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Chapter 1

Introduction and Main Results

For the female of the species is more deadly than the male.

Rudyard Kipling

1.1 Background

The differences in labor market outcomes between males and females have been of interest to
the economists for at least past half a century. Gender inequality in the labor market
manifests itself in the form of wage and employment gaps between males and females.
However, little is understood about why these inequalities emerge. There are taste based
theories of discrimination, occupational exclusion and theories of statistical discrimination. In
this thesis, we study gender disparities in the labor market of rural India. The main objective
of this thesis is to further our understanding about the existing wage and employment
disparities in the rural labor market of India and whether these disparities can be explained by
the economic forces of labor supply and demand. A deeper understanding about functioning
of the labor markets can throw light on the processes which result in emergence of these

inequalities.

It is well known that achieving gender equality is important for social and economic

development of a country (World Bank 2012). Equality in labor market outcomes has been
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regarded as an important tool for female empowerment. The importance of female
participation in the labor force is well-established in the literature. Participation in the labor
market provides access to economic opportunities and a greater bargaining power to women

in household decision making.

This dissertation consists of three chapters. Each chapter deals with a particular aspect
of gender inequality in the labor market. Chapter 2 and chapter 3 look at the differences in
daily wage rate received by males and females in the agricultural labor market. Gender wage
gaps are known to be persistent and ubiquitous in nature. On an average, the daily wage rate
received by a female laborer is 70 percent of daily wage rate of a male laborer, in the rural
agriculture labor market of India. A large proportion of this wage gap is unexplained by the
standard analysis of differences in human capital characteristics of males and females
(Agrawal and VVanneman 2014). The second chapter is concerned with the spatial variation in
the gender wage gap in Indian agriculture and aims to understand the significance of other
economic forces in shaping gender wage inequality. Chapter 3 looks at over time
responsiveness of gender wage gap in Indian agriculture to aggregate shocks in the labor

market like rainfall variability.

The fourth chapter of the thesis looks at gender disparity in employment rates in rural
India. Gender inequality on this dimension is greater with an overall employment rate of
females at 40 percent and that of males at 85 percent in the working age. Moreover, there has
been a consistent decline in participation rates by females in the last three decades. This
chapter provides a theoretical framework to analyze the effect of female education on female
labor supply and empirically examines if increase in female education plays any role in

explaining the decline in female labor market participation rates in India.
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The sections below contain an overview of each of the three essays in this thesis. |
describe the motivation, methodology and the main findings for each essay and discuss them

in detail in chapters that follow.

1.2 Caste, Female Labor Supply and the Gender Wage Gap in

India: Boserup Revisited

The gender wage gap is notable not just for its persistence but also for its variation across
regions and countries. A natural question is how greater work participation by women matters
to female wages and the gender wage gap. Within India, a seeming paradox is that gender
differentials in agricultural wage are the largest in southern regions of India which have
otherwise favorable economic outcomes of women. Boserup (1970) hypothesized that this is
due to greater labor force participation by women in these regions. Boserup’s hypothesis is
based on raw correlations drawn from wage data across Indian villages in the 1950s.
However, this is not obvious as greater female labor supply could depress male wage as well.
Differences in agro-climatic conditions across regions could also lead to differences in
relative female efficiency in agricultural tasks due to variation in agricultural technology.
Other factors also need to be accounted for especially since women have fewer opportunities
for non-farm employment. It is well known that the labor flow from agriculture to other
sectors has been much more marked for males than for females (Eswaran et al. 2009). So if
men have greater access to non-farm work opportunities, do women working as agricultural
labor gain from growth in the non-farm sector? This chapter undertakes a formal test of the

Boserup proposition incorporating comprehensive controls for other explanations.
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The chapter presents a theoretical framework for the analysis and then undertakes an
econometric estimation to test the hypothesis. Econometrically, we need to identify
exogenous variation in female and male labor supply to agriculture. The effect of female
labor supply on wages is identified by variation in cultural and societal norms that regulate
female labor supply (Nayyar 1987; Chen 1995; Bardhan, K 1984; Das 2006; Eswaran,
Ramaswami and Wadhwa 2013). The proportion of men employed in large-sized non-farm
enterprises is used to identify the effect of male labor supply on daily agricultural wages. As
variation in low-caste population and presence of large scale industry might be correlated
with variables that directly affect the demand for agricultural labor, we include
comprehensive controls to identify the causal impact. These controls include agro-climatic

endowment, cropping patterns and infrastructure.

District level wage and employment data from National Sample Survey 2004-05, is
used to estimate the aggregate total demand for labor equations for male and female labor in
Indian agriculture. The results show that an increase in female labor supply by 10% decreases
female wage by 5% (significant) and male wage by 1% (insignificant). This shows that an
increase in female labor supply to agriculture by 10% decreases relative female wage (female
to male wage ratio) in agriculture by 4%. On the other hand increase in male labor supply
decreases both male and female wage equally by approximately 4% and hence as no effect on

the gender wage gap.

Decomposing the difference in wage gap between northern and southern states of
India, we find that differences in female labor supply are able to explain 55 percent of the
difference in gender wage gap between northern and southern regions. The chapter also finds
that women gain from greater non-farm employment of men, even if their direct participation

in such activity is limited. This happens because of higher wages.
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1.3 Rainfall Shocks and the Gender Wage Gap: Evidence from

Indian Agriculture

Previous studies have shown that productivity shocks in agriculture like rainfall variability
affect wages adversely in developing countries (Jayachandran 2006; Mueller and Quisumbing
2011; Mueller and Osgood 2009; Adhvaryu, Char and Sharma 2013). None of the studies
however consider heterogeneity in the impact of these shocks on agricultural wages by
gender, a feature which has been studied for demand shocks in urban labor markets for
developed countries (O’Neill 1985; Biddle and Hamermesh 2011; Solon, Barsky and Parker

1994; Park and Shin 2005; Marchand and Olfert 2013; Aller and Arce 2001).

Since Indian agriculture is highly dependent on rainfall, the shock to the agricultural
labor market which this chapter considers is rainfall variability over the years. It estimates the
impact of rainfall shocks on relative female wage. It also examines the heterogeneity of this
impact in the rainfed rice growing areas of India. The literature on gender roles in cultivation
of rice suggests that there exists a greater demand for female agricultural labor in areas where

transplanted rice is grown (Bardhan 1974; Sen 1985). Also, rice is a water-intensive crop.

A theoretical model of wage and employment determination in agriculture shows that
aggregate productivity shocks like rainfall variability can have an impact on relative female
wage through their asymmetric effects on demand for male and female labor and asymmetric
supply responses of male and female labor to these shocks. Using National Sample Survey
data for India from 1993 to 2007, | create a district level panel dataset to examine how
rainfall shocks affect gender wage gap in Indian agriculture. I find that rainfall shocks affect

relative female wage significantly in rainfed rice growing regions of India. As compared to
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other areas, relative female wage falls (increases) in low (high) rainfall years in the rice
growing regions by 5%. This finding is consistent with the documented evidence in the
literature that marginal value of female labor is greater in rice cultivation which is also a crop

highly sensitive to rainfall variability under rainfed conditions.

| further look into the mechanisms which lead to this result. Either differential
demand effects on female labor or differential supply responses of female labor, in
comparison to males, in these rainfed rice growing areas, could lead to the observed results.
The tests, derived from the existing literature and the theoretical setup, suggest that
differential demand side effects on female labor are behind the result that relative female
wage responds positively to rainfall shocks in these areas. The chapter concludes that the
effect of rainfall shocks on the gender wage gap in agriculture depends upon the gender roles

underlying the technology of production which vary across cropping systems.

1.4 Female Labor Supply, Education and Home Production

Indian labor market is characterized by low female labor market participation rates. And it
has witnessed a further decline in employment rates of rural women over the past few
decades. Female labor force participation rate (LFPR) has fallen from 51% in 1987 to 39% in
2009 in rural areas. This fall has occurred amongst the currently married females and has
been accompanied by an increase in domestic work by them. Over the same time period, the
country has witnessed a rapid economic growth as well as an increase in education attainment

by males and females.

Existing studies, using descriptive statistics, attribute the decline to increase in

enrollment of females in higher education resulting in their unavailability for labor market,
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increase in real incomes of households resulting in a lesser need for women to engage in
economic work, and limited growth in employment opportunities for females. We show in
the chapter that these reasons cannot fully explain the decline in female LFPR observed over
the last three decades in India. The U-shaped behavior of female LFPR with female
education, combined with a large increase in primary to secondary level education among

females in rural India could be a contributing factor behind the decline in female LFPR.

If so, standard models of female labor supply warrant a revision. In the standard
models of female labor supply, female education increases her market wage, and this always
results in an increase in female labor supply with her education, at the extensive margin.
However, primary education also gives basic skills to mothers, which can improve their
productivity in home tasks like raising children (Lam and Duryea 1999). In this chapter, we
present a theoretical model of household decision making which shows that in the presence of
home production, female labor supply can decline with rising female education levels. This
model shows that under certain parametric restrictions one could obtain a fall in female labor
supply and an increase in female time spent in home production with increase in female

schooling.

We estimate the determinants of female labor market participation and domestic work
in India using the National Sample Survey data on employment and unemployment for 1987,
1999 and 2009. Empirical analysis shows that female labor force participation in India
decreases and female domestic work increases with female schooling up till secondary
education. These results are robust to inclusion of controls for household income, male
education and local labor market conditions. Further, parametric and semi-parametric
decomposition techniques are used to estimate the proportion of fall in female participation

rates which can be explained by the changing socio-economic characteristics of female
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working age population. The decomposition exercise shows that rising education levels
amongst rural married females and males are the most important factors in explaining the
decline. The empirical findings are in line with the prediction of the theoretical model that
female labor supply falls and her time spent in home production increases with increase in
her education, if the marginal return from spending time in the labor market is lower than the

marginal return from spending time in home production as female education increases.



Chapter 2

Caste, Female Labor Supply and the Gender Wage Gap in

India: Boserup Revisited®

2.1 Introduction

The gender gap in wages is a persistent feature of labor markets despite laws mandating equal
treatment of women at workplace. What is just as notable is the variation in the gender wage
gap across regions and countries, and in some cases, over time as well. In a cross-country
context, observable differences in characteristics and endowments, explain only a small
portion of the wage gap (Hertz et al. 2009). Since the unexplained component is the dominant

one, the geographical variation in the wage gap is commonly attributed to discrimination.

However, discrimination may not be the only reason. If female and male labor are
imperfect substitutes, then the wage gap would vary with male and female labor supply. In
many regions of the United States, female wages fell relative to male wages during the
Second World War (Aldrich 1989; Acemoglu, Autor and Lyle 2004). By exploiting cross-
sectional variation in change in female work participation rates that occurred during the
World War Il, Acemoglu et al. (2004) showed that higher female labor supply increased the

gender gap in wages in the United States. In a sample of 22 countries drawn mostly from the

! This chapter is based on a paper co-authored with Prof. Bharat Ramaswami, Indian Statistical Institute, Delhi. |
would like to thank Richard Palmer-Jones and Kunal Sen for providing district level data on agro-ecological
zone composition.
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OECD, Blau and Kahn (2003) also explored the idea that higher female labor supply can

exacerbate the gender wage gap.

In a developing country context, the role of female labor supply in influencing the
gender gap in wages was highlighted by Boserup (1970) in her influential book, Women's
Role in Economic Development. She pointed to the geographical variation in the female to
male agricultural wage ratio that existed in rural India during the 1950s. The gender wage gap
in agriculture was greater in southern states of India relative to the states in north India and
Boserup ascribed this to the much higher female participation rates in farming in South India.
Figure 2.1 maps the ratio of female to male agricultural wage in rural India across the Indian
states in year 2004. It is easy to observe a systematic regional pattern — of the same kind as

Boserup described 50 years ago.

Boserup’s hypothesis is based on raw correlations drawn from wage data across
Indian villages in the 1950s. However, the hypothesis is not immediately obvious because
variation in female labor supply could affect male wage as well. The extent to which the
female and the male labor are substitutes matters. In addition, there are competing
explanations. For instance, there could be gender segregation by task where "female’ tasks
are possibly paid less than supposedly ‘male’ tasks. Second, the relative efficiency of female
to male labor in agriculture could vary across regions due to differences in agricultural
technology, variation in cropping patterns and agro-climatic conditions. Third, factors that
affect the supply of male labor to agriculture, such as non-farm employment, could also
matter to the wage gap. The impacts of all these factors must be considered in the analysis.

This is what is done in this chapter.

The goal of this chapter is to explain the spatial variation in the gender gap in

agricultural wage in rural India. In particular, the chapter asks whether exogenous variations

10
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in female as well as male labor supply to agriculture play any part in explaining the gender

wage gap.

The effect of male labor supply on the gender wage gap is of independent interest as
well. 1t is well known that labor flow from agriculture to other sectors has been much more
marked for males than for females (Eswaran et al. 2009). So if men have greater access to
non-farm work opportunities, do women working as agricultural labor gain from growth in
the non-farm sector? In trying to understand the impact of economic growth on the economic
well being of women, the effect of non-farm employment on the gender wage gap is of

immense importance.

Econometrically, we estimate district level inverse demand functions that relate
female and male agricultural wages to exogenous variation in female and male labor supply
to agriculture. The conceptual challenge is to identify exogenous variation in female and male
labor supply to agriculture. The effect of female labor supply on daily wages is identified by
variation in cultural and societal norms that regulate female labor supply. In India, the pattern
of high female work participation rates in south India relative to north India has persisted
over many decades (Nayyar 1987; Chen 1995; Bardhan, K 1984; Das 2006) suggesting the
salience of cultural norms. Boserup observed that typically, higher caste Hindu women take
no part in cultivation activities while tribal and low caste women have traditions of female
farming either on their own land or as a wage laborer.? She also points out that tribal and low
caste populations are lower in north India relative to other parts of the country. Boserup

follows up these observations with its consequences. In her words,

2 Cultivation and agriculture are used interchangeably in the thesis. They are defined to include cultivation
activities of ploughing, sowing, weeding, transplanting, harvesting and other agricultural activities.
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“The difference between the wages paid to women and to men for the same
agricultural tasks is less in many parts of Northern India than is usual in Southern
India and it seems reasonable to explain this as a result of the disinclination of North
Indian women to leave the domestic sphere and temporarily accept the low status of

an agricultural wage laborer.” (Boserup 1970, 61)

The plausibility of social norms driving the north-south divide in female work
participation is consistent with the well-known finding that women have greater autonomy in
the southern states of India (Dyson and Moore 1983). Basu (1992) and Jejeebhoy (2001) also
find similar patterns in woman’s status indicators across India’s north and south.® Boserup’s
association of social group membership with female work participation has been confirmed in
later work as well (Chen 1995; Das 2006; Eswaran, Ramaswami and Wadhwa 2013). Taking
a cue from these studies, we take the proportion of households that are low-caste as an
instrument for female labor supply. The idea that social norms determine women’s labor
supply decisions is not unique to India (Boserup 1970; Goldin 1995; Mammen and Paxson
2000). What is characteristic of India is the variation of these norms along identifiable social
groups.* As variation in low-caste population might be correlated with variables that directly
affect the demand for agricultural labor, we include a comprehensive set of controls to
identify the causal impact. These control variables include agro-climatic endowment,

cropping pattern and infrastructure.

® However, Rahman and Rao (2004) do not find such a distinct differentiation across all indicators of woman’s
status.

* Cross-country variation in women’s participation can also be related to cross-country variation in social norms
(Cameron, Dowling and Worswick 2001).
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The proportion of men employed in large-sized non-farm enterprises instruments male
labor supply to agriculture. Large enterprises reflect external demand and are therefore a
source of exogenous variation in agricultural labor supply. As we argue later, the possible
pitfalls in the use of this variable as an instrument are addressed by inclusion of appropriate

controls in the estimating equation.

In the next section we relate this chapter to the relevant literature. In section 2.3, we
provide suggestive evidence in support of Boserup hypothesis. Section 2.4 outlines a
theoretical framework, which is followed in section 2.5 by a discussion of the empirical
strategy. The data is described in section 2.6 and section 2.7 contains the estimation results.
To check for robustness, section 2.8 considers alternative specifications. The estimation
results are used in section 2.9 to quantitatively decompose the difference in wage gap across
the northern and the southern states of India into the proportion explained by each

explanatory variable. Concluding remarks are gathered in section 2.10.

2.2 Relation to Literature

Blau and Kahn (2003) analyze the gender wage gap across 22 countries and find evidence
that the gender gap in wages is lower when women are in shorter supply relative to their
demand. They construct a direct measure of female net supply using data across all
occupations and recognize that their estimates might be biased due to reverse causality.
Acemoglu et al. (2004) correct for the endogeneity of female labor supply using male
mobilization rates during World War 1l as an instrument for labor supply of females to the
non-farm sector in the United States. They find that an increase in female labor supply lowers

female wage relative to male wage. In some specifications, the endogenous variable that is
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instrumented is the female to male labor supply ratio. In other specifications, the female and
the male labor supply enter as separate explanatory variables but only the female labor supply

is instrumented.

In the Indian context, Rosenzweig (1978) was the first paper to estimate labor demand
functions for agricultural labor in India to estimate the impact of land reforms on male and
female wage rates. This exercise is embedded within a general equilibrium market clearing
model of wage determination. In the empirical exercise, Rosenzweig estimates inverse
demand and supply equations for hired labor of males, females and children in agriculture
using wage data on 159 districts in India for the year 1960-61. His results show that an
increase in female labor supply has a negative effect on both male and female wage rates.
Further, the paper is unable to reject the null hypothesis that both effects are of equal

magnitude. Thus, the Boserup hypothesis is not supported.

There are several reasons to revisit this analysis. First, the wage data used by
Rosenzweig, is not well-suited for capturing cross-sectional variation.” The better data set for
this purpose (and which is used in this chapter) is the unit level data from the Employment
and Unemployment schedule of the National Sample Survey (NSS) which was unavailable to
researchers at the time Rosenzweig did his study.® Second, as a measure of agricultural labor
supply, Rosenzweig uses the percentage of male (or female) agricultural labor force to the
total labor force. However, after controlling for agricultural labor supply, changes in total

labor supply should not matter to wages. Our specification for the labor demand function

®> Rosenzweig (1978) uses the wage data reported in Agricultural Wages in India (AWI). The problem with AWI
is that no standard procedure is followed by states as the definition of ‘wage’ is ambiguous. Only one village is
required to be selected in a district for the purpose of reporting wage data and the prevailing wage is reported by
a village official on the basis of knowledge gathered.

® See Rao (1972) and Himanshu (2005) for a discussion about the merits of different sources of data. The

consensus is that although the AWI data may work well for long-term trend analysis but it is not suitable for a
cross sectional analysis since measurement bias may differ across states.
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derives from a production function that has land and labor as inputs, and exhibits constant
returns to scale. As a result, the relevant labor supply variable is the agricultural employment

(male or female) per unit of cultivated land.

Third, Rosenzweig limits the definition of agricultural labor to hired labor alone. This
chapter, on the other hand, estimates the demand for total labor and not for hired agricultural
labor because it is harder to find instruments that are valid for hired labor demand. Suppose
L7S and L% are the aggregate labor supply to the home farm and to the outside farms
respectively. Similarly, let L”*P and L™ be the aggregate demand for family and hired labor
respectively. Then equilibrium in the labor market can either be written as L/ + L% =
LI'P + P oras LS = L™P. However, for econometric estimation, it is preferable to
estimate the inverse demand for total agricultural labor than for hired labor alone. This is
because the instruments that affect labor supply to outside farms would also affect labor
supply to own farm and hence potentially affect the demand for hired labor. For instance,
higher caste women may refrain from work outside the home and also limit their work on
own farms. Similarly, availability of non-farm work opportunities may reduce the family
labor supply of landed households to own farms and increase the demand for hired labor. A
simple sum of hired and family labor would, however, contradict the accepted notion that
family labor is more efficient than hired labor. Moreover, as we shall see later, the
implication of using an un-weighted aggregate is that there might be an omitted variable
correlated with the aggregate labor supply. However, we demonstrate that our findings are

robust to whichever way the family and the hired labor are weighted to form aggregate labor

supply.

Finally, current data allows for more comprehensive controls and better identification

strategies than available to Rosenzweig. We are able to employ controls for crop
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composition, agro-ecological endowments and district infrastructure. For identification,
Rosenzweig assumes that the demand for hired labor (whether male, female or child labor) is
not affected by proportion of population living in urban areas in the district, indicators of the
non-farm economy (factories and workshops per household, percentage of factories and
workshops employing five or more workers, percentage of factories and workshops using
electricity) and the percentage of population that is Muslim. We do not use urbanization as an
instrument because that could be directly correlated with agricultural productivity by
determining the access to technology and inputs. We therefore employ urbanization as a
control variable in some of our specifications. We improve on the non-farm economy
instrument by confining it to the large enterprises in the traded sectors. Section 2.5 argues
why such an instrument is plausibly exogenous. We replace the percentage Muslim
population variable by the proportion of population that is of low-caste. As we argue in
section 2.5, there is a large literature that highlights caste-specific norms of female labor

supply in India.

Other studies that estimate structural demand and supply equations for hired
agricultural labor in India are Bardhan (1984) and Kanwar (2004). Bardhan (1984) estimates
simultaneous demand and supply equations for hired male laborers at village level in West
Bengal. He instruments the village wage rate by village developmental indicators,
unemployment rate and seasonal dummies. Kanwar (2004) estimates village level seasonal
labor demand and supply equations for hired agricultural labor simultaneously accounting for
non-clearing of the labor market using ICRISAT data. These studies do not analyze male and
female laborers separately and they cover only a few villages in a state. Singh (1996)
estimates an inverse demand function for both males and females in agriculture, using state
level pooled time series data for 1970 to 1989; however ordinary least squares methods are

used and the endogeneity of labor supply is not corrected. Datt (1996) develops an alternative
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bargaining model of wage and employment determination in rural India. In this model, the
gender wage gap is determined by the relative bargaining power of females. The lower wage
of female agricultural laborer relative to male laborer in rural India is thus attributed to their
lower bargaining power in comparison to males, during the bargaining process with the

employers.

2.3 The Gender Gap in Wages and Female Labor Supply:

Correlations

Figure 2.2 cross-plots the state-level average of female to male agricultural wage ratio against
female labor time in agriculture per unit of cultivable land. This figure is based on data from
a national survey in 2004 and is consistent with Boserup’s hypothesis that the two variables

are inversely related.’

If the female and the male labor are perfect substitutes in agricultural production, then
a change in female labor supply, say a decline, would raise both female and male wages
proportionately and not affect the gender wage gap (which in a world without discrimination
would be solely due to gender differences in marginal product). For Boserup hypothesis to
hold, female and male labor must not be perfect substitutes so that changes in female labor
supply affects female wage more than male wage. The lack of perfect substitutability is

closely related to the gender division of labor within agriculture that is often found in many

" Kerala, the state with the best human development indicators, is an outlier to the Boserup relation. Like other
southern states, its female to male wage ratio is low. Unlike other southern states, however, the agricultural
female employment (per unit of land) is also low. This is partly because Kerala uses less labor (female or male)
per unit of land than other southern states. So if the female labor supply was measured as a proportion of male
labor supply, Kerala is substantially closer to the Boserup line although it remains an outlier.
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countries (Burton and White 1984; Doss 1999). For instance, in many societies, weeding is
usually seen as a task mostly performed by females while ploughing is a task done mostly by
males. Direct evidence on limited substitutability of female and male labor in agriculture has
been found in a number of studies in India and other countries (Jacoby 1992; Laufer 1985;

Skoufias 1993; Quisumbing 1996).

If some tasks are better paid than others and if males mostly do the better paid tasks
and females do the less paying tasks, then that could result in a gender wage gap. In this case,
the geographical variation in the gender wage gap could simply be because of variation in the
gender division of labor. It is, in fact, true that the gender division of labor is more
pronounced in southern states of India.® However, this is not the primary reason for either the

gender wage gap or its variation.

In table 2.1, individual wage rates are regressed on gender, age, age square, education
and marital status.® With these control variables, column (1) shows that females get a 35
percent lower daily wage than males in agriculture. In column (2) we add the controls for
agricultural task for which the daily wage was recorded. The gender wage gap narrows

slightly to 33 percent. Thus, the gender wage gap in Indian agriculture is mostly within tasks.

A direct way of accounting for variation across states in the gender division of labor is
to hold it constant and to re-do the plot in figure 2.2. The female to male wage ratio for state

‘s’ 1s the weighted mean across tasks given by

® This was found by computing, for each state, the proportion of agricultural labor days of males and females
spent in each task. An index of gender division of labor (in agricultural tasks) for each state was constructed by
considering the Euclidean distance measure between female and male labor proportions.

® NSS records wage data for each agricultural task done by a person in the preceding week. It is possible that a
person is involved in more than one task. The unit of observation hence is individual-task wage. However, the
multiplicity of tasks by the same individual is not a grave concern since only 2.5 percent of individuals report

undertaking more than one agricultural task in the preceding week.
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Wrs X PrjsWrjs
Wmns Z P, m jsz Js

where wgg (W) is the female (male) wage in state °s’, Prjs (Ppyjs) is the proportion of
females (males) working in task j in state ‘S’ and wy;s(wp,js) is the female (male) wage in

task j’ in state ‘s’. Suppose we replace the state proportions in tasks by females and males by
the proportions observed for the southern state of Tamil Nadu (arbitrarily chosen), then the

wage ratio in state ‘s’ becomes

W'es X P rnWrs

- =
Wims Zij,TNijs

Figure 2.3 plots this measure of agricultural wage ratio, which is devoid of variation
in gender division of labor across states, against the female employment in agriculture. The
negative relationship between female to male wage ratio and female employment still
persists, even when we account for differential participation in tasks by males and females
across states in India. As shown earlier, this is because the wage difference between males

and females in Indian agriculture is mostly within the same task.

2.4 Theoretical Framework

Before proceeding with the empirical strategy it is useful to discuss the theoretical
implications of exogenous changes in male and female labor supply on male and female
wages. When male and female labor supply changes are exogenous, the resulting impact on
wages can be determined by reading off the labor demand curve. Identification of such

exogenous changes and estimation of the demand curve is the subject of later sections.

Assume a homogenous, continuous and differentiable agricultural production
function with three factors of production — land (4), male labor (L,,) and female labor (Lg).
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Returns to each factor are diminishing and land is fixed in the short run. Let wy, and wg be
the male and the female wage rate respectively. The profit function is given by
m = F(A, LM' LF) - WMLM - WFLF

Let F;,,, and F;, . denote the marginal product of male and female labor respectively. For given

wages, the first order conditions for labor demand satisfy

In(wy) = In(Fy,,) (2.1)

In(wg) = In(F,,) (2.2)

If labor supply were to, say, increase for a reason exogenous to wages, then wages must

adjust to increase demand. We derive the own and the cross-price elasticity of male labor

demand as
aln(WM) aln(FLM) aLM FLMLM

_ _ Ly (2.3)
dln(Ly) 0Ly 0In(Ly) Fr,
dln(wy,) _ dln(F,,) OJLgp _ FryLe Ly (2.4)
oln(Lg) 0Lr 0In(Lp) Fr,,

Similarly, expressions for the own and the cross-price elasticity of female labor demand are

given by

aln(WF) _ FLFLF
any) _ F

Lp (2.5)

F

aln(WF) _ FLFLM
L) _ F

Ly (2.6)

F
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The diminishing return to factor inputs implies that own-price elasticities, (2.3) and (2.5) are
negative. To sign the cross-price elasticity we need to know whether male and female labor
are substitutes or complements in the production process.™® If they are substitutes then (2.4)
and (2.6) will also be negative since the marginal product of male labor will decline if female

labor increases and vice versa. If they are complements then (2.4) and (2.6) will be positive.

oln(wp/wpy)

The effect of female employment on relative female wage is given by oI (Lr)
F

oln(wr) _ 9nWm) £ the male and the female labor are imperfect substitutes, this expression
dln(Lp) dln(Lp)

cannot be signed without further restrictions. If the two kinds of labor are complements, then
increase in female labor employment will decrease the female to male wage ratio (or increase

the gender wage gap). Similarly, the effect of male labor employment on relative female

dln(wr/wy)

wage is given by TN
M

. Again, this expression cannot be signed when the male and the

female labor are imperfect substitutes. If they are complements, then an increase in the male
labor employment will increase the female to male wage ratio (or reduce the gender wage
gap). Note that the relative magnitude of the cross-price elasticities can be obtained from

(2.4) and (2.6). This is given by

oln(Ly) dln(wy)  F, Ly wgLp  Lp wg '

The relative magnitude of cross-price elasticities can, thus, be expressed as a product of male
to female labor employment and male to female wage ratio. In the Indian agricultural labor

market, it is seen that labor employment of males is greater than that of females and male

1% We use the g-definition of complementarity and substitutability which measures the effect on marginal
product of one input when the quantity of the other input changes. Two factors inputs are called g-substitutes
(complements) when an increase in one factor decreases (increases) the marginal product of the other factor.
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wage is also greater than female wage. Therefore, the above expression will be greater than

unity which implies that the effect of male labor employment on female wage will be greater
than the effect of female labor employment on male wage. Later, in the chapter we see if the
estimate of the relative cross-price elasticities, implied by the above theoretical model, holds

ground empirically.

2.5 Empirical strategy

For observed levels of female and male employment in agriculture, the inverse demand

functions can be written as

Wma = @oLpag+ BoLlma +VoXa + Ema (2E.1)

Wira= aiLpg +B1Llya +v1Xa+ €ra (2E.2)

The first stage regressions for male and female employment are
LM,d = 60Xd +7T0 Zd +6M,d (2E3)

LF,d = 61 Xd + Tq Zd + EF,d (2E4)

where ‘d’ indexes district and subscripts ‘M’ and ‘F’ denote male and female respectively,
W, is log of real daily agricultural wage in district ‘d’, L, is log of labor employed in
agriculture in district ‘d’, X are other district level control variables and Z; are the
instrumental variables used to identify the impact of male and female labor supply on wages.
The inverse demand functions are estimated at the level of a district."* This requires Indian

districts to approximate separate agricultural labor markets. This has also been assumed in

! India is a federal republic having a parliamentary system of governance. It is divided into various states
having their own elected government. Each state is further divided into different administrative districts.
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previous studies on Indian rural labor markets (Jayachandran 2006; Rosenzweig 1978) and is
supported by the conventional wisdom that inter-district permanent migration rates are low in
India (Mitra and Murayama 2008; Munshi and Rosenzweig 2009; Parida and Madheswaran
2010). While some recent work has questioned this, the evidence here points to rural-urban
and out-country migration rather than rural-rural migration (Tumbe 2014). If rural-rural labor
mobility across districts is large in India, then, the district level effect of labor supply changes

on agricultural wages will be insignificant.

From (2E.1) and (2E. 2) it can be seen that the effect of female labor supply on
female to male wage ratio is given by (a; — @, ). As oy is expected to be negative, an
increase in female labor supply leads to a greater gender gap in agricultural wages (i.e., the
Boserup hypothesis) if (a; — ay) < 0. Similarly, the effect of male labor supply on the
relative female wage is (8; — B, ). A decline in male labor supply to agriculture due to
greater non-farm employment opportunities would increase the gender gap in agricultural
wages if (8; — B, ) > 0. Identification requires that we relate wages to exogenous variation in

female and male labor supply to agriculture.

2.5.1 Identification of the Impact of Female Labor Supply

For female labor supply, this chapter uses the proportion of district population that is low
caste as an instrument.*? The relation between district level female employment in agriculture

and the instrument is plotted in figure 2.4. The positive association between the two is

12 The definition of “low caste’ is the following. In the employment survey (which is our data source),
households are coded as ‘scheduled tribes’, ‘scheduled castes’, ‘other backward classes’ and ‘others’. Scheduled
tribes (ST) and scheduled castes (SC) are those social groups, in India, that have been so historically
disadvantaged that they are constitutionally guaranteed affirmative action policies especially in terms of
representation in Parliament, public sector jobs, and education. Other backward class (OBC) is also a
constitutionally recognized category of castes and communities that are deemed to be in need of affirmative
action (but not at the cost of the representation of ST and SC groups). ‘Others’ are social groups that are not
targets of affirmative action. We define a household to be low caste if it is ST, SC or OBC.
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consistent with earlier work that has established the effect of caste on female labor supply.
These studies observe that high caste women refrain from work participation because of
‘status’ considerations (Aggarwal 1994; Bagchi and Raju 1993; Beteille 1969; Boserup 1970;
Chen 1995). Correlations from village level and local studies have been confirmed by
statistical analysis of large data sets. Using nationally representative employment data, Das
(2006) shows that castes ranking higher in the traditional caste hierarchy have consistently
lower participation rates for women. The ‘high’ castes also have higher wealth, income and
greater levels of education. So could the observed effect be due to only the income effect? In
an empirical model of household labor supply, Eswaran et al. (2013) show that ‘higher’ caste
households have lower female labor supply even when there are controls for male labor
supply, female and male education, family wealth, family composition and village level fixed
effects that control for local labor market conditions (male and female wages) as well as local

infrastructure.

The exclusion restriction for identification of the impact of female labor supply on
wage rates is that caste composition affects wages only through its affect on labor supply of
women to agriculture. Could the caste composition of a district directly affect the demand for
agricultural labor? Das and Dutta (2008) find no evidence of wage discrimination against low
castes in the casual rural labor market of India. An earlier village level study by Rajaraman

(1986) also did not find any effect of caste on offered wage in Indian agriculture.

However, the disinclination of higher-caste women to work suggests that their
reservation wage ought to be higher. Table 2.2 shows the results for the regression of
individual female wages on a dummy for low caste and other controls. The low caste dummy
is insignificant controlling for age, education, marital status, type of agricultural operation

and district fixed effects. If the district fixed effects are dropped, then the low caste dummy is
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negative and significant even with other district controls (X,;). These controls do not,
however, capture the across district variation in male and female labor supply all of which are
impounded in the district fixed effects. Thus, within a district, differential selection into the

labor force across castes does not affect their individual wage.*®

The second concern with caste composition as an instrument is that areas with greater
low-caste households may have lower access to inputs, public goods and infrastructure
(Banerjee and Somanathan 2007). Such areas may also have agro-ecological endowments
which are unfavorable to agriculture. For these reasons, we include a comprehensive set of
controls for irrigation, education, infrastructure (roads, electrification, banks), urbanization

and agro-climatic endowments.

While there is no ex-ante way of knowing whether our controls are good enough, we
can perform the following consistency check. Suppose conditional on our controls, the
instrument is still correlated with omitted variables that affect the demand for agricultural
labor. Then the caste composition also ought to have an effect on the demand for male labor.
This can be easily checked from the first-stage regressions of the instrument variable
procedure. As will be shown later, conditional on controls for agro-climatic endowments and
infrastructure, caste composition does not have a statistically significant effect on the

employment of male labor in agriculture.

A third possibility is that the caste composition in a district reflects long run
development possibilities. In this story, the ‘higher’ castes used their dominance to settle in
better endowed regions. Once again, this would require adequate controls for agro-ecological

conditions. Finally, could caste composition itself be influenced by wages? Anderson (2011)

3 In another set of regressions, we control for the interaction of caste with the education and the age of an
individual. The earnings for low caste women are lower than that of others for educations levels of graduate and
higher.
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argues that village level caste composition in India has remained unchanged for centuries and
location of castes is exogenous to current economic outcomes. This is, of course, entirely

consistent with the low levels of mobility in India noted earlier.

2.5.2 ldentification of the Impact of Male Labor Supply

For male labor supply, this chapter uses, as instrument, the district proportion of men (in the
age group 15-59) employed in non-farm manufacturing and mining units with a workforce of
at least 20. The relation between this instrument and district level male employment in
agriculture is plotted in figure 2.5. The negative association visible in the graph is consistent
with the proposition that competition from non-farm jobs reduces labor supply to agriculture
(Lanjouw and Murgai 2009). Rosenzweig’s (1978) study of agricultural labor markets also
uses indicators of non-farm economy as an instrument for labor supply to agriculture.*
However, not all non-farm activity can be considered to be exogenous to agriculture. We
define our instrument to include employment in manufacturing and mining sectors, and
further restrict it to only large scale units. Our case, elaborated below, is that employment in
the non-traded sectors and in small enterprises is endogenous to agricultural development but

that is not so for large enterprises in traded sectors.

The rural non-farm sector is known to be heterogeneous. Some non-farm activity is of
very low productivity and “functions as a safety net — acting to absorb labor in those regions
where agricultural productivity has been declining — rather than being promoted by growth in

the agricultural sector” (Lanjouw and Murgai 2009). These are typically service occupations

' The variables used by Rosenzweig (1978) are the number of factories and workshops per household,
percentage of factories and workshops employing five or more people and the percentage of factories and
workshops using power.
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with self-employment and limited capital. It is clear that such non-farm activity is

endogenous to agricultural wages.

The other case is when a prosperous agriculture stimulates demand for non-farm
activity. This type of non-farm employment tends to be concentrated in the non-traded sector
of retail trade and services and mostly in small enterprises. Using a village level panel data
set across India, Foster and Rosenzweig (2003) argue that non-traded sectors are family
businesses with few employees while factories are large employers and frequently employ
workers from outside the village in which they are located. In a companion paper, they state
that on an average non-traded service enterprises consist of 2-3 workers. This is no different

from the international experience of developing countries (World Bank 2008, Chapter 9).

Column 1 in table 2.3 presents the sectoral distribution of non-farm employment in
production units with workforce of size 20 or more. This can be compared to the sectoral
distribution of non-farm employment in production units with workforce of size nine or less
in column 2 of table 2.3. It can be seen that the tradable sectors of manufacturing and mining
account for a substantially larger proportion of large work units while non-tradable sectors
such as trade and hotels, transport and construction are less important. These considerations
dictate that a valid instrument that captures withdrawal of labor from the farm sector would

measure non-farm employment in large units and in the traded sectors.

Even though the tradable non-farm goods and services sectors do not depend on local
demand, this variable could still be invalid if large non-farm enterprises locate in areas of low
agricultural wages. This possibility is suggested in the work of Foster and Rosenzweig
(2004). They analyze a panel data set over the period 1971-1999 collected by the National
Council of Applied Economic Research (NCAER). This data suggests a much higher

expansion of rural non-farm activity than that implied by the nationally representative
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employment survey data of NSS (Lanjouw and Murgai 2009). To see if the non-farm sector
gravitates towards agriculturally depressed areas in this data set, Lanjouw and Murgai (2009)
estimate the impact of growth in agricultural yields on growth in non-farm sector
employment. They take growth in agricultural yields as a proxy for agricultural productivity
and do not find a negative relationship between manufacturing employment and yield growth.
They find a positive association between the two in the specification with state fixed effects
and no other district controls. However, the addition of region fixed effects makes the

positive relation also disappear.

Therefore, if anything, the traded non-farm sector grew more in areas that were
relatively agriculturally advanced. One explanation for this has been provided by
Chakravorty and Lall (2005). They analyze the spatial location of industries in India in the
late 1990s and find that private investment gravitates towards already industrialized and
coastal districts with better infrastructure. No such pattern is seen for government investment.
The significance of geographical clusters is that it makes initial conditions of agricultural
productivity and infrastructure important in determining future investments. This implies that
estimation of labor demand equation should include adequate controls for infrastructure to

sustain the validity of the instrument.

Again, the adequacy of controls that ensures validity of the non-farm employment
instrument may be hard to judge ex-ante. However, if non-farm employment instrument is
correlated with omitted variables that affect overall agricultural labor demand, then the
instrument ought to be significant in the first-stage regression for female employment. As we
show later, this consistency check shows that non-farm employment in large manufacturing
and mining units is not a significant explanatory variable for female employment in

agriculture.
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2.6 Data

The key data this chapter uses is from the nationally representative Employment and
Unemployment survey of 2004-05 (July 2004 to June 2005) conducted by the National
Sample Survey Organization. NSS is a cross-sectional dataset which is representative of
India’s population. The survey contains labor force participation and earnings details for the
reference period of a week (preceding seven days from the date of survey) and follows a two
stage sampling design. In rural areas, the first stratum is a district. Villages are primary
sampling units (PSU) and are picked randomly in a district over an entire agricultural year
(July to June) over quarters to ensure equal spacing of observations across the year. The
households are randomly chosen in the selected PSU’s. The district level analysis includes 15
major states in the sample: Punjab, Haryana, Uttar Pradesh (includes Uttarakhand), Madhya
Pradesh (includes Chattisgarh), Bihar (includes Jharkhand), Gujarat, Rajasthan, West Bengal,

Assam, Maharashtra, Andhra Pradesh, Karnataka, Orissa, Tamil Nadu and Kerala.

Daily wage rate for each individual is calculated by dividing the total earnings by the
total number of days worked in agriculture in the last week. Average agricultural wage in a
district is estimated by calculating an average of daily wage rate for all casual wage laborers
in agriculture in a district, weighted by the sampling weights provided in the survey so that
the district level average wage rate is representative of the district population. Wages are
adjusted for differences in price levels across the states by using the consumer price index for
agricultural laborers as the deflator. District level employment is estimated by summing up
the total days worked in agriculture in the last week by all individuals in a district weighted

by the sampling weights and is divided by total area under cultivation in a district. Some of
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the other variables including the instruments are also constructed from this data set. The

control variables are obtained from a variety of sources (see table 2.5).

The first set of control variables relate to agriculture: irrigation, inequality in land
holdings, rainfall, agro-climatic endowments, and land allocation to various crops. The agro-
climatic variables are derived from a classification of the country into 20 agro-ecological
zones (AEZ) described in table 2.4 (Palmer-Jones and Sen 2003). The independent variables
are computed by taking the proportion of area of a district under a particular AEZ. A second
set of control variables relate to infrastructure: roads, electrification and banking. A third set
of variables relate to education and urbanization. Table 2.5 contains a description of all the

variables, their definitions and descriptive statistics.

The district-level regressions are weighted by district population and the standard
errors are robust and corrected for clustering at state-region level. In some districts, there are
very few wage observations. To avoid measurement error in the dependent variable, the
districts where the number of wage observations for either males or females was less than 5
were dropped from the analysis. Dropping districts where either male or female observations
are few in number results in a data set with equal observations for males and females.
However, this could lead to a biased sample as the districts where female participation in the
casual labor market is the least are most likely to be excluded from the sample. To see
whether such selection matters, we also estimate male labor demand function for districts in
which number of male wage observations are at least five (ignoring the paucity, if any, in the
number of female observations) and similarly estimate female labor demand function for
districts in which number of female wage observations are at least five (ignoring the paucity,

if any, of male wage observations).

30



Chapter 2. Caste, Female Labor Supply and the Gender Wage Gap in India: Boserup Revisited
2.7 Main Findings

Panel A of table 2.6 shows the system two stage least squares (2SLS) estimates of inverse
demand functions for total male and female labor in agriculture. The first specification
considers only the agriculture controls of irrigation, land inequality, rainfall, agro-ecological
endowments and allocation of land to various crops. In the second specification, we add the
infrastructure controls of roads, electrification and banking. The final specification includes
the controls for education and urbanization.™ Panel B of table 2.6 shows the coefficients of
the instruments in the first-stage reduced form regressions for each of these three
specifications. Panel C of table 2.6, displays the coefficients of the labor supply variables

from an ordinary least squares estimation of (2E.1) and (2E. 2).

In panel B of table 2.6, for all specifications, we find a significantly positive
association between proportion of low caste households in a district and female employment
in agriculture. Similarly, a greater presence of large scale non-farm enterprises in
manufacturing and mining sectors decreases male employment in agriculture significantly in
all the specifications. The F-statistic for the instruments is reported in the bottom of Panel A
and it is significant at 5 percent level for female labor supply and at 1 percent level for male
labor supply. The first-stage regressions thus confirm the causal story about these variables:
status norms govern female labor supply and non-farm opportunities are primarily received

by men.

Note also that the proportion of low caste households does not affect employment of
male labor in agriculture and presence of large scale non-farm manufacturing and mining

enterprises does not affect female labor employment in agriculture significantly. The

1> Appendix 2.A shows the first-stage coefficients of the other control variables for the final specification in
table 2.6.
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significance of this observation is that if, despite the controls, the instruments retained some
residual correlation with demand for agricultural labor, then we would expect both
instruments to be significant in the first-stage reduced form regressions for male and female
employment. The fact that this is not so supports the case that these are valid instruments for
labor supply to agriculture. Returning to the labor demand equations, the system 2SLS
estimates of the effect of female and male labor supply on own wage rates in panel A of table
2.6 are larger in magnitude and statistically more significant than the OLS estimates in panel
C of table 2.6, and have the expected negative signs for own effects. *® The coefficients of
the labor supply variables do not change much between the three specifications in Panel A.
The agriculture controls seem to be the most important in removing the correlation between

agricultural labor demand and the instruments.

The cross effects of labor supply on wage rates are negative in sign. This implies that
males and females are substitutes in agriculture. However, male labor and female labor are
not perfect substitutes. In the system 2SLS regressions with full set of controls (the third
specification), female labor supply has a significant impact on female wage with an inverse
demand elasticity of — 0.52. However, the impact of female labor supply on male wage is
smaller (around -0.1) and is not significantly different from zero. Thus, an increase in female
labor supply by 10% decreases female wage by 5.2%, male wage by 1.3% and decreases the
female to male wage ratio by 4%. To test formally that the impact on female wage is greater
(in absolute terms) than the impact on male wage, we carry out a chi-square-test. In all of the
specifications, the chi-square-test rejects the null that the coefficients are equal against the
alternative that the coefficient of female labor supply in the female wage regression is higher

than the coefficient of female labor supply in the male wage regression. This is supportive of

16 By the Durbin-Wu-Hausman test, the null hypothesis that the employment variables can be treated as
exogenous is rejected for all specifications (at 10 % significance level).
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the Boserup hypothesis that caste driven variation in female labor supply leads to variation in
the gender wage gap in agriculture across regions of India. In particular, greater female work

participation decreases female wage relative to male wage."’

In contrast, the effect of male labor supply variation is significantly negative for both
male and female wage rates. In the third specification with the full set of controls, the point
estimate of the inverse demand elasticity is -0.37 for female and -0.28 for male wage with
respect to male labor supply. Although large scale non-farm employment is dominated by
men, non-farm labor demand has favorable effects on female and male wage rates. The point
estimates would imply that a 10% decrease in male labor supply increases male wage by
2.8%, female wage by 3.7% and increases the female to male wage ratio by 1%. A chi-
square test however, does not reject (in all the specifications) the null of equality of the two
coefficients in the male and female inverse demand functions for male labor supply. Hence, a
decrease in male labor supply to agriculture has no significant impact on gender wage gap in

agriculture.

There is, thus, an asymmetry between the effects of gender specific variation in labor
supply on the wage of the opposite gender. Male labor supply matters to female wage but the
effect of female labor supply on male wage is small and insignificant. Why is this so? The
theoretical model posited in section 2.3 predicts that the elasticity of female wage with
respect to male employment relative to the similar cross elasticity of male wage is the product
of two ratios: the ratio of male to female labor employment and the male to female wage

ratio. The sample estimate for male and female labor employment is 5.17 and 2.57 days per

7 We also estimated Rosenzweig’s specification for our data set with instruments that are as close as possible to
those employed by him. In these results, female labor supply has a significant negative impact on both female
and male wage but not on the gender wage gap. This matches the finding of Rosenzweig for the 1961 data. We
also find that male labor supply does not have a significant impact on the gender wage gap even though the
impact of male labor supply on male wage is significant and negative and on female wage is insignificant. In
Rosenzweig’s earlier analysis, male labor supply had an insignificant impact on male and female wages and
therefore did not matter to the gender wage gap.

33



Chapter 2. Caste, Female Labor Supply and the Gender Wage Gap in India: Boserup Revisited

week per hectare of land respectively while the sample estimate for male and female wage is
Rs 47.3 and Rs 36.13 per day respectively. This gives an estimate of relative cross-wage
elasticities to be 2.63. The results in panel A of table 2.6, for the specification with the full set
of controls, yield an econometric estimate of the ratio of cross-wage elasticities as 2.84 which

is close to the prediction from the theoretical model.

The control variables could also have an effect on the gender wage gap. To ascertain
this, a chi-square test was conducted to test for the equality of coefficients for each control
variable across male and female demand equations. The null hypothesis of equality of
coefficients is rejected at 5 % level of significance for rice cultivation, access to roads and
landholding inequality. Rice growing areas have a higher demand for female labor which
leads to a higher wage rate for women and translates into a lower gender wage gap. Many
researchers have documented greater demand for female labor in rice cultivation due to
greater demand for females in tasks like transplanting and weeding (Mbiti 2007) and this
result validates their observations. On the other hand, access to roads seems to increase
demand for only male labor resulting in a larger wage gap between females and males in
districts with better access to roads. Landholding inequality measured by the Gini coefficient
for a district affects demand for both males and females significantly negatively reflecting the
well known feature that large farms use less labor per unit of land than small farms.
Moreover, women are more adversely affected by men resulting in a larger gender wage gap
in districts with higher land inequality. Theoretically, the effect of landholding inequality on

gender wage differential is ambiguous (Rosenzweig 1978).

A concern with the 2SLS results is that the first-stage F-statistic though significant is
not very large. Weak-instruments could lead to biased estimates and to finite sample

distributions that are poorly approximated by the theoretical asymptotic distribution. While
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such concerns are greater in an over-identified model, the weak-instrument critique suggests
caution in interpreting the 2SLS results. As a check for just identified models with possibly
weak-instruments, Angrist and Pischke (2008) and Chernozhukov and Hansen (2008)
recommend looking at the reduced form estimates of the dependent variable (male and
female wage) on all exogenous variables (X4, Z;) since they have the advantage of being
unbiased. Chernozhukov and Hansen (2008) formally show that the test for instrument
irrelevance in this reduced form regression can be viewed as a weak-instrument-robust test of
the hypothesis that the coefficient on the endogenous variable in the structural equation is
zero. The sign and the strength of the coefficients in the reduced form regression can provide

evidence of whether a causal relationship exists.

Panel D of table 2.6 shows the results for the coefficients of instruments from the
reduced form regression of male and female wage on instruments and other covariates. The
instruments are significant in this regression and so it can be concluded that the weak-
instrument problem does not contaminate the inference from the structural regressions. It can
be seen that an increase in proportion of low caste households reduces only the female wage.
This is entirely consistent with the 2SLS results where the instrument increases only female
labor supply (the first-stage regression) which in turn has a significantly negative impact only
on female wage. On the other hand, large scale industrial employment has a significantly
positive impact on male and female wage rates. This is also in line with the 2SLS results
where the presence of large enterprises in the non-farm sector decreases only male labor

supply to agriculture which in turn impacts both male and female wage positively.
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2.8 Robustness Checks

The third specification in Panel A of table 2.6 is our baseline and we consider the robustness
of its estimates to alternative specifications. Panel A of table 2.7 adds more agriculture
controls: fertilizer usage per unit of cultivated land and implements (consisting of tractor and
power operated tools) per unit of cultivated land. Including fertilizers (first specification)
does not change the impact of female labor supply on male and female wage and a 10%
increase in female labor supply increases the gender wage gap by 3.6%. The chi-square test
does not reject the equality of male labor supply coefficients across male and female labor
demand equations but rejects the equality of female labor supply coefficients. The inclusion
of fertilizers does, however, reduce the coefficient of irrigation in both equations to the point
that it becomes insignificant in the female labor demand equation. This is possibly because of
a high positive correlation (0.4) between irrigation and fertilizer use. Controlling for
implements used per unit land cultivated (specification 2) does not change any of the
principal findings of the base specification. Again, the chi-square test does not reject the
equality of male labor supply coefficients across male and female demand equations but

rejects the equality of female labor supply coefficients.

In a second robustness check, we control for male and female health in rural areas.
Nutrition status can affect productivity which in turn could impact rural wage. If nutrition
status is correlated with our instrumental variable of low caste composition, then it could bias
our results as well. Adult measures of health in India are not available at district level. Weight
and height measurements are available at state level from the National Family and Health
Survey of 2005-06. The measure of under-nutrition is percentage of rural adults with a body
mass index of less than 18.5. Panel B of table 2.7 shows the structural estimates for the total

demand for labor with state level health controls. The results from the base specification
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continue to hold. While increase in female labor supply increases the gender wage gap

significantly, male labor supply has no impact.

As a third check, we reconsider our sample selection rule. Recall, that we chose
districts for which there were at least five observations for female as well as male wages.
While this ensures an equal sample size for males and females, it also entails a risk of
dropping districts where female participation in wage work is the least. To check robustness,
we consider the following alternative. For the male worker sample, we considered all districts
where there are at least five observations for male wages. Similarly, for the female worker
sample, we included all districts where there are at least five observations for female
wages. This increases the number of districts from 279 in the matched sample to 359 for
males and to 288 for females. Table 2.8 shows the estimates from the baseline specification
on this enlarged sample. The estimates validate our central result that the gender wage gap is
sensitive to female labor supply and not to male labor supply. In fact, the effect of female
labor supply on gender wage gap in the enlarged sample is greater. A 10% increase in female
labor supply results in a 4.8% decline in female to male wage ratio in the enlarged sample

compared to 4% in the matched sample.

In a fourth robustness check, we control for differential participation in tasks by males
and females across districts. As noted earlier, some agricultural tasks are traditionally deemed
as male while others are dominated by women. In section 2.3, we showed that the gender
wage gap in Indian agriculture is within tasks. A very small percentage of the wage gap can
be attributed to differential participation of men and women across tasks. To address this
issue formally, we regress individual wages on individual characteristics (age, age square,
education dummies, and marital status dummies), district level female and male labor

employment in agriculture (suitably instrumented), other district controls and dummy

37



Chapter 2. Caste, Female Labor Supply and the Gender Wage Gap in India: Boserup Revisited

variables for agricultural tasks for which the wage is recorded. The agricultural tasks are

ploughing, sowing, transplanting, weeding, harvesting and other agricultural activities.

The estimates are reported in table 2.9. They show that a 10% increase in female labor
supply reduces female wage by 5.5% and has no significant effect on male wage. Male labor

supply on the other hand has an identical negative effect on male and female wage.

Lastly, we consider the possibility that hired and family labor may not be equally
efficient. Family labor may be more efficient because of better incentives. If this is so, a
simple aggregate of family and hired labor is not valid and could lead to inconsistent
estimates. Suppose one unit of hired labor is equivalent to 8 units of family labor (with 6 less
than one). Then in terms of efficiency units of family labor, the total labor supply is L/ +
6L , where L/S and L% are the aggregate labor supply to home farm and to outside farms.
In the regressions, we have measured labor supply as In(L/* + L%%). Since, In(L"S + 6L°%)
=In(L/S + Lo + In[(L"S + 8L°S) /(LS + L°)], the second term is absorbed in the error

term of the regressions. This could lead to inconsistent estimates. The instruments will be

LfS+oL0S

correlated with In (m

) if they not only affect the total labor supply but also the

allocation of labor between own farm and outside farm. It is possible that low caste women
have a greater propensity to work outside their family farm due to less social restrictions.
Similarly, the opportunity of employment in manufacturing and mining could lead landed

households to divert their labor supply to industry and increase hiring of labor on their farms.

To meet these concerns, we estimate the baseline specification for values of 8 ={0.5,
0.7, 0.9}, for both male and female labor. The results are shown in table 2.10. The last
column shows the results for 8 =1 which corresponds to the results of the base specification

in table 2.6. As the value of 6 decreases, the impact of female labor supply on male wage
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does not change but the impact of female labor supply on female wage falls in magnitude.
The chi-square test for the equality of the impact of female labor supply on female and male
wage continues to be rejected for the selected values of 8. A decrease in the value of 6
increases the impact of male labor supply on both male and female wage. Once again, the
chi-square test for the equality of the impact of male labor supply on male and female wage is

not rejected for the selected values of 6.

2.9 Explaining the Difference in Gender Wage Gap between

Northern and Southern States of India

While our findings support the Boserup hypothesis, there are other factors as well that
matter to the gender wage gap. So to what extent does the Boserup hypothesis, i.e., the
difference in female work participation across northern and southern states in India explain
the observed difference in the gender wage gap?

From estimation equations (2E. 1) and (2E. 2), the gender wage gap in a southern

state can be written as

Wys — Wes = (@ — @1)Lps + (BO—BQZM,s + (Fo — P Xs + (S_M,s — S_F,s) (2.8)

where, W is the log of wages, L is the log of labor supply and X are other district level

covariates included in the empirical analysis. ‘M’ and ‘F’ index males and females

respectively. Similarly, the gender wage gap in a northern state can be written as

Wyn — Wen = (@ — @) Lpn + (Bo_ﬁl)ZM,n + (o — 1) Xn + (S_M,n - S_F,n) (2.9)
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Subtracting (2.9) from (2.8), we obtain
(WM,S - WF,S) - (WM,n - WF,n) = (@y — &1)@1?,5 - ZF,n) + (BO_Bl)(ZM,S - ZM,n) +

Fo — ) Xs — X)) + (Ems — &rs) — (Emn — Ern) (2.10)

The ratio [(@ — &) (Lrs — Le )1/ [(Win — Wrs) — (Wan — Wiy )] is the proportion of
the difference in wage gap across north and south that is explained by the difference in
female labor supply.

To implement this, we let the variables take the average values of northern and
southern states respectively.’® The mean values are listed in table 2.11. The parameters are the
coefficient estimates of the base specification estimated in column 3 of table 2.6 (panel A).
Table 2.12 shows the proportion of the gender wage gap explained by each right hand side
variable. The proportions for agro-ecological zones have not been shown for brevity. One can
see that 55 percent of the regional difference in the gender wage gap is because of the larger
female labor supply in the southern states. Greater land inequality and lower area under
cultivation of rice in the southern states are other important and significant factors which lead
to a greater gender wage gap in the south. On the other hand, greater electrification, lower
male supply and the greater importance of coarse cereal crops (sorghum and millets) should
lead to a lower gender wage gap in the south but these do not affect the gender wage gap

significantly in the regressions.

'8 We classify Andhra Pradesh, Karnataka, Kerala, Maharashtra and Tamil Nadu as southern states while
Assam, Bihar, Gujarat, Punjab, Haryana, Rajasthan, Uttar Pradesh, Madhya Pradesh and West Bengal are
classified as northern states. Orissa is omitted from the north-south analysis since it does not fall clearly into any
of the categories and also is geographically sandwiched between the North and the South.
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2.10 Conclusion

The effect of variation in female work force participation on the gender wage gap in the
developed countries has been explored in recent papers. In a developing country context,
such a connection was made by Boserup many decades ago. Based on data from 1950s, she
posited that the gender wage gap was higher in the southern states of India relative to the
northern states because of greater female labor supply in south India, which stemmed from
differences in cultural restrictions on women’s participation in economic activity. This
chapter confirms the hypothesis within a neo-classical framework of labor markets.
Compared to the literature, this chapter also pays attention to the variation in male labor
supply and how that impacts the gender wage gap. The exogenous variation in labor supply is
identified by spatial variation in caste composition and non-farm employment of men in large

units.

We find that female labor supply has a sizeable effect on female wage but not on male
wage. This result thus has important implications for the literature on gender wage
differentials. It shows that the usual approach of attributing the gender wage gap to only
individual characteristics or discrimination is incomplete. The overall labor market structure
that determines labor supply and the substitutability between female and male labor may also

have a significant impact on gender wage inequality.

The chapter also found that male labor supply has sizeable effects on male as well as
female wage. This finding is interesting on three counts. First, it provides a causal effect of
withdrawal of males from agriculture due to non-farm employment opportunities on wages of
men and women. The chapter, therefore, sheds light on the economic processes that affect
agricultural wage (Lanjouw and Murgai 2009; Eswaran et al. 2009; Foster and Rosenzweig

2003). Second, the strong effect of male labor supply on female wage is of independent
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interest since the sectoral mobility of women from the farm to the non-farm sector is much
less marked compared to men (Eswaran et al. 2009). This is because of lower education
levels as well as societal constraints that limit female participation in most non-farm jobs.
This raises a concern that rapid growth in the non-farm sector does not entail much gain for
women. Our finding, however, suggests that there is enough substitutability between men and
women in the agricultural production process that a withdrawal of men from agriculture has

positive effects on male and female wages.

Finally, the findings point to a marked asymmetry between the effects of female and
male labor supply. Female labor supply does not impact male wage significantly but male
labor supply does move female wage significantly. A standard neo-classical model predicts
this asymmetry and its magnitude is determined by the gender gap in wage and the gender

gap in labor supply. The findings match the prediction closely.
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Figure 2.1 Female to Male Wage Ratio Across the Indian States (2004-05)
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Source: NSS 2004 Employment and Unemployment Schedule (Authors’ calculations).
Note: Ratio of female to male daily wage rates for agricultural workers in rural India aged 15-59 is plotted in the
above figure.
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Figure 2.2 Female Employment in Agriculture and Female to Male Wage Ratio
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Female employment in agriculture
Source: NSS 2004 Employment and Unemployment Schedule (Authors’ calculations).
Note: Labor employment is measured as total days worked in a reference week per unit land under cultivation in
a state. Population weighted regression lines are fitted to the above plots.

Figure 2.3 Female Employment in Agriculture and the Re-weighted Female to Male
Wage Ratio
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Female employment in agriculture
Source: NSS 2004 Employment and Unemployment Schedule (Authors’ calculations).
Note: Labor employment is measured as total days worked in a reference week per unit land under cultivation in
a state. Population weighted regression lines are fitted to the above plots.
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Figure 2.4 Low Caste Households and Female Employment in Agriculture
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Source: NSS 2004 Employment and Unemployment Schedule (Authors’ calculations).
Note: Labor employment is measured as total days worked in a reference week per unit land under cultivation in
a district. Population weighted regression lines are fitted to the above plots.

Figure 2.5 Large Scale Industrial Employment and Male Employment in Agriculture
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Source: NSS 2004 Employment and Unemployment Schedule (Authors’ calculations).
Note: Labor employment is measured as total days worked in a reference week per unit land under cultivation in
a district. Population weighted regression lines are fitted to the above plots.
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Table 2.1 Gender Wage Gap in Indian Agriculture

Wage Wage
@) )

Female -0.35***  (0.03)  -0.33***  (0.03)
Age 0.02*** (0.00) 0.02*** (0.00)
Age square -0.00*** (0.00) -0.00*** (0.00)
Below primary 0.06*** (0.02) 0.06** (0.02)
Primary 0.05* (0.02) 0.05* (0.02)
Middle 0.03 (0.03) 0.02 (0.03)
Secondary 0.04 (0.03) 0.04 (0.03)
Senior secondary and above -0.03 (0.03) -0.03 (0.03)
Married -0.02 (0.02) -0.01 (0.02)
Widowed -0.06** (0.03) -0.05 (0.03)
Divorced -0.13*** (0.04) -0.11** (0.05)
Sowing -0.17** (0.06)
Transplanting -0.04 (0.05)
Weeding -0.20*** (0.04)
Harvesting -0.12***  (0.04)
Other cultivation -0.11*** (0.03)
Constant 3.37%** (0.05) 3.50%** (0.06)
Observations 14,190 14,190

R-square 0.21 0.22

Source: NSS 2004 Employment and Unemployment Schedule

Note: The above table reports the results from an OLS regression of individual wage on individual characteristics. Log
of individual wage for each task that a person undertakes is the dependent variable. Robust standard errors clustered at
state-region level are in parenthesis; ***, ** and * indicate significance at the 1, 5 and 10% levels respectively.
Districts having at least 5 wage observations for males and females are included.
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Table 2.2 Effect of Caste on Female Wage

Female wage
Coefficient Standard Error

Low caste -0.00 (0.01)
Age 0.01** (0.00)
Age square -0.00** (0.00)
Below primary 0.01 (0.02)
Primary 0.02 (0.02)
Middle 0.02 (0.02)
Secondary 0.01 (0.04)
Senior secondary and above 0.13*** (0.04)
Married 0.00 (0.02)
Widowed -0.01 (0.02)
Divorced -0.05 (0.04)
Sowing -0.01 (0.08)
Transplanting 0.08 (0.07)
Weeding -0.03 (0.07)
Harvesting 0.04 (0.07)
Other cultivation 0.02 (0.06)
Constant 3.23%** (0.08)
District fixed effect Yes
Observations 6,377

R-squared 0.49

Source: NSS 2004 Employment and Unemployment Schedule

Note: The above table reports the results from an OLS regression of individual female wage on individual
characteristics. Log of individual wage for each task that a person undertakes is the dependent variable. Robust
standard errors clustered at state-region level are in parenthesis; ***, ** and * indicate significance at the 1, 5
and 10% levels respectively. Districts having at least 5 wage observations for females are included.
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Table 2.3 Sectoral Distribution of Non-Farm Employment
Percentage in units with 20 or ~ Percentage in units with 9 or less
more workers workers

Industry (1) (2)

Allied activities in agriculture 1% 7%

Fishing 0% 1%

Mining 7% 1%

Manufacturing 44% 20%

Construction 11% 17%

Trade and hotels 3% 28%

Transport 9% 12%

Finance and real estate 3% 2%

Public administration 22% 11%

Domestic services 0% 1%
Source: NSS 2004 Employment and Unemployment Schedule (Authors’ calculations).

Note: The
men aged

above figures are calculated from the usual status activity status of respondents. The sample includes
15-59.

Table 2.4 Agro-Ecological Zones (AEZ)

AEZ Description

2 Western Plain, Kachch and part of Kathiarwar, peninsular, hot arid ecoregion, with desert and saline soils and
LGP (Length of Growing Period) <90 d

3 Deccan Plateau, hot arid ecoregion, with red and black soils and LGP <90 d

4 Northern Plain and Central Highlands including Aravelli hills, hot semi-arid ecoregion with alluvium derived
soils and LGP 90-150 d

5 Central Highlands, Gujarat Plains, Kathiarwar peninsular, hot arid ecoregion, with medium and deep black soils
and LGP 90-150 d

6 Deccan Plateau, hot semi arid ecoregion, with mainly shallow and medium but some deep black soils and LGP
90-150 d

7 Deccan Plateau of Telengana and Eastern ghats, hot semi-arid ecoregion with red and black soils and LGP 90-
150d

8 Eastern Ghats, Tamil Nadu uplands and Deccan (Karnataka) Plateau, hot semi arid ecoregion with red loamy
soils and LGP 90-150 d

9 Northern Plain, hot subhumid (dry) ecoregion with alluvium derived soils and LGP 150-180 d

10 Central Highlands (Malwa, Bundelkhand, an Eastern Satpura), hot subhumid ecoregion, with black and red soils
and LGP 150-180 d up to 210 d in some places

11 Eastern Plateau (Chattisgarh), hot subhumid ecoregion, with red and yellow soils and LGP 150-180 d

12 Eastern (Chotanagpur) plateau and Eastern Ghats, hot subhumid ecoregion with red and lateritic soils and LGP
150-180 to 210d

13 Eastern Gangetic Plain, hot subhumid (moist) ecoregion, with alluvium derived soils and LGP 180-210 d

14 Western Himalayas, warm subhumid(to humid and perhumid ecoregion) with brown forest & podzolic soils,
LGP 180-210+d

15 Bengal and Assam Gangetic and Brahmaputra plains , hot subhumid (moist) to humid (and perhumid) ecoregion,
with alluvium derived soils and LGP 210+ d

16 Eastern Himalayas, warm perhumid ecoregion with brown and red hill soils and LGP 210+ d

17 Northeastern Hills (Purvachal), warm perhumid ecoregion with red and lateritic soils and LGP 210+ d

18 Eastern coastal plain, hot subhumid to semi-arid ecoregion, with coastal alluvium derived soils and LGP 210+ d

19 Western ghats and coastal plain, hot humid region, with red, lateritic and alluvium derived soils and LGP 210+d

Source: Gajbhiye and Mandal (2006).

Note: AEZ 1 and AEZ 20 are not present in any district included in our analysis.
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Variable Definition Mean Standard deviation
Wage Male wage In(Real average male casual manual worker wage in cultivation, aged 15-59 years) 3.82  0.28
Female wage In(Real average female casual manual worker wage in cultivation, aged 15-59
years) 354 031
Total days worked in a reference week in cultivation by males aged 15-59
Labor supply M€ LS In ( hres nder caltvation ) 146 061
Total days worked in a reference week in cultivation by females aged 15—-59
Female LS In ores amdor caTcvation ) 073 071
Instruments Low caste Percentage SC/ST/OBC households 0.75 0.9
Industry Percentage men aged 15-59 engaged in a manufacturing or mining unit employing 0.02  0.03
more than 20 workers
Agriculture Irrigation Percentage cultivated area irrigated 043 0.26
Gini Gini coefficient for land holding inequality 069 0.10
Rainfall Rainfall received during June to September 2004 in cms 830 541
Coarse cereals Percentage area under production of coarse cereals 0.16 0.19
Cotton Percentage area under production of cotton, jute, mesta, tobacco and sugarcane 0.08 0.11
Oilseeds and Pulses Percentage area under production of oilseeds and pulses 025 0.20
Rice Percentage area under production of rice 035 0.29
Horticulture Percentage area under production of horticulture crops 0.06 0.12
Wheat Percentage area under production of wheat 0.10 0.15
Infrastructure Paved roads Percent villages accessible by a paved road 066 0.24
Electrified Percent villages electrified 086 0.23
Commercial bank Percent villages having a commercial bank 0.09 0.13
Er?éjcation Primary-Middle male  Percentage Primary-Middle educated male aged 15-59 0.36  0.09
Urbanization  Secondary male Percentage Secondary or more educated male aged 15-59 0.23 0.09
Primary-Middle fem  Percentage Primary-Middle educated female aged 15-59 025 0.10
Secondary fem Percentage Secondary or more educated female aged 15-59 0.11  0.07
Urban Percentage population in a district living in urban areas 0.27 0.18

Source: Wages, Labor supply, Gini, Education, Low caste, Large scale non-farm employment in manufacturing and

mining units- National Sample survey 2004-05; Irrigation, Land under cultivation- Land Use Statistics 2004-05; Crop

composition- Area, Production and Yield statistics 2004-05; Rainfall- India Water Portal 2004-05(data originally collected
by Indian Meteorological Department); Agro Ecological Zones- Compiled by Richard Palmer-Jones and Kunal Sen;
Urban, Paved roads, Electrified and Commercial banks- Census of India 2001, Village directory
Note: Weighted mean with weights equal to district rural population, Agro-Ecological Regions are described in table 2.4.
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Table 2.6 Baseline Specification

Panel A: Aggregate Demand for Total Labor in Agriculture

District Controls: Agriculture

District Controls: Agriculture
District Controls: Infrastructure

District Controls: Agriculture
District Controls: Infrastructure
District Controls: Education & Urbanization

Male wage Female wage Male wage Female wage Male wage Female wage
@ @ ©)]
Female LS -0.08  (0.17) -0.49*  (0.27) 011 (0.17) -0.54*  (0.31) -0.13  (0.15) -0.52**  (0.25)
Male LS -0.29*** (0.09)  -0.35*** (0.12) -0.23***  (0.09)  -0.36*** (0.14) -0.28***  (0.09) -0.37**  (0.15)
Irrigation 0.21*  (0.12) 0.30*  (0.17) 0.28**  (0.12) 0.41**  (0.19) 0.31**  (0.12) 0.41**  (0.20)
Gini -0.52  (0.37) -1.28**  (0.54) -0.64*  (0.34) -1.33**  (0.56) -0.65*  (0.33) -1.30**  (0.51)
Rainfall -0.00 (0.01) 0.01 (0.01) 0.00 (0.00) 0.01 (0.01) 0.00 (0.01) 0.01 (0.01)
Paved roads 0.43***  (0.10) 0.05 (0.25) 0.47***  (0.11) 0.08 (0.23)
Electrified -0.55%**  (0.17) -0.41*  (0.25) -0.61%**  (0.18) -0.44*  (0.24)
Commercial bank 0.04 (0.20) -0.01 (0.21) 0.04 (0.17) -0.00 (0.21)
Primary-Middle female -0.01 (0.27) -0.15 (0.54)
Secondary female 0.39 (0.35) 0.39 (0.66)
Primary-Middle male -0.28 (0.26) -0.20 (0.40)
Secondary male -0.16 (0.24) 0.04 (0.45)
Urban percent -0.15**  (0.08) -0.08 (0.16)
Constant 4.50***  (0.37) 4.64***  (0.49) 4.85***  (0.41) 5.08***  (0.69) 5.10***  (0.49) 5.16***  (0.76)
AEZ Yes Yes Yes
Land Allocation to crops Yes Yes Yes
Observations 279 279 279 279 279 279
Under-id (p-val) 0.00 0.00 0.01 0.01 0.01 0.01
F(excluded instruments)
L 3.93 3.93 3.53 3.53 481 481
F(excluded instruments)
Lo 26.79 26.79 23.90 23.90 17.52 17.52
Null Female labor supply
has equal effect on male
and female wage (at 5%
level) Reject Reject Reject
Null Male labor supply
has equal effect on male
and female wage (at 5%
level) Accept Accept Accept
Panel B: First-stage for Labor Supply by Males and Females to Agriculture
Male LS Female LS Male LS Female LS Male LS Female LS
@) @ (©)
Low caste 2011 (0.19) 0.70**  (0.27) -0.15  (0.20) 0.66**  (0.26) -0.22  (0.19) 0.79%**  (0.27)
Industry -3.86***  (0.53) -0.58  (0.77) -3.68***  (0.55) -0.29  (0.89) -3.33***  (0.59) -0.26  (0.97)
R-Square 0.69 0.53 0.70 0.54 0.71 0.54
Observations 279 279 279 279 279 279
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Panel C: Ordinary Least Squares Estimates

Male wage Female wage Male wage Female wage Male wage Female wage
@) 2 (©)
Female LS -0.07**  (0.03) -0.15***  (0.04) -0.06** (0.03) -0.15*** (0.04) -0.06** (0.03) -0.15***  (0.04)
Male LS -0.01  (0.05) 0.04 (0.05) -0.01 (0.04) 0.05 (0.05) -0.01 (0.04) 0.06  (0.05)
R-Square 0.62 0.62 0.68 0.63 0.69 0.64
Observations 279 279 279 279 279 279

Panel D: Reduced Form Estimates

Male wage Female wage Male wage Female wage Male wage Female wage
@ @ (©)]
Low caste -0.02  (0.11) -0.31**  (0.13) -0.04 (0.10) -0.30%*  (0.13) -0.04 (0.10) -0.34%* (0.13)
Industry 1.15***  (0.35) 1.63***  (0.42) 0.89*** (0.33) 1.47*%**  (0.44) 0.98***  (0.34) 1.37%** (0.48)
R-Square 0.62 0.61 0.68 0.62 0.68 0.63
Observations 279 279 279 279 279 279

Note: Panel A reports two stage least squares estimates, instrumenting for labor supply of males and females using low caste
and industry employment as defined in table 2.5. Log of wages and log of labor supply are used in the above regressions.
Panel B reports the corresponding first-stage. Panel C reports the results from OLS regression of the dependent variable
against total labor employed in agriculture with other controls the same as in Panel A. Panel D reports the results from a
reduced form regression of the log wage on instruments with other controls the same as in Panel A. Robust clustered
standard errors are in parenthesis; ***, ** and * indicate significance at the 1, 5 and 10% levels respectively. The unit of
analysis is a district and districts having at least 5 wage observations for male and female each are included here.
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Table 2.7 Aggregate Demand for Total Labor in Agriculture with Additional Controls

Panel A: Adding Controls for Fertilizer and Implements

Male wage Female wage Male wage Female wage
Female LS -0.10 (0.14) -0.46** (0.23) -0.12 (0.15)  -0.52** (0.26)
Male LS -0.31*** (0.10) -0.44*** (0.15) -0.29*** (0.09)  -0.37** (0.15)
Irrigation 0.25** (0.11) 0.27 (0.17) 0.31** (0.13) 0.40** (0.20)
Gini -0.66** (0.33) -1.31*** (0.48) -0.64* (0.34)  -1.28** (0.51)
Rainfall 0.00 (0.00) 0.01 (0.01) 0.00 (0.01) 0.01 (0.01)
Paved roads 0.52***  (0.11) 0.18 (0.20) 0.49***  (0.12) 0.09 (0.23)
Electrified -0.60*** (0.18) -0.43* (0.24) -0.62*** (0.19) -0.45* (0.24)
Commercial bank -0.02 (0.19) -0.15 (0.19) 0.04 (0.18) 0.00 (0.21)
Primary-Middle female -0.04 (0.26) -0.23  (0.52) -0.02 (0.27) -0.16 (0.54)
Secondary female 0.07 (0.40) -0.35 (0.65) 0.36 (0.33) 0.37 (0.65)
Primary-Middle male -0.24 (0.25) -0.13  (0.37) -0.28 (0.26) -0.20 (0.40)
Secondary male -0.05 (0.25) 0.30 (0.47) -0.14 (0.24) 0.06 (0.45)
Urban percent -0.23***  (0.09) -0.27 (0.17) -0.15**  (0.07) -0.08 (0.15)
Fertilizer 0.04** (0.02)  0.10*** (0.03)
Implements 0.08 (0.10) 0.06 (0.12)
Constant 5.13*** (0.50) 5.23*** (0.75) 5.06*** (0.50) 5.13*** (0.76)
AEZ Yes Yes
Land allocation to crops Yes Yes
Observations 279 279 279 279
Under-id (p-val) 0.01 0.01 0.01 0.01
F(excluded instruments) L5 4.86 4.86 4.60 4.60
F(excluded instruments) L5y, 15.81 15.81 17.06 17.06
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Panel B: Adding Controls for Adult Health

Male wage Female wage

Female LS -0.16 (0.16) -0.53* (0.28)
Male LS -0.28***  (0.10) -0.37** (0.16)
Irrigation 0.33***  (0.12) 0.39** (0.19)
Gini -0.75*** (0.29) -1.20*%* (0.47)
Rainfall 0.00 (0.01) 0.01 (0.01)
Paved roads 0.35*** (0.13) 0.13 (0.26)
Electrified -0.59*** (0.21) -0.50* (0.30)
Commercial bank -0.04 (0.16) -0.01 (0.23)
Primary-Middle female 0.04 (0.27) -0.15 (0.55)
Secondary female 0.38 (0.35) 0.34 (0.66)
Primary-Middle male -0.29 (0.27) -0.21 (0.42)
Secondary male -0.16 (0.25) 0.11 (0.48)
Urban percent -0.11  (0.08) -0.09 (0.17)
BMI (Female) -0.00 (0.01) -0.01 (0.02)
BMI (Male) -0.01 (0.01) 0.01 (0.02)
Constant 5.73***  (0.60) 4.91***  (0.87)
AEZ Yes

Land allocation to crops Yes

Observations 279 279
Under-id (p-val) 0.01 0.01
F(excluded instruments) L5 3.957 3.957
F(excluded instruments) L5y, 17.25 17.25

Source: Fertilizer- Fertilizer Association of India 2004-05; Implements- Livestock Census 2003; Body Mass
Index- National Family Health Survey 2005-06

Note: Two stage least squares estimates, instrumenting for labor supply of males and females using low caste and
industry employment as defined in table 2.5. Log of wages and log of labor supply are used in the above
regressions. Robust clustered standard errors are in parenthesis; ***, ** and * indicate significance at the 1, 5 and
10% levels respectively. The unit of analysis is a district and districts having at least 5 wage observations for male
and female each are included here.
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Table 2.8 Aggregate Demand for Total Labor in Agriculture with All Observations

Male wage Female wage

Female LS -0.05 (0.06) -0.53** (0.24)
Male LS -0.36*** (0.13) -0.34**  (0.16)
Irrigation 0.22** (0.10) 0.42** (0.19)
Gini -0.46** (0.20) -1.32** (0.53)
Rainfall -0.01 (0.01) 0.01 (0.01)
Paved roads 0.40*** (0.12) 0.09 (0.22)
Electrified -0.60***  (0.20) -0.47* (0.24)
Commercial bank 0.06 (0.22) -0.03 (0.22)
Primary-Middle female 0.08 (0.22) -0.24 (0.51)
Secondary female 0.20 (0.30) 0.29 (0.64)
Primary-Middle male -0.21 (0.20) -0.16 (0.37)
Secondary male 0.11 (0.26) 0.14 (0.42)
Urban percent -0.16* (0.09) -0.01 (0.15)
Constant 5.09*** (0.50) 5.22***  (0.77)
AEZ Yes

Land allocation to crops Yes

Observations 359 288
Under-id (p-val) 0.02 0.02

F (excluded instruments) L5 8.76 5.54

F (excluded instruments) L5, 6.69 17.03

Note: Two stage least squares estimates, instrumenting for labor supply of males and females using low caste and
industry employment as defined in table 2.5. Log of wages and log of labor supply are used in the above
regressions. Robust clustered standard errors are in parenthesis; ***, ** and * indicate significance at the 1, 5 and
10% levels respectively. The unit of analysis is a district and districts having at least 5 wage observations for male
and female separately are included here for estimating male and female demand equations respectively.
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Table 2.9 Two-Stage Least Squares Estimates: Individual Data

Panel A: Impact of Female and Male Labor Supply on Female and Male Wages

Male wage Female wage
Female LS -0.06 (0.23) -0.55** (0.28)
Male LS -0.39*%** (0.13) -0.40* (0.20)
Observations 7,812 6,378
Under-id (p-val) 0.00 0.00
F(excluded instruments) L° 3.71 5.34
F(excluded instruments) L3y 12.96 13.14

Panel B: First-Stage Coefficients

Male LS Male LS
Low caste -0.24 (0.15) -0.18 (0.16)
Industry -2.84***  (0.56) -2.61***  (0.55)
R-square 0.71 0.64

Female LS Female LS

Low caste 0.61*** (0.23) 0.60*** (0.18)
Industry 0.53 (1.18) -0.54 (0.85)
R-square 0.57 0.52

Note: Panel A reports the two stage least squares estimates, instrumenting for labor supply of males and females
using low caste and industry employment as defined in table 2.5 and controlling for individual characteristics
like age, age square, education dummies, marital status and agricultural task along with all district controls in
the base specification (specification 3) of table 2.6. Log of individual wage for each task that a person
undertakes is the dependent variable. Log of labor supply at district level is the measure of explanatory variable.
Panel B reports the corresponding first-stage. Robust clustered standard errors are in parenthesis; ***, ** and *
indicate significance at the 1, 5 and 10% levels respectively. The districts are restricted to the ones included in

analysis in table 2.6.

Table 2.10 Aggregate Demand for Total Labor in Agriculture when Total Labor is

Measured in Efficiency Units

0= 0.5 0.7 0.9 1
Male Wage
Female LS -0.12 (0.15) -0.13 (0.15) -0.13 (0.15) -0.13 (0.15)
Male LS -0.37*%** (0.13) | -0.32*** (0.11) | -0.29*** (0.10) | -0.28***  (0.09)
Female Wage
Female LS -0.47* (0.26) -0.50**  (0.25) | -0.52** (0.25) | -0.52**  (0.25)
Male LS -0.58*** (0.22) | -0.47*** (0.18) | -0.40** (0.16) | -0.37**  (0.15)

Note: Two stage least squares estimates, instrumenting for labor supply of males and females using caste and
industry employment as defined in table 2.5 and controlling for all district controls in the base specification
(specification 3) of table 2.6. Log of wages and log of labor supply are used in the above regressions. Robust
clustered standard errors are in parenthesis; ***, ** and * indicate significance at the 1, 5 and 10% levels
respectively. The unit of analysis is a district and districts having at least 5 wage observations for male and

female each are included here.
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Table 2.11 Summary Statistics of Variables in Northern and Southern States

Standard Standard
Variable Mean deviation Mean deviation
Northern states Southern states
Female LS 0.54 0.73 0.98 0.60
Male LS 1.70 0.61 1.19 0.53
Irrigation 0.52 0.27 0.34 0.22
Gini 0.66 0.10 0.71 0.09
Rainfall 9.21 4,73 7.12 6.11
Paved roads 0.53 0.23 0.83 0.13
Electrified 0.75 0.27 0.99 0.02
Commercial bank 0.06 0.03 0.14 0.17
Primary-Middle female 0.23 0.10 0.27 0.11
Secondary female 0.09 0.05 0.15 0.07
Primary-Middle male 0.36 0.09 0.36 0.10
Secondary male 0.21 0.09 0.25 0.08
Urban percent 0.23 0.18 0.32 0.18
Coarse Cereals 0.09 0.13 0.24 0.22
Cotton 0.08 0.12 0.09 0.11
Oilseeds and Pulses 0.22 0.20 0.30 0.19
Rice 0.39 0.28 0.25 0.25
Horticulture 0.03 0.03 0.10 0.17
Male wage 3.77 0.25 3.88 0.30
Female wage 3.63 0.29 3.43 0.29

Note: Weighted mean with weights equal to district population. Andhra Pradesh, Karnataka, Kerala,
Maharashtra and Tamil Nadu are classified as the Southern states while Assam, Bihar, Gujarat, Punjab,
Haryana, Rajasthan, Uttar Pradesh, Madhya Pradesh and West Bengal are classified as the Northern states.

Table 2.12 Explained Difference in Gender Wage Gap between Northern and Southern
States

Variable Proportion wage gap explained
Female LS 55%
Paved roads 36%
Rice 29%
Horticulture 10%
Gini 10%
Rainfall 7%
Irrigation 5%
Primary-Middle female 2%
Commercial bank 1%
Secondary female 0%
Primary-Middle male 0%
Cotton -2%
Urban percent -2%
Oilseeds and Pulses -2%
Secondary male -2%
Electrified -13%
Male LS -14%
Coarse Cereals -22%
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Appendix for Chapter 2
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2.A First-stage Results for Identification of Labor Demand

Equations

Table 2.A.1 First-stage Results for Labor Supply by Males and Females to Agriculture

Male labor supply Female labor supply
Low caste -0.22  (0.19) 0.79***  (0.27)
Industry -3.33***  (0.59) -0.26 (0.97)
Irrigation 0.37* (0.18) 0.49** (0.24)
Gini -0.37  (0.34) -1.78***  (0.46)
Rainfall 0.01 (0.01) 0.01 (0.02)
Paved roads 0.04 (0.24) -0.29 (0.38)
Electrified -0.45*  (0.25) -0.33  (0.3)
Commercial bank -0.08 (0.16) -0.39  (0.4)
Urban percent -0.22  (0.17) -0.07 (0.27)
Primary-Middle female -0.13  (0.58) 0.40 (0.9)
Secondary female 041 (0.77) 0.33 (0.88)
Primary-Middle male -0.27  (0.44) -0.96 (0.78)
Secondary male -0.43  (0.42) 0.38 (0.84)
Constant 1.83***  (0.58) 114 (0.74)
AEZ Yes
Crop Composition Yes
R-Square 0.71 0.54
Under-id (p-val) 0.01 0.01
Observations 279 279

Note: The table shows the first-stage estimates for specification 3 in table 2.6. Log of labor supply is the
dependent variable. Robust clustered standard errors are in parenthesis; ***, ** and * indicate significance at
the 1, 5 and 10% levels respectively. The unit of analysis is a district and districts having at least 5 wage
observations for male and female each are included here.
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Chapter 3

Rainfall Shocks and the Gender Wage Gap: Evidence

from Indian Agriculture?

3.1 Introduction

Labor economists have long been concerned with measurement of wage gaps across
demographic groups like gender, race and ethnicity. The immediate question of interest
which has received much attention is why do these gaps exist? These gaps have been shown
to exist due to differences in characteristics, differential returns to similar characteristics,
discrimination and prevailing labor demand and supply conditions for males and females.
The second question of interest which has received comparatively less attention is how these

wage gaps respond to changes in labor market conditions.

Very few studies examine the changing nature of wage gaps between demographic
groups due to a tightening or a boom in the labor market and these too are restricted to the
developed countries’ urban labor markets. O’Neill (1985) and more recently Biddle and

Hamermesh (2011) analyze the impact of aggregate changes in unemployment rates in the

1| would like to acknowledge a research grant from United Nations Development Program towards the research
work in this chapter.
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economy on gender gap in wages using data from the United States. O’Neill (1985) finds that
gender wage gap increases when high unemployment rates prevail in the economy and
attributes it to possibly greater vulnerability of females to layoffs due to lesser training and in
general a weaker labor market for females during recessions. Biddle and Hamermesh (2011)
also find that gender wage gaps are counter cyclical in nature. They attribute it to greater

discrimination against females during downturns.

Contrary evidence to the above is presented in Solon, Barsky and Parker (1994), Park
and Shin (2005) and Marchand and Olfert (2013). Using other datasets and time periods for
the United States they estimate that gender wage gaps are pro-cyclical in nature. This they
argue is due to males being over represented in industries with more pro-cyclical demand.
Aller and Arce (2001) also find that gender wage gap reduced during the 1990-94 economic
recession in Spain due to a proportional increase in service employment. In the Indian context
there is scanty literature on the effects of demand shocks on labor market outcomes. The only
related study that the author is aware of is by Bhalotra (2010) who finds that decrease in state
level income (a proxy for recessionary conditions in labor market) increases women’s labor

force participation in the agriculture sector.

As noted in many countries, there is a persistent gap in daily wage rate of females and
males in Indian agriculture as well. Table 3.1 shows the female to male wage ratio across 14
Indian states from the National Sample Survey (NSS) rounds of 1993-2007. On an average
female daily wage rate in agriculture is 70% of that of male agricultural labor. However, real
agricultural wages for males and females are not static over time and change in response to
prevailing conditions in the labor market. One of the shocks that the agricultural labor market
is continually subject to is rainfall variability across years. These shocks affect profitability

and change demand for labor in Indian agriculture. This variability in demand for labor in
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agriculture due to natural rainfall shocks can have an impact on gender wage gap in
agriculture. The relative impact depends on asymmetric effects of rainfall variability on
demand for male and female labor in agriculture and asymmetric supply responses of male

and female labor to these shocks.

In the past few decades, climate change has made rainfall more variable in India
leading to recurrence of drought like situations across different parts of the country in
different years. Each year some part of the country suffers from rainfall scarcity leading to
low agricultural output and affects livelihood of people dependent on agriculture in rural
India. Of the twenty two countrywide major droughts witnessed in India in the last 120 years,
seven have occurred in the last three decades. Since agriculture plays a pivotal role in
employment generation in developing countries (according to the Ministry of Home Affairs
(2011), 73 percent of rural workforce is engaged in agriculture), any disruption in the
agricultural labor market has an impact on a large section of working population. It remains
the largest sector absorbing the Indian workforce and agricultural laborers constitute 55
percent of the agricultural workforce (Ministry of Home Affairs 2011). In terms of gender
composition, about 77 percent of female work force in rural India is engaged in agriculture.
Climatic shocks may not have gender neutral effects (WEDO 2008) and could also

potentially affect the agricultural wages of males and females differently.

This is the first study which looks into the impact of adverse demand shocks in rural
labor markets on gender gap in agricultural wages in a developing country context. In this
chapter, we estimate the impact of changing demand conditions in rural agricultural labor
market due to rainfall shocks on gender wage gap in agriculture. We construct a district level
panel dataset to examine the above question. Also, we specifically look into the heterogeneity

in the impact of these shocks in rice growing regions of the country since rice is considered to
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be a crop in which there is greater demand for female labor (Boserup 1970) and it is also a
crop highly susceptible to rainfall shocks under rainfed conditions due to large water

requirement.

In the next section we provide a literature review of studies estimating the impact of
weather variability on labor market outcomes. Section 3.3 outlines a simple theoretical
framework for the chapter and section 3.4 discusses the data and the variables constructed. In
section 3.5 we estimate the impact of rainfall shocks on agricultural yields and in section 3.6
discuss the empirical strategy and the main findings. Section 3.7 provides a few robustness
checks for the main findings and in section 3.8 we discuss the mechanisms which could

possibly lead to the results obtained. In section 3.9 we gather concluding remarks.

3.2 Effect of Weather Shocks on Labor Market Outcomes

The literature on weather shocks and labor market outcomes can be broadly divided into two
strands. One strand of work looks into the effect of rainfall shocks on wages (Jayachandran
2006; Mueller and Osgood 2009; Mueller and Quisumbing 2011; Burgess et al. 2011;
Adhvaryu, Char and Sharma 2013). The second strand of work looks into the effect of these
shocks on time use in different activities by agricultural households as a means to cope with
the shock (Rose 2001; Maitra 2001; Badiani and Safir 2008; Ito and Kurosaki 2009). This
chapter contributes to the first body of work by looking at the gender differentiated impact of
rainfall shocks on wages. There is no study which looks into the heterogeneity of wage

impacts by gender for aggregate shocks like rainfall variability.

2 Halliday (2012) is the only paper which uses an aggregate natural shock of earthquakes in El Salvador to study
their impact on male and female time use on own farm-agricultural field work, livestock labor, domestic labor
and off-farm labor. The earthquake increased domestic work and decreased livestock production by women. He
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We briefly discuss the studies in this literature. Jayachandran (2006) measures the
impact of productivity shocks on district level daily agricultural wage for men in India and
concludes that a negative productivity shock lowers the real wage significantly. This effect is
less pronounced in districts which are more developed in terms of access to roads and banks.
Mueller and Quisumbing (2011) study the impact of 1998 Bangladesh flood on agricultural
and non-agricultural wages. They find a short term reduction in real wage and a smaller
reduction in wage for agricultural workers who were able to find non-agricultural
employment. Mueller and Osgood (2009) look at not only short term effects of droughts on
wages but long term effects as well. They argue that the long term effect can be due to selling
of productive assets during the shock to sustain consumption and it may take a long time to
replenish them. They use data on both rural and urban areas in Brazil and find that adverse
rainfall shocks upto five years in the past can have negative effects on individual wages.
Adhvaryu et al. (2013) quantify the impact of rainfall shocks on total manufacturing sector
employment and output in India and find that there is a fall in both when rainfall shock is
negative, particularly more in pro-employer states and for small factories and agro-based
industries in India. The literature on the heterogeneous effect of weather shocks on labor
market outcomes by gender is thus largely non-existent. This chapter aims to fill this gap by
examining the dimension of wages and the consequent effect of weather shocks on male and

female wage gap in agriculture.

3.3 Theoretical Framework

Before proceeding with the empirical analysis it is useful to discuss the theoretical

implications of productivity shocks like ‘rainfall’ on male and female wages. In the model

argues that this is compatible with a theoretical framework in which household members are allocated to sectors
according to their comparative advantage when it is affected by an adverse income shock.
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below, we assume a competitive agricultural labor market and three factors of production —
land (4), male labor (%) and female labor (IR) - and rainfall shock (r) which affects
agricultural productivity. The production function is continuous and differentiable with
diminishing returns to each factor and amount of land is fixed in the short run. The male and
the female labor are assumed to be imperfect substitutes in production. Also, hired and own
farm labor are assumed to be perfectly interchangeable in the production. The profit function

is given by

mw= F(A, lIDVI, l?,r) - WMll?/I - WFZ?

Where W,, and Wy are male and female wage rate respectively. In a competitive equilibrium
all factors are paid their marginal products. The first order conditions for profit maximization

are
WM = FLM(A’ lI\D/II l?ﬁr) (31)
WF = FLF (A' l]?/ll lD’ T) (32)

If we assume labor supply to be constant, then the effect of rainfall shocks on equilibrium

male and female wages will be

awy _ 2, (3.3)
dr —  dr '
dwg _ dFp (3.4)
dr — dr '

The above expressions show that rainfall shocks affect wages through their impact on the
value of marginal productivity of labor. A positive shock increases value of marginal
productivity for both males and females and hence increases male and female wages. The

above expressions are thus unambiguously positive. In the above model female wage will be
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affected more than male wage if the impact of rainfall shocks on the value of marginal

productivity of females is greater than that on the value of marginal productivity of males.

However, in general, labor supply is unlikely to be fixed. Relaxing this assumption, in
a general equilibrium framework, consider two types of households- landless (N) and landed
(H). Landed households supply farm labor and also hire in labor on their farms, while
landless households only hire out labor to landed households. Both the male and the female
labor are supplied by the two types of households. Male and female labor are imperfect
substitutes in production but labor of each gender from different household types are
perfectly substitutable. Male and female leisure are also assumed to be imperfect substitutes
in household utility function. All households are assumed to be price takers but wage rates
are determined endogenously by the market clearing equilibrium conditions. This framework
assumes separability in agricultural household production and consumption decisions which

holds when markets are perfect (Singh, Squire and Strauss 1986).

The two types of households maximize an identical, twice differentiable utility
function with respect to a consumption commodity (x), leisure of male members (I,,) and
leisure of female members (Iz) subject to the budget constraint. The total time available with
each member of the household is one unit. Consider a household with one male and one

female member. The budget constraint facing each household is given by

xt = Wy (3D + We(lH) + v when i = N (Landless)

xt= Wy () + We(l3) +vi+ when i = H (Landed)
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Where lfjis male labor supplied by the household, l;ﬁ'i is female labor supplied by the
household, v is non-labor income of the household and 7 is profits equal to F(4, 1%, (2,1) —
Wyl — Wgl2. Since we assume that each member of the household has one unit of time
available, we can further substitute for labor in the above budget constraints using the relation
l,SV,'i = 1 — I},. Re-writing the budget constraints in terms of leisure, the household

maximization problem is given by

Max U (x5, 15, 15)

s.t.
x4+ Wy ls, + Welh = Wy + Wi + v when i = N (Landless)
x4+ Wyl + Wels =Wy + W +vi + 1 when i = H (Landed)

The first order conditions with interior solutions are

X: UL = A

lM: UliM = /’UWM

lF: UliF = /1iWF

AL xt+ Wyl + Welh = Wy + Wg + v when i = N (Landless)

xt+ Wyll, + Welh = Wy + We +vi +7 when i = H (Landed)

For the profit maximizing landed households, the first order condition for maximization will
also include (3.1) and (3.2). In equilibrium total labor demand will be equal to total labor

supply for both males and females
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LYy (W, Wi, 1, A) = Ly (W, Wg) + Ly (Wi, W, 1, A) (3.5)

L2(Wyy, Wi, 1, A) = LN (Wi, Wi) + L3P (Wyy, W, 7, A) (3.6)

Here, LY, (L) is the aggregate demand for male (female) labor and and L3, (L3) is the
aggregate supply of male (female) labor. Totally differentiating the above market equilibrium
conditions and using Cramer’s Rule to get expressions for change in equilibrium wage due to

WM awg

—)

the rainfall shock

AWy _ lerw," (L = Lhir) = emw,” (Lgy — L2,)]
dr [

(3.7)

dW; [SM,WM*(L%,IZ - L?',T) - SF,WM*(Lfv’II; - L?/I,r)]
dr ” (3.8)

where, ¢ and &, refer to excess demand for females and males respectively and g, .is the
differential of excess demand for females with respect to female wage. Similar interpretations
hold for &g, Emw,, aNd ey w,- Larw and Ly is the differential of labor supply of males
and females respectively in the landed households to change in rainfall conditions. This will
be negative for both males and females, as a positive productivity shock increases profit
income thus reducing labor supply by landed households. L%, , and L? .. are change in male
and female labor demand respectively due to the rainfall shock. These are positive since by
definition demand for both types of labor increases with higher rainfall. ¢ has to be positive

for the multimarket Hicksian stability condition to hold.® Given the assumptions on

AWy, dWF

production and utility functions d—rM and —= will be unambiguously positive. However, it is

dW,(i,)

not possible to arrive at the effect of rainfall shocks on relative female wage (dV':F —

* The expression for ¢ is (exw,, * €rwyp) — Erwy * Emwye)-
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since it will depend on relative magnitude of the impact of rainfall shock on labor demand for
males and females and labor supply of males and females to agriculture as well as the
existing labor demand and supply elasticities. Intuitively, the expression in 3.7 shows that the
effect of rainfall shock on male wage in equilibrium depends on the effect of the rainfall
shock on shifts in demand for and supply of male labor, and the effect of the rainfall shock on
the shifts in demand for and supply of female labor. The effect of a given magnitude of this
shift on equilibrium wages depends on labor demand and supply responsiveness (both own

and cross) of male and female labor.

3.4 Data and Variable Construction

The primary dataset used in this chapter are the Employment and Unemployment rounds
(1993-94, 1999-00, 2004-05, 2007-08) of NSS in India. NSS is a cross-sectional dataset
which is representative of India’s population. The survey contains labor force participation
and earnings details for the reference period of a week and follows a two stage sampling
design. In rural areas, the first stratum is a district. Villages are primary sampling units (PSU)
and are picked randomly in a district over an entire agricultural year (July to June) over
quarters to ensure equal spacing of observations across the year. The households are
randomly chosen in the selected PSU’s. The district level analysis includes 14 major states in
the sample: Punjab, Haryana, Uttar Pradesh (includes Uttarakhand), Madhya Pradesh
(includes Chattisgarh), Bihar (includes Jharkhand), Gujarat, Rajasthan, West Bengal,
Maharashtra, Andhra Pradesh, Karnataka, Orissa, Tamil Nadu and Kerala. Average
agricultural wage in an agricultural year is estimated by calculating an average of daily wage
rate (total earnings divided by total days worked in the last week) for all casual wage laborers

in agriculture in a district, weighted by sampling weights provided in the survey so that the
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district level average wage rate is representative of the district population. Wages are adjusted
for changes in price levels over-time by using the consumer price index for agricultural
laborers as the deflator. Districts with both male and female wage observations are included

in the analysis.

Data on area and yield of crops at district level is obtained from Area, Production and
Yield statistics (1999-2008) published by Ministry of Agriculture, India. Rainfall data used in
the chapter comes from the gridded dataset of the Center of Climatic Research at the
University of Delaware, which includes monthly precipitation values on 0.5 degree intervals
in longitude and latitude centered on 0.25 degree. This grid value is achieved by spatial
interpolation using data from nearby weather stations and other sources of rainfall data.*
District level monthly rainfall estimates were arrived at by averaging the monthly
precipitation value of all the grid points lying within the geographic boundaries of a district in
a year.” The geographic boundaries refer to the boundaries of the parent districts as Indian
districts have been split into two or more districts over time. Districts across NSS rounds
(1993-94, 1999-00, 2004-05, and 2007-08) have hence been merged into their parent districts

according to district boundaries in the 1991 census.”

About 75% of rainfall in India is received during the monsoon season from June to

September.” The monsoon precipitation levels are very critical for agricultural yields during

* For further information on the dataset and the methodology used for interpolation please refer to the below link
http://climate.geog.udel.edu/~climate/html_pages/Global2_Ts 2009/README.global_p_ts 2009.html

® Hilly regions of Jammu and Kashmir, Himachal Pradesh and North-East are excluded from the analysis as
measurement of rainfall in hilly areas using gridded dataset induces a lot of measurement error since
precipitation varies considerably by altitude.

® To match the districts into their parent districts two sources of information were used which track the evolution
of Indian districts over time. Kumar and Somanathan (2009) document changes in district boundaries over the
census years and http://www.statoids.com/yin.html which compiles changes in Indian district boundaries from
1982 to the present.

" Typically, March to May are summer months and the winter spans over December to February in India: Indian
Meterological Department http://www.imd.gov.in/section/nhac/dynamic/FAQ_monsoon.htm. Also, a report by
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the agricultural year not only for the kharif crop (June to October) but also for the rabi crop
(November to May) since they help recharge the aquifers and also replenish the moisture
content in the soil. The methodology used for constructing rainfall shocks is similar to
Jayachandran (2006). She argues that in the Indian context above normal level rainfall
improves agricultural productivity while below normal level rainfall reduces it and this has an
effect on agricultural wages.® Thus, excess rain is treated as a good shock while a shortfall is

taken to be a bad shock.

The “RainShock” variable equals one if the monsoon rainfall is above the eightieth
percentile for a district, zero if it is between the eightieth and the twentieth percentile and
minus one if it is below the twentieth percentile. Rainfall data from 1971-2008 is used to
construct the shocks. Using this definition, 67% districts experienced a drought and 50%
experienced a good rainfall in at least one year in our dataset. Similar to her finding, when
regressing wage is regressed on dummy variables for rainfall above the eightieth percentile
and for rainfall below the twentieth percentile separately, | cannot reject that they have equal
and opposite magnitude.® This restriction helps to improve power in the regressions. The

definitions and summary statistics for other variables are presented in table 3.2.

IMD on rainfall pattern in India can be accessed at
http://www.imdpune.gov.in/ncc_rept/RESEARCH%20REPORT%202.pdf

® Table 3.B.1 shows the effect of rainfall shocks when the rainfall shock is defined as the standardized value of
rainfall in a district. Standardized rainfall is calculated by subtracting the long term average rainfall in a district
(1970-2008) from the actual rainfall in a given year and dividing by the long term standard deviation of rainfall
in that district. The results show that in our data as well, the effect of rainfall shocks is not linear. Only extreme
deviations from the normal rainfall have an effect on agricultural wages.

° Table 3.B.2 shows the results from this specification.
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3.5 Rainfall Variability and Its Effect on Agricultural Yield in

India

Weather varies across regions in India, but broadly India experiences four seasons- winter
(January to February), summer (March to May), monsoon (June to September) and the post-
monsoon season (October to December) (Ribot, Najam and Watson 1996). Across India,
regions greatly differ in their precipitation levels. It ranges from scanty to heavy in different
parts of the country. The rainfall pattern not only differs spatially but temporally as well.
Alternating sequence of multi-decadal periods of thirty years having frequent droughts are
observed in the all India monsoon rainfall data. There has been no overall trend in rainfall
observed in India, but the frequency and the intensity of rainfall appears to be changing
(Kumar 2009). Agricultural output in India depends on monsoon as nearly 55.7 per cent of
area sown is dependent on rainfall.'® Sources of irrigation like canal and groundwater also get

depleted during drought years.

More than 80% of the production and area sown in India is under food-grains. Rice
and wheat are the most important food-grains cultivated in India. Figure 3.1 plots the
coefficients from regressing log of yield of rice and wheat at district level on the deciles of
rainfall with the first decile as the omitted category, district and time fixed effects. A concern
with the rainfall shock measure constructed is that higher levels of rainfall may result in flood
like situations, which could destroy crops, thus reducing yields. The plot of coefficients

shows that this is not the case. For both rice and wheat we do not observe any yield dips in

10 National Portal of India, website http:/india.gov.in/sectors/agriculture/index.php?id=2
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the ninth and the tenth deciles of rainfall which would be the case if floods were affecting

these crops adversely. All the coefficients in the regressions are significant at 1% level.™

Table 3.3 shows the effect of the rainfall shock variable constructed on the yields for
five crops- rice, wheat, bajra, gram and maize. For all the crops, the shock has a significantly
positive effect on yields. A positive shock results in approximately 8% higher yields than in a
normal rainfall year for rice, bajra and gram. While for wheat this effect is 5.7% and is

further lower for maize at 1.8%. The magnitude is highest for rice at 8.7%.

Rice crop requires a lot of water and it takes 3,000-5,000 liters to produce one
kilogram of rice, which is about two to three times more than to produce one kilogram of
other cereals (Singh, Choudhury and Bouman 2002). Rice is best grown under flooded
conditions. Though rice can be grown in both dry or semi-dry conditions and wet conditions,
the cultivation practices are very different. In dry areas, the soil is ploughed in summer and
the seed is sown by broadcasting or by sowing the seed behind the plough. In wet cultivation,
transplanting in puddled fields is adopted. Wetland conditions are created in semi-dry areas

by impounding rain water.

Climatically, areas which receive high average rainfall and have tropical climate are
most suitable for rice cultivation. Among the Indian states in the analysis, Kerala, West
Bengal, Orissa and Bihar receive the highest monsoon rainfall. Table 3.4 shows monsoon
rainfall levels and area under rice cultivation in the fourteen states of India included in the
analysis. It shows that the states having at least fifty percent area under rice cultivation are
also the states which receive the highest levels of rainfall in the country. These states are

Kerala, located in the western coastal plain and West Bengal, Orissa and Bihar located in the

1 Another concern with the constructed rainfall shocks may be that they do not sufficiently explain variability in
yields since timing of rainfall would also be important. ANOVA of district level standardized yields on rainfall
deciles shows that rainfall shocks explain 10 percent variation in year to year yield variation across districts of
India. This is statistically significant at 1 percent level.
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Eastern Gangetic plains, which receive higher amounts of rainfall (more than 1000 mm
during the monsoon season). The climatic conditions in these states are thus highly suitable

for wet cultivation of rice.

Gender roles also differ across crops (Boserup 1970). It has been well documented by
researchers that cultivation of rice involves greater labor-days. Women labor, particularly, is
in greater demand for tasks like transplanting (Aggarwal 1986). Wet cultivation of rice
requires rice to be grown in flooded fields. Since rice seeds cannot germinate under flooded
conditions they need to be grown in nurseries and then transplanted manually in the flooded
rice fields. Women are considered more efficient than males in transplanting since it requires
long periods of back-bending work and delicate hands and women seem to have a
comparative advantage in these skills. Bardhan (1974) noted that female labor demand is

more in rice growing areas

“Transplantation of paddy is an exclusively female job in the paddy areas; besides,
female labor plays a very important role in weeding, harvesting and threshing of
paddy. By contrast, in dry cultivation and even in wheat cultivation, under irrigation,
the work involves more muscle power and less of tedious, often back-breaking, but

delicate, operations.” Bardhan (1974, 1304)

There is also a distinct sequential nature of tasks by gender in rice production. Men
are involved in land preparation, sowing and seed-bed preparation. The next stage involves
transplanting of rice by women. Thereafter, men are only involved with irrigation and
application of fertilizer while women undertake most manual weeding operations, harvesting

and post-harvesting operations including threshing of crops (IRR1 2000). Tasks like
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transplanting and weeding in which females supposedly have comparative advantage account
for one-third of total labor percentage used in rice farming (Mbiti 2007). Using this
observation he finds that agricultural households in rice growing areas do not marry their
daughters in high rainfall years and attributes this to greater relative value of female labor in
these years. If this were indeed true then the positive effect of rainfall shock on equilibrium
wage must be greater for females in rice growing areas as compared to male wage, assuming
that labor supply responses by males and females are not able to completely offset the

changing demand for female labor.

This discussion motivates a construction of an indicator for rainfed rice cultivation
intensity since we expect the heterogeneous wage impact by gender to be the greatest if rice
is grown under rainfed conditions. If a state has at least 50% area under cultivation of rice
then districts in that state are classified as rainfed rice growing areas.*? We use a state level
indicator of rice cultivation since rice can be grown in select districts within a state having
irrigated agricultural systems. In southern states of India and in the state of Punjab, due to
lower rainfall, rice cultivation is only done in a few districts under well irrigated conditions.
Thus, around 90% of area under rice is irrigated in these states (Sen 1985).*% In such areas
rice cultivation may not occur due to better climate suitability but rather due to better
irrigation facilities, which also mitigates the effect of rainfall shocks on rice yields. Hence,
we use a state level indicator for rice cultivation, since we expect the heterogeneous gender

impact of rainfall shocks to be the greatest in rainfed rice systems. To check the robustness of

12 This indicator has been arrived at by averaging the area under rice and other crops (excluding horticulture)
over a span of six years, from 1999-2004, for which data for all states is available. This proxy is used since
district level dataset on rainfed rice cultivation is not collected for al | districts of India.

3 More recent data from 1999-2004, on crop level irrigated area (Directorate of Economics and Statistics,

Ministry of Agriculture, India) in states of India also shows that more than 90 percent under rice cultivation in
Punjab and southern states of India is irrigated.
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the results | use alternative definitions of rainfed rice cultivation in a region by using district

level area under rainfed rice cultivation.

3.6 Estimation Strategy and Findings

To examine the effect of rainfall shocks on male and female wage gap in agriculture, | create
a district level panel dataset using the NSS rounds of 1993-94, 1999-00, 2004-05 and 2007-
08. Equation (3E. 1) below estimates the effect of rainfall shocks on male and female wages

and equation (3E. 2) estimates the effect on relative female wage in agriculture.

W(;(t = ﬁo + B]_Rainshockdt + ‘82th + ‘83Dd + ‘84,Tt + Edt (BE. 1)

Wrh — WM = y, + yiRainShockge + V2 Xqe + V3Dg + VaTe + €4t (3E.2)

Here, k = M, F indexes male and female respectively and WX is log of average wage in
cultivation in district ‘d’ in year ‘t’. ‘RainShock’ is the rainfall shock experienced in district
‘d’ inyear ‘t’. X, are time varying district characteristics. D, are district fixed effects that
control for time invariant characteristics of the district such as agro-ecological conditions,
average crop composition, culture, norms, labor force characteristics and the initial level of
development. T; is a vector of time dummies. The identification of the parameter of interest is
based on over time variation in wages and rainfall in a district. The parameter of interest y,
gives the impact of rainfall shocks on relative female wage in a district. Given that realized

rainfall shocks are random the regressions will give an unbiased estimate of y;.
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A district is a smaller administrative unit within states in India and is taken as the unit
of analysis. This is based on the assumption that districts constitute separate agriculture labor
markets in the country. Previous studies by Jayachandran (2006) and Rosenzweig (1984) also
make a similar assumption since districts can be considered as distinct labor markets due to
low mobility of rural labor across districts in India. Following Jayachandran (2006), we allow
for clustering of standard errors within a region-year since rainfall shocks are likely to be
spatially correlated.'* The district level regressions are estimated with analytical weights
equal to district population since the dependent variable is an average estimated at district

level.

Table 3.5 shows the estimates for the impact of rainfall shocks on wages for
specification (3E.1) and (3E. 2). Both male and female wages seem to be affected equally
by the shocks. A positive shock increases female wage by 3.6% and male wage by 2.4%
relative to a normal year. There is however, no significant impact of rainfall shocks on

relative female wage.

As discussed earlier, there could be a differential impact of the rainfall shocks on
relative female wage in rainfed rice cultivating regions. | further investigate the heterogeneity
in the impact of rainfall shocks on relative female wage in rainfed rice cultivating areas, using

the below specification.

Wk = By + BiRainShockg, + B’ RainShockgy; * Riceq + B2 Xqt + B3Dg + BaTy + €4¢ (3E.3)
Wiy — Wit = vo + y1RainShockge + y', RainShocky, * Riceq + V2 Xar + ¥3Dg + VaT:

+€eqr (3E.4)

1 The NSS groups districts within an Indian state into agro-climatically similar regions. On an average, a region
comprises of five to ten districts.
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Here, Rice, is the indicator variable for rainfed rice cultivation and y', gives the differential
impact of rainfall shocks on relative female wage in rice cultivating areas relative to the
others. Chin (2011) exploits a similar strategy of using the interaction of rice cultivation with
rainfall shock, as an instrument for labor force participation of females. While she uses cross-
sectional data, our estimation is based on panel data and that allows us to control for district

fixed effects.

One possible concern may be that rice cultivation can be determined by local demand
and supply conditions that also affect labor market outcomes. Since we arrive at the average
percentage area under rice cultivation by taking an average of area under rice cultivation over
six years, the rice indicator variable does not represent crop choice as a response to
agricultural conditions prevailing in any given year. It reflects the average intensity of rice
cultivation in a district. Any concerns about the endogeneity of rice indicator variable can
then be allayed by inclusion of district fixed effects. Thus, in all the econometric
specifications we include district fixed effects. Even so, we have an additional instrumental

variable check in the next section.

Table 3.6 shows the results for specifications (3E.3) and (3E.4). Here, we find that
gender wage gap increases with a negative rainfall shock (low rainfall) and decreases with a
positive rainfall shock (high rainfall) in rice growing areas. This is reflected in a lower female
to male wage ratio (relative female wage) during negative rainfall shocks and a higher female
to male wage ratio during positive rainfall shocks in rice growing areas. A positive rainfall
shock in rainfed rice growing areas increases the relative female wage by 4.8% relative to

other areas. On the whole, a positive rainfall shock in rainfed rice growing areas increases the
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relative female wage by 4.7 percent (0.048-0.001).™ This is driven by a lower impact of

rainfall shocks on male wages in these rice growing areas.'®

Table 3.7 augments the specifications (3E. 3) and (3E. 4) with additional control
variables. To control for other variables which may affect wage responsiveness to shocks in a
district we use percentage literate population in a district as an indicator of education and
interact it with the rainfall shock. Generally, non-farm sector enterprises locate in areas with
better infrastructure and education levels. Higher education levels, by improving access to
non-farm jobs can insulate agriculture wages from rainfall shocks. The technological
advancement in agriculture may also be greater in areas with more educated workforce. So
we expect that in districts with larger literate population agricultural wages will be better
protected against rainfall variations. The percentage of irrigated area in a district may lead to
a differential effect of rainfall shocks on wages as well. To the extent that well irrigated areas
experience smaller effects of rainfall shocks on yield of crops, the wages in irrigated areas
tend to be insulated against rainfall variations. However, cultivation of riskier crops and
greater dependence of local population on agriculture in well-irrigated areas can make local
agricultural wages more responsive to rainfall shocks.!” Morduch (1990) shows that Indian

farm households which are more susceptible to income shocks are less likely to use riskier

1> This is obtained by adding the coefficients from RainShock and the interaction of RainShock with Rice.

16 Appendix 3.B shows the results where alternate definitions of rainfall shock are used. The last column of table
3.B.1 shows the heterogeneous effect of rainfall shocks in rainfed rice growing areas when the rainfall shock is
defined as the standardized value of rainfall in a district. We still find that a one standard deviation increase in
rainfall increases the female wage more than the male wage in rainfed rice growing areas of India relative to the
other areas, the significance levels though fall. The last column of table 3.B.2 shows the heterogeneous effect of
the rainfall shock when positive and negative shocks are considered separately. Again, the results show that a
positive rainfall shock increases relative female wage by 5.9 percent in years of positive rainfall shocks and
decrease it by 4.5 percent in years of negative rainfall shocks. These estimates are however insignificant. F-test
shows that the null of these coefficients having equal and opposite effects cannot be rejected. Thus, we prefer
the specification in table 3.6 where rainfall shock is constructed as a continuous variable which takes on values:
-1,0and 1.

7 In India among the irrigated districts in the period of study, 90 per cent have less than 75 per cent area under

irrigation. If there are few irrigated pockets, workers could travel from villages within a district to these irrigated
pockets in search of work, hence decreasing the wage rate.
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seed varieties. Using ICRISAT data from three Indian villages, Wadood and Lamb (2006)
also show that area under risky crop varieties increases with irrigation availability. In well
irrigated areas high value but risky water-intensive crops and varieties are a major source of
income. While rainfall shocks may not affect yield of cultivated crops, lower groundwater
levels and less availability of canal water due to insufficient rainfall can result in less area
planted under high value crops in a low rainfall year, affecting the value of marginal labor

input.’®

Table 3.7 shows the results conditional on the above variables. Both male and female
wages are less responsive to rainfall shocks in areas with more literate population since the
interaction term is negative but there is no impact on gender wage gap.*® On the other hand,
both male and female wages are more responsive to rainfall shocks in irrigated areas since the
interaction term is significantly positive. Thus, wages fall more in response to negative
rainfall shocks in irrigated areas. As discussed earlier this could be due to the practice of high
risk cultivation strategies or a greater labor supply variation in the irrigated pockets within a
district. The addition of the above controls does not, however, change the impact of rainfall
shocks in rice growing areas on the gender wage gap. On the whole, a positive rainfall shock
in rainfed rice growing areas increases the relative female wage by 10 percent (0.052+0.051).
The specification with education and irrigation controls is used as the baseline and we add

further controls to check the robustness of the above results.

'8 The accessed report documents crop composition shifts to less water intensive crops like gram and oilseed
advised by the government in irrigated areas during years of drought especially in the rabi season when the
alternative seeds could be made available by the government to the farmers. Sometimes the irrigation water is
diverted for drinking purposes as well (http://www.empowerpoor.org/downloads/droughtl.pdf). Though, overall
irrigation will improve welfare of households since even with a greater percentage fall, the average wage in
irrigated areas will be greater than in un-irrigated areas in drought years.

19 Specification with separate female and male district level education was also estimated, but due to high
collinearity between the two only male education was significant in male and female wage equations when both
were added. However, when entered alone female education was also significant. No effect on gender wage gap
was observed for any education variable. The specification with average education was hence preferred. The
other results did not change though.
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Jayachandran (2006), using data from 1960 to 1987, finds that the impact of rainfall
shocks on wages is lower in more developed areas. Our period of analyses is more recent. To
check for the robustness of our results, we control for a host of other developmental
indicators used in her paper like accessibility of villages in a district by bus, road, rail,
closeness of villages to a town and banking activity in a district. The data source for these
variables is Census of India. Indicators of poverty like level of per capita expenditure and
percentage landless households in a district are also entered as controls. We examine the

robustness of our results to inclusion of the above development indicators.

Table 3.8, panel A, shows the results for indicators of accessibility like bus, road and
rail. Panel B of table 3.8 shows the results controlling for banking activity and mean distance
to town with the last column incorporating all the indicators. Panel C of table 3.8, controls for
other indicators of poverty like percentage landless households and monthly per capita
consumption of households in a district in 1993, along with the previous infrastructure
indicators.”2 Adding controls for these indicators of development and poverty does not
change our earlier result that in rice growing areas the fall in female wage is greater relative
to male wage in low rainfall years. Also, in our estimation results, none of the developmental
indicators or their interaction with the rainfall shock has a significant effect on either absolute

wages or relative female wage.

3.7 Robustness Checks

In the previous section we argued that the interaction of rice cultivation with rainfall shock is

exogenous since we have controlled for district fixed effects. To further allay any

% The coefficients of the added control variables in the third specification of Panel B and in the specifications
presented in Panel C are provided in the appendix, table 3.B.3.
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endogeneity concerns | instrument for the rice growing states indicator using the average
state level rainfall from 1971-2008. The interaction of ‘RainShock’ with mean monsoon
rainfall is used as an instrument for the interaction of ‘RainShock’ with ‘Rice’. Long term
mean rainfall is unlikely to be correlated with labor market outcomes once district fixed
effects are controlled for since it is an exogenously determined measure of climatic
endowment. Also, it is likely to be highly correlated with average rainfed rice cultivation in a

region since rice is a water intensive crop (table 3.4).

Table 3.9 shows the results of the two-stage least squares estimates along with the F-
statistic of the first stage. The F-stat shows that the instrument is significant at 1% level of
significance. The first stage results show that the interaction of rainfall shock and mean
rainfall level is a significantly positive predictor of the interaction of rainfall shock and rice
cultivation, which would be the case if mean rainfall level acts as a determining factor behind
the choice of farmers to cultivate rice in a particular state. The second stage results confirm
the findings of the previous reduced form regressions that the gender wage gap reduces in
rice growing regions in years of high rainfall and increases in years of low rainfall. The
magnitude of the impact is only slightly higher than the reduced form regression indicating

that endogeneity is not a major concern.

As a second robustness check, I define the ‘Rice’ variable differently by constructing
a district level indicator of rainfed rice cultivation. The percentage area under rainfed rice
cultivation in a district is calculated by multiplying the district level percentage area under
rice cultivation with state level percentage area of rice crop which is rainfed.?* We expect this

to be a good indicator at district level due to uniformity within the states in rainfed rice

%1 The district level percentage area under rice cultivation has been arrived at by averaging the area under rice
and other crops (excluding horticulture) over a span of six years, from 1999-2004, for which data for all states is
available. The district level crop-wise irrigated area is not reported for all states and hence to overcome this data
constraint | use state level crop wise irrigated area(1999-2004) which is available for all states from Directorate
of Economics and Statistics, Ministry of Agriculture, India.
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cultivation. In states like Punjab, Haryana, Andhra Pradesh and Tamil Nadu, where rice is
intensively cultivated in a few districts, the entire area cultivated under rice is irrigated. In
other states, there is very little area where irrigated rice is cultivated. Rice can be grown
under both rainfed and irrigated conditions and it is crucial to make this distinction since in
rainfed areas rainfall shocks are more likely to affect the demand for labor in rice cultivation.
Table 3.10 shows the results with this alternative district level indicator of rice cultivation.
The results support the previous findings that a positive rainfall shock decreases the gender
wage gap (increases relative female wage) while a negative rainfall shock increases the
gender wage gap (decreases relative female wage) as the percentage area under rainfed rice
cultivation in a district increases. This is driven by a lower effect of rainfall shocks on male
wages in rainfed rice cultivating regions. The above result is not affected when district level
development indicators in table 3.8 are also controlled for. The results have not been shown

for brevity.

In the third robustness check, I add state time fixed effects to the above specification
in order to control for any state-year specific factors in wages which could have been omitted.
The results after controlling for state specific time fixed effects are shown in the last column
of table 3.10. As can be seen, our previous result is robust to the inclusion of these trends as

well.

As the last robustness check, | conduct the analysis at individual level. The district
level estimates do not take into account the differences in labor force characteristics of males
and females in agriculture. To the extent that differences in characteristics are constant over
time within a district, district fixed effects take into account the effect of these differential
characteristics which are not changing over time, on male-female wage gap. To see if our

results are robust to inclusion of individual characteristics I estimate the following equation.
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Wiqt = ay + ayRainShocky, + a,Female;z: + azRainShocky, * Femalejgr + a4Cigr +

0(5Dd + 0(6Tt + Eidt (3E 5)

Here, ‘i’ refers to an individual in district ‘d’ at time ‘t’. W; 4, is log of individual
wage, Female;4; 1S an indicator variable for females, C;,4; are individual characteristics, D,
are district fixed effects and T; are time fixed effects. The differential impact of rainfall
shocks on gender wage gap is given by a5. A significantly positive value of a5 indicates that

relative female wage is greater in years of high rainfall and lower in years of low rainfall.

To check for the heterogeneous effect of rainfall shocks in rice cultivating areas, |
also consider a specification where I interact the rice indicator with the product of rainfall
shock and female dummy. Here a'; gives the differential impact of rainfall shocks on gender
gap in wages in rice growing areas. A significantly positive value of a'; indicates that relative
female wage is greater in years of high rainfall and lower in years of low rainfall in rice
growing areas relative to the other areas. The overall effect of a rainfall shock in rice growing

areas on relative female wage is given by a; + a's.

Wiat = a9+ ayRainShockg, + a,Female;j, + azRainShocky, * Female;q, + a'yRainShock g,
* Riceq + a',Female;j, * Ricey + a'sRainShocky, * Female;qe * Riceg + a4 Cigy

+ ast + 0(6Tt + Eidt (3E 6)

Table 3.11 shows the individual level results. Females earn on an average 26% less
than males in agriculture. Wages increase with positive rainfall shocks and there is no

differential impact on male and female wages at the overall level (a5 is insignificant) in
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column (1). Column (2) includes the interaction of the rice indicator with the rainfall shock
and a female dummy. A positive rainfall shock in rice growing areas increases relative female
wage by 8 percent (0.034+0.046) which is significant at 5 % level. Column (3) in table 3.11
shows the individual regressions with the alternative definition of rainfed rice cultivation in a
district and the previous findings continue to hold. In general, the wage gap between males
and females is smaller in rice growing regions but it exacerbates during negative rainfall

shocks and decreases during positive rainfall shocks.

3.8 Possible Mechanisms

As discussed in the theoretical section 3.3, both demand side and supply side factors can
result in a differential impact of rainfall shocks on relative female wage. The estimations
show that rainfall shocks have a positive effect on relative female wage in rainfed rice
growing areas. To understand the gender dynamics in an agricultural labor market, the side of

the labor market that is driving the above finding must be determined.

We re-write the expressions obtained for change in male and female equilibrium wage
due to a rainfall shock, under the assumptions of the theoretical model constructed in section

3.3, below

AWy _ EFWg (L}ngr - LIQI,r) - SM,WF(LISr',IZ - LIDT,r)

dr )

aw;  emw, (Ley = 12r) = epw,(Lair — Lits)

dr 7

Let L3, denote total labor supply by males and L3 denote total labor supply by females

belonging to landed and landless households. In the above model, under what conditions the
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. . . . dwgp  dwy,
effect of rainfall shock on relative female wage can be positive (i.e. % — % > 0)? Below

we derive the sufficient conditions for this.

Case (i): Given that labor demand and supply elasticities are same for males and females and
own price effect is greater than the cross price effect on excess labor demand (i.e. €y, =
EMwwy 1+ EFWy = Emwe |Erwel > |€rw,, 1), then only differential shifts in demand and

supply of males and females due to a rainfall shock can impact relative female wage. In this

D D
case, either shift in female demand due to a rainfall shock is greater (aa% > a;—r’") or shift in

S
LS,

>6r

), for the demand and supply

S
female supply due to a rainfall shock is greater (|aa%

shifts due to a rainfall shock to have a positive impact on relative female wage.

Case (ii) Even if the demand and the supply shifts are equal for males and females,
differences in the labor demand and the labor supply elasticities across gender could drive the
increase in relative female wage due to a rainfall shock. The effect of a rainfall shock will be

positive on relative female wage when demand and supply elasticities differ by gender such

. aLl  all aLk  aLP aLs aLs aLs aLs
thatelther( Fy £ M _ M)>Oor( Fy £ __M_ M)<0.
oWpg oW M oW M Wg oWpg oW M oW M oWpg

The available literature points at the mechanism of change in female labor demand in
rainfed rice growing areas due to changes in crop composition and rice cultivating practices
when a rainfall shock occurs. Pandey, Bhandari and Hardy (2007) document in their report
the coping strategies of rice growing farmers in regions of eastern India during years of low
rainfall. They report that in low rainfall years, yield of other crops are not affected while the
yield of rice falls in these rain-fed rice growing regions. As a consequence, around 40% of
farmers report changes in cropping pattern in low rainfall years with either an early sowing of

the next season crop or replanting with a different crop (Pandey et al. 2007). Usually in
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rainfed rice growing areas, the rice-wheat or rice-pulse cultivation pattern is followed.

Maize, oilseeds, pulses or cash crops like vegetables are usually grown to compensate for loss
of rice crop depending on soil suitability and seed availability. Even if farmers do not alter
their crop-composition, the demand for female labor could still fall since farmers also change
the method of rice cultivation. Pandey et al. (2007) find that 10% - 30% of the farmers in
states of eastern India change crop establishment method of rice from transplanting to
broadcasting when farmers have not already sown the rice crop. Farmers who had already
sown the crop before a drought also replanted the rice crop again if possible (using
broadcasting). The technique of broadcasting absorbs less female labor as compared to the
technique of transplanting, which can only be conducted in flooded fields (Sen 1985). In high
rainfall years farmers use transplanting since broadcasting method of sowing rice gives a

lower rice yield (Pathak et al. 2011 and Ehsanullah, Ahmad and Randhawa 2000).

The above documented evidence by Pandey, Bhandari and Hardy (2007) suggests that
rice yield should fall relatively more than yield of other crops in these rainfed rice growing
regions. As a test of this hypothesis, we estimate the below equations, which estimate the

heterogeneous impact of rainfall shocks on yields of major crops.

Yi: = 6y + 61(RainShock)y: + 6'1(RainShock) g * Riceg + 03Dg + 0,T; + €4¢ (3E.7)
Y7 = 99 + 91(RainShock) 4 + 9’1 (RainShock) g, * Riceg + 93Dq + 94T; + €44 (3E.8)
Here, Y, is the log of yield of rice crop and Y, is the log of yield of other crops like wheat,
bajra, gram and maize. We expect the crop yields to respond positively to rainfall shocks

(6, > 0,9, > 0). If the documented evidence holds in the data, then in the rainfed rice
growing areas the yield of rice should be more responsive to rainfall shocks (8'; > 0) while
the yields of other crops should be less responsive to rainfall shocks (9'; < 0) in comparison

to areas not cultivating rainfed rice.
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Table 3.12 shows the estimation results for specification (3E.7) and (3E.8). In panel
A, ‘Rice’ is a dummy variable for major rice growing states whereas in panel B, ‘Rice’ is
defined as the percentage crop area under rainfed rice cultivation in a district. In panel A,
6'; > 0 but is insignificant. In panel B, the estimates show that as area under rainfed rice
cultivation increases, the yield of rice is affected significantly more by rainfall shocks
(6'; > 0). For other crops - wheat, gram, bajra and maize - their yield is affected significantly
less by rainfall shocks in rainfed rice growing regions (9'; < 0) in comparison to other

regions, in both panels A and B of table 3.12.

The results in panel A show that in rainfed rice growing areas the impact of rainfall
shocks on rice yield is 10% (6, + 6';) while that on yield of wheat, bajra, gram and maize is
4%, -6%, 2.5% and -3% respectively (9; + 9;).22 A chi-square test shows that the
magnitude of the impact of rainfall shocks on rice yield is greater than on yield of any other
crop in these areas. In rainfed rice growing areas, even if the rainfall is below the twentieth
percentile, the crop yields for wheat, gram, bajra and maize fall less in comparison to rice.
These crops require less water than rice and hence can be grown even in drought like

conditions in these regions, which on an average receive higher rainfall.

The above findings on crop yields and the documented evidence on farmers’ coping
strategies suggests that in rainfed rice growing areas rice is transplanted in high rainfall years
whereas in low rainfall years, rice is either grown by broadcasting or is substituted with other
crops. Both the coping strategies would lead to a greater fall in female labor demand than
male labor demand in low rainfall years. Thus, the observed positive impact of rainfall shocks
on relative female wage in rainfed rice growing areas, could be a result of an increase in

demand for female labor in these areas during years of higher rainfall.

22 \We cannot reject the null that the impact of rainfall shock on yield of bajra, gram and maize is equal to zero in
rainfed rice growing regions.
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But could it also be that supply shifts are larger for females or supply elasticities
differ by gender such that it leads to a lower (larger) gender wage gap in high (low) rainfall
years in these rice growing areas? To elucidate graphically, the diagrams below depict the
case when supply and demand for male and female labor is a function of own wage only. In

S

ar

N

this case, either labor supply of females shifts more than that of males ( o

> ) or,

S S
female labor supply has a lower own wage elasticity than male labor supply (;% < %) for
F M

the supply side to drive the result that relative female wage increases in high rainfall years.?

Diagram 3.1 shows the case when female labor supply decreases more than male
labor supply during a positive rainfall shock. Female labor supply is assumed to have the
same wage elasticity as male labor supply in this case. Diagram 3.2 shows the case when
female labor supply has a lower own wage elasticity than male labor supply. There is no shift
in female or male labor supply when a rainfall shock occurs. In both the diagrams we assume
that labor demand elasticity, and labor demand shift when a rainfall shock occurs, do not
differ between males and females. When a positive rainfall shock occurs, the demand for
males and females increases equally from L%, to L'%;. The initial equilibrium in a normal year
is E for both males and females, and the equilibrium when rainfall is high is E}, and Ey. for

males and females respectively. In both the diagrams (3.1 and 3.2), it can be seen that while

awg  dwy, .
—£ —rM > 0), the relative

relative female wage increases due to the positive shock ( — -

dLr  dLy

female employment decreases due to the positive shock (dr - < 0), as compared to a

normal year.

S S
2 As discussed in section 3.3, the sign for a@% and aaL—:" is negative due to the income effect of rainfall shocks on

landed households. In a year of high rainfall, the profits of landed households increase, which lowers their labor
supply due to the income effect.
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e Um Lo Labor
Diagram 3.1 Change in Equilibrium Wage and Employment when Female Labor Supply
Falls More than Male Labor Supply and Labor Demand Increases Equally for Females and
Males when a Positive Rainfall Shock Occurs
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Diagram 3.2 Change in Equilibrium Wage and Employment when Female Labor Supply
Elasticity is Smaller than Male Labor Supply Elasticity and Labor Demand Increases Equally
for Females and Males when a Positive Rainfall Shock Occurs
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In contrast, diagram 3.3 shows the case when demand for female labor increases more
than demand for male labor when a positive rainfall shock occurs. As in diagram 3.2, female
labor supply is assumed to have a lower own wage elasticity than male labor supply. There is
no shift in female or male labor supply when a rainfall shock occurs. We further assume that
labor demand elasticity is same for males and females. In this case, when a positive rainfall
shock occurs, the demand for males increases from L%, to L'Y; and demand for females

increases from L2 to L'2. It can be seen from the diagram that now relative female wage

increases due to the positive shock (dd% — % > 0) and the relative female employment

dLp

also increases due to the positive shock ( —

dL} .
% > 0), as compared to a normal year. This

IS because the relative shift in female labor demand is large enough for relative female

employment to increase when a positive rainfall shock occurs.

Wage

L Uy Us

Labor
Diagram 3.3. Change in Equilibrium Wage and Employment when Female Labor Supply
Elasticity is Smaller than Male Labor Supply Elasticity and Female Labor Demand Increases
More than Male Labor Demand when a Positive Rainfall Shock Occurs
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In diagrams 3.1 and 3.2, where only differences on the supply side (either differential
shifts in labor supply or difference in labor supply elasticities) drive the increase in relative
female wage when a positive rainfall shock occurs, relative female employment falls. Only
when the demand side factors (in diagram 3.3 this is depicted through a larger shift in female
labor demand) also play a role in increasing the relative female wage, that changes in relative
female wage and relative female employment due to the rainfall shock, move in the same
direction. In appendix 3.A, we relax the assumption that cross wage responsiveness is zero
for female and male labor demand and supply. We then show that under certain assumptions,
an increase in relative female wage due to a rainfall shock will be accompanied by an
increase in relative female employment, when differences on the demand side operate and are
large enough to offset the differences on the supply side. When only differences on the labor
supply side operate during a rainfall shock and result in an increase in relative female wage,

then relative female employment will fall when the rainfall shock occurs.

The above discussion suggests a test to ascertain whether differences on the supply
side are driving the positive relationship between relative female wage and rainfall shock in
rice growing regions. We evaluate the heterogeneous impact of rainfall shocks on quantity of

male and female labor employed in agriculture by estimating the below equations.

LE, — M. = 6, + 6, (RainShock) 4 + 8';(RainShock) 4 * Riceg + 8,D4 + 85T, + €4¢

(3E.9)
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here k = M, F indexes male and female respectively. ‘L’ is defined as the log of employment
in agriculture by persons aged 15-60 in rural areas of district ‘d’ at time “t*.%* If only
differences on the labor supply side (differential supply elasticities or differential supply
shifts for males and females) are driving the positive relation between relative female wage

and rainfall shocks in rice growing regions, then the sign of §'; will be negative.

Table 3.13 shows the estimation results for the specification in equation 3E.9. In
columns (1) and (2), ‘Rice’ is defined as a dummy variable for states having at least 50
percent crop area under rice cultivation, whereas in columns (3) and (4), it is defined as
proportion of crop area in a district under rainfed rice cultivation. Columns (2) and (4)
include other baseline district controls which were incorporated in the wage regressions. The
impact of rainfall shocks on relative female employment is positive and significant in rainfed
rice growing areas relative to other areas across all the specifications (6, is positive).” This
evidence is suggestive of demand side factors (either a larger shift in female labor demand
relative to that of males or a lower own wage female labor demand elasticity in comparison to
males in absolute terms) operating in rainfed rice growing regions, which result in an increase

in relative female wage when a positive rainfall shock occurs.

3.9 Conclusion

In this chapter we examine if shocks to agriculture like rainfall variability over the years

affect the daily wages received by men and women differently. This is an important question

# Employment is calculated by taking a district level weighted average of the proportion of days worked in
agriculture in the preceding week by each individual. Sampling weights are used to calculate the average so that
employment is representative of the district population.

% In columns (2) and (4), when other district controls are included, rainfall shock has a significantly positive
impact on relative female employment in all areas.
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since a large proportion of labor force in developing countries is still engaged in agriculture
and the effects of climate change resulting in greater variability of rainfall pose an important
challenge to future course of development in these countries. These natural shocks may not
have gender neutral effects and can have a differentiated impact on livelihoods of men and
women. To my knowledge, this is the first study which undertakes a formal analysis of

differentiated impacts of these shocks on male and female wages.

We construct a district level panel data to examine the impact of rainfall shocks on
gender wage gap. We find a significantly positive impact of rainfall shocks on female wage
relative to male wage as area under rainfed rice cultivation increases in India. In regions
where rainfed rice is cultivated, females suffer a greater loss in their wages as compared to
males, thus increasing the gender wage gap during low rainfall years. We try to find the
mechanism through which the differential effect on wages may occur. The results indicate
that the differential effect of rainfall shocks on female and male wages in rainfed rice
growing areas can be due to underlying gender roles in agriculture production technology.
Creation of non-farm employment opportunities for rural females can mitigate the negative
effect of low rainfall on their relative wage and make them less vulnerable to labor market

losses when agricultural productivity falls.
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Figure 3.1 Impact of Rainfall Deciles on Yield
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Source: Center of Climatic Research, University of Delaware; Area, production and Yield statistics, Ministry of
Agriculture, India.

Table 3.1 Female to Male Wage Ratio for Casual Laborers in Agriculture

State 1993 1999 2004 2007
Andhra Pradesh 2% 67% 65% 70%
Bihar 87% 88% 87% 89%
Guijarat 98% 89% 90% 99%
Haryana 85% 90% 84% 83%
Karnataka 73% 68% 69% 70%
Kerala 70% 63% 59% 63%
Madhya Pradesh 83% 85% 83% 86%
Maharashtra 63% 65% 63% 68%
Orissa 73% 79% 72% 7%
Punjab 99% 94% 83% 88%
Rajasthan 75% 80% 81% 89%
Tamil Nadu 57% 58% 54% 52%
Uttar Pradesh 75% 78% 83% 84%
West Bengal 88% 89% 88% 94%
All India 72% 72% 70% 74%

Source: National Sample Survey (1993, 1999, 2004, 2007) Employment and Unemployment Schedule
(Author’s calculations).
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Table 3.2 Variable Definition and Summary Statistics

Standard

Variable Definition Mean deviation Source
Male wage :ﬁe(z;\llJ ﬁ;/\zggi wage of male casual laborers aged 15-60 1oa1 - NSS
Female wage GRS?L?:\L?;?\?; i\évr?ge of female casual laborers aged 15- - vas NSS
Literate Percentage literate population 0.51 0.13 NSS
Irrigation Percentage area under irrigation 0.35 0.27 Census
Bus Percentage villages connected by bus 0.41 0.33 Census
Road Percentage villages connected by paved roads 0.51 0.29 Census
Rail Percentage villages connected by rail 0.02 0.02 Census
Bank Percentage villages having a commercial bank branch 0.09 0.12 Census
Town Mean distance of a village from a Town (km) 21.34 11.48 Census
Landless Percentage landless households 0.13 0.12 NSS
Per cap.ita Mean monthly per capita expenditure of a household in NSS
expenditure 1993 292.75 67.69
Note: Weighted mean with weights equal to district rural population.
Table 3.3 Impact of Rainfall Shocks on Yield of Major Crops
Rice Wheat Bajra Gram Maize
RainShock 0.087*** 0.057*** 0.080*** 0.083*** 0.018*
(0.009) (0.007) (0.014) (0.009) (0.011)
Constant 0.519*** 0.656*** -0.217*** -0.288*** 0.425***
(0.014) (0.011) (0.023) (0.015) (0.017)
District and Year
fixed effects Yes Yes Yes Yes Yes
Observations 4,112 3,548 2,628 3,560 3,697

Note: The dependent variable is log of yield of a crop in a district according to 2001 census district boundaries
for the 14 major states in the analyses. Area, production and yield statistics for years 1999-2008 have been used
in the above analysis.
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Table 3.4 Rainfall and Cropping Pattern
Long term average monsoon rainfall

State (mm) Avrea under rice cultivation
Kerala 1,902.69 95%
West Bengal 1,426.71 74%
Orissa 1,144.99 80%
Bihar 1,011.28 55%
Maharashtra 999.43 8%
Madhya Pradesh 979.59 24%
Uttar Pradesh 863.33 26%
Karnataka 850.24 13%
Gujarat 703.17 7%
Andhra Pradesh 613.68 30%
Punjab 510.39 39%
Haryana 457.95 19%
Tamil Nadu 381.60 39%
Rajasthan 380.28 1%

Source: Center of Climatic Research, University of Delaware. Area, production and yield statistics, Ministry of
Agriculture, India.

Note: Rainfall data from 1971-2008 is used to calculate long term average monsoon rainfall for the states. Area,
production and yield statistics for years 1999 to 2004 were used to construct the state level crop composition
figure since for these years data for all states was complete.

Table 3.5 Impact of Rainfall Shocks on Relative Female Wage

Female wage Male wage Wage ratio
RainShock 0.036** 0.024* 0.012
(0.014) (0.014) (0.013)
Constant 1.259*** 1.492%** -0.233***
(0.017) (0.017) (0.014)
Observations 1,216 1,216 1,216
R-squared 0.874 0.903 0.493
District and Year Fixed Effects Yes Yes Yes

Note: Log of wages and log of female to male wage ratio is the dependent variable. The unit of analysis is a
district and analytical weights equal to district rural population are used. Robust clustered standard errors are in
parenthesis; ***, ** and * indicate significance at the 1, 5 and 10% levels respectively.
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Table 3.6 Heterogeneous Impact of Rainfall Shocks on Relative Female Wage

Female wage Male wage Wage ratio
RainShock 0.037*** 0.039** -0.001
(0.014) (0.015) (0.014)
RainShock*Rice -0.005 -0.053* 0.048*
(0.032) (0.032) (0.025)
Constant 1.259%** 1.490*** -0.231***
(0.017) (0.017) (0.014)
Observations 1,216 1,216 1,216
R-squared 0.874 0.903 0.495
District and Year Fixed Effects Yes Yes Yes

Note: Log of wages and log of female to male wage ratio is the dependent variable. Rice is defined as a dummy
for states having at least 50 percent crop area under rice cultivation. The unit of analysis is a district and
analytical weights equal to district rural population are used. Robust clustered standard errors are in parenthesis;
*** ** and * indicate significance at the 1, 5 and 10% levels respectively.

Table 3.7 Heterogeneous Impact of Rainfall Shocks on Relative Female Wage
Conditional on District Controls

Female wage Male wage Wage Ratio
RainShock 0.153*** 0.101* 0.051
(0.056) (0.055) (0.052)
RainShock*Rice -0.005 -0.057* 0.052**
(0.029) (0.029) (0.025)
Literate 0.127 0.042 0.085
(0.177) (0.144) (0.173)
RainShock*Literate -0.287*** -0.200** -0.087
(0.103) (0.099) (0.092)
Irrigation 0.034 0.008 0.026
(0.058) (0.061) (0.045)
RainShock* Irrigation 0.108* 0.129** -0.022
(0.058) (0.057) (0.056)
Constant 1.207*** 1.476*** -0.269***
(0.079) (0.064) (0.072)
Observations 1,216 1,216 1,216
R-squared 0.876 0.905 0.496
District and Year Fixed Effects Yes Yes Yes

Note: Log of wages and log of female to male wage ratio is the dependent variable. Rice is defined as a dummy
for states having at least 50 percent crop area under rice cultivation. The unit of analysis is a district and
analytical weights equal to district rural population are used. Robust clustered standard errors are in parenthesis;
*** ** and * indicate significance at the 1, 5 and 10% levels respectively.
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Table 3.8 Heterogeneous Impact of Rainfall Shocks on Relative Female Wage
Conditional on Other Development Indicators

Panel A: Development Indicators - Bus, Road, Rail

Wage Ratio Wage Ratio Wage Ratio
Indicator Bus Road Rail
RainShock 0.054 0.057 0.048
(0.052) (0.051) (0.052)
RainShock*Rice 0.059** 0.063** 0.052**
(0.027) (0.027) (0.025)
Literate 0.088 0.097 0.083
(0.174) (0.173) (0.174)
RainShock*L.iterate -0.124 -0.132 -0.076
(0.097) (0.100) (0.091)
Irrigation 0.031 -0.016 0.023
(0.046) (0.058) (0.046)
RainShock™ Irrigation -0.029 -0.041 -0.019
(0.054) (0.055) (0.057)
Indicator -0.079 0.084 0.319
(0.108) (0.075) (0.675)
RainShock™* Indicator 0.034 0.040 -0.241
(0.040) (0.047) (0.700)
Constant -0.241%** -0.296*** -0.273***
(0.087) (0.077) (0.073)
Observations 1,216 1,216 1,216
R-squared 0.496 0.497 0.496
District and Year Fixed Effects Yes Yes Yes
Panel B: Development Indicators - Bank, Town
Wage Ratio Wage Ratio Wage Ratio
Indicator Bank Town All
RainShock 0.052 0.067 0.077
(0.052) (0.064) (0.063)
RainShock*Rice 0.052** 0.053** 0.076***
(0.025) (0.024) (0.028)
Literate 0.085 0.085 0.099
(0.173) (0.173) (0.175)
RainShock* Literate -0.090 -0.089 -0.142
(0.091) (0.093) (0.102)
Irrigation 0.026 0.025 -0.014
(0.045) (0.046) (0.059)
RainShock™ Irrigation -0.021 -0.029 -0.049
(0.056) (0.059) (0.062)
RainShock™* Indicator 0.007 -0.001
(0.103) (0.001)
Constant -0.269*** -0.269*** -0.260***
(0.072) (0.072) (0.090)
Observations 1,216 1,216 1,216
R-squared 0.496 0.496 0.498
District and Year Fixed Effects Yes Yes Yes
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Panel C: Development Indicators — Landless, Per Capita Expenditure

Wage Ratio Wage Ratio
Indicator Landless Per capita expenditure
RainShock 0.082 0.066
(0.063) (0.076)
RainShock*Rice 0.074%*** 0.078***
(0.028) (0.029)
Literate 0.088 0.101
(0.176) (0.174)
RainShock* Literate -0.136 -0.146
(0.104) (0.109)
Irrigation -0.014 -0.012
(0.059) (0.060)
RainShock*Irrigation -0.046 -0.051
(0.061) (0.062)
Indicator -0.047
(0.094)
RainShock*Indicator -0.082 0.000
(0.099) (0.000)
Constant -0.247%** -0.261%**
(0.091) (0.089)
Observations 1,216 1,216
R-squared 0.498 0.498
District and Year Fixed Effects Yes Yes

Note: Log of female to male wage ratio is the dependent variable. Rice is defined as a dummy for states having
at least 50 percent crop area under rice cultivation. The data for number of banks in a district and mean distance
to nearest town are available for Census 2001 only, resulting in no variation over time in these indicators.
District level per capita expenditure is estimated from NSS for the year 1993-94, which controls for initial
prosperity levels in a district. Panel C includes all the controls in the last column of Panel B along with the
poverty indicators. The unit of analysis is a district and analytical weights equal to district rural population are
used. Robust clustered standard errors are in parenthesis; ***, ** and * indicate significance at the 1, 5 and 10%
levels respectively.
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Table 3.9 Heterogeneous Impact of Rainfall Shocks on Relative Female Wage: Two-
Stage Least Squares Estimates

Female wage Male wage Wage Ratio
RainShock 0.153*** 0.102** 0.051
(0.048) (0.048) (0.045)
RainShock*Rice -0.008 -0.069** 0.061**
(0.033) (0.032) (0.030)
Literate 0.128 0.045 0.082
(0.151) (0.122) (0.147)
RainShock™ Literate -0.286*** -0.196** -0.090
(0.089) (0.085) (0.079)
Irrigation 0.033 0.007 0.026
(0.049) (0.052) (0.039)
RainShock*Irrigation 0.109** 0.132%** -0.024
(0.050) (0.050) (0.048)
Constant 0.909*** 1.693*** -0.784***
(0.060) (0.128) (0.117)
Observations 1,216 1,216 1,216
F-Stat for First Stage 177.26 177.26 177.26
District and Year Fixed Effects Yes Yes Yes

Note: Log of wages and log of female to male wage ratio is the dependent variable. Rice is defined as a dummy
for states having at least 50 percent crop area under rice cultivation. Table 3.B.4 shows the first-stage regression
results. The unit of analysis is a district and analytical weights equal to district rural population are used. Robust
clustered standard errors are in parenthesis; ***, ** and * indicate significance at the 1, 5 and 10% levels
respectively.

Table 3.10 Heterogeneous Impact of Rainfall Shocks on Relative Female Wage:
Alternative Definition of Rainfed Rice Cultivation

Female wage Male wage Wage Ratio Wage Ratio
RainShock 0.152*** 0.099* 0.053 0.070
(0.057) (0.054) (0.052) (0.067)
RainShock*Rice -0.064 -0.169** 0.104* 0.128*
(0.067) (0.065) (0.056) (0.074)
Constant 1.202%** 1.467%** -0.265*** -0.228***
(0.079) (0.064) (0.072) (0.080)
Observations 1,216 1,216 1,216 1,216
R-squared 0.877 0.905 0.495 0.525
Baseline District Controls Yes Yes Yes Yes
District and Year Fixed Effects Yes Yes Yes Yes
State Time Trend No No No Yes

Note: Log of wages and log of female to male wage ratio is the dependent variable. ‘Rice’ is defined as the
proportion of crop area in a district under rainfed rice cultivation. The unit of analysis is a district and analytical
weights equal to district rural population are used. The regressions include baseline controls for education and
irrigation and their interaction with rainfall shock. Robust clustered standard errors are in parenthesis; ***, **
and * indicate significance at the 1, 5 and 10% levels respectively.
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Table 3.11 Heterogeneous Impact of Rainfall Shocks on Relative Female Wage:

Individual Data

)) (2) 3)
Wage Wage Wage
RainShock 0.034*** 0.170*** 0.170***
(0.004) (0.019) (0.019)
Female -0.268*** -0.226*** -0.235***
(0.004) (0.014) (0.014)
RainShock*Female 0.002 0.046 0.034
(0.006) (0.028) (0.029)
Female*Rice 0.151*** 0.447%**
(0.009) (0.019)
RainShock*Rice -0.034*** -0.093***
(0.009) (0.021)
RainShock* Female *Rice 0.034** 0.068**
(0.015) (0.033)
Constant 1.164*** 1.099*** 1.085***
(0.016) (0.024) (0.024)
Observations 84,793 84,793 84,793
R-squared 0.619 0.624 0.625
Baseline District Controls No Yes Yes
Individual controls Yes Yes Yes
District and Year Fixed Effects Yes Yes Yes

Note: Log of wage is the dependent variable. The baseline controls for education and irrigation and all their
interactions with rainfall shock and a gender dummy are included in columns (2) and (3). Individual controls
include age, age square and education. In column (1) and (2) rice is defined as a dummy for states having at
least 50 percent crop area under rice cultivation. In column (3) rice is defined as the proportion of crop area in a
district under rainfed rice cultivation. The regressions are weighted using the sampling weights provided in
National Sample Survey. Robust clustered standard errors are in parenthesis; ***, ** and * indicate significance

at the 1, 5 and 10% levels respectively.
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Table 3.12 Heterogeneous Impact of Rainfall Shocks on Yield of Major Crops

Panel A
Rice Wheat Bajra Gram Maize
RainShock 0.081***  0.062***  0.092***  0.098***  0.032***
(0.010) (0.008) (0.015) (0.010) (0.012)
RainShock* Rice 0.020 -0.024 -0.153***  -0.073***  -0.061**
(0.019) (0.015) (0.049) (0.021) (0.024)
Constant 0.518***  0.657***  -0.213*** -0.283***  (.428***
(0.014) (0.0112) (0.023) (0.015) (0.017)
Observations 4,110 3,548 2,628 3,560 3,697
R-squared 0.809 0.878 0.711 0.655 0.681
District and Year Fixed Effects Yes Yes Yes Yes Yes
Panel B
RainShock 0.056***  0.071***  0.117***  0.095***  (0.044***
(0.0112) (0.008) (0.016) (0.012) (0.013)
RainShock* Rice 0.188***  -0.089***  -0.546*** -0.086* -0.168***
(0.042) (0.032) (0.107) (0.046) (0.052)
Constant 0.515***  0.658***  -0.207***  -0.285***  (0.430***
(0.014) (0.011) (0.023) (0.015) (0.017)
Observations 4,110 3,548 2,628 3,560 3,697
R-squared 0.810 0.879 0.713 0.654 0.682
District and Year Fixed Effects Yes Yes Yes Yes Yes

Note: The dependent variable is log of yield of a crop in a district according to Census 2001 district boundaries
for the 14 major states in the analyses. Data for year 1999-2008 is used in the above analysis. In Panel A, ‘Rice’
is defined as a dummy for states having at least 50 percent crop area under rice cultivation. In Panel B, ‘Rice’ is
defined as the proportion of crop area in a district under rainfed rice cultivation. Robust standard errors are in
parenthesis; ***, ** and * indicate significance at the 1, 5 and 10% levels respectively.

Table 3.13 Heterogeneous Impact of Rainfall Shocks on Relative Female Employment
in Agriculture

@) (2) 3) 4)
Relative Female  Relative Female Relative Female  Relative Female
Employment Employment Employment Employment

RainShock 0.004 0.047** 0.000 0.048**

(0.008) (0.020) (0.008) (0.019)
RainShock*Rice 0.019* 0.024** 0.059** 0.075***

(0.010) (0.010) (0.026) (0.026)
Constant -0.284*** -0.221*** -0.284*** -0.217***

(0.007) (0.025) (0.006) (0.025)
Observations 1,216 1,216 1,216 1,216
R-squared 0.820 0.823 0.820 0.823
Baseline District Controls No Yes No Yes
District and Year Fixed effects Yes Yes Yes Yes

Note: Log of female to male employment is the dependent variable. In columns (1) and (2), rice is a dummy for
states having at least 50 percent crop area under rice cultivation. In columns (3) and (4) it is defined as the
proportion of crop area in a district under rainfed rice cultivation. Baseline district controls include education
and irrigation and their interaction with rainfall shock. The unit of analysis is a district and analytical weights
equal to district rural population are used. Robust clustered standard errors are in parenthesis; ***, ** and *
indicate significance at the 1, 5 and 10% levels respectively.
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Appendices for Chapter 3
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3.A Change in Relative Female Employment Due to a Rainfall

Shock

Assume a competitive agricultural labor market and three factors of production — land (4),
male labor (L,,) and female labor (L) - and rainfall shock (r). The production function is
continuous and twice differentiable with diminishing returns to each factor and land is fixed
in the short run. The male and the female labor are assumed to be imperfect substitutes in
production. Both the male and the female labor are supplied by the households. Male and
female leisure are imperfect substitutes in the household utility function. Households are
price takers and equilibrium wage and employment is determined by the market clearing

conditions.

Let W), be the equilibrium male wage, Wy be the equilibrium female wage, L}, be the
equilibrium male employment and L} be the equilibrium female employment. In this model,
male labor supply (L3,) and demand (L)) is a function of male wage (W,,), female wage (W)
and rainfall shock (r). Similarly, for females, their labor supply (L3) and demand (L2) is a

function of their own wage (W), male wage (W,,) and rainfall shock (r).

In this model, the male and the female labor demand are positively related to the

rainfall shock.

LR oLy,
—>0,—>0
ar ar

On the other hand, the male and the female labor supply are negatively related to the rainfall
shock i.e. labor supply increases when there is a negative rainfall shock (because landed
households increase their labor supply, due to an income effect of decline in their profits,

when the rainfall shock is negative).
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oL oLy,
—<0,—<0
or ar

Under the assumptions of the model, the own and the cross price derivates for female and

male labor demand take the below signs:

L2 LR L2 oLp
Feo M c0,—L 50X
W, " AWy, oWy, oW,

> 0,

The signs for labor supply response to a change in own wage depend on further assumptions.
Labor supply can either increase with increase in own wage (when substitution effect
dominates) or decrease with increase in own wage (when income effect dominates). Hence,

we consider the below cases.

Case I: Male and female labor supply are upward sloping

aLs oLy, 0 LS - oLy,

>0, > 0, 0, <0
oW, ~ ow,, T oW, oW,

Case I1I: Male labor supply is upward sloping and female labor supply decreases with own

wage.

oLs oLs oLs LS
F M F < 0 M

<y, , , <0
Wy W)y, oWy, oWy

! Since the existing evidence on the direction of female labor supply elasticity in rural areas is mixed we only
discuss the case when female labor supply decreases with own wage. Rosenzweig (1984) attempts to estimate
labor supply elasticity for males and females in Indian agriculture and finds female labor supply to be positive
with respect to own wage at household level but to be irresponsive to wages at aggregate level. On the other
hand, Dasgupta and Goldar (2006) find a negative response of female labor supply in rural India to own wage, at
low wage levels. Goldberg (2011) in another developing country context using an experimental setting, which
takes care of identification issues, finds that male and female labor supply in rural areas is equally elastic and
positive at the aggregate level.
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3.A.1 Case I: Male and Female Labor Supply are Upward Sloping in Own
Wage

To arrive at change in relative female employment due to a rainfall shock, we consider below
sub-cases under which relative female wage increases due to a rainfall shock. In case I(a) we
assume that a rainfall shock shifts only demand for labor such that female labor demand is
affected more than male labor demand. In case I(b) we assume that a rainfall shock shifts
only supply of labor such that female labor supply is affected more than male labor supply. In
case I(c) we derive change in equilibrium employment gap due to a rainfall shock when both

case I(a) and case I(b) hold.

3.A.1.1 Case I(a): The rainfall shock shifts only demand for labor

(O_L%: _aL?"l:Oﬁ>0_aLDM>O%>_aL?’I)
or ’ or ) ;) ’ or or

To arrive at change in equilibrium employment, we move along the supply curve of labor. In

equilibrium, employment is equal to the labor supplied at equilibrium wage.

= Ly (Wi, Wi) (3.4.1)

= Ly (Wi, Wr) (3.4.2)

We differentiate (3.4.1) and (3. A. 2) with respect to rainfall shock and arrive at expressions

for dLy dLp
dr '

dr

and

dLy _ 0Ly dWy N L3, AWy
dr oW, dr  O0Wp dr

(3.4.3)

dLy 0Ly dW; 0Ly dWy

dr W, dr | aw, dr (3.4.4)
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Under the assumptions of the model,

* *

aws dwy, dL . dL .
£>0,—2%>0,—£ > Ambiguous, =2 —» Ambiguous
dr dr dr dr

dLy
dr

The sign of —= depends on movement along the supply curve due to a change in female and

male labor demand when a rainfall shock occurs. This is ambiguous since there is a positive
effect on female employment due to an own-price effect on female labor supply while there is
a negative effect on female employment due to a cross-price effect on female labor supply.

The change in relative female employment in equilibrium due to a rainfall shock can be

written as

dLp  dLy _ (aL§ _ aL§4) (dWF* _ dW[C,,) (aLfD + oLy ALy aLﬁ,,) AWy (3.A.5)

dar ar Wg Wg dar dar Wg oW M oW M oWg/ dr U

A /)
Y Y
First Term Second Term
. . - . . oawg  dwyy .

When relative female wage is affected positively by a rainfall shock (i.e. — =S

positive), the first term is positive. However, the second term is ambiguous. When the own
and cross price responsiveness of the male and the female labor supply are equal (i.e.

Ly  dLy, 9dLy ALy .
= , = ), the second term will be equal to zero. When labor supply
oWpg oWy " OWpy oWp

elasticities are such that they result in an increase in relative female wage when a positive

oLy + aLy ALy Ly

AWE | oWy OWy  OWE

rainfall shock occurs i.e. ( ) < 0 (refer to section 3.8), then the

second term will be negative. Then, for relative female employment to increase due to a

rainfall shock, the positive change in relative female employment in the first term, must
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dominate any negative change in relative female employment due to differences in labor

supply elasticities (second term).

3.A.1.2 Case I(b): The rainfall shock shifts only supply of labor

)

We now move along the demand curve to arrive at change in equilibrium employment due to

S
Br

aLP aLy oLy oLy, aL3
(—F=0,—M=0—<0—<0 |
ar ar

a rainfall shock. In equilibrium, employment will be equal to the labor demanded at

equilibrium wage.

Ly = Ly (Wyp, Wr) (3.4.6)
Ly = Lz (W, Wr) (3.4.7)
We differentiate (3. A. 6) and (3. A.7) with respect to rainfall shock and arrive at expressions
for dLM and —£ dLF

dLy,  OLY dWy  9L% dWy

= A
dr oW, dr +6WF dr (3.4.8)

Ly  9L? AW 9L dWy

= A
dr  O0Wg dr +6WM dr (3.4.9)

Under the assumptions of the model,

* *

dL . dL .
>0, drF — Ambiguous, ;” — Ambiguous

AWy
dr — 7 dr
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The sign of % now depends on movement along the demand curve due to a change in

female and male labor supply when a rainfall shock occurs. This is ambiguous since there is a
negative effect on female employment due to an own-price effect on female labor demand
while there is a positive effect on female employment due to a cross-price effect on female
labor demand. The change in relative female employment in equilibrium due to a rainfall

shock can be written as

dlp  dLy _ (ang _ 6L?,,) (dWF* _ dW[C,,) (aL? aLp oLy aL’,?,,) dwryy (3.4.10)
dar ar Wg Wg dar dar Wg oW M oW M oWg/ dr U
/) g /)
h'd '
First Term Second Term

When relative female wage is affected positively by a rainfall shock (i.e. dd—vf — % is

positive), the first term is negative. However, the second term is ambiguous. When the own
and cross price responsiveness of the male and the female labor demand are equal (i.e.

oLp _ dLy OLp
Wg oWy ’aWM

Ly . .
= awM)’ the second term will be equal to zero and relative female
F

employment will fall due to the rainfall shock. When labor demand elasticities are such that

they result in an increase in relative female wage when a positive rainfall shock occurs i.e.

(aL,D.— aLp Ly ALy

aws T awe " aw awF) > 0 (refer to section 3.8), then the second term will be positive.

Then, for relative female employment to increase due to a rainfall shock, the positive change
in relative female employment due to differences in labor demand elasticities(second term)

must dominate the fall in relative female employment in the first term.
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3.A.1.3 Case I(c): The rainfall shock shifts both the demand and the supply of labor

)

To arrive at change in equilibrium employment due to a rainfall shock, we can either move

s
oL}
ar

S
oLy

aL aLb aLs aLs aL _ aLP
(F>0 ’”>0 F<0 M<06F> M P

ad r

along the initial demand curve and then along the shift in demand or move along the initial
supply curve and then along the shift in supply. We derive the expressions for change in
employment when we move along the supply curve. In equilibrium, employment is equal to

the labor supplied at equilibrium wage.

= L3, (Wy, Wi, ) (3.4.11)

© = LS(Wy, Wi, T) (3.4.12)

We differentiate (3. 4.11) and (3. A. 12) with respect to rainfall shock and arrive at

dL}
expressions for and —£

dLy 0Ly dWy 0Ly dWy 0Ly

= A1
dr oW, dr +6WF dr + or @3 3)

dLy 0Ly dWz 0Ly dWy 0L}

dr oW, dr | ow, dr | or (3.4.14)

Under the assumptions of the model,

AWy aw, aLy dLy
d—rF =>0,—/— dr > 0, —£ - Ambiguous, ? — Ambiguous

Comparing (3. A. 14) with (3. A.4), an additional term in the expression for change in

equilibrium female employment is the change in female labor supply with respect to rainfall
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shock ( ) The change in relative female employment in equilibrium due to the rainfall

shock can be written as

dLp  dly
dr dr -
ALy ALF\ (dws _ dwy aLS aLS ALy awa) AWy (aLf; avfw)
(aWF N aWp) ( dr + BWF 6WM N oWg/ dr + W N ? (3A 15)
N\ NG N )
' T Y
First Term Second Term Third Term

The above expression is same as that obtained in (3. A.5), along with an addition of a third
term. The third term captures the change in relative female employment due to a change in
relative female labor supply when a rainfall shock occurs. When a rainfall shock results in a

6LS a

larger change in relative female labor supply such that,

aLy ALy
> (5

or

Zi) <o,

The third term is now negative. When relative female wage is affected positively by a rainfall
. dWp  dWyy . .- . . . . .

shock (i.e. — s positive), the first term is positive. The second term is ambiguous.

The second term will be negative when labor supply elasticities are such that they also result

oLy
in an increase in relative female wage when a positive rainfall shock occurs i.e. ( +

oLy ALy Ly
oW M oW M Wg

)<o.

Thus, for relative female employment to increase in response to a positive rainfall
shock, the positive change in relative female employment in the first term, must dominate the
negative change in relative female employment due to differences in labor supply elasticities

(second term) and the change in relative female supply due to the rainfall shock (third term).
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3.A.2 Case Il: Male Labor Supply is Upward Sloping and Female Labor

Supply is Downward Sloping in Own Wage

If only supply side factors operate (i.e. female labor supply shifts and female and male labor
supply elasticities are such that they results in a positive relation between rainfall shock and
relative female wage) then even under this case relative female employment will fall when a
positive rainfall shock occurs. Consider the expressions in Case I(b). The first term is

negative and the second term is zero.

However, for the relative female employment to increase when relative female wage
increases due to operation of demand side factors, we need more stringent assumptions. For

example consider the expressions derived in case 1(c). Under the assumptions of Case I,

dwpg awy, dL} dLj ,
E>0—2>0—-£<0 = > Ambiguous
dr dr dr dr

The sign of the first term in expression (3. A.15) changes. When relative female wage is
affected positively by a rainfall shock (i.e. dd—VZ’; — % is positive), the first term is now

ambiguous. The second term has an ambiguous sign. It is negative when labor supply
elasticities are such that they also result in an increase in relative female wage when a

oLy + oLy ALy Ly
oWpg oWy oWy Wg

positive shock occurs i.e. ( ) < 0.The third term is negative when a

rainfall shock results in a relatively larger shift in female labor supply.

When the supply curve is downward sloping for females, for relative female
employment to increase due to a rainfall shock the first term needs to be positive and

S

WEg

S

Wg <

dominate the remaining terms. The first term is positive only when . Thus, in

comparison to case 1(c), additional conditions on own-wage and cross-wage responsiveness

of female and male labor supply are required under which the change in relative female
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employment due to a rainfall shock is positive. When the first term is negative due to

S
0L
Wg

S
dLy
Wg

>

, then despite a greater increase in demand for female labor during a positive

shock, relative female employment will fall.

3.A.3 Summarizing the Results in 3.A.1 and 3.A.2

The results in case 1(a), I(b) and 1(c) show that the change in relative female employment and
the change in relative female wage move in the same direction, if the employment changes
due to relative demand shifts or relative demand elasticities dominate the employment
changes due to supply shifts or relative supply responsiveness. Additional assumptions on
labor supply behavior are required to obtain this result when the supply curve for female
labor is downward sloping. Notably, if only supply side factors result in a positive association
between relative female wage and rainfall shocks, then relative female employment will be

negatively associated with the rainfall shocks.
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3.B Additional Specifications

Table 3.B.1 Effect of Standardized Rainfall on Relative Female Wage

Female wage Male wage Wage ratio Wage ratio
RainStandardized 0.023** 0.012 0.011 0.027
(0.010) (0.009) (0.008) (0.035)
RainStandardized*Rice 0.025*
(0.014)
Constant 1.259%** 1.491%** -0.232*** -0.280***
(0.017) (0.017) (0.014) (0.070)
Observations 1,216 1,216 1,216 1,216
R-squared 0.874 0.902 0.493 0.495
Baseline District controls No No No Yes
District and Year Fixed effects Yes Yes Yes Yes

Log of wages and log of female to male wage ratio is the dependent variable. Rice is defined as a dummy for
states having at least 50 percent crop area under rice cultivation. Baseline district controls include education and
irrigation and their interaction with standardized rainfall. The unit of analysis is a district and analytical weights
equal to district rural population are used. Robust clustered standard errors are in parenthesis; ***, ** and *
indicate significance at the 1, 5 and 10% levels respectively.

Table 3.B.2 Effect of Positive and Negative Rainfall Shocks on Relative Female Wage

Female wage Male wage Wage ratio Wage ratio
RainShock Positive 0.021 0.022 -0.022 -0.084
(0.022) (0.022) (0.017) (0.076)
RainShock Negative -0.046** -0.025 -0.002 -0.016
(0.023) (0.022) (0.023) (0.112)
RainShock Positive*Rice 0.059
(0.039)
RainShock Negative*Rice -0.045
(0.039)
Constant 1.263*** 1.492%** -0.229*** -0.253***
(0.017) (0.017) (0.015) (0.075)
Observations 1,216 1,216 1,216 1,216
R-squared 0.874 0.903 0.493 0.497
Baseline District controls No No No Yes
District and Year Fixed effects Yes Yes Yes Yes

Log of wages and log of female to male wage ratio is the dependent variable. Rice is defined as a dummy for
states having at least 50 percent crop area under rice cultivation. Baseline district controls include education and
irrigation and their interaction with positive and negative rainfall shocks. The unit of analysis is a district and
analytical weights equal to district rural population are used. Robust clustered standard errors are in parenthesis;
*** ** and * indicate significance at the 1, 5 and 10% levels respectively.
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Table 3.B.3 Heterogeneous Impact of Rainfall Shocks on Relative Female Wage
Conditional on Other Development Indicators (Detailed Results)

Wage Ratio Wage Ratio Wage Ratio
Per capita
Indicator All Landless expenditure
RainShock 0.077 0.082 0.066
(0.063) (0.063) (0.076)
RainShock*Rice 0.076*** 0.074*** 0.078***
(0.028) (0.028) (0.029)
Literate 0.099 0.088 0.101
(0.175) (0.176) (0.174)
Literate*RainShock -0.142 -0.136 -0.146
(0.102) (0.104) (0.109)
Irrigation -0.014 -0.014 -0.012
(0.059) (0.059) (0.060)
Irrigation*RainShock -0.049 -0.046 -0.051
(0.062) (0.061) (0.062)
Bus -0.120 -0.119 -0.121
(0.115) (0.117) (0.115)
Bus*RainShock 0.052 0.062 0.051
(0.080) (0.080) (0.080)
Road 0.094 0.090 0.093
(0.080) (0.080) (0.080)
Road*RainShock 0.024 0.024 0.024
(0.089) (0.089) (0.089)
Rail 0.223 0.148 0.203
(0.657) (0.673) (0.664)
Rail*RainShock -0.612 -0.700 -0.608
(0.815) (0.813) (0.816)
Town*RainShock -0.001 -0.001 -0.001
(0.001) (0.001) (0.001)
Bank*RainShock -0.015 -0.030 -0.020
(0.106) (0.110) (0.112)
Landless -0.047
(0.094)
Landless*RainShock -0.082
(0.099)
Per Capita Expenditure*RainShock 0.000
(0.000)
Constant -0.260*** -0.247*** -0.261***
(0.090) (0.091) (0.089)
Observations 1,216 1,216 1,216
R-squared 0.498 0.498 0.498
District and Year Fixed effects Yes Yes Yes

Note: Log of female to male wage ratio is the dependent variable. Rice is defined as a dummy for states having
at least 50 percent crop area under rice cultivation. The data for number of banks in a district and mean distance
to nearest town are available for Census 2001 only, resulting in no variation over time in these indicators.
District level per capita expenditure is estimated from NSS for the year 1993-94, which controls for initial
prosperity levels in a district. Panel C includes all the controls in the last column of Panel B along with the
poverty indicators. The unit of analysis is a district and analytical weights equal to district rural population are
used. Robust clustered standard errors are in parenthesis; ***, ** and * indicate significance at the 1, 5 and 10%
levels respectively.
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Table 3.B.4 Heterogeneous Impact of Rainfall Shocks on Relative Female Wage: Two-
Stage Least Squares Estimates (First-Stage Estimates)

First-Stage for Interaction of Rainfall Shock with Rice
RainShock*Rice

RainShock -0.492***
(0.128)
RainShock*Mean Rainfall 0.001***
(0.000)
Literate -0.099
(0.174)
Literate*RainShock -0.623**
(0.293)
Irrigation -0.021
(0.091)
Irrigation*RainShock 0.475%**
(0.13)
Constant 0.029
(0.077)
Observations 1,216
F-Stat for First stage 177.26
District and Year Fixed effects Yes

Note: The interaction of Rainfall shock with rice is the dependent variable in the first stage regression. Rice is
defined as a dummy for states having at least 50 percent crop area under rice cultivation. The unit of analysis is
a district and analytical weights equal to district rural population are used. Robust clustered standard errors are
in parenthesis; ***, ** and * indicate significance at the 1, 5 and 10% levels respectively.
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Chapter 4

Female Labor Supply, Education and Home Production

4.1 Introduction

Women’s participation in labor market has often been associated with their access to
economic opportunities. The Middle East, South Asia and parts of Northern Africa have
historically reported the lowest rates whereas East Asia and the Pacific have the highest rates
of female participation in the labor force. Over the last quarter of a century though, the
female labor market participation rates have increased in the Middle East, South Asia and
Northern Africa while those in East Asia and the Pacific have fallen. At the global level
women are increasingly joining the labor force in larger numbers. The gender gap in labor
force participation rate has consequently declined from 32 percentage points to 26 percentage
points between 1980 to 2009 (World Bank 2012). However, India over the past few decades

has witnessed a decline in the labor market participation by women.

Figure 4.1 shows two measures of labor force participation rates (LFPR) for males

and females aged 15-65 in rural and urban areas of India.! The graphs show that participation

! Labor force participation rate is defined as the proportion of people currently working or seeking work.
Various measures of labor force participation are captured in the National Sample Survey. In this chapter we use
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in labor force has been declining for males and females in both rural and urban areas. The
largest decline has been for females in rural India. By the Usual Primary and Subsidiary
Status (UPSS), female LFPR has significantly fallen from 51% in 1987 to 39% in 2009 in
rural areas.? These declines are statistically significant. Since the age group 15-24 includes
school and college going population, figure 4.2 plots the LFPR for males and females in the
age 25-65. In these graphs we do not observe a fall in male LFPR. The participation rates
have fallen only for females when we restrict the population to above 25 years of age. The
fall in female LFPR is again substantial in the rural sector. It shows a statistically significant
fall from 54 percent in 1987 to 51 percent in 1999 and further to 44 percent in 2009 in rural

areas.

We further examine the change in LFPR for rural women by current marital status.
Figure 4.3 plots the female LFPR for each marital status category. Only currently married
females have reduced their labor force participation over time. For never married females
there has in fact been an increase in LFPR between 1987 and 2009. The fall in female LFPR
is thus driven by a fall in participation by currently married females, who form approximately

85 percent of the total female population in the age 25-65 (proportion of married women have

two definitions: Usual Principal and Subsidiary Status (UPSS) and Daily Status. Appendix 4.A provides a
detailed description of these measures.

2 According to the daily status, LFPR for females (rural) was 36 percent in 1987 which increased to 38 percent
in 1999 and fell to 33 percent in 2009 (The fall is statistically significant during 1999 and 2009). The daily
status employment rates from 1987 are not comparable to 1999 and 2009 due change in survey methodology.
There were a few changes in the NSS survey design for capturing employment in the 1990’s. While these
changes are unlikely to affect the employment definition by UPSS status but can increase the employment
figures by daily status. In the earlier surveys, the daily time disposition for the last week was only captured for
those who reported being gainfully employed or seeking work for major time in the week. From 1993 onwards,
the daily time disposition for the last week was collected for all individuals.
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been increasing over time due to a lower proportion of widowed women since mortality rates

in India have been falling over time).?

The next question which arises is what are rural married females who are out of the
labor force doing? The female unemployment rates have remained unchanged over time.
Increase in unemployment does not seem to be at play behind the observed decline in female
LFPR. Figure 4.4 shows the change in female domestic work over time in India. The fall in
female LFPR has been accompanied by an increase in domestic work (the increase in
domestic work is statistically significant). In fact there is a one-to-one relationship between
falling female LFPR and rising domestic work by females. What explains the fall in labor
force participation by married females in rural India along with an increase in domestic work

by them? This chapter aims to answer this question.

In the international context, there is an extensive body of literature which looks into
the determinants of female labor force participation. This literature suggests a possible role
for two factors behind the female LFPR decline in the Indian context. One is the rising

income levels and the other is increasing female education.

Real per capita income has been rising in India. Existing evidence suggests that
female labor force participation is the highest in the low income countries and the highly
developed countries, dipping down for the middle income countries. This has been referred to
as the ‘U’ shaped relationship of female labor force participation with national income. This
relationship came into prominence in the seminal work by Goldin (1995) in a cross-section of
countries. Goldin (1995) attributed this to structural shifts in the economy with initial

economic development. Initial industrialization increases the availability of blue collar jobs

® This is all the more surprising when positioned against rising contraceptive use (40% in 1992 to 55% in 2005)
and declining total fertility rate (3.7 in 1992 to 3 in 2005) amongst married females aged 15-49. Source:
National Family Health Survey, various rounds.
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and women do not work in these jobs due to social norms. As the economy develops further,
service sector jobs become available which are more attractive for women.* Longitudinal
analysis involving panel data models however finds mixed evidence for this relationship.
While Tam (2011) finds evidence in support of the hypothesis using data from 1950-1980 for
130 countries, Gaddis and Klasen (2014) using data for additional years are not able to
establish the ‘U’ shape. In the Indian context, Lahoti and Swaminathan (2013) also conclude
that the ‘U’ shaped relationship hypothesized between income and female labor force

participation does not seem to hold when over time variation is incorporated.

Another relationship which has received attention in recent years is the ‘U’ shape of
female labor force participation with increase in female education (Lincove 2008). Evidence
from developed countries suggests that increase in female education increases female LFPR
(Schultz 1994). But in developing countries the evidence is mixed (Aromolaran 2004). In an
analyses of five Asian countries namely, Indonesia, Korea, the Philippines, Sri Lanka and
Thailand, Cameron, Dowling and Worswick (2001) find that female labor force participation
rates respond differently to education in different countries.” In Sri Lanka there is initially a
fall in probability of working for females with increase in their education but in Thailand, the
Philippines, Korea and Indonesia female participation in labor force increases or stays
constant with increase in female education. A U-shaped relationship between female labor
force participation and female education has been observed for India as well (Das and Desai
2003). Figure 4.5 plots the female labor force participation rates in rural India at different

female education levels. The graphs show that female LFPR in rural India exhibits a ‘U’

% In the Indian context, service sector expansion has been more than that of the industry in the last few decades.

> Theoretically, they attribute the effect of education on female labor supply to the positive wage effect and
bargaining effect. They argue that if increase in female education increases bargaining power of women and
female preferences are such that they do not prefer to work then this might lead to a fall in female labor force
participation with their education.
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shaped pattern with female education. The labor force participation by educated females falls
till women attain a graduate degree. Similarly, figure 4.6 plots the percentage days spent in
domestic work within each education category for rural women. Female domestic work in

rural India exhibits an inverted ‘U’ shaped pattern with female education

The U-shaped behavior of female LFPR with female education, combined with a
large increase in primary to secondary education among females in rural India (figure 4.7)
could be a contributing factor behind the decline in female LFPR in India. If so, standard
models of female labor supply warrant a revision. In the standard models of female labor
supply, female education increases her market wage, and this always results in an increase in
female labor supply with her education, at the extensive margin. However, primary education
also gives basic skills to mothers, which can improve their productivity in home tasks like
raising children (Lam and Duryea 1999). This observation leads us to posit a theoretical
model that incorporates home production (Gronau 1980). Women engage in home production
and their productivity in this activity increases with their education. As a consequence,
female labor supply may fall with increase in her education even though education also
increases the opportunity cost of not working.® The stylized fact that female education has
increased and fall in employment has occurred only among married females in rural India,
along with an increase in their domestic work, suggests that education has increased their

productivity in home production.

The theoretical model is followed by a reduced form econometric analysis that relates
female labor force participation and domestic work to its determinants including education.

The reduced form regressions show that female LFPR (domestic work) falls (increases) with

® Cameron, Dowling and Worswick (2001) suggest an alternative explanation: that females could have a
preference for not working with increase in their initial years of education and that this preference could vary
across countries. Aromolaran (2004) suggests that increase in female education could increase their reservation
wage more than market wage, leading to a fall in female labor market participation.
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increase in initial years of female schooling. The findings are consistent with the predictions
of the theoretical model and establish the robustness of the relationship between female labor
force participation and female schooling (observed in figure 4.5) to the inclusion of several
controls including income, education of male members of the household and local labor

market structures.

The importance of education in explaining the fall (increase) in female LFPR
(domestic work) in India is quantified by a decomposition analysis that specifically looks at
the changes in observed female characteristics which can explain the fall in female LFPR
(increase in domestic work). We decompose the changes in employment rates into those
attributable to changing characteristics, and those due to changes in employment rates of
females of given characteristics. The decomposition into explained and unexplained changes
is robust to whether we use parametric or non-parametric methods. The parametric
decomposition enables us to quantify the economic significance of each socio-economic

characteristic in explaining the fall in female LFPR.

To the best of our knowledge, no other study has highlighted the role of education in
reducing female labor force participation in rural India. In the context of the literature, the
contribution of this chapter is two-fold. First, through the development of a theoretical model,
the chapter examines the mechanisms by which female education impacts female work
participation. Second, through the empirical exercises, the chapter validates the negative
association between female LFPR and education (up to college) and quantifies its relative

importance in explaining the decline in female LFPR in India.

In the empirical analyses, we use the data from the Employment and Unemployment
rounds of National Sample Surveys (NSS) conducted in India during the years 1987-88,

1999-00 and 2009-10. It is a cross-sectional dataset which covers different households across
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years but is representative of the population outcomes. NSS are the largest representative
national surveys conducted in the country for analyzing the labor force participation and
earnings. We restrict our sample to married women in rural India since the fall in
participation rates is observed for this group only. Further, we only include women aged 25-

65 to exclude the effect of enroliment in higher education on female LFPR.

In the next section we examine the hypotheses explored by previous studies to explain
the fall in female LFPR in India. Section 4.3 presents a theoretical model of female labor
supply. Section 4.4 describes the reduced form strategy and results. The decomposition
methodology used to quantify the contribution of changing socio-economic characteristics of
female working age population in explaining the decline and the decomposition results are

discussed in section 4.5. Concluding remarks are gathered in section 4.6.

4.2 Existing Literature: Falling Female LFPR in India

A few existing studies (Sen, Neff and Kling 2012; Kannan and Raveendran 2012;
Chowdhury 2011; Himanshu 2011) explore possible reasons behind the fall in female LFPR
in rural India.” In the existing literature the commonly stated factors include the following:
increase in enrollment of females in higher education resulting in their unavailability for
labor market, increase in real incomes of households resulting in a lesser need for women to
engage in economic work, and limited growth in employment opportunities for females.
These studies do not quantify the relative importance of these factors in explaining the

decline. They also do not examine increasing educational attainment in India as a possible

" A concurrent study by Klasen and Pieters (2013) examines the stagnation in labor force participation by
females in urban India. They attribute the stagnation to demand and supply side factors. Using decomposition
analysis they find that on the supply side, rising household incomes and rising household head education
reduced female LFPR in urban India while increase in female education had a limited impact.
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factor behind the fall in female LFPR. Below we examine the reasons put forth by existing

studies to explain the falling female labor force attachment in India.

4.2.1 Rise in Enrollment in Higher Education

As previously discussed in the introduction, the rise in enrollment does not explain the
decline in LFPR for females aged 25 and above. The next question is whether rising
enrollment in higher education adequately explain the fall in LFPR observed for age group
15-24? To see this, figure 4.8 plots the proportion of males and females currently enrolled in
an educational institution in the age groups of 15-19 and 20-24 and the corresponding LFPR
across years. For males, there has been an absolute fall in LFPR by 20 percent and 10 percent
in the age groups of 15-19 and 20-24 respectively between 1987 and 2009.% This is matched
by a 20 percent and a 10 percent increase in current enrollment rate in the age groups 15-19
and 20-24 respectively during the same time period. The increase in education enroliment

thus completely explains the fall in male LFPR in the age group 15-24.

For females, there has been an absolute fall in LFPR in the age groups of 15-19 and
20-24 by 20 percent between 1987 and 2009. While there has been a 35 percentand a 7
percent increase in current enroliment rate in the age groups 15-19 and 20-24 respectively
during 1987-2009. Thus, for females in the age group 20-24, increase in current enrollment is

not an adequate explanation for falling LFPR.®

® The absolute percentage increase in enrollment and LFPR are calculated e.g. if 37 percent and 60 percent
males are enrolled in education in 1987 and 2009 respectively in the age group 15-19 then the increase in
enrollment rate is 23 percent. Similarly, the decrease in LFPR is 23 percent when LFPR for males declines from
63 percent in 1987 to 39 percent in 2009. Thus, the change in enrollment rate and LFPR is comparable since
they are estimated over the same base population.

° This explanation has been recognized as having a limited role in explaining the fall in female LFPR in India by
previous studies (Sen, Neff and Kling 2012; Kannan and Raveendran 2012; Chowdhury 2011).
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4.2.2 Rise in Household Incomes

The second hypothesis which has been proposed is that decline of females in work force is a
consequence of rising household incomes. Household real incomes have increased over time
and females from households which have now become better off have withdrawn from the
labor force. A few papers have argued that female participation in the labor market increases
during times of agrarian distress (Himanshu 2011). Theoretically, a rise in household income
and wealth will tend to decrease labor market participation by women. In the Indian context,
social norms could also be at play at higher household income levels since female
participation in labor market is considered to be a low status activity (Eswaran, Ramaswami

and Wadhwa 2013).

Sen, Neff and Kling (2012) find support for this effect by examining the LFPR by
male wage-income quintiles across NSS rounds. This approach leads to a substantial
reduction in sample since only those households in which male members earn a wage are
included. Also, their calculations do not adjust for changes in real wage income over time. In
our analysis, we take the monthly per capita expenditure (MPCE) as a proxy for income since
this data is available for all the households.*® This measure of income is however not
completely exogenous to participation in the labor force by females. Participation of females
in the labor market will increase the per capita expenditure of a household. But this is the best

measure available in the data.

To capture the income effect we divide the sample households in deciles according to
the household MPCE for the year 1987. The cut-off for each decile in 1987 is then adjusted

using consumer price index for agricultural laborers and converted into its nominal value for

19'N5SS does not capture income from self-employment. It also does not contain information on household assets
which are a better proxy for wealth.
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the years 1999 and 2009. As an illustration, the first decile is defined as those households
having MPCE less than Rs 76 in 1987. In nominal terms Rs 76 in 1987 is equivalent to Rs
213 and Rs 531 in 1999 and 2009 respectively. Rs 213 is then defined to be the cut-off for the
first decile in 1999. Similarly, Rs 531 is defined to be the cut-off for the first decile in 2009.
Between 1987 and 2009, due to increasing real incomes, the proportion of households in

lower income deciles has fallen and in the upper income deciles has increased.

Figure 4.9 plots the female LFPR for each decile by year. In 1987, LFPR is the
highest for females in the lowest income decile and decreases with each higher decile. In
1999 a similar pattern is observed. However, in 2009, the negative association between
female LFPR and MPCE deciles is no longer observed. This is because the largest fall in
female LFPR between 1999 and 2009 has been for the lowest income households. Thus, with
real income held constant across years, females have decreased their participation in work
force. If only the income effect was at play then the decline in female LFPR should have been
only due to an increase in number of households in upper income deciles. But a large
reduction in female LFPR is among the low income households.** This warrants a further

investigation into the possible reasons behind the fall in female LFPR in rural India.

4.2.3 Demand Side Effects: Suggestive Evidence from Wage Growth

Sen, Neff and Kling (2012) were not able to find conclusive evidence for demand side
effects. They looked at changes in female LFPR at state level and changes in state domestic
product. They also analyzed growth rate in sectors where females are mostly employed. They

could not find evidence for a greater decline in female LFPR in states where domestic

11t could also be that withdrawal of women from the labor force in these households has led to low monthly
consumption expenditure.
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product growth was low. Even at a sectoral level, agriculture and manufacturing, the largest
employers of females in India experienced growth in their value added. However, greater
income growth at sectoral level and yet a fall in labor demand can occur when production
technology changes such that demand for capital is increased. A concurrent study by
Chatterjee, Murgai and Rama (2014) also examines the demand side explanations for fall in
female LFPR.' In this chapter we do not study demand side changes empirically. We analyze
the data on real wage rate to show that it cannot just be the demand side factors which have
resulted in a relative female LFPR decline. Changes in relative female supply have

contributed to the decline observed in female participation in the labor market.

The descriptive statistics show that maximum decline in female LFPR has occurred
during 1999-2009. If greater withdrawal of females from the labor force is a result of
diminishing relative demand for females in the labor market, then growth in equilibrium
wage rates is likely to be relatively lower for females. Table 4.1 shows the compound annual
growth rate (CAGR) in real daily wage rate for males and females during 1999-2009 in rural
areas.™ The overall wage growth has been much higher for females than males. The results
however vary by sector. The highest wage growth for females has been in the casual labor
sector, which has outpaced male wage growth in this sector. It is notable that withdrawal of
females from the labor force has also been greater in the casual labor sector versus the
salaried sector. The participation rate of females in casual employment fell from 21 percent to

18 percent between 1999 and 2009. While in salaried employment the participation rate of

12 They control for local employment structures by including district level controls for persons employed in
agriculture, non-farm self-employment, non-farm regular employment and casual work as a proportion of total
population. They interpret these variables as capturing availability of jobs. The coefficients of these variables
are positive and significant. However, these can potentially reflect supply side factors also, since what we
observe in the data is employment and not demand.

3 Individual wage rate is calculated as the total earnings divided by the total days worked in the last week for an
individual. The earnings data is only reported for casual laborers or salaried. For self-employed no earnings data
is captured in NSS. The district level wage rate is estimated by averaging over all the individuals who report
earnings data in a district by using sampling weights. The wages are then converted into real terms by using
consumer price index for agricultural laborers.
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females has remained constant at 2 percent. Figure 4.10 further plots the change in wage ratio
and change in labor force participation rate for the major states of India. Except for Haryana,
Rajasthan and West Bengal, all other states witness a decline in female LFPR. Among the
states which have witnessed a decline in female LFPR, only four states, namely, Assam,
Himachal Pradesh, Kerala and Punjab have experienced a decline in female to male wage
ratio. The remaining states (nine) have experienced an increase in relative female wage along

with a decline in female LFPR.

The above evidence supports the hypothesis of relative female wage responding to
changing relative female labor supply. However, the role of labor demand cannot be ruled out
completely. In the absence of a fall in female labor demand, the relative female wage growth

could have been even higher with a smaller fall in female employment.

4.3 Theoretical Framework

In India, only married females have withdrawn from the labor force. They are spending their
time away from the labor market on increased domestic duties. Increasing education levels
may be one of the reasons behind the observed fall in female LFPR and rise in domestic
work. We provide a theoretical framework under which female education can reduce female
labor supply. The empirical analysis, later, shows whether increasing female education plays

any role in explaining the declining labor force attachment of females in India.

Under the assumption that preferences are constant across education levels, what
could be the possible mechanism behind withdrawal of married females from labor force and
their greater participation in household chores, with increase in their education? Increase in

female education will increase labor market wage rate for a female. A simple model of labor
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supply would indicate that female labor supply decreases with increase in female education,
when the income effect is larger than the substitution effect of increase in wage rate. The
income effect from own wage will be large at a very high wage. Primary to secondary levels
of education do not result in a massive jump in wage in India (Kharbanda 2012). Mehta et al.
(2013) also find that the relationship between schooling and wages is convex in India.
Moreover, income effect of own wage cannot explain complete withdrawal of females from
labor force at the extensive margin. It can only lead to a reduction in hours at the intensive

margin.

One of the mechanisms which could lead to a fall in female labor supply with her
education is if female time is also used by a household in home production and productivity
of female time spent in home production increases with her education.™ In this case, an
additional home production effect will come into play. When marginal return from spending
time in home production is greater than marginal return from working in the labor market,

women will withdraw from the labor force to be at home.

Mother’s education is an important input into the human capital (health and
education) investment of her children (Schultz 2002).™ Due to the home production effect,
married and educated females can prefer to engage in domestic work as their education
increases.'® This can happen when the return from labor market is lower than the increased

value of their time in household production like looking after children.

4 A different channel could operate through preferences. If increase in female education, changes the preference
from market work to leisure or home production.

> Lam and Duryea (1999) find that increase in female schooling by up to 8 years reduces fertility, increases
investments in children, increases wage rate but does not increase female LFPR in Brazil.

18 Married females in rural India cannot choose not to have any children due to prevalent social norms in rural
India. The number of children can vary though.
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NSS allows us to estimate the proportion of females who primarily engage in
domestic work and tutor their children. This is a very narrow definition of child care since
child care involves cooking meals for children, cleaning them up, supervising their activities
etc. However, this is the only measure of child care activity available in NSS. Table 4.2
shows the percentage rural females who report that they spend time tutoring children among
the females who primarily engage in domestic work. The sample of females is restricted to
those who are spouses of married children of the household head and to the households which
have children aged 4-15. Since the NSS data does not allow us to match each child to her
mother, we follow the above approach in arriving at the estimates. The data shows that the
overall proportion of females reporting to tutor their children is low but over the years this
proportion has been increasing. Figure 4.11 plots the above proportion for females at each
education level. It can be clearly seen from the graph in figure 4.11 that as female education

increases, the percentage reporting spending their time at home teaching children increases.’

In light of the above discussion, we incorporate home production in our theoretical
model. The model is based on the time allocation theory in Becker (1965), which shows that
a woman allocates her time between home and market production so as to maximize the
utility, given a market wage and shadow value of time in home production. We consider a
model of household decision making in which parents derive utility from a consumption good
and the human capital of their child. Production of the child's human capital requires wife's
time. The choice facing the household is to divide the female time towards market work and

human capital production of the child.

" In the empirical analysis, we include women aged 25-65. While less number of women aged 45-65 will have
their children in age group 4-15, but they could be supervising their grandchildren. Also, if they have been out
of the labor force in their youth because they were looking after their children, they are unlikely to enter the
labor market later. Even if we restrict our sample to women aged 25-45 and having children in the household,
the conclusions from the empirical analysis do not change.
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We consider a household with one child and a couple- a husband(M) and a wife(F).
We assume a household utility function(U) which abstracts away from intra-household
bargaining. The utility function of the household is defined over the human capital(H) of the

child and the household's current consumption(c).

U=UH,c)

Uy(H,c) = 0,Upy(H,c) <0,U.(H,c) = 0,U..(Hc) <0

Husband and wife are each endowed with one unit of time. Production of human
capital of the child requires only wife's time(l). So the wife divides up her time between
work(1 — [) and household production(?) of child's human capital. The husband devotes his
entire time to working in the labor market. We take market good (c) as the numeraire and
denote the market wage rate of husband and wife by W,, and W respectively. We further
assume that the wage rate received by the husband and the wife are a function of their

education levels Ey; and E respectively.

Wy = Epy®
Wr = Ep®

Ey=1E->1,¢0,>0,¢0,>0

The parents maximize their utility subject to a budget constraint and a human capital

production function of the child. The production function of the child's human capital is given

by

H = h(BI)

H,(BI) = 0,H;(Bl) < 0,Hz(Bl) =0
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where ‘B’ is the productivity of the time devoted by wife to human capital production of the
child. The productivity of wife's time in production of the child's human capital is considered

to be a function of her education level E. We posit the below functional form for B

B = EF(Ps

The budget constraint faced by the household is given by

Where, the first and the second terms on the right hand side are the labor incomes of the
husband and the wife respectively, and 9 is non-labor income of the household. The objective

function of the parents can now be written as

Max; . U=U(H,c)
subjectto: c<Wy+ We(1-0D+9

H = h(BI)

To solve the above model we assume a structure on the utility and the human capital

production function. The utility function is quasilinear. It is concave in H and linear in c.

U(H,c) =HI9 +c

where 'g" is the weight placed by the household on human capital(H) of the child. In the
above utility function, there will be no income effect of increase in female wage on female
labor supply. In reality, there may be some effect present, but as mentioned earlier, it cannot
explain the decision of married females to completely opt out of the labor market. The utility
function is hence assumed to be quasilinear in consumption in order to abstract away from
presence of income effects on female labor supply and to consider other mechanisms which

can explain the fall in female labor supply with increase in her education.

132



Chapter 4. Female Labor Supply, Education and Home Production

We consider two models below. These models differ in the functional forms assumed
for human capital production function. In the first model, the only input in the human capital
production of the child is wife’s time. The second model incorporates another input which is

combined with wife's time to produce the child's human capital.

4.3.1 Model 1: Wife’s Time is the Only Input in Home Production
Production function of the child's human capital is assumed to utilize only the wife's time ().
It is given by
H =Bl
The objective function of the parents can now be written as
Max;. H9 + ¢

subject to: c<Wy+ We(1-0D+9

H =Bl
The Lagrangian for the maximization problem is written below
L=BI94+c—Ac—Wy— W:(1-1)-9)

The first order conditions for maximization assuming interior solutions

. gBIIS ! = W, (4.1)
c: 1=2 (4.2)

Solving for ‘I’ from (4.1) and (4.2)
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Further, substituting for B and Wy in terms of E

1
[ = (gEF(<P39—<P2))(q) (4.4)

We are interested in characterizing the behavior of wife's labor supply with increase
in her education. Increase in wife's education increases her wage, which has a substitution
effect on wife's time spent in human capital production of the child. The substitution effect of
increase in wife's education decreases her time in home production and increases her labor
supply. Increase in wife's education also has a home production effect on her labor supply.
The home production effect leads to an increase in wife's time spent at home towards the
human capital production of her child or a decrease in her labor supply, with increase in her
education. The overall effect of wife's education on her labor supply depends on whether the
substitution effect or the home production effect dominates. The derivative of wife’s labor
supply with respect to her education is

d1 -0 _ 92— ¢s9
dEF 1_g

- 1
(<P3lg_gfpz_1) g(ﬁ)

Ep

The substitution effect of wife’s education on her labor supply is given by

P39—P2 1

The home production effect of wife’s education on her labor supply is given by
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—@39
1-g

(<P319_—g<P2 ~1) (L)

Er g\t

Given the assumptions on the utility and the human capital production function, the
substitution effect of wife's education on her labor supply is always positive and the home
production effect is always negative. Based on parameter values we can characterize the

behavior of wife's labor supply with increase in her education.

Case (a): ¢, > @3g i.e. female wage rate is greater than the productivity of wife's
time spent at home raised by the exponent of the weight placed on human capital production
by the household. In this case, the substitution effect of wife's education is greater than its
home production effect. Consequently, as wife's education increases, her time spent in home
production decreases and her labor supply increases.

d(l1-1
aa-n_,
dEg

Case (b): ¢, < @3g i.e. female wage rate is lower than the productivity of wife's time
spent at home raised by the exponent of the weight placed on human capital production by
the household. In this case, the home production effect of wife's education is greater than its
substitution effect. Hence, as wife's education increases, her time spent in home production
increases and her labor supply decreases.

d(l1-1
aa-n_,
dEg
Intuitively, when ¢, < @3g, increase in female education results in a larger increase

in marginal utility from wife's time spent in home production than its marginal cost. This
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leads to an increase in female time spent in home production or a decrease in female labor

supply in equilibrium.

4.3.2 Model 2: Wife’s Time is Combined with another Input in Home

Production

In this model we assume a different structure on the human capital production function of the
child. We allow wife's time(l) to be used with another input(Z) in the production of child’s
human capital(H). Other inputs can be considered to be goods purchased by the household
like child-care services, tuition etc. The human capital production function is assumed to be
constant elasticity of substitution (CES) between other input(Z) and mother's time(l). It is

given by
H = [nz8 + (1 - m)Bo19]""°

where 1 is the share parameter of other input (m € (0,1)) and & determines the degree of
substitutability (8 € (-0,1)) between other input and wife’s time in home production. The
elasticity of substitution is 1/(1 — &). When §=1 the inputs are perfect substitutes, when §=-
o the inputs are perfect complements and the production function takes the Cobb-Douglas
form when §=0. Similar to the previous model, ‘B’ is the productivity of time devoted by

wife to the child's human capital and is a function of her education level (Er).
The objective function of the parents can now be written as

Max,; ., H9 +c
subjectto: P,Z+c<Wy+ Weg(1-0D+9

H = [nz + (1 - m)Bo19]""°
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where P, is price of other input.

The Lagrangian for the maximization problem is written below

L=[nz%+ 1 -mBoS]"° 4 c— APyZ + c— Wy — Wp(1=1) —0)

The first order conditions for maximization assuming interior solutions

Z: gn[nZ®+ (1 - 7T)B‘sl‘5]¥2‘5‘1 = AP, (4.5)
g-5

I g(1-mB%[rz%+ (1 —m)BJI%] 5 1571 = AW, (4.6)

c. 1=2 (4.7)

X PgZ+c—Wy— We(1-0D—-9=0 (4.8)

Solving the above equations we obtain the optimal value of wife’s time spent in home

production and other input as

1
g T s (5(1-9)(<pz—<p36)) (6(<pz—<psg))
l = 1—m)s <—> E 1-8-9) /+E (6-9) 4.9
1
- 1 (5( )) g%é' 19
= T 1-8 2 T -5 AP3-¢2)
Z= ((1—7t)Pz) g —ms I((1—n)(pz)8) + Ept 79 l (4.10)

As in the previous model, we are interested in characterizing the behavior of wife's
labor supply with increase in her education. Increase in wife's education increases her wage,
which has a substitution effect on wife's time spent in human capital production of the child.
The substitution effect of increase in wife's education decreases her time in home production
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and increases her labor supply. Increase in wife's education also has a home production effect
on her labor supply. The home production effect has an ambiguous sign in this model. We

discuss the cases below.

4321 Casel:Whend >0

In this case, the home production effect of increase in wife’s education on her labor supply is
negative. Based on parameter values we can characterize the behavior of wife's labor supply

with her education.

Case 1(2): @, > @36, p, > @39 i.e. female wage rate is greater than the productivity
of wife's time spent at home raised by the exponent of the substitutability parameter and
female wage rate is greater than the productivity of wife's time spent at home raised by the

exponent of the weight placed on human capital production by the household.

In this case as wife's education increases, her time spent in home production decreases
and her labor supply increases. Thus, the substitution effect of increase in wife's education is
greater than its home production effect.

d(1-1
¥ > 0
dEg

Case I(b): ¢, < @36, @, < @39 i.e. female wage rate is lower than the productivity of
wife's time spent at home raised by the exponent of the substitutability parameter and female

wage rate is lower than the productivity of wife's time spent at home raised by the exponent

of the weight placed on human capital production by the household.
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In this case as wife's education increases, her time spent in home production increases
and her labor supply decreases. Thus, the home production effect of increase in wife's
education is greater than its substitution effect.

d(1-1)
—a5 <0

4322 Casell: Whené <0

The home production effect has an ambiguous sign in this case. Also, when § < 0, female
wage rate is always greater than the productivity of wife's time spent at home raised by the
exponent of the substitutability parameter (¢, > ¢36). The further sub-cases are discussed

below.

Case ll(a): ¢, > ¢3g i.e. female wage rate is greater than the productivity of wife's
time spent at home raised by the exponent of the weight placed on human capital production
by the household. In this case as wife's education increases, her time spent in home
production decreases and her labor supply increases.

d(1-10)
—>0
dEg

Case ll(b): ¢, < @3g i.e. female wage rate is lower than the productivity of wife's
time spent at home raised by the exponent of the weight placed on human capital production
by the household. In this case the behavior of wife's time spent in home production and her
labor supply, as her education increases, is ambiguous.

d(1—1)

dE, — Ambiguous
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The above discussion shows that in model 2, the additional parameter which plays a
role in determining whether female labor supply increases or decreases with her education is
the degree of substitutability between female time and other input in human capital
production of the child. To understand the mechanism through which the degree of

substitutability acts as a pivot, we take the ratio of the first order conditions for Z and [:

Yz _ mRs,, = (=) (L) 1_ P
U, P\ —-n/\z)  BS T Ep%

When § > 0, the relative marginal utility from wife's time(l) in comparison to
marginal utility from other input(Z) increases as wife's education increases. Thus, the
marginal rate of substitution(MRS ;) between other input and wife's time (L.H.S) decreases
with increase in wife's education. The price ratio of other input and wife's time (R.H.S) also
decreases with increase in wife's education. Whether (1/Z) decreases or increases in
equilibrium depends on whether the fall in L.H.S is smaller or greater than the fall in R.H.S
due to increase in wife's education. When ¢, > @56, the L.H.S decreases less than the
R.H.S. with increase in wife's education. This results in a decrease in the ratio of wife's time
to other input (I/Z) in equilibrium. On the other hand, when ¢, < @56, the L.H.S decreases
more than the R.H.S. when wife's education increases. This results in an increase in the ratio

of wife's time to other input (I/Z) in equilibrium.

As wife's education increases, MRS, decreases. The magnitude of the decline
depends on the substitutability parameter (&). For larger values of &, the fall in MRS, is
larger. Thus, as the degree of substitutability between other inputs and wife's time increases,
the decrease in MRS, becomes greater as wife's education increases. The household is then
more likely substitute other input with wife's time. This increases wife's time spent at home

relative to other input.
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When § < 0, the relative marginal utility from wife’s time(l) in comparison to
marginal utility from other input(Z) always decreases as wife's education increases. This
increases the MRS, (L.H.S) in the above equation. The price ratio of other input and wife's
time in production of child's human capital (R.H.S) however decreases with increase in wife's
education. Thus, when § < 0 the ratio of wife's time to other input (I/Z) always falls as
wife's education increases. The mechanism is easier to see in the case when other input and
wife's time are perfect complements in production of the child's human capital. The
production function for H = min(Ez%31, Z). As wife's education increases, there is a decline
in ‘I’. At a given level of other input, smaller level of wife’s time is required in equilibrium

as education of wife increases.

Thus, the behavior of wife's labor supply with her education and how parameters
affect this relationship depends on the degree of substitutability between other inputs and
wife's time in production of human capital of the child. In this model the substitution effect
and the home production effect drive the relationship between wife's education and her labor
supply. While the substitution effect always leads to an increase in female labor supply with
increase in her education, the home production effect is ambiguous. The home production
effect leads to a decline in female labor supply as her education increases when § > 0.

However, the direction of the home production effect is ambiguous when § < 0.

The above model offers a potential explanation for fall in female labor supply with
female education. It presents a theoretical framework under which certain parametric
restrictions can lead to a fall in female labor supply with her education. The posited model of
female labor supply which incorporates the role of home production thus has the flexibility to

generate differential behavior of female labor supply with her education.
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4.4 Reduced Form Analysis

The negative relationship between female labor force participation and female schooling
observed in figure 4.5 could be mediated by other factors. First, higher education of females
could be highly correlated with education of male members in the household. The negative
relationship between female labor force participation and female schooling could simply
reflect spousal income effect, since educated females tend to get married in more educated
and wealthier households. Second, there could be location specific un-observables which
could be driving the negative relationship between female labor force participation and
female schooling. For example, a greater number of primary and secondary educated females
are present in more developed districts of India. These developed districts could have a lower
demand for female labor due to differences in availability of jobs across sectors. In this
section, we control for these other factors and examine the reduced form relationship between
female education and labor supply in India. Similarly, we also estimate the reduced form

relationship between female education and domestic work.

4.4.1 Methodology

We estimate the below regression for each year of data in our analysis.

Yina = a+ BXipg + ¥YZna + Da + Eina (4E.1)

where, ‘i’ refers to an individual, ‘h’ refers to a household and ‘d’ refers to a district. The
dependent variable varies with the definition of LFPR used. It is a continuous variable when
measured using the daily status and is a dichotomous variable when measured using the
UPSS definition. ‘X’ is a vector of individual characteristics like age and education; ‘Z’ is a

vector of household characteristics like land owned, per capita consumption, maximum
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education of married males aged 18-65 in the household, religion, caste, share of male
members in household, children under age five and household size.*® We control for district
fixed effects (D,) in the above specification to capture other district level un-observables
which could have an impact on labor force participation by women.*® Table 4.3 shows the

summary statistics of individual and household characteristics for each year of data.

4.4.2 Results

Table 4.4 and table 4.5 show the results from a reduced form regression of female labor
market participation. The dependent variable is constructed using the Daily Status definition
in table 4.4 and using the UPSS definition in table 4.5. The base category for own female
education is illiterate females. The results in table 4.4 and table 4.5 show that for females
with less than primary to higher secondary education there is a significant decline in
probability of being in labor force as compared to the illiterate females (decline in probability
increases from primary to higher secondary). At graduate and above schooling there is either
a significant increase or no change in the probability of working. This indicates a U shaped
relationship between female education and participation in labor force. Thus, even in the
presence of controls for household income, male education and labor demand at district level,
the negative relationship between female labor force participation and female schooling up
till secondary education is robust for all years. Over the years, there is a slight increase in
probability of working for females with less than primary to middle education when

compared to illiterate women.

'8 Education of married males aged 18-65 in the household is the best indicator for income effect from earnings
of male members in the household since in NSS data one cannot match the wife to the husband.

9 Das and Desai (2003) also estimate reduced form regression for female labor market participation but do not
control for male education or local labor market effects in a district.
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We discuss the effect of other variables on female labor force participation. Increase
in male education reduces female labor supply. This may be due to the income effect on
female labor supply as male education increases. Female labor market participation is
affected positively when a household owns land. Ownership of land can have two effects on
female labor supply - a negative effect on female labor supply, when higher land ownership
reflects higher wealth, and a positive effect when land is a productive asset in agriculture
which generates a source of self-employment. Increase in household income, captured
through the monthly expenditure per capita, also decreases female labor supply in 1987 and
1999. This negative relationship does not exist in year 2009. This result may not however
reflect the true income effect on female labor supply since the measure of income used can
itself be influenced by female participation in the labor market. Among the included
variables, male education is one of the best proxies for income effect of increased household
earnings on female LFPR. Increase in household size and greater presence of male members
reduces female labor supply. Increase in share of children under age five reduces female

labor supply but this relationship is insignificant in year 2009.

We now estimate equation (4E. 1) with the dependent variable as the number of days
spent in domestic work in a reference week by a female.?’ Table 4.6 shows the results from a
reduced form regression of female domestic work (Daily Status). The results show that
number of days spent in domestic work increase with increase in female schooling up till
secondary education, when the reference category is illiterate females. Females with graduate
and above schooling spend lower number of days engaged in domestic work as compared to
illiterate females. These results indicate an inverted U-shaped relationship between female
education and engagement in domestic work. This is a mirror image of the relationship

between female education and labor market participation. The relationship between female

2 Since domestic work is not captured as a subsidiary activity in NSS, we do not use the UPSS definition of
engagement in domestic work.
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domestic work and education in figure 4.6 is hence robust to the inclusion of several

individual and household controls.

Other variables like male education and household income have a positive effect on
female domestic work. Since both male education and household income increase household
wealth from other sources, this result is expected. The effect of household landholding is not
consistent across years. Increase in household landholding has an insignificant effect on
female domestic work in 1987 but in 1999, females in households having a larger
landholding spend less time in domestic work as compared to landless households. Increase
in household size increases domestic work by females in 1987. It does not have a significant
effect on female domestic work in 1999 and 2009. A greater presence of children under age
five in households increases domestic work by females but this relationship is insignificant in
2009. The only household demographic variable which has a consistent effect on female
domestic work is greater share of male members. More male members increase female

domestic work and this result is consistent across years.

The reduced form estimates discussed above, provide strong evidence for a negative
(positive) association between female labor supply (domestic work) and female education in
India up till secondary education. These results are consistent with the theoretical model
posited in section 3, where female labor supply falls and her time spent in home production
increases with increase in her education, if the marginal return from spending time in labor

market is lower than the marginal return from spending time in home production.
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4.5 Decomposition Analysis

We undertake a decomposition analysis to estimate the magnitude of decline in female LFPR
which is explained by the changing characteristics of working age females (including female
education). We first discuss the decomposition methodology and then present the

decomposition results.

4.5.1 Methodology

There are parametric and non-parametric approaches for decomposition analyses. We use
both the approaches in this chapter to estimate the proportion of decline which can be
attributed to changing female labor force characteristics over time. The non-parametric
decomposition technique is used to ascertain the credibility of the explained proportions
estimated using the parametric decomposition. The advantage of the parametric approach is
that it allows us to estimate the contribution of each characteristic to the explained

proportion. We describe the decomposition techniques below.

4.5.1.1 Parametric decomposition: Blinder-Oaxaca

The Blinder (1973) and Oaxaca (1973) decomposition technique has been very popular in
labor economics for wage decomposition by gender, race and ethnicity. In our analysis we
apply this technique to get the proportion of change in female employment over time which

can be explained by changing characteristics of the female population.
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4.5.1.1.1 Parametric decomposition: Linear

When the outcome variable is linear, the reduced form specification for days worked by each

female ‘i’ in year ‘t’ can be written as:

R = xp

where Y is the outcome variable of ‘days spent in labor force during a week’, X is a vector of
personal and household characteristics and S are the parameter estimates. Since the
regression line passes through the means of the variables, the predicted employment

differentials between any two years can be decomposed as

71987 _ 72009 — [(X1987 _ X2009)Bl987] + [)?2009(31987 _ ﬁ2009)] (4E2)

71987 _ 72009 — [(X1987 _ X2009)BZOO9] + [)?1987(31987 _ ﬁ2009)] (4E3)

The first term on the right hand side of above equations represents female employment
changes attributable to changing female characteristics. The second term on the right hand
side represents female employment changes attributable to changing employment rates of
females of given characteristics. Equation (4E. 2) shows the decomposition when
coefficients for the year 1987 (31°87) are assumed to represent the true relationship between
female employment and the included characteristics. Equation (4E. 3) shows the
decomposition when coefficients for the year 2009 (32°°%) are assumed to represent the true
relationship between female employment and the included characteristics. In general,
equations (4E.2) and (4E. 3) will give different results. This dilemma is usually encountered

in decomposition techniques since they are often saddled with the common index number
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problem — the coefficients of which year should be used for calculating the explained

proportion?

We undertake the decomposition analysis for change in female labor force
participation rate (FLFPR) between 1987-2009 and 1999-2009. The change in employment
rate over time could also reflect changing demand conditions e.g. a fall in female
employment for low income groups in 2009 could reflect supply side changes as well as
demand side changes in jobs where low income households are likely to work. Hence the
coefficients for the years 1987 and 1999 will reflect the employment-characteristic
relationship with supply and demand conditions as given in 1987 and 1999 respectively. The
coefficients for 2009 can reflect both supply and demand side changes over time. In our
analysis we present the decomposition results with the explained proportion evaluated at the

regression coefficients for both the years.

45.1.1.1 Parametric decomposition: Non-Linear

When female LFPR is estimated using the principal and subsidiary status in NSS, the
dependent variable is binary, indicating whether a female is currently in labor force or not. In
this case we use the non-linear Blinder-Oaxaca decomposition to obtain the explained

proportion. The below reduced form can be estimated using a logit or a probit regression.

Ff =FX{p9

The term in the first bracket below is the explained proportion calculated at the employment

regression coefficients for the year 1987.
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71987 _ 72009

[N 1o87 1987 51987 NZ099 2009 51987 |
_ F(X{®¥7p1%7) F(X?°%p™%7)
- N 1987 N 2009
| =1 i=1
[ 2009 2009 51987 NZ099 2009 320091 |
F(X?00°p1987) F(X7009p2009)
+ N 2009 B N 2009
| =1 i=1

As in the linear decomposition, we also present results for the estimate of the explained
proportion using non-linear decomposition evaluated at the employment regression
coefficients for the year 2009. The term in the first bracket below is the explained proportion

calculated at the employment regression coefficients for the year 2009.

71987 _ 72009

N1987 1987 52009 N2099 2009 52009
_ F(X°%7 p200%) F(X7°%°p2°0%)
- N 1987 - N 2009
i=1 i=1
N1987 1987 51987 N1%87 1987 52009
ST PGP N F(X )
N 1987 N 1987

i=1 i=1

4.5.1.2 Semi-Parametric decomposition

In recent years a generalization of the Blinder-Oaxaca decomposition technique has become
popular to decompose differentials.? It is a semi-parametric decomposition technique which
uses propensity score re-weighting approach (DiNardo, Fortin, Lemieux 1996 (DFL);

DiNardo 2002). This technigue has been used to decompose wage and earnings differentials

across population groups and within the same population groups over time (Leibbrandt,

2 It is identical to Blinder-Oaxaca decomposition when variable of interest is mean of the outcome variable and
there is a single categorical explanatory variable.
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Levinsohn, and McCrary 2010; Biewen 2001; Butcher and DiNardo 2002; Hyslop and Mare

2005; Daly and Valletta 2006).

However, it has not been used much in decomposing employment differentials. We
are only aware of a paper by Black, Tseng and Wilkins (2011) who use DFL technique for
decomposing the role played by demographic characteristics in explaining the decline in male
employment rates in Australia. We elucidate the decomposition method below using similar
notations as in Black, Tseng and Wilkins (2011). Additionally, we construct counterfactuals
using the relationship between characteristics and female labor force participation rate for

different years.

Let E(e| x, t) denote the mean employment rate for a vector of characteristics ‘x” at
time ‘t” and let f(x|t) denote the distribution of characteristics at time ‘t’. The aggregate

employment rate at time ‘t’ can then be expressed as

E(e|t) = fE(e|x,t) f(x|t) dx

The notation highlights the fact that both the employment characteristic relationship and the

distribution of characteristics can vary over time.

To arrive at the explained proportion, we need to obtain the change in aggregate
employment rate due to changing distribution of characteristics over time, with the
employment characteristic relationship held constant. Counterfactual employment rates need
to be constructed to carry out the above. This is convenient to do with the following notation
that distinguishes between the time-period of the employment characteristic relationship from
the time-period of the distribution of characteristics. We denote the time from which the set

of employment rates for each characteristic is drawn by ‘t.’, and denote the time from which
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the distribution of characteristics is drawn by ‘ty’. The employment rate at time ‘t” can then

be alternatively expressed as below

E(e:t, =t t,=t) = fE(e| xXt,=1t) f(x|t, =t) dx

Rewriting the above, the employment rate in year 1987 can be expressed as:

E(e:t, = 1987,t, = 1987) = fE(e| x,t, = 1987) f(x|t, = 1987) dx

E(e: t, = 1987,t, = 1987), thus denotes the observed employment rate in year 1987, while
E(e:t, = 1987,t, = 2009) denotes the counterfactual employment rate in 1987 i.e. the
employment rate that would have been in 1987 had the distribution of individual
characteristics been that of 2009. Similarly, E(e: t, = 2009, t,, = 1987) denotes the
counterfactual employment rate in 2009 i.e. the employment rate that would have been in
2009 had the distribution of individual characteristics been that of 1987. The explained
proportion can be obtained by both the counterfactuals. The difference between the explained
proportions calculated by the two counterfactuals is that the former evaluates it at the
employment rate for each characteristic in 1987 and the latter evaluates it at the employment
rate for each characteristic in 2009. This is in spirit similar to using the employment

regression coefficients for the years 1987 and 2009 in Blinder-Oaxaca decomposition.

Case I: Holding constant, the base year (1987) employment characteristic relationship
constant over time, the change in aggregate employment between 1987 and 2009 can be

decomposed as

Total change= Explained change + Unexplained change
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E(e:t, = 1987,t, = 1987) — E(e: t, = 2009, t, = 2009)
= [E(e: t, = 1987,t, = 1987) — E(e: t, = 1987,t, = 2009)]

+ [E(e: t, = 1987,t, = 2009) — E(e: t, = 2009,t, = 2009)]

The proportion of change in employment which can be explained by changing characteristics

over time is given by

E(e:t, = 1987,t, = 1987) — E(e: t, = 1987,t, = 2009)
E(e:t, = 1987,t, = 1987) — E(e: t, = 2009, t, = 2009)

Explained proportion =

Case II: Holding constant, the base year (2009) employment characteristic employment
relationship constant over time, the change in aggregate employment between 1987 and 2009
can be decomposed and the explained proportion obtained as

E(e: t, = 2009, ¢t, = 1987) — E(e: t, = 2009, t, = 2009)
E(e:t, = 1987,t, = 1987) — E(e: t, = 2009, t, = 2009)

Explained proportion =

To arrive at the estimate of the explained proportion in each case, we need to estimate the

counterfactual employment rate. This is explained below.

In case I, the counterfactual employment rate is

E(e:t, = 1987,t, = 2009) = fE(e| x,t, = 1987) f(x|t, = 2009) dx

= fE(e| x,te = 1987) p(x) f(x|t, = 1987) dx

F(x|tx=2009)
f(x|t,=1987)

Where, ¢ (x) =
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@(x) is also known as the re-weighting function. We need to get an estimate of ¢ (x) in order

to arrive at the counterfactual employment rate. Applying Bayes rule to get an expression for

p(x)

Pr (t, = 1987) Pr (t, = 2009]|x)
Pr (t, = 2009) Pr (t, = 1987|x)

p(x) =

The estimate of Pr (t, = t) is the proportion of observations that belong to the year
‘t’. The estimate of Pr (t,, = 1987|x) is obtained by a discrete choice model where the
dependent variable is a dichotomous variable for the observations belonging to the year 1987
and ‘x’ are the explanatory characteristics. Therefore, ¢ (x) is estimated for each individual

in year 1987.

Given an estimate of the re-weighting function (¢, (x)), the counterfactual

employment rate can be estimated as

Ni9g7

Pi(x) e;

N1987

E(e:t, = 1987,t, = 2009) =
where, e; is whether or not a woman is in labor force or the number of days in the labor force
last week by a woman in year 1987. @;(x) is the weight given to each individual in arriving
at the mean counterfactual employment rate. Note, that in the absence of @;(x), the actual
aggregate employment rate in 1987 would have been obtained. The estimated re-weights
(@i (x)) are such that the distribution of observed characteristics across years is the same. For
example, in the above case, the observations in year 1987 are re-weighted such that the
distribution of observed characteristics in year 1987 is identical to that in year 2009. If real

income is higher in 2009, then a greater re-weight is given to the individuals belonging to
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households having a higher income in 1987 so that the proportion of individuals in each

income decile after re-weighting is identical across years.

Similarly, for case Il we can derive the counterfactual employment rate as below:

N2009
E(e:t, = 2009,t, = 1987) = 2

i=1

@i (x) e

N2009

Pr (t,=2009) Pr (t,=1987|x)
Pr (t,=1987) Pr (t,=2009|x)

Where, ¢';(x) =

4.5.2 Decomposition Results

In the decomposition analysis we include age structure of female population, female
education, land owned by a household, household income deciles and education of male
members in a household. 22 The summary statistics show that there has not been much change
in the age structure of female population. There has been a change in the education structure
for females with a large reduction in illiteracy. The land ownership structure has changed
between 1987 and 1999 with an increase in households with smaller landholdings. But there
has been little change between 1999 and 2009. There has been an increase in real household
incomes with a larger proportion of females in the upper deciles of real household per capita
expenditure in year 2009. Male education is defined as the maximum education of 18-65 year

married male members of the household. The education structure of male members in the

22 Other household characteristics which could possibly explain change in female labor supply like household
size, share of children under age five, share of male members, caste and religion have not been included in the
main regressions since they do not alter our main results. The decomposition results including these variables
are shown in appendix 4.B. These variables do not add much to the explained variation and none of the
conclusions change with the inclusion of these variables.
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household has altered with a larger proportion of married males with at least middle level of

education.

We discuss the results from the parametric and the non-parametric decompositions
below. Our first objective is to estimate the proportion of change in participation which can
be explained by the changing individual and other household level socio-economic
characteristics. Hence, we first discuss the results on proportion of decline in female LFPR
which is explained by the changing characteristics and then look at the contribution of each

individual characteristic to the explained proportion.

4.5.2.1 Proportion of decline that is explained by observed characteristics

Table 4.7 shows the decomposition results for change in female labor force participation rate
(FLFPR) estimated using Daily Status definition. We use the linear Blinder-Oaxaca
decomposition since the dependent variable is number of days worked in a reference week by
a female. For the daily status we show the results for change in FLFPR between 1999 and
2009 only, since daily status employment estimates are not comparable across 1987 and
2009. The specifications across columns differ in the explanatory characteristics included.?
When all the characteristics are included, 60 percent and 16 percent of the decline in FLFPR
between 1999 and 2009 can be explained at the employment regression coefficients for 1999

and 2009 respectively.

Table 4.8 shows the decomposition results for change in FLFPR estimated using the
Usual Principal and Subsidiary Status (UPSS). Now, we use the non-linear Blinder-Oaxaca

decomposition technique since our dependent variable is binary. Panel A of table 4.8 shows

% Specification (4) excludes the income variable since it can be potentially endogenous to female participation
in the labor force.
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the decomposition results for change in FLFPR between 1987 and 2009. The explained
proportion is 70 percent (40 percent) when it is evaluated at the regression coefficients for the
year 1987 (2009) and all the characteristics are included. Panel B shows the decomposition
results for the change in FLFPR during 1999-2009.7* In Panel B, the estimates of explained
proportion are slightly lower than those in table 4.7 when evaluated at the regression
coefficients for 1999. Hence, there are slight differences in the explained proportion

depending on the definition of employment.

The results in table 4.7 and table 4.8 show that by evaluating the explained proportion
at the regression coefficients for 1987 or 1999 we are able to explain a higher proportion of
the fall in FLFPR in comparison to evaluating it at the regressions coefficients for 2009. This
is due to changing structural conditions which have led to an alteration in the relationship
between individual characteristics and labor force participation by women over time. As
discussed earlier, the employment regression coefficients for 1987 and 1999 are likely to
reflect the relationship between employment and characteristics, given the demand conditions
in 1987 and 1999 respectively. Changing demand conditions over time could have altered the

observed relationship between characteristics and employment in 20009.

We now compare the above estimates of explained proportion with the estimates of
explained proportion obtained using the non-parametric decomposition technique. Table 4.9
shows the proportion of fall in daily status female employment rates explained by changing
characteristics, estimated using the DFL decomposition. The results show that 62 percent (11
percent) of the fall in daily status FLFPR between 1999 and 2009 can be explained by the
included characteristics at the regression coefficients for 1999 (2009). These explained

proportions are very similar to those obtained in table 4.7 using the Blinder-Oaxaca

% The results in table 4.8 show that the proportion of decline in female labor force participation explained by the
included characteristics is less during 1999-2009 when compared to 1987-2009.
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decomposition. Similarly, the estimates in table 4.10 for the proportion of explained change
in female employment rate (UPSS), using the DFL decomposition technique, are similar to

the estimates in table 4.8.

To check the validity of semi-parametric results, Black, Tseng and Wilkins (2011)
suggest conducting t-tests for individual variable means, across the re-weighted observations
and the actual observations, when using the DFL decomposition. Since our aim is to match
the distribution of characteristics across years to estimate the explained proportion, we must
statistically test if we have achieved it. For example, in panel A of table 4.10, for
specification 3, we must test if the reweighted observations in 1987 have the same means for
age group, education, land owned by the household and household income as the
observations in year 2009. These tests are conducted for specifications (1)-(5) in table 4.9 and
table 4.10. The null for equality of each characteristic is not rejected for any specification
when evaluating the explained proportion between 1999 and 2009. This shows that we are
able to statistically match the means of the characteristics across the observations for years
1999 and 2009. However, when decomposing the change in FLFPR between 1987 and 2009,

the equality of means could not be achieved for all characteristics.

Black, Tseng and Wilkins (2011) advocate inclusion of interaction terms among
characteristics to achieve a more precise re-weighting function. In our case, for the change in
FLFPR between 1987 and 2009, the re-weighting function achieved is not adequate. As a
robustness check, we show the decomposition results when the interaction terms among the
characteristics are included as explanatory variables while estimating the re-weighting
function. The results are presented in column (6) of table 4.9 and table 4.10. The specification
in column (6) includes two-way interactions among all the characteristics. The null for

equality of each characteristic is not rejected when the interaction terms are included. There
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are only minor differences in explained proportion across column (6) and column (5) in table

4.9 and table 4.10.

To conclude, at the maximum (minimum) around 60 percent (16 percent) of the fall in
female daily employment between 1999 and 2009 is explained by the included
characteristics, depending on the base year used to evaluate the explained proportion. Thus a
large proportion of the decline in female employment between 1999 and 2009 remains
unexplained. What is the unexplained proportion likely to constitute? Firstly, there are supply
side factors which have not been included in the above decomposition analysis like changing
female and male wage rates. Increase in real male wage is likely to have a negative impact on
female labor supply while the impact of an increase in real female wage on female labor
supply is ambiguous. These variables are however endogenous to female employment and
have been excluded to prevent simultaneity issues in the absence of suitable instruments.
Inclusion of education as an explanatory variable captures rise in wage rates due to increasing
human capital over time. But it does not capture any shift in the distribution of wage rates.
We use per capita household expenditure as a proxy for income effect (because of data
limitations) due to increasing wage rates but it may not be a perfect control and is also
endogenous to female employment. Second, the unexplained proportion is also likely to

reflect changing demand conditions over time.

4.5.2.2 Contribution of characteristics to the estimated explained proportion

The above results show that the explained proportions estimated using both the parametric
and the non-parametric techniques are quite similar. This gives us confidence in the Binder-
Oaxaca decomposition results and therefore we use its findings to estimate the contribution of

each characteristic to the explained proportion for the parametric decomposition. This will
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inform us about the characteristics which play the most important role in explaining the

decline in FLFPR over time.

Consider the contribution of the individual characteristics in explaining the decline
using the daily status definition of employment (specification 3 of table 4.7). This
specification includes the characteristics of age group, female education, land owned by the
household per capita and household income. Results show that an increase in female
education and household income are the major drivers for fall in FLFPR when the explained
proportion is evaluated at the year 1999 employment regression coefficients. When the
explained proportion is evaluated at the 2009 regression coefficients, increase in female
education is the primary driver behind the fall in FLFPR. Increase in female education is able
to explain almost 28 percent (16 percent) of the fall in female LFPR between 1999 and 2009
when the explained proportion is evaluated at the regression coefficients for the year 1999
(2009).%> Adding controls for education of male members in the household, in specification
(4) and (5), reduces the contribution of female education to the explained proportion by
almost half. This is due to a high correlation between female and male education in the same
household since educated females are likely to get married in households having educated
males.”® Increasing male education explains 22 percent (15 percent) of the total fall in female

LFPR between 1999 and 2009 at the regression coefficients for the year 1999 (2009).

Now we discuss the contribution of individual characteristics in explaining the decline

using the UPSS definition of employment (table 4.8). We use the method proposed by Fairlie

% This proportion is arrived at by multiplying the contribution of education to the explained variation and the
explained proportion. For e.g. in specification (3) of table 4.7, contribution of education to the explained
variation is 50% and the explained proportion is 55%., the contribution of education in explaining the decline in
female LFPR is then 28%.

% Assortative mating has been on a rise in India. The correlation between education of 18-35 year old daughters-
in-law in the household with the highest education of married males who are sons of the household head has
increased from 0.54 in 1987 to 0.64 in 2009. We reach the same conclusion of a rise in assortative mating on
education if we use the average level of education of males in the household.
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(2005) for non-linear Blinder-Oaxaca decomposition to calculate the proportion contributed
by each set of independent variables to the explained proportion. The results in panel A and
panel B (specification 3) show that increasing education levels of females is the driving factor
behind the explained proportions. Similar to table 4.7, the contribution of own female
education falls by almost half when male education is controlled for in specification (4) and
(5). Thus, the main conclusions do not vary by the definition of female employment in NSS.
The above results show that own female education and education of male members of the
household are the primary contributors to the explained proportion. The other variables do

not show consistent results.

Increase in household income is important in explaining the fall in FLFPR between
1987-2009 and 1999-2009 only when the explained proportion is evaluated at the regression
coefficients for the year 1987 and 1999 respectively. This is because of the weak negative
relationship between FLFPR and household income in 2009. As discussed earlier, male

education is a much better indicator of income effect from increased household earnings.

Change in per capita landholding of the household contributes to the explained
proportion for the fall in FLFPR between 1987 and 2009 only. Change in FLFPR is affected
by change in household landholding per capita since females belonging to households having
more land have a larger employment probability (primarily due to self-employment on own
land). Greater fragmentation of land holdings over time in India as household land is divided
up among sons of a household has led to a fall in female self-employment on own land.
However, change in landholding size does not explain the fall in FLFPR between 1999 and

2009. This is because of limited fragmentation of landholdings during 1999-2009.

If female education is an important driving force behind the decline in female labor

force participation, we should also observe an increase in domestic work by females with
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increase in female schooling. We undertake a decomposition exercise to explain the increase
in domestic work by females over the years. Table 4.11 presents the Blinder-Oaxaca
decomposition results for change in domestic work by daily status between 1999 and 2009.
Female education explains 25 percent and 14 percent of the increase in domestic work using
the year 1999 and the year 2009 regressions coefficients respectively (specification 1 of table
4.11). This contribution reduces to half when male education is controlled for. These results
are similar to that for decomposition of decrease in labor force participation rates, except that
now increase in female education explains the increase in domestic work. Increase in
household income also explains a substantial part of increase in domestic work (20 percent)
when the explained proportion is evaluated at the coefficients for 1999 (specification 2 of
table 4.11). But it is not able to explain the increase in domestic work when the coefficients
for 2009 are used. The only other variable which is able to consistently explain the increase

in domestic work is increase in male education.

To summarize the decomposition results, female and male education are able to
consistently explain the decrease in female LFPR and increase in female domestic work
across different specifications. When the maximum education of males in a family is included
as a control in the decomposition analysis, there is a fall in the proportion explained by own
education of females. However, the contribution of increase in own female education to the
explained proportion continues to be significant and large, even when male education is

controlled for.
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4.6 Conclusion

Cross-regional and over time variation in female employment has been studied extensively in
economics due to its association with access to economic opportunities for women. In India,
female employment in rural areas has fallen over the last three decades, which has also been a
period of rapid growth in incomes and educational attainment. This fall has occurred among

the married females and has been accompanied by an increase in domestic work by them.

While growth in income can have a negative effect on female labor supply through
the wealth effect, the effect of education needs an explanation. We construct a theoretical
model of household decision making which incorporates home production to show that
increase in female education can reduce female labor supply. Increase in female schooling
increases female wage but it also increases her productivity in home production of her child’s
human capital. This can lead to a withdrawal of married females from the labor force. The
gain to the household in terms of increased human capital of the child comes at the expense

of female time spent in remunerative activities.

We empirically examine the relationship between female labor supply and education
for India including controls for income, male education and local demand. We find that
female labor supply falls with increase in female education up till secondary level. On the
other hand, female domestic work increases with increase in female education up till
secondary level. We then use parametric and non-parametric decomposition techniques to
estimate the proportion of fall in female LFPR explained by the changing characteristics of
females in working age and identify the important characteristics. The magnitude of the
explained proportion depends on the year whose employment- characteristic relationship is
used for estimating it. At the maximum 60 percent (16 percent) of the fall in female daily

employment during 1999-2009 is explained by the changing characteristics of females in
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working age, when evaluated at the characteristic employment relationship for the year 1999
(2009). Further, the decomposition exercise shows that increase in female and male education
in India play the most important role in explaining the decline. The chapter also estimates the
contribution of changing female characteristics to the increase in female domestic work. The
decomposition analysis here is a mirror image to the decomposition analysis for female
LFPR. It turns out that increases in female and male education are the most important factors

associated with the increase in female domestic work.

The empirical findings provide robust evidence that home production and female
education matter to female labor supply. Male education is also an important factor. The
mechanism by which male education matters is an interesting question. One possibility is that
it is merely capturing the income effect. Another possibility is that male education alters
household preferences. This is not captured in our theoretical model and warrants further

exploration.
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Figure 4.1 Labor Force Participation Rates by Gender (Age 15-65)
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).
Note: The definitions of the Usual Principal and Subsidiary Status (UPSS) and the Daily Status labor force
participation rates are discussed in appendix 4.A.
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Figure 4.2 Labor Force Participation Rates by Gender (Age 25-65)
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).
Note: The definitions of the Usual Principal and Subsidiary Status (UPSS) and the Daily Status labor force
participation rates are discussed in appendix 4.A.
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Figure 4.3 Female Labor Force Participation Rates by Marital Status (Rural)
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).
Note: The definitions of the Usual Principal and Subsidiary Status (UPSS) and the Daily Status labor force
participation rates are discussed in appendix 4.A. The LFPR is calculated within each marital category.

Figure 4.4 Female Participation in Domestic Work (Rural)
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).
Note: The definitions of the Usual Principal Activity Status and the Daily Status labor force participation rates

are discussed in appendix 4.A.
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Figure 4.5 Female Labor Force Participation Rates by Education (Rural)
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).

Note: The education categories are defined as: 1=(llliterate) 2=(L.iterate less than primary) 3=(Primary)
4=(Middle) 5=(Higher Secondary) 6=(Graduate and above). The corresponding grade levels are: Primary=Grade
5, Middle=Grade 6-8, Higher Secondary=Grade 9-12, Graduate and above= College and above. The LFPR is
calculated within each education category.

Figure 4.6 Female Domestic Work by Education (Rural)
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).

Note: The education categories are defined as: 1=(llliterate) 2=(Literate less than primary) 3=(Primary)
4=(Middle) 5=(Higher Secondary) 6=(Graduate and above). The corresponding grade levels are: Primary=Grade
5, Middle=Grade 6-8, Higher Secondary=Grade 9-12, Graduate and above= College and above. The percentage
females engaged in domestic work is calculated within each education category.
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Figure 4.7 Female Education by Age Groups (Rural)
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).

Note: The age groups are defined as: 1=(15-19) 2=(20-24) 3=(25-29) 4=(30-34) 5=(35-39) 6=(40-44) 7=(45-
49) 8=(50-54) 9=(55-65). The percentages are calculated within each age category. The grade levels for
education are: Primary=Grade 5, Middle=Grade 6-8, Higher Secondary=Grade 9-12, Graduate and above=
College and above. The LFPR is calculated within each age category.
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Figure 4.8 Education Enrollment and Labor Force Participation Rates (Rural)
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).
Note: The labor force participation rates are estimated using the UPSS definition. The detailed definition is

discussed in appendix 4.A.
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Figure 4.9 Female Labor Force Participation Rates by Income Deciles (Rural)
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).

Note: The cut-offs of income deciles for the year 1987 are used and adjusted for cost of living for the years 1999
and 2009. The LFPR is calculated within each income decile. The width of the bars shows the proportion of
females in the income group in that year.
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Figure 4.10 Change in Female Labor Force Participation Rates and Relative Female
Wage across States of India (2009-1999)
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Source: NSS (1999, 2009) Employment and Unemployment Schedule (Author’s calculations).
Note: The sample includes men and women in age group 25 to 65 in rural areas.

Figure 4.11 Tutoring Children by Female Education Level (Rural)

Percentage married females, age 25-65, who
engage in domestic work and who report tutoring
children, by education
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Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).

Note: The education categories are defined as: 1=(Illiterate) 2=(Literate less than primary) 3=(Primary)
4=(Middle) 5=(Higher Secondary) 6=(Graduate and above). The corresponding grade levels are: Primary=Grade
5, Middle=Grade 6-8, Higher Secondary=Grade 9-12, Graduate and above= College and above. The percentage
is calculated within each education category. The sample of women is restricted to those who are spouses of
married children of the household head and to the households which have children aged 4-15.
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Table 4.1 Growth in Real Wage Rate between 1999-2009 (Rural)

Overall Casual Salaried
(1) (2 (3)
Male 1.9% 2.7% 1.1%
Female 3.3% 3.4% 1.3%

Source: NSS (1999, 2009) Employment and Unemployment Schedule (Author’s calculations).

Table 4.2 Percentage Married Women Who Report Tutoring Children Among Those
Who Primarily Engage in Domestic Work (Age 25-65)

Year
1987 1999 2009
7.43 14.29 17.81

Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).
Note: The sample of women is restricted to those who are spouses of married children of the household head
and to the households which have children aged 4-15.
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Table 4.3 Variable Definition and Summary Statistics

Variable Definition Indicators Mean
Year --> 1987 1999 2009
Age group Own Age 3. Age 25-29 23% 21% 19%
4. Age 30-34 19% 19% 18%
5. Age 35-39 16% 17% 18%
6. Age 40-44 13% 13% 14%
3. Age 45-49 11% 10% 11%
3. Age 50-54 8% 8% 8%
3. Age 55-65 10% 12% 13%
Education Own Education 1. llliterate 80% 71% 56%
2. Less than primary 7% 9% 11%
3. Primary 7% 8% 12%
4. Middle 3% 7% 11%
5. Secondary - High Secondary 2% 4% 8%
6. Graduate and above 0% 1% 2%
Land Owned Land owned by the 1. less than 0.1 hectare 51% 60% 61%
Household household divided by 2.0.1-0.2 hectare 16% 15% 14%
the household size 3.0.2-0.4 hectare 16% 13% 13%
4. 0.4-0.6 hectare 7% 5% 6%
5. More than 0.6 hectare 10% 6% 6%
Household Monthly per capita 1. Income decile 1 (less than Rs 76) 9% 6% 3%
Income consumption 2. Income decile 2 (Rs 76 Rs 93) 11% 8% 5%
expenditure of the 3. Income decile 3 (Rs 93 - Rs 107) 11% 9% 6%
household 4. Income decile 4 (Rs 107 - Rs 121) 10% 11% 8%
5. Income decile 5 (Rs 121 - Rs 135) 10% 11% 9%
6. Income decile 6 (Rs 135 - Rs 153) 10% 12% 11%
7. Income decile 7 (Rs 153 - Rs 177) 10% 13% 13%
8. Income decile 8 (Rs 177 - Rs 212) 10% 12% 15%
9. Income decile 9 (Rs 212 - Rs 281) 10% 11% 16%
10. Income decile 10 (More than Rs
281) 9% 8% 14%
Max Male Maximum Education 1. Nliterate 45% 37% 27%
Education of malesinthe 2. Less than primary 16% 14% 11%
household belonging to 3. Primary 15% 13% 15%
the age group 18-65 4 \riddle 12% 16% 19%
5. Secondary - High Secondary 10% 16% 21%
6. Graduate and above 3% 5% 7%
Household size Log of total number of  Log household size
members in household 1.72 1.69 1.59
Male members Number of adult Percentage male adults 0.48 0.48 0.49
males/Household size
Children Number of children Share of children under 5
under age 5/Household 0.15 0.13 0.10
size
Social group Social group of Scheduled Caste (SC) 18% 21% 21%
household Scheduled Tribe (ST) 10% 10% 10%
Others 71% 69% 69%
Religion Religion of household ~ Hindu 85% 85% 85%
Muslim 10% 10% 10%
Christian 2% 2% 2%
Others 3% 3% 3%

Source: NSS (1987, 1999, 2009) Employment and Unemployment Schedule (Author’s calculations).

Note: The sample includes rural married women aged 25-65. The descriptive statistics have been estimated
using sampling weights provided in the NSS. The cut-offs for income deciles for the year 1987 are used and

adjusted for cost of living for the years 1999 and 2009.
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Table 4.4 Determinants of Female Labor Force Participation (Daily Status)

Year --> 1987 1999 2009
Coefficient | S.E. | Coefficient | S.E. | Coefficient | S.E.
Age 30-34 0.171*** | (0.042) | 0.222*** | (0.044) | 0.196*** | (0.067)
Age 35-39 0.260*** | (0.046) | 0.391*** | (0.048) | 0.480*** | (0.075)
Age 40-44 0.211*** | (0.051) | 0.405*** | (0.054) | 0.416*** | (0.078)
Age 45-49 0.069 (0.052) | 0.249*** | (0.055) | 0.348*** | (0.085)
Age 50-54 -0.262*** | (0.057) -0.012 (0.061) | 0.202** | (0.092)
Age 55-65 -0.754*** | (0.053) | -0.612*** | (0.054) | -0.375*** | (0.084)
Less than Primary Education -0.489*** | (0.052) | -0.431*** | (0.051) | -0.211*** | (0.076)
Primary Education -0.616*** | (0.054) | -0.561*** | (0.057) | -0.204*** | (0.073)
Middle Education -0.757*** | (0.069) | -0.765*** | (0.059) | -0.502*** | (0.075)
Higher Secondary Education 0.021 (0.109) | -0.504*** | (0.081) | -0.619*** | (0.089)
Graduate and above Education 0.566** | (0.226) | 0.796*** | (0.190) | 0.405** | (0.184)
Male: Less than Primary Education -0.273*** | (0.043) | -0.310*** | (0.047) | -0.144* | (0.081)
Male: Primary Education -0.380*** | (0.042) | -0.253*** | (0.049) | -0.147** | (0.073)
Male: Middle Education -0.578*** | (0.046) | -0.467*** | (0.045) | -0.239*** | (0.070)
Male: Higher Secondary Education -0.795*** | (0.051) | -0.641*** | (0.050) | -0.503*** | (0.071)
Male: Graduate and above Education | -0.939*** | (0.074) | -0.852*** | (0.075) | -0.786*** | (0.103)
Income decile 2 -0.005 (0.066) -0.032 (0.089) 0.064 (0.150)
Income decile 3 -0.089 (0.066) | -0.205** | (0.085) 0.019 (0.149)
Income decile 4 -0.161** | (0.065) | -0.199** | (0.085) -0.126 (0.139)
Income decile 5 -0.159** | (0.067) | -0.288*** | (0.086) -0.194 (0.141)
Income decile 6 -0.287*** | (0.067) | -0.400*** | (0.087) -0.166 (0.139)
Income decile 7 -0.323*** | (0.067) | -0.445*** | (0.085) | -0.263* | (0.139)
Income decile 8 -0.364*** | (0.069) | -0.528*** | (0.088) | -0.242* | (0.140)
Income decile 9 -0.461*** | (0.071) | -0.696*** | (0.093) -0.199 (0.143)
Income decile 10 -0.503*** | (0.074) | -0.853*** | (0.099) | -0.350** | (0.153)
Land per capita (0.1-0.2 hectare) -0.017 (0.038) | 0.210*** | (0.040) | 0.200*** | (0.062)
Land per capita (0.2-0.4 hectare) 0.102** | (0.040) | 0.399*** | (0.044) | 0.319*** | (0.069)
Land per capita (0.4-0.6 hectare) 0.070 (0.053) | 0.177*** | (0.062) 0.157 (0.098)
Land per capita (More than 0.6
hectare) 0.107** | (0.051) | 0.262*** | (0.061) | 0.222** | (0.099)
Log household size -0.291*** | (0.034) | -0.132*** | (0.036) -0.036 (0.056)
Percentage male adults -1.346*** | (0.117) | -1.116%** | (0.122) | -1.427*** | (0.182)
Share of children under 5 -0.657*** | (0.105) | -0.669*** | (0.113) -0.149 (0.167)
Caste: ST 0.133** | (0.065) | 0.353*** | (0.064) | 0.343*** | (0.100)
Caste: Others -0.444*** | (0.040) | -0.338*** | (0.039) | -0.150*** | (0.057)
Religion: Muslim -0.567*** | (0.048) | -0.643*** | (0.053) | -0.604*** | (0.074)
Religion: Christian 0.122 (0.1112) -0.129 (0.123) 0.043 (0.158)
Religion: Others 0.196** (0.094) | -0.089 (0.104) | -0.045 (0.160)
Constant 4.727*** | (0.283) | 6.205*** | (0.300) | 1.537*** | (0.208)
District fixed effects Yes Yes Yes
Observations 66,944 62,713 54,257
R-squared 0.272 0.314 0.328

Note: The dependent variable is the number of days women work in labor force in a reference week.
Coefficients from a linear regression are shown and robust standard errors are reported in the parenthesis. The
sample includes rural married women aged 25-65. The regressions have been weighted using the sampling
weights in the NSS. Robust standard errors are in parenthesis; ***, ** and * indicate significance at the 1, 5 and

10% levels respectively.
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Table 4.5 Determinants of Female Labor Force Participation (UPSS)

Year --> 1987 1999 2009
Coefficient S.E. Coefficient S.E. | Coefficient | S.E.
Age 30-34 0.0359*** | (0.006) | 0.0406*** | (0.007) | 0.0313*** | (0.011)
Age 35-39 0.0391*** | (0.007) | 0.0529*** | (0.007) | 0.0631*** | (0.013)
Age 40-44 0.0423*** | (0.007) | 0.0470*** | (0.008) | 0.0471*** | (0.013)
Age 45-49 0.0117 (0.007) | 0.0254*** | (0.009) 0.0224 (0.014)
Age 50-54 -0.0458*** | (0.008) | -0.0250*** | (0.009) | 6.99e-05 | (0.015)
Age 55-65 -0.154*** | (0.008) | -0.141*** | (0.009) | -0.107*** | (0.014)
Less than Primary Education -0.0781*** | (0.008) | -0.0661*** | (0.008) | -0.0464*** | (0.012)
Primary Education -0.108*** | (0.008) | -0.0845*** | (0.008) | -0.0429*** | (0.012)
Middle Education -0.126*** | (0.012) | -0.125*** | (0.011) | -0.0994*** | (0.012)
Higher Secondary Education -0.0372** | (0.016) | -0.107*** | (0.012) | -0.139*** | (0.014)
Graduate and above Education -0.0237 (0.032) 0.0390 (0.025) | 0.000933 | (0.027)
Male: Less than Primary Education | -0.0411*** | (0.006) | -0.0461*** | (0.007) | -0.0254* | (0.013)
Male: Primary Education -0.0529*** | (0.006) | -0.0484*** | (0.007) | -0.0215* | (0.012)
Male: Middle Education -0.0937*** | (0.007) | -0.0924*** | (0.007) | -0.0453*** | (0.012)
Male: Higher Secondary Education -0.136*** | (0.008) | -0.120*** | (0.008) | -0.0885*** | (0.012)
Male: Graduate and above -0.187*** | (0.014) | -0.168*** | (0.013) | -0.167*** | (0.016)
Income decile 2 0.00283 (0.009) | 0.00599 (0.014) 0.0394 (0.026)
Income decile 3 -0.0159* | (0.009) | -0.0295** | (0.013) 0.0354 (0.025)
Income decile 4 -0.0231*** | (0.009) | -0.0299** | (0.013) | -0.0122 | (0.024)
Income decile 5 -0.0425*** | (0.009) | -0.0392*** | (0.013) | -0.0164 | (0.024)
Income decile 6 -0.0547*** | (0.009) | -0.0743*** | (0.013) | -0.0275 | (0.023)
Income decile 7 -0.0590*** | (0.009) | -0.0660*** | (0.013) | -0.0269 | (0.023)
Income decile 8 -0.0701*** | (0.01) | -0.0792*** | (0.013) | -0.0328 | (0.023)
Income decile 9 -0.0852*** | (0.01) | -0.101*** | (0.014) | -0.0349 | (0.023)
Income decile 10 -0.0966*** | (0.011) | -0.135*** | (0.015) | -0.0378 | (0.025)
Land per capita (0.1-0.2 hectare) 0.0196*** | (0.006) | 0.0427*** | (0.006) | 0.0326*** | (0.01)
Land per capita (0.2-0.4 hectare) 0.0211*** | (0.006) | 0.0604*** | (0.007) | 0.0562*** | (0.011)
Land per capita (0.4-0.6 hectare) 0.00941 (0.007) | 0.0440*** | (0.009) | 0.0316** | (0.015)
Land per capita (More than 0.6
hectare) 0.0216*** | (0.007) | 0.0438*** | (0.009) | 0.0409*** | (0.015)
Log household size -0.0649*** | (0.005) | -0.0433*** | (0.006) | -0.0216** | (0.009)
Percentage male adults -0.157*** (0.017) | -0.147*** (0.019) | -0.196*** | (0.029)
Share of children under 5 -0.0419*** | (0.015) | -0.0595*** | (0.017) | -0.0196 | (0.029)
Caste: ST 0.0174** | (0.009) | 0.0530*** | (0.01) | 0.0468*** | (0.015)
Caste: Others -0.0786*** | (0.006) | -0.0745*** | (0.006) | -0.0370*** | (0.009)
Religion: Muslim -0.103*** | (0.008) | -0.115*** | (0.01) | -0.127*** | (0.014)
Religion: Christian 0.0292** | (0.014) | -0.00798 | (0.015) | 0.0401* | (0.021)
Religion: Others 0.0225* (0.014) | -0.0125 (0.016) | -0.00785 (0.025)
District fixed effects Yes Yes Yes
Observations 67,062 62,480 53,311

Note: The dependent variable is dichotomous, taking a value equal to one when a female is in the labor force.
The coefficients show the average marginal effects from the logistic regression and robust standard errors are
reported in the parenthesis. The sample includes rural married women aged 25-65. The regressions have been
weighted using the sampling weights in the NSS. Robust standard errors are in parenthesis; ***, ** and *

indicate significance at the 1, 5 and 10% levels respectively.
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Table 4.6 Determinants of Female Participation in Domestic Work (Daily Status)

Year --> 1987 1999 2009
Coefficient | S.E. | Coefficient | S.E. | Coefficient| S.E.
Age 30-34 -0.145*** | (0.042) | -0.197*** | (0.044) | -0.187*** | (0.068)
Age 35-39 -0.254*** | (0.046) | -0.367*** | (0.048) | -0.471*** | (0.077)
Age 40-44 -0.221*** | (0.051) | -0.394*** | (0.055) | -0.437*** | (0.080)
Age 45-49 -0.098* | (0.052) | -0.272*** | (0.056) | -0.378*** | (0.086)
Age 50-54 0.073 (0.057) | -0.114* | (0.062) | -0.285*** | (0.095)
Age 55-65 -0.174*** | (0.057) | -0.184*** | (0.059) | -0.269*** | (0.092)
Less than Primary Education 0.529*** | (0.053) | 0.471*** | (0.053) | 0.291*** | (0.079)
Primary Education 0.671*** | (0.055) | 0.624*** | (0.058) | 0.278*** | (0.074)
Middle Education 0.822*** | (0.071) | 0.837*** | (0.060) | 0.568*** | (0.078)
Higher Secondary Education 0.020 (0.110) | 0.545*** | (0.083) | 0.686*** | (0.093)
Graduate and above Education -0.639*** | (0.235) | -0.801*** | (0.193) | -0.373** | (0.189)
Male: Less than Primary Education 0.272*** | (0.044) | 0.278*** | (0.048) 0.095 (0.083)
Male: Primary Education 0.348*** | (0.042) | 0.224*** | (0.050) 0.065 (0.075)
Male: Middle Education 0.577*** | (0.047) | 0.448*** | (0.046) | 0.188*** | (0.071)
Male: Higher Secondary Education 0.767*** | (0.053) | 0.591*** | (0.051) | 0.423*** | (0.075)
Male: Graduate and above Education | 0.924*** | (0.079) | 0.788*** | (0.078) | 0.700*** | (0.111)
Income decile 2 0.063 (0.066) 0.045 (0.090) 0.061 (0.156)
Income decile 3 0.157** | (0.066) | 0.238*** | (0.086) 0.054 (0.155)
Income decile 4 0.203*** | (0.065) | 0.233*** | (0.086) 0.201 (0.144)
Income decile 5 0.253*** | (0.066) | 0.352*** | (0.087) | 0.304** | (0.147)
Income decile 6 0.356*** | (0.067) | 0.462*** | (0.087) 0.262* (0.144)
Income decile 7 0.390*** | (0.068) | 0.499*** | (0.086) | 0.401*** | (0.144)
Income decile 8 0.448*** | (0.069) | 0.601*** | (0.089) | 0.357** | (0.145)
Income decile 9 0.556*** | (0.071) | 0.757*** | (0.095) | 0.316** | (0.150)
Income decile 10 0.614*** | (0.074) | 0.919*** | (0.101) | 0.416*** | (0.159)
Land per capita (0.1-0.2 hectare) 0.030 (0.039) | -0.195*** | (0.041) | -0.193*** | (0.064)
Land per capita (0.2-0.4 hectare) -0.058 (0.040) | -0.357*** | (0.045) | -0.286*** | (0.071)
Land per capita (0.4-0.6 hectare) -0.032 (0.053) | -0.149** | (0.063) -0.116 (0.101)
Land per capita (More than 0.6
hectare) -0.027 (0.051) | -0.195*** | (0.062) -0.160 (0.100)
Log household size 0.198*** | (0.034) 0.035 (0.037) -0.094 (0.058)
Percentage male adults 1.755*** | (0.118) | 1.580*** | (0.126) | 1.613*** | (0.188)
Share of children under 5 0.657*** | (0.106) | 0.639*** | (0.115) 0.136 (0.173)
Caste: ST -0.113* | (0.065) | -0.305*** | (0.065) | -0.345*** | (0.102)
Caste: Others 0.471*** | (0.040) | 0.361*** | (0.040) | 0.140** (0.059)
Religion: Muslim 0.582*** | (0.049) | 0.630*** | (0.056) | 0.612*** | (0.076)
Religion: Christian -0.126 (0.111) 0.139 (0.126) -0.134 (0.162)
Religion: Others -0.177* (0.094) | 0.062 (0.104) | 0.037 (0.164)
Constant 1.938*** | (0.271) 0.495* (0.293) | 5.509*** | (0.212)
District fixed effects Yes Yes Yes
Observations 66,944 62,713 54,257
R-squared 0.274 0.304 0.315

Note: The dependent variable is the number of days women are engaged in domestic work in a reference week.
Coefficients from a linear regression are shown and robust standard errors are reported in the parenthesis. The

sample includes rural married women aged 25-65. The regressions have been weighted using the sampling
weights in the NSS data. Robust standard errors are in parenthesis; ***, ** and * indicate significance at the 1, 5

and 10% levels respectively.
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Table 4.7 Blinder-Oaxaca Decomposition for Change in Female LFPR (Daily Status)

Change in FLFPR (1999-2009) (1) (2) 3) (4) (5)
Difference in predicted LFPR 0.43 0.43 0.43 0.45 0.45
Explained proportion

using 1999 returns 35.8%  38.2% 55.0%  45.0% 58.1%
Explained proportion

using 2009 returns 11.8% 14.4% 12.9% 18.6% 15.8%
Characteristics Included

Age group Yes Yes Yes Yes Yes
Education Yes Yes Yes Yes Yes
Land Owned Household Yes Yes Yes Yes
Household Income Yes Yes
Max Male Education Yes Yes

Variable contribution to the
Proportion of explained variation
(1999 returns)

Age group 3% 4% 1% 1% 0%
Education 97% 95% 50% 41% 23%
Land Owned Household 2% 1% 2% 1%
Household Income 48% 37%
Max Male Education 56% 39%

Variable contribution to the
Proportion of explained variation
(2009 returns)

Age group -11% -6% -6% -8% -8%
Education 111% 103% 122% 23% 34%
Land Owned Household 3% 3% 3% 4%
Household Income -20% -28%
Max Male Education 82% 98%

Note: The dependent variable is a continuous variable defined as the number of days working or seeking work
in the past week. The sample includes rural married women aged 25-65. The analysis incorporates the sampling
weights in NSS.
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Table 4.8 Blinder-Oaxaca Decomposition for Change in Female LFPR (UPSS)

Panel A
Change in FLFPR (1987-2009) (1) (2) (3) (4) (5)
Difference in predicted LFPR 0.12 0.12 0.12 0.12 0.13
Explained proportion
using 1987 returns 42.1%  474% 56.1% 64.5%  69.5%
Explained proportion
using 2009 returns 22.0% 33.0% 31.8% 40.2% 38.3%
Characteristics Included
Age group Yes Yes Yes Yes Yes
Education Yes Yes Yes Yes Yes
Land Owned Household Yes Yes Yes Yes
Household Income Yes Yes
Max Male Education Yes Yes
Variable contribution to the
Proportion of explained variation
(1987 returns)
Age group 2% 3% 2% 1% 1%
Education 98% 89% 62% 26% 19%
Land Owned Household 9% 10% 9% 10%
Household Income 26% 15%
Max Male Education 65% 56%
Variable contribution to the
Proportion of explained variation
(2009 returns)
Age group -1% 0% 1% -1% -1%
Education 101% 71% 76% 33% 37%
Land Owned Household 29% 29% 23% 23%
Household Income -5% -9%
Max Male Education 46% 49%

178



Chapter 4. Female Labor Supply, Education and Home Production

Panel B
Change in FLFPR (1999-2009) (1) (2) (3) (4) (5)
Difference in predicted LFPR 0.09 0.09 0.09 0.09 0.09
Explained proportion
using 1999 returns 334% 355% 46.4% 41.7%  49.9%
Explained proportion
using 2009 returns 16.7%  192% 17.0% 21.9% 18.6%
Characteristics Included
Age group Yes Yes Yes Yes Yes
Education Yes Yes Yes Yes Yes
Land Owned Household Yes Yes Yes Yes
Household Income Yes Yes
Max Male Education Yes Yes
Variable contribution to the
Proportion of explained variation
(1999 returns)
Age group -1% -1% 0% -1% -2%
Education 101% 99% 62% 47% 32%
Land Owned Household 2% 2% 1% 2%
Household Income 36% 27%
Max Male Education 53% 42%
Variable contribution to the
Proportion of explained variation
(2009 returns)
Age group -8% -1% -5% -6% -1%
Education 108% 100% 115% 45% 59%
Land Owned Household 7% 9% 2% 3%
Household Income -18% -28%
Max Male Education 60% 73%

Note: The dependent variable is a dichotomous variable. A female is defined to be in labor force if she is
working or seeking work as her primary or subsidiary activity. The sample includes rural married women aged
25-65. The analysis incorporates the sampling weights in NSS.
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Table 4.9 DFL Decomposition for Change in Female LFPR (Daily Status)

Change in FLFPR (1999-2009) (1) (2) 3) (4) (5) (6)
Difference in LFPR 0.43 0.43 0.43 0.43 0.43 0.43
Explained proportion

using 1999 returns 35.8% 38.3% 55.3% 47.9% 62.3% 64.4%
Explained proportion

using 2009 returns 10.9% 14.1% 12.2% 14.0% 10.5% 11.1%
Characteristics Included

Age group Yes Yes Yes Yes Yes Yes
Education Yes Yes Yes Yes Yes Yes
Land Owned Household Yes Yes Yes Yes Yes
Household Income Yes Yes Yes
Max Male Education Yes Yes Yes

Note: Employment is captured as a continuous variable defined as the number of days working or seeking work
in the past week. The sample includes rural married women aged 25-65. The analysis incorporates sampling
weights in NSS. The specification in column (6) includes two-way interactions between all the variables when
estimating the re-weighting function e.g. interaction between age-group and education, age-group and land
owned, age-group and income, age-group and male education, education and land owned and so on.

Table 4.10 DFL Decomposition for Change in Female LFPR (UPSS)

Panel A

Change in FLFPR (1987-2009) (1) (2) 3) (4) (5) (6)
Difference in LFPR 0.12 0.12 0.12 0.12 0.12 0.12
Explained proportion

using 1987 returns 40.4%  43.9% 53.0% 65.2% 71.8% 65.8%
Explained proportion

using 2009 returns 209% 33.8%  32.2% 38.0% 36.4% 37.7%

Panel B

Change in FLFPR (1999-2009) (1) (2) 3) (4) (5) (6)
Difference in LFPR 0.09 0.09 0.09 0.09 0.09 0.09
Explained proportion

using 1999 returns 335% 358% 46.7%  44.2% 53.2% 53.4%
Explained proportion

using 2009 returns 16.1% 18.8% 15.8% 17.9% 13.7% 12.8%
Characteristics Included

Age group Yes Yes Yes Yes Yes Yes
Education Yes Yes Yes Yes Yes Yes
Land Owned Household Yes Yes Yes Yes Yes
Household Income Yes Yes Yes
Max Male Education Yes Yes Yes

Note: A female is defined to be in the labor force if she is working or seeking work as her primary or subsidiary
activity. The sample includes rural married women aged 25-65. The analysis incorporates the sampling weights
in NSS. The specification in column (6) includes two-way interactions between all the variables when
estimating the re-weighting function e.g. interaction between age-group and education, age-group and land
owned, age-group and income, age-group and male education, education and land owned and so on.

180



Chapter 4. Female Labor Supply, Education and Home Production

Table 4.11 Blinder-Oaxaca Decomposition for Change in Domestic Work (Daily Status)

Change in Domestic Work (1999-2009) Q) (2)
Difference in predicted Domestic Work -0.49 -0.51
Explained proportion

using 1999 returns 48.6% 51.6%
Explained proportion

using 2009 returns 12.3% 14.0%
Characteristics Included

Age group Yes Yes
Education Yes Yes
Land Owned Household Yes Yes
Household Income Yes Yes
Max Male Education Yes
Variable contribution to the Proportion of explained variation

(1999 returns)

Age group -3% -3%
Education 50% 24%
Land Owned Household 1% 1%
Household Income 52% 42%
Max Male Education 36%
Variable contribution to the Proportion of explained variation

(2009 returns)

Age group -18% -18%
Education 116% 52%
Land Owned Household 3% 4%
Household Income -1% -13%
Max Male Education 75%

Note: Domestic work is captured as a continuous variable defined as the number of days spent in domestic work
in the past week. The sample includes rural married women aged 25-65. The analysis incorporates the sampling
weights in NSS.
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Appendices for Chapter 4
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4.A Definition of Labor Force Participation Rates

The National Sample Survey captures various measures of labor force participation rates in
India. There are three reference periods for this survey (i) one year, (ii) one week and (iii)
each day of the previous week. This chapter employs two definitions: Usual Principal and

Subsidiary Status (UPSS) and Daily Status. Their description is provided below.

Usual Principal and Subsidiary Status (UPSS):

This definition is based on the reference period of a year. It relates to the activity
status of a person during the reference period of 365 days preceding the date of survey. The
activity status on which a person spent relatively longer time (major time criterion) during the
365 days preceding the date of survey is considered the Usual Principal Activity Status of the
person. Persons are first categorized as those in the labor force and those out of the labor
force depending on the major time spent during the 365 days preceding the date of survey.
For persons belonging to the labor force, the broad activity status of either ‘working'
(employed) or ‘not working but seeking and/or available for work’ (unemployed) is then

ascertained based on the time criterion.

After determining the principal status, the economic activity on which a person spent
30 days or more during the reference period of 365 days preceding the date of survey is
recorded as the Subsidiary Economic Activity Status of a person. In case of multiple
subsidiary economic activities, the major activity and status based on the relatively longer

time spent criterion is considered.

UPSS is defined on the basis of Usual Principal Activity Status and Subsidiary

Economic Activity Status of a person. If a person is defined to be in the labor force in either
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the principal activity status or the subsidiary activity status then she is defined to be in the

labor force according to the UPSS.

Daily Status:

This definition is determined on the basis of each day of the previous week (each day
of the seven days preceding the date of survey). The different activities are identified and
recorded in terms of 'status' and 'industry' codes for persons in urban areas and 'status’,
‘industry’ and 'operation’ codes for persons in rural areas. The time intensity is measured in
half-day units. Each day of the reference week is comprised of either two 'half days' or a 'full

day’ for assigning the activity status.

If a person was engaged in more than one of the economic activities for 4 hours or
more on a day, she would be assigned two economic activities out of the different economic
activities on which she devoted relatively longer time on the reference day. In such cases, one
‘half day’” work will be considered for each of those two economic activities (for each of
those two activities, the intensity will be 0.5). If a person had worked or was seeking work for
4 hours or more during the day then she is considered to be in the labor force for the entire
day (1). If a person had worked or was seeking work for 1 hour or more but less than 4 hours,
then she is considered to be in labor force for half-day (0.5). The total number of days the
person was in the labor force on each day of the reference week is then summed up to arrive

at the daily status employment.

4.B Definition of Domestic Work

Domestic work in the NSS includes domestic chores and not-for-wages collection of goods

(vegetables, roots, firewood, cattle feed, etc.), sewing, tailoring, weaving, etc. for household
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use. This chapter employs two definitions: Primary Status and Daily Status. Their description

is provided below.

Primary Status:

This definition is based on the reference period of a year. It relates to the activity
status of a person during the reference period of 365 days preceding the date of survey. If a
person reports spending majority of the time in the previous one year in domestic work
activities then she is defined to be engaged in domestic work according to the Primary Status

definition.

Daily Status:

The total number of days the person spent engaged in domestic work activities on
each day of the reference week is summed up to arrive at the daily status measure of domestic
work. As in the case of labor force participation measurement, each day of the reference
week is comprised of either two 'half days' or a 'full day’ for assigning the domestic work
activity status. If a person was engaged in domestic work for 4 hours or more during the day
then she is considered to be involved in domestic work for the entire day (1). If a person
engaged in domestic work for 1 hour or more but less than 4 hours, then she is considered to

be involved in domestic work for half-day (0.5).
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4.C Blinder-Oaxaca Decomposition with Additional Controls

Table 4.C.1 Blinder-Oaxaca Decomposition for Change in Female LFPR with
Additional Controls

Panel A

Change in FLFPR (1987-2009) UPSS

1) )
Difference in predicted LFPR 0.13 0.13
Explained proportion
using 1987 returns 69.5% 54.4%
Explained proportion
using 2009 returns 38.3% 31.6%
Characteristics Included
Age group Yes Yes
Education Yes Yes
Land Owned Household Yes Yes
Household Income Yes Yes
Max Male Education Yes Yes
Social group Yes
Religion Yes
Percentage male adults Yes
Share of children under 5 Yes
Household size Yes

Variable contribution to the Proportion of explained variation (1987 returns)

Age group 1% 1%
Education 19% 30%
Land Owned Household 10% 12%
Household Income 15% 21%
Max Male Education 56% 53%
Social group -4%
Religion 7%
Percentage male adults 1%
Share of children under 5 -3%
Household size -16%

Variable contribution to the Proportion of explained variation (2009 returns)

Age group -1% -1%
Education 37% 49%
Land Owned Household 23% 24%
Household Income -9% -16%
Max Male Education 49% 48%
Social group -3%
Religion 13%
Percentage male adults 2%
Share of children under 5 -3%
Household size -11%
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Panel B

Change in FLFPR (1999-2009) UPSS Daily

1) ) ©) (4)
Difference in predicted LFPR 0.09 0.09 0.45 0.45
Explained proportion
using 1999 returns 49.9% 39.6% 58.1% 45.2%
Explained proportion
using 2009 returns 18.6% 15.7% 15.8% 9.3%
Characteristics Included
Age group Yes Yes Yes Yes
Education Yes Yes Yes Yes
Land Owned Household Yes Yes Yes Yes
Household Income Yes Yes Yes Yes
Max Male Education Yes Yes Yes Yes
Social group Yes Yes
Religion Yes Yes
Percentage male adults Yes Yes
Share of children under 5 Yes Yes
Household size Yes Yes
Variable contribution to the Proportion of explained variation (1999 returns)
Age group 2% 2% 0% 1%
Education 32% 41% 23% 33%
Land Owned Household 2% 4% 1% 1%
Household Income 27% 34% 37% 50%
Max Male Education 42% 34% 39% 39%
Social group -5% 0%
Religion 17% 4%
Percentage male adults 1% 2%
Share of children under 5 -5% -14%
Household size -19% -17%
Variable contribution to the Proportion of explained variation (2009 returns)
Age group -1% -9% -8% -12%
Education 59% 76% 34% 83%
Land Owned Household 3% 4% 4% 6%
Household Income -28% -40% -28% -55%
Max Male Education 73% 60% 98% 143%
Social group -2% 0%
Religion 37% 20%
Percentage male adults 0% 9%
Share of children under 5 -5% -32%
Household size -22% -61%

Note: A female is defined to be employed using the UPSS definition in Columns (1)-(2). Employment is defined
as the number of days worked or seeking work in past week in Columns (3)-(4). The sample includes rural
married women aged 25-65. The analysis incorporates the sampling weights in NSS.
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