses working, women’s ability to balance child care responsibilities with
working outside the home, and the cultural cost society imposes on working wives
and mothers. We assume that people are heterogeneous in how they perceive these
costs, therefore, they differ in their willingness to supply labor given similar set of
economic conditions. This simple idea produces a naturally U-shaped response of
the aggregate FLFP rate to female wages (more precisely, to the ratio of female-to-
male wages).

The analyses in Chapters 3 and 4 suggest that when the economy is going
through the declining phase of the U-shaped relationship, simply increasing
opportunities for market production, for example due to better highway
infrastructure, may not be enough to increase FLFP. This is particularly true for
regions where returns to investing in children’s human capital are high. This may

also account for the evidence presented in Chapter 3, that high literacy regions
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and more educated mothers experienced a bigger drop in FLFP due to the GQ

project.
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APPENDIX A
CHAPTER II APPENDIX
A.1 Baseline Levels of Outcome
The chapter discusses the sensitivity of results with and without the
baseline level of manufacturing output as an additional control in [Equation 2.1
To demonstrate this, consider a simple setup without the instrument variables
and district-level characteristics as controls. This simple setup can be extended
to two versions, one with district fixed effects and the other with baseline level of
manufacturing output as a control variable. In a regression framework these two

scenarios can be presented as follows.

Yie = 1GQi + oy + M + € (A1)
Yie = a+ GQi +7Yi—p + A + €5 (A.2)

here, Y}; is the outcome variable with subscript ¢ for district and ¢ for the year.
GQ; is a dummy for the treated districts, intermediate districts are not considered
for simplicity. The district fixed effects are represented by «; and the baseline
outcome variable is represented by Y;_,. A; represents year fixed effects, and €

is the residual term. Since we only have two periods, the baseline and the post

construction period, the the fixed-effects specification can also be represented as the

long differences. Therefore, can also be written as,

Yii = Yin =a+ 51GQ; + E;t (A-3)

! . . . .
here, €;, = €; — €. The above equation represents the main specification used

to estimate the results in this paper. However, adding a baseline outcome levels
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to the above equation makes it algebraically equivalent to This

can be seen by first adding the baseline outcome levels as an additional control

to [Exquation A3

Yii =Y = o + B;GQz + WIYit—h + GIit (A.4)

in the above specification 3, is algebraically equivalent to £, in [Equation A.2|

In conclusion, adding a baseline outcome level to the long difference equation
eliminates fixed effects and conditions the estimates on baseline levels instead.
Angrist and Pischke (2009) argue that these two alternate scenarios are not nested
in each other and are independent. Therefore, for empirical estimation we have to
choose between the two options, and there is no clear way to figure out which of

the specification is correct.
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A.2 Tables and Figures

Table A.1. Summary Statistics

Nodal 0-40 Kms 40-120 kms > 120 kms

Total Output (Billion Rupees) 135.62 79.31 17.61 22.83
Average Productivity 3.74 3.35 3.47 3.55
Literacy Rate 0.65 0.56 0.50 0.54
(%) Rural Population 0.38 0.73 0.79 0.77
(%) SC/ST Population 0.17 0.24 0.27 0.25
Population Density (100 per sq.km) 68.96 8.64 4.75 5.54
Skill Intensity 0.11 0.10 0.10 0.08
Urban Share (Output) 0.77 0.29 0.30 0.29
Distance from Highway 19.27 18.21 80.13 249.53
Distance from Railways 6.67 10.35 16.45 20.71
Distance from Coast 338.88 314.25 413.86 487.87

Note: The summary statistics are calculated primarily from the ASI data. There
are a total of 441 districts with an unbalanced panel of 4885 district-years in total.
Districts are the sub-national administrative units after the states, geographically
bigger than villages. All districts are divided into separate distance bands based
on their proximity to the GQ project. Nodal districts represent Delhi, Mumbai,
Chennai, Kolkata, and other smaller districts areas closer to them. Geographical
distances from railways and coastline are computed from the data provided by MIT
Geodata and socio-economic characteristics are compiled using the 2001 Census
data.
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Table A.2. First Stage Results - Straight Line IV

SLIV LCPIV
(1) 2) 3) (4) (5) (6)
(0—40)km (0 —40)km (0 —40)km (0 —40)km (0 —40)km (0 — 40)km
SLIV 0.621*** 0.562*** 0.484***
(0.068) (0.071) (0.078)
LCPIV 0.694*** 0.647** 0.582***
(0.057) (0.064) (0.072)
Literacy Rate 0.003 -0.337 0.004 -0.215
(0.229) (0.256) (0.226) (0.249)
Rural Pop. -0.057 -0.031 -0.177 -0.118
(0.204) (0.203) (0.215) (0.216)
Pop. Density 0.144*** 0.109** 0.117*** 0.088*
(0.042) (0.045) (0.044) (0.046)
SC/ST Population 0.281 0.238 0.046 0.031
(0.246) (0.229) (0.223) (0.221)
Distance to Rail Network -0.058"* -0.059***
(0.024) (0.023)
Distance to Coast Line -0.068** -0.048**
(0.026) (0.024)
N 208 208 208 208 208 208
R sqr. .24 .29 .33 31 .36 .38
Robust F-stat 84.67 62.54 38.8 148.5 101.15 65.27

Note: First stage results are presented. The dependent variables is a dummy which takes the value 1 if a
district is within 0-40 kms away from the highway and 0 otherwise. The districts falling only on the NSEW
corridor have been dropped and the districts 40-120 kms have also been dropped. Standard errors are
clustered at the district level and are in parentheses below point estimates.

*p < 0.1, % p <0.05, *** p < 0.01, Standard errors in parentheses.
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Table A.3. Probability of Treatment

0 ) 3)
(0—40)km (0 —40)km (0 — 40)km
Output 0.192* 0.231* 0.194**
(0.085) (0.099) (0.098)
Average Productivity (share-weighted) -0.262 -0.323 -0.307
(0.191) (0.213) (0.209)
Average Productivity -0.117 -0.217 -0.211
(0.214) (0.242) (0.261)
Skill Intensity 5.233** 5.847* 6.016™*
(2.282) (2.365) (2.413)
Capital to Labor Ratio -0.000 -0.000** -0.000*
(0.000) (0.000) (0.000)
Urban Share 0.376 0.503 0.442
(0.492) (0.610) (0.632)
Literacy Rate 0.803 -1.344
(1.449) (1.647)
Rural Pop. 2.575* 2.278
(1.298) (1.426)
Pop. Density 0.741%* 0.530**
(0.212) (0.236)
SC/ST Population -0.171 -0.722
(1.362) (1.298)
Distance to Rail Network -0.328***
(0.113)
Distance to Coast Line -0.332**
(0.140)
N 264 264 264

Note: This table presents the coefficient estimates after predicting the
probability of highway treatment using district levvel manufacturing sector
characteristics, socio-economic characteristics and geographical factors. The
estimates are produced by running a logit regression as defined in
Column (1) presents results with manufacturing characteristics as explanatory
variables, Column (2) with socio-economic characteristics added, and finally
Column (3) with geographical factors added to the specification.

*p<0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.
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Table A.4. GQ construction reduced-form results

OLS SLIV LCPIV
No Controls Controls Controls NoControls Controls Controls NoControls Controls Controls
Nodal -0.414%**  -0.083 0.282 -0.407F*¥*  -0.059 0.296 -0.433*¥**  -0.141 0.200
(0.132) (0.208) (0.251) (0.128) (0.206) (0.252) (0.135) (0.202) (0.253)
Treated 0.068 0.139 0.374%%%* 0.174 0.234 0.425%* -0.100 -0.052 0.144
(0.123) (0.130) (0.138) (0.167) (0.177) (0.172) (0.179) (0.197) (0.198)
Intermediate 0.177 0.213 0.241 0.136 0.176 0.357** 0.214 0.231* 0.401%**
(0.181) (0.180)  (0.161) (0.161) (0.175)  (0.172) (0.138) (0.136)  (0.129)
Baseline -0.249%** -0.252%** -0.247*%*
(0.043) (0.045) (0.044)
N 284 284 284 284 284 284 284 284 284
R sqr. 0.012 0.041 0.19 0.012 0.042 0.19 0.019 0.045 0.19

Note: This table presents the main results for the effects of the GQ project on economics growth. The coefficient estimates
are produced by running With change in logged levels of output between 2000 and 2007/2009 as the dependent
variable. Columns (1)-(3) present the OLS estimates and (5)-(6) present the IV estimates. The IV estimates do not include
the nodal districts. Standard errors are clustered at the district level.

*p<0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.
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APPENDIX B
CHAPTER III APPENDIX

B.1 Tables and Figures
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Table B.1. Summary Statistics

Mean S.D. N

Population Statistics

Total Population 1045.87 755.37 841
Male Population 527.43 380.59 841
Female Population 518.44  378.75 841
Population (Age 15-30) 435.34 318.96 841
Population (Age 30-45) 334.84 248.88 841
Population (Age 45-65) 275.69 207.71 841

Employment Statistics

Total Employment 622.22 464.91 841
Male Employment 448.43  326.97 841
Female Employment 173.79 187.72 841
Agricultural Employment 430.23  352.85 839
Manufacturing Employment 92.20  94.18 829
Servies Employment 89.92 84.18 838
Employment (Age 15-30) 214.72 16845 841
Employment (Age 30-45) 231.77 176.52 841
Employment (Age 45-65) 175.74 139.82 841

Labor Force Participation Rates

Male LFP 0.84 0.08 841
FeMale LFP 0.34 0.23 841
FLFP Agriculture 0.28 0.22 821
FLFP Manufacturing 0.04 0.05 689
FLFP Services 0.03 0.03 758

Distance Measures

Distance to the GQ project 241.06 216.01 841
Distance to the nearest Railway 34.47  91.64 841
Distance to the nearest Coastline 481.91  340.67 841

Note: The summary statistics are calculated primarily
from the NSS data. There are a total of 423 districts

with an unbalanced panel of 1236 district-years in total.
Districts are the sub-national administrative units

after the states, geographically bigger than villages.
Geographical distances from railways and coastline are
computed from the data provided by MIT Geodata, socio-
economic characteristics are compiled using the 2001
Census and the SHRUG daltzoi’rset.



Table B.2. Treatment Effects - FLFP with Literacy Interactions by Industry

Agriculture Manufacturing Services

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

Nodal 0.309 0.039 -0.094***  -0.109**  0.086 0.066
(0.241) (0.257) (0.027) (0.050) (0.071) (0.077)

Treated -0.152 -0.179 0.117**  0.116™*  0.057**  0.057**
(0.166) (0.168) (0.044) (0.043) (0.021) (0.021)

Intermediate -0.059 -0.030 0.040 0.029 0.020 0.026
(0.136) (0.136) (0.043) (0.047) (0.019) (0.020)

NodalxRural Literacy(2001) -0.473 0.050 0.187**  0.237** -0.137 -0.102
(0.417) (0.456) (0.047) (0.097) (0.135) (0.149)

Treated x Rural Literacy(2001) 0.252 0.359 -0.211™*  -0.201*  -0.124** -0.126"**
(0.302) (0.310) (0.079) (0.081) (0.040) (0.040)

Intermediatex Rural Literacy(2001) 0.144 0.109 -0.069 -0.044 -0.045 -0.061
(0.279) (0.276) (0.076) (0.087) (0.039) (0.040)

District Controls No Yes No Yes No Yes

N 311 311 218 218 265 265

R sqr. 0.031 0.056 0.027 0.044 0.100 0.13

Note: This table presents the main results for the effects of the GQ project on female labor force
participation (FLEP) for each industrial sector separately. The treatment effects are interacted with
the literacy rate of districts in the year 2001. The coefficient estimates are produced by running
[Equation 3.2]with change in FLFP between 1999 and 2009 as the dependent variable. Standard errors
are clustered at the district level.

*p < 0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.
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Table B.3. Treatment Effects - Female Employment Levels by Industry

Agriculture Manufacturing Services

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

Nodal 1.072 0.537 -3.799**  _3.688*** -1.117 -1.000
(1.101) (1.512) (0.862) (1.005) (6.363) (6.595)

Treated 0.012 -0.117 2.087*  2.093***  1.922** 1.997**
(1.053) (1.050) (0.776) (0.784) (0.975) (0.966)

Intermediate -0.025 0.074 -0.501 -0.631 0.582 0.704
(0.667) (0.661) (1.213) (1.209) (0.726) (0.706)

NodalxRural Literacy(2001) -1.753 -0.740 T7.972*  7.964™*  4.645 4.115
(1.896) (2.668) (1.590) (1.915) (12.526)  (13.017)

Treated x Rural Literacy(2001) -0.777 -0.289 -3.448**  -3.418**  -3.875* -4.279**
(2.002) (2.012) (1.487) (1.553) (1.994) (1.981)

Intermediatex Rural Literacy(2001) -0.014 -0.020 0.908 1.181 -1.037 -1.523
(1.336) (1.300) (2.109) (2.157) (1.492) (1.479)

District Controls No Yes No Yes No Yes

N 311 311 218 218 265 265

R sqr. 0.034 0.053 0.044 0.049 0.095 0.12

Note: This table presents the main results for the effects of the GQ project on levels of female
employment for each industrial sector separately. The treatment effects are interacted with the literacy
of districts measured in the year 2001. The coefficient estimates are produced by running
with change in female employment levels between 1999 and 2009 as the dependent variable. Standard
errors are clustered at the district level.

*p < 0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.
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Table B.4. Baseline - Placebo Treatment Effects with Literacy Interactions

Agriculture Manufacturing Services

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

Nodal 0.020 0.275* 0.024 -0.022 0.045 0.039
(0.057) (0.164) (0.024) (0.032) (0.059) (0.054)

Treated -0.043 -0.053 -0.029 -0.035 -0.011 -0.011
(0.091) (0.084) (0.031) (0.032) (0.010) (0.010)

Intermediate -0.058 -0.057 0.010 0.020 0.007 0.006
(0.084) (0.078) (0.026) (0.027) (0.012) (0.012)

NodalxTotal Literacy(1991) 0.033 -0.731*  -0.037 0.097 -0.122 -0.101
(0.118) (0.399) (0.057) (0.095) (0.123) (0.113)

Treated x Total Literacy(1991) 0.069 -0.024 0.052 0.081 0.037 0.040
(0.219) (0.198) (0.076) (0.080) (0.024) (0.024)

Intermediatex Total Literacy(1991) 0.179 0.114 -0.032 -0.049 -0.030 -0.025
(0.225) (0.217) (0.059) (0.062) (0.030) (0.030)

District Controls No Yes No Yes No Yes

N 287 287 208 208 239 239

R sqr. 0.0043 0.058 0.0082 0.036 0.053 0.064

Note: This table presents results from placebo regressions run for the period 1987-1999 with the GQ
project as treatment, literacy rate in 1991 as the interaction term, and female labor force participation
rate as the outcome variable. The coefficient estimates are produced as per [Equation 3.2]and standard
errors are clustered at the district level.

*p < 0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.
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Table B.5. Average Treatment Effects - FLFP with Road Connectivity Interactions by Industry

Agriculture Manufacturing Services
v 6 @ 6 ®
AFLFP AFLFP AFLFP AFLFP AFLFP AFLFP
Nodal 0.001 -0.144 -0.067* -0.040 -0.039 -0.042
(0.216)  (0.232)  (0.039)  (0.078)  (0.063)  (0.064)
Treated -0.143 -0.058 -0.018 -0.007 -0.048***  -0.039**
(0.101)  (0.109)  (0.036)  (0.039)  (0.015)  (0.017)
Intermediate 0.173 0.128 0.109* 0.124* -0.010 -0.025
(0.141) (0.138) (0.058) (0.058) (0.021) (0.023)
NodalxIn(Rural Paved Roads(2001)) 0.009 0.033 0.012** 0.011 0.008 0.009
(0.029) (0.034) (0.006) (0.012) (0.010) (0.010)
Treated xIn(Rural Paved Roads(2001)) 0.020 0.010 0.004 0.004 0.007***  0.005**
(0.015)  (0.017)  (0.005)  (0.006)  (0.002)  (0.002)
Intermediate x In(Rural Paved Roads(2001)) -0.025 -0.016 -0.015* -0.017*  0.001 0.003
(0.021)  (0.021)  (0.009)  (0.009)  (0.003)  (0.003)
District Controls No Yes No Yes No Yes
N 306 306 215 215 260 260
R sqr. 0.012 0.057 0.027 0.068 0.050 0.11

Note: This table presents the main results for the effects of the GQ project on female labor force
participation (FLEP) for each industrial sector separately. The treatment effects are interacted with a measure
that captures road connectivity in rural areas of districts in the year 2001. The coefficient estimates are
produced by running [Equation 3.2]with change in FLFP between 1999 and 2009 as the dependent variable.

Standard errors are clustered at the district level.

*p < 0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.
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Table B.6. Average Treatment Effects - FLFP with Caste Diversity Interactions by Industry

Agriculture Manufacturing Services

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

Nodal -0.276* -0.164 0.073***  0.122***  0.076 0.088*
(0.151) (0.203) (0.022) (0.044) (0.049) (0.050)

Treated 0.121 0.226 0.028 0.055 0.010 0.034
(0.226)  (0.225)  (0.048)  (0.051)  (0.024)  (0.024)

Intermediate -0.145 -0.034 0.053 0.059 -0.018 0.006
(0.123) (0.124) (0.034) (0.037) (0.015) (0.016)

Nodalx Caste Index(2001) 0.543** 0.370 -0.103***  -0.161**  -0.104 -0.123
(0.212) (0.284) (0.037) (0.063) (0.083) (0.082)

Treated x Caste Index(2001) -0.225 -0.360 -0.036 -0.069 -0.029 -0.066*
(0.365) (0.361) (0.078) (0.082) (0.038) (0.039)

Intermediate x Caste Index(2001) 0.246 0.093 -0.083 -0.087 0.022 -0.016
(0.201) (0.199) (0.056) (0.060) (0.025) (0.026)

District Controls No Yes No Yes No Yes

N 311 311 218 218 265 265

R sqr. 0.015 0.059 0.011 0.033 0.033 0.11

Note: This table presents the main results for the effects of the GQ project on female labor force
participation (FLEFP) for each industrial sector separately. The treatment effects are interacted
with the caste fractionalization index constructed for the year 2001. The coefficient estimates are
produced by running [Equation 3.2]with change in FLFP between 1999 and 2009 as the dependent
variable. Standard errors are clustered at the district level.

*p < 0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.
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Table B.7. Treatment Effects - Education Wise Female Employment Levels

Primary Secondary Graduate

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

Nodal 0.831* 0.801* -1.024**  -0.964**  0.205 0.182
(0.426)  (0.408)  (0.202)  (0.234)  (0.329)  (0.328)
Treated -0.035 -0.022 -0.344*  -0.358"  0.504** 0.508**
(0.201)  (0.205)  (0.163)  (0.167)  (0.213)  (0.218)
Intermediate -0.268* -0.246 0.185 0.147 0.078 0.101
(0.161)  (0.160)  (0.152)  (0.147)  (0.160)  (0.156)
NodalxRural Literacy(2001) -1.381* -1.407*  1.921™*  1.891™*  -0.561 -0.534
(0.705) (0.688) (0.370)  (0.433)  (0.544)  (0.559)
Treated x Rural Literacy(2001) 0.125 0.067 0.644** 0.704* -0.984*  -1.003**
(0.379) (0.390) (0.325)  (0.337)  (0.394)  (0.411)
Intermediatex Rural Literacy(2001) 0.594* 0.520 -0.420 -0.312 -0.158 -0.212
(0.325)  (0.327)  (0.311)  (0.304)  (0.317)  (0.306)
N 317 317 316 316 240 240
R sqr. 0.017 0.034 0.036 0.060 0.068 0.076

Note: This table presents the results for the effects of the GQ project on the employment share

of women belonging to different education categories. The treatment effects are interacted with the
literacy rate in districts measured for the year 2001. The coefficient estimates are produced by running
[Equation 3.2]with change in employment share between 1999 and 2009 as the dependent variable.
Standard errors are clustered at the district level.

*p < 0.1, ¥ p <0.05, *** p < 0.01, Standard errors in parentheses.
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Table B.8. Treatment Effects - Female Employment Levels by Industry and Married Status

Agriculture

Manufacturing

Services

(1) (2)
AFLFP AFLFP

(3)

AFLFP AFLFP

(4)

(5)

(6)

AFLFP AFLFP

Panel A: Married Women

Treated 14.967 5.813 63.565***  64.498**  30.568"  31.531**
(93.339)  (93.010)  (22.965) (22.922) (13.170)  (13.264)

Intermediate -5.001 1.609 -11.132 -15.157 11.120 13.182
(54.291)  (54.112)  (36.804) (36.502) (8.939) (8.929)

Treated x Rural Literacy(2001) -91.134 -54.714 -108.740** -109.991** -63.872** -68.458***
(176.010) (176.787) (45.220) (46.224) (25.580)  (25.854)

Intermediate x Rural Literacy(QOOl) 9.044 11.372 17.320 25.433 -22.912 -29.501
(108.242) (106.102) (64.609) (65.537) (18.272)  (18.871)

Panel B: Un-Married Women

Treated -32.743 -35.088 -6.976 -6.667 -8.365 -9.442
(22.399)  (22.873)  (7.292) (7.693) (17.334)  (16.932)

Intermediate -1.632 -1.720 6.884 1.378 -23.697 -27.609
(16.886)  (16.372)  (12.040) (13.454) (21.863) (21.614)

Treated x Rural Literacy(2001) 53.835 62.069 13.566 12.668 25.317 24.004
(46.292)  (47.016)  (14.859) (15.607) (35.104)  (34.513)

Intermediatex Rural Literacy(2001) -4.744 -1.369 -9.409 1.078 45.602 50.872
(35.758)  (33.906)  (20.157) (24.020) (43.082)  (42.518)

District Controls No Yes No Yes No Yes

N 201 201 76 76 92 92

R sqr. 0.046 0.063 0.18 0.21 0.20 0.24

Note: This table presents the results for the effects of the GQ project on female labor force participation
(FLFP) for married and unmarried women in different industrial sectors. The treatment effects are
interacted with the literacy rate in districts measured for the year 2001. The coefficient estimates are
produced by running [Equation 3.2]with change in FLFP between 1999 and 2009 as the dependent variable.

Standard errors are clustered at the district level.

*p < 0.1, % p <0.05, ¥*** p < 0.01, Standard errors in parentheses.
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