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Abstract 

This thesis is comprised of two essays on rural villages in India. The following will 

provide a brief abstract for each of the essays, where one focuses on the women’s power – 

infrastructure relationship (1) and another on agricultural productivity relative to men (2).   

(1) 

Inequality between men and women is pervasive even though gender equality is regarded 

as a basic human right. Compared to men, the average woman attains lower education, 

participates less in the formal labour market, receives lower wages, owns fewer resources, and 

exhibits weaker bargaining positions in household decision-making processes. In India, women 

and girls frequently face social and structural barriers. Policymakers regularly employ gender-

sensitive measure to attempt to close the inequality gap, but such policies are extremely difficult 

to implement correctly. Rather, the use of gender-neutral interventions such as infrastructure is 

becoming increasingly more common.  

Using big data1 comprised of both primary and secondary data from rural India and a 

novel econometric approach, this paper seeks to quantify the causal effect of infrastructure 

development – specifically roads – on women's power (e.g. women's decision making and 

bargaining power within the household). We use a fuzzy regression discontinuity design that 

exploits program rules from a national rural road program to estimate the effects of the road on 

an aggregate index of women’s empowerment as well as several disaggregated measures to get at 

different dimensions of women’s household decision making. 

                                                           
1 Big data refers to large data that requires the use of additional mechanisms (e.g. machine learning or artificial 

intelligence) and software (e.g. Python and MATLAB) to effectively manage and use the data, instead of strict 

econometrics.  
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We find that women experience an overall drop in decision making power. This result is 

found to be largely driven by a drop in agricultural decision making (e.g. household production). 

However, we also observed an increase in decision making power in non-agriculture decision 

making (e.g. household consumption, labour and financial/ land markets). Overall the shifts may 

in decision making and power may be a signal of rural transformation.  

(2) 

Understanding women’s productivity with respect to agricultural production, frequently 

requires the use of the collective household model. The collective household model maintains 

that male and female household members with different preferences maximize household utility 

and achieve Pareto efficient outcomes through cooperation and bargaining. However, a growing 

body of literature examining the validity of the Pareto efficiency assumption has found that plots 

of land managed by women are frequently less productive compared to those farmed by men. 

The discrepancy in productivity is attributed to differences in the inputs used on male and 

female-owned plots within the household. Thus, a reallocation of land from women to men 

(keeping all else constant) could significantly increase total agricultural production. Therefore, 

scholars have continually sought to explain if women farmers are inherently less productive then 

men farmers; or if the gender-differentiated profits can be explained by differences in the 

constraints faced by women– no real answer has been found.  

This paper examines the issue of women’s agricultural productivity (inefficiencies in 

yields between women and men-owned plots) using a large and detailed plot-level dataset 

collected from residents of rural India. We characterize the Pareto (in) efficiency between men 

and women owned plots in two ways; we study the variation in inefficiencies across observed 
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and unobserved heterogeneity. We find that women’s ownership negatively impacts yields, but 

the magnitude of the effect is heavily influenced by observed plot, household and village 

characteristics. Moreover, when examining variation across the yields distribution (unobserved 

heterogeneity), we find that women and men owned plots display inequalities in yield. We 

further this study by also providing fresh insight into the intra-household model assumption of 

non-separability. Through the methods employed, we find that the assumption may not 

accurately represent rural households.  

All in all, our findings support that development policies should go beyond general 

interventions that fail to recognize gender roles, rather policies may increase effectiveness by 

exclusively target women. Increasing the productivity of women engaged in agriculture is 

believed to yield high returns in the form of greater empowerment for women, increased welfare 

for their households, and increased productivity of the agricultural sector.   
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1. Introduction  

Inequality between men and women is pervasive even though gender equality is regarded 

as a basic human right. Yet, nowhere in the world are women equal to men (OECD 2014; UNDP 

2019; United Nations n.d.; UN Women 2018). Disadvantages experienced by women are 

grounded in household, societal, and structural barriers, some of which have long historical 

roots. These barriers in turn influence the livelihoods and well-being of women and their families 

(Schultz 2002). Compared to men, the average woman attains lower education, participates less 

in the formal labour market, receives lower wages, owns fewer resources, and exhibits weaker 

bargaining positions in household decision-making processes (World Bank 2011).  

The issue of gender equality is especially germane in developing countries, where gender 

discrimination is regularly associated with deep-rooted expectations, social conventions and 

cultural norms, as seen in India. India is one of the largest countries in terms of population and 

economic growth, however, the country continues to have one of the largest levels of gender 

disparity in the world (Asian Development Bank 2018; World Bank 2017). As reported in the 

World Economic Forums Global Gender Gap report (2018), India is ranked 108th of 149 

countries, far below the global average. A driving force behind this poor ranking is the fact that 

women are often marginalized in external circumstances (e.g. economic and educational 

opportunities) as well as within their own homes (Sharma 2016).  Empowerment policies can 

help in this regard by closing the disparities between men and women. Scholars argue that 

women’s empowerment policies can reduce gender inequality while also contributing to overall 

economic development (Montenegro et al. 2016).  

Women’s empowerment and economic development are dual outcomes:  development 

plays a major role in driving down inequalities between men and women, and empowering 
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women contributes to economic development (Duflo 2012). Underlying this instrumental value 

of women’s empowerment is the general case that realized gains in women’s opportunities lag 

behind gains in women’s capabilities (World Bank 2006). Thus, women’s empowerment is also 

smart economics: investing in women and girls will spur development because increases in 

womens’ opportunities yield rewards for men, children and the broader society (World Bank 

2006;). Likewise, women are also considered an under-utilized resource with the capacity to 

increase productivity, child education levels, and overall family health (Smith and Haddad 

2015). A growing body of evidence supports the case for women-centered investments, including 

female-centric cash transfers, land titlements, and education and health programs (Ambler and 

De Brauw 2017; Duflo 2000; World Bank 2006). Therefore governments and non-profit 

organizations have continued to heavily invest resources and time in women’s empowerment 

(Harper et al. 2014;  Gates 2014). 

However, female-centred empowerment policies are difficult to implement. Problems of 

incorrect targeting, unintended consequences, and information asymmetry frequently plague 

programs designed to tackle gender inequality (Salia et al. 2018; Frey and Osborne 2017; Sveiby 

et al. 2009). Specifically, incorrect targeting has resulted in self- and biased selection within 

programs. A study conducted by Hashemi et al (1996) found that the effects of selection bias in 

some rural credit programs in Bangladesh did not empower women, rather the programs made 

domestic situations much worse. While, another study conducted by Husain et al (2014) found 

that self-selection into self-help groups in India often leads to ineffective programs. This is 

largely due to a lack of participation, in such programs, from individuals who are most in need of 

empowerment. Moreover, information asymmetry between the household and policymakers can 

create obstacles for policies to be effective in reducing household level discrimination. The dis-
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empowerment of women within households has also been said to be a root cause of inequalities 

experienced at other social levels (Ali and Hatta 2012; Ganle et al. 2015).  

The most challenging, yet perhaps the most effective mechanism to alleviate disparities 

between men and women is to minimize household discrimination. Yet, strengthening women’s 

power within households is extremely difficult for policymakers. Programs that attempt to bring 

about the disintegration of social norms and cultures in order to alter the allocation of decision 

making power are unlikely to be successful (Tomich et al. 1997). This can be illustrated for the 

India context.  Skoufias (1993) found that girl children were more likely to be withdrawn from 

formal educational institutions in order to assist with household tasks and chores, while boys 

were more likely to remain in school to completion. Families commonly exhibit a higher affinity 

to invest in boys, because in traditional Indian culture, it is the sons' responsibility to take care of 

their parents in old age, while married daughters are expected to move away with their husband’s 

families (Filmer 2005). To have an effective gender-sensitive policy mechanism in such a 

context, policymakers must first identify households that discriminate against their daughters, 

then target policies to such households, and lastly ensure that program benefits reach the 

disempowered women in those households (Alderman et al. 1995).  An examination of current  

literature shows that there is no singular means to increase women’s ability to participate in 

household decision making processes, rather, this is still an open question subject to much debate 

(Doss and Morris 2000; Gibbs et al. 2012; Unterhalter et al. 2014).  

In contrast to specific gender-sensitive interventions that are reliant on a great deal of 

information and understanding, gender-neutral interventions, such as building bridges and roads 

are a promising alternative. Gender-neutral policies do not require the identification of 
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discriminatory households or explicitly attempt to change behaviours in those households. 

Instead, infrastructure policies are implemented to promote universal coverage and access to 

basic facilities and services (Ghosh 2017; Moser 2012). Therefore, general infrastructure 

developments, like roads, have the potential to automatically address the plight of women and 

girls by facilitating gender-differentiated economic opportunities, as shown by economic theory 

(e.g. Alderman 1991). Rahman and Rao (2004) found that village infrastructure can lead to 

greater female involvement in household decision-making, thus bridging the gap of gender 

inequality within the village households. More generally, the strong positive correlation between 

rural development and income growth, has also been accredited with reducing overall levels of 

poverty (Mahmud and Sawada 2018; UNDP 1994) (see Besley and Burgess 2003; Dollar and 

Kraay. 2002; Ravallion 2001). Moreover, through increasing access to resources and services, 

individual wellbeing has also been positively impacted by road infrastructure (Aggarwal 2018). 

Similarly, infrastructure development has been linked to a variety of empowerment indicators 

including employment, education and health (Mahmud and Sawada 2018; Agénor 2006). A 

number of studies have conducted detailed analysis of direct and indirect effects of such gender 

neutral investments (Mellor 2017; Ghosh 2017).  

Surprisingly there are no quantitative studies of the effects of infrastructure on 

empowerment. This study is the first to provide quantitative evidence on the causal effect of 

infrastructure development on women's empowerment and, thereby, on household decision 

making. This study also compliments current qualitative studies looking at the gender-

differentiated effects of infrastructure. The overall goal of this study is to help strengthen the 

understanding of the impacts (both positive and negative) of large scale infrastructure programs. 

The identification of causal effects on empowerment, however, is a challenge using 
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observational survey data on women’s decision making outcomes and the presence of roads, 

because of selectivity issues and the multitude of variables that affect empowerment. Thus, most 

studies of empirical work on empowerment report associations or correlations rather than 

causation. 

To identify the causal effects, we combine a large detailed survey collected by the 

International Rice Research Institute (IRRI) in 2016 and a big-dataset on infrastructure in India 

that we compiled for this study, along with the recent advances in econometrics of impact 

evaluation. We use a regression discontinuity method (RD) which results in an identification 

strategy similar to that of a randomized control trial (RCT). Similar to a RCT, a regression 

discontinuity relies on the use of statistical equivalence and counterfactual groups around a 

program uptake threshold. We develop a model based on the novel fuzzy regression discontinuity 

design to derive the causal identification of the effects of roads on power. We use the primary 

data collected by IRRI to examine the bargaining position of men and women in households 

using predefined indices. Our approach exploits differences in the probability of treatment (of 

getting a road) across villages under India’s Pradhan Mantri Gram Sadak Yojana (PMGSY) 

program to estimate infrastructure impacts on women’s power.  

Insights from the empirical work will be relevant to empowerment and agricultural 

programs in the study area of eastern India.  This study also adds to the growing research 

focusing on the PMGSY road program to examine the effects of roads on labour markets and 

migration, structural transformations, and agricultural production (Asher and Novosad 2017; Bell 

2010; Aggarwal 2018; Shamdasani 2018).  
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1.1    Research questions, hypothesis and objectives  

This study seeks to provide quantitative evidence on the causal impact of public 

infrastructure development on women’s empowerment (measured by their decision making 

ability relative to men in their household) using data from rural India. We aim to understand how 

women’s bargaining position within the household – their say in household decisions making 

processes (henceforth referred to as power) - have shifted due to the presence of a road. 

Specifically, we hope to answer the following question.  Do roads have any impact, positive or 

negative, on women’s empowerment? We believe that the effects of roads will be far reaching, 

far beyond the direct access and connection, and influence many areas of household decision 

making both on and off the farm. We hypothesize that the presence of a road can increase a 

women’s power in the household through various channels: by creating upward shifts in demand 

for production activities that women have a relative comparative advantage in; or by lowering 

barriers that previously had prevented women from being able to meet market demands for their 

labor. These shifts can increase women’s relative income and, thereby, contribute to their power. 

However, the direction of the absolute effects cannot be assigned prior. For instance, roads could 

pave the way for accessing jobs that males have a comparative advantage in, thereby, increasing 

men’s relative income and their power within the household. Infrastructure effects on women’s 

relative power in rural India, therefore, remains an open empirical question.  

Due to our focus on rural households, we are particularly interested in women’s 

involvement in agriculture and how household decisions shift in the presence of roads. However, 

to gain a comprehensive understanding of how women’s household and social roles are 

unravelling due to better infrastructure, we also examine areas outside of household agriculture, 

such as decisions pertaining to household consumption and individual labour decisions. Typical 
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processes of rural development in India, based on our fieldwork (Shandal 2019) and the literature 

of India’s development patterns, are observed to move people out of agriculture into off-farm 

rural and urban labor markets, and non-farm entrepreneurial activities within and out of the farm. 

Thus another key question we focus on is: Are the causal impacts of infrastructure on women’s 

empowerment consistent with these broader processes of rural transformation, giving women 

greater decision-making power over their off-farm and extra-household entrepreneurial 

decisions while reducing their power over housework ? Or are roads making women more home 

and farm centric—squeezing their decision-making roles even more into farm production and 

child expenditure patterns?  

To answer these questions, the outcome variables we consider consist of an aggregate 

index of women’s empowerment as well as several disaggregated measures within four broad 

dimensions of women’s household decision making. First, we create an aggregate index called 

women’s overall power using a modified version of the Abbreviated Women’s Empowerment in 

Agricultural Index (A-WEAI) created by the International Food Policy Research Institute 

(IFPRI) (Alkire et al. 2012). Next, we break down the women’s overall power into the following 

broad categories of economic variables that depict smallholder households in developing 

countries (Singh, Squire and Strauss 1986): household production (decisions on production mix 

and output, marketable surplus, and own-farm labor supply); household consumption (household 

expenditures including children’s education and family planning); labour market (which pertain 

to off-farm labor supply decisions about individuals wage and salary employment); and financial 

and land market (which include decisions over access to credit and land ownership). As a whole, 

we examine nine outcomes to characterize the response of women’s empowerment to 

infrastructure development: women’s overall power,  production mix and output, marketable 
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surplus, and own-farm labor supply, household expenditures, family planning, off-farm labor 

supply, access to credit, and land ownership (see Appendix A for an outline on how indices were 

made).   

1.2    Paper structure  

The remainder of this paper is organized in the following order. Section two provides the 

conceptual model of decision making. Section three outlines the context of the study and the data 

used. Section four explains the methods, both in an empirical and practical manner. Section five 

displays the results and the findings of the study. Lastly, the discussion and conclusion are 

respectively in section six and seven.  

2. Household decision making: a conceptual framework  

We present a simple conceptual framework to highlight the effects that public 

infrastructure, specifically rural transportation infrastructure, have on women’s power. We look 

at the power of women in villages with and without a road treatment. We model household 

decision making using a collective model where the power of household members plays an 

important role in the determination of household decisions; in this model we will look at the 

allocation of decision-making between the head male and the head female (Alderman et al. 1995; 

Duflo 2000; Zepeda and Castillo 2006).  

The household is comprised of two decision makers, one man (m) and one woman (f). 

The household utility function is expressed as a weighted sum of the member’s individual utility 

function given by equation 1 (Bertocchi et al. 2014; Browning et al. 2007).   

𝑈ℎ =  𝜆 𝑈𝑓 (·) + (1 − 𝜆 )𝑈𝑚(·)   (1) 
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Where a household’s (h) household utility is a weighted sum of individual utilities (𝑈ℎ), 

which is the sum of the individual utility function for the decision-making male (𝑈𝑚) and for the 

decision-making female (𝑈𝑓). An individual’s utility is a function of their individual preferences 

for consumption of private goods, public goods and leisure (·). 𝜆 is the utility weight of the 

female decision maker, and ranges from 0 to 1, and (1 − 𝜆) is the utility weight of the male 

decision maker. Within the household, 𝜆 may also be interpreted as the relative decision making 

power of the female decision maker. The individual with the higher weighted power displays a 

higher degree of input in the household decision making process. For instance, if 𝜆 is 1, the 

female would be exclusively in charge of the decision, as the male power would be equal to 0.   

With respect to the effects of a road on the decision making ability, we believe there are 

three mechanisms by which household consumption (and production patterns which are 

abstracted in our simple framework) can be influenced by the advent of a road. Roads have the 

potential to: (1) create shifts in the preferences that make up individual utility (e.g. shifts in 

consumption patterns, production technologies and labour participation); (2) shifts in power 

which derive from the changes in relative earnings of women in the household (e.g. shifts in λ); 

and (3) shifts in the household’s budget constraint (e.g. shifts in income, and shifts in prices). 

These three mechanisms may lead to changes in household decision making, thus public 

infrastructure investments may be observed as an important tool for rural development, with one 

component ( influence 2 listed above) serving also as a tool for women’s empowerment. Such 

effects (e.g. shifts in the consumption patterns and prices) are frequently taken for granted and 

over-looked in large scale investments. 
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  Empirically, each hypothesis leads to predictions and testable implications in structural 

sense. However, we take a reduced form approach and examine the second channel – how does 

infrastructure effect women’s bargaining power. Implications for household’s consumption 

outcomes will depend on all three channels. It is likely, that villages with a road will provide 

women with the direct (access and connection) and indirect (income) resources needed to gain 

power. Women with more power will have greater autonomy in the household decision process, 

which in turn will allow them to influence household decision making processes to a greater 

extent.  

3. Context & Data  

 

The data for this study and the estimation of the economic impacts of new rural roads 

required the construction of a village level dataset for eastern Indian states; which combined 

secondary data from the Government of India on the PMGSY program with the socioeconomic 

survey conducted by IRRI. Additionally, focus groups were conducted in order to gain insights 

into the field level realities of the PMGSY program and its effects. In this section, we describe 

each data component individually.  

3.1  International Rice Research Institute Rice Monitoring Survey Data  

The survey conducted was focused on the eastern region of India, specifically the states 

of Bihar, Odisha, West Bengal, and Eastern Uttar Pradesh (Figure 1-1). This region is classified 

as one of the least developed in India, and consistently lags behind the rest of the country in 

many development indicators, as displayed in Table 1-1 (Reserve Bank of Inida 2013; World 

Bank 2018). While many states have made progress in areas like education and health,  India as a 
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whole continues to exhibit a number of social and structural barriers that have resulted in many 

adverse effects, including large gender gaps in several aspects of social and economic life 

(World Economic Forum 2018).  

The individual and household level socioeconomic data used in this study were collected 

by IRRI as part of their annual Rice Monitoring Survey (RMS). The RMS project (implemented 

through the support of the Bill and Melinda Gates Foundation) is an annual survey of agriculture 

dependent (rural) households that collects information on socioeconomic status, farm practices, 

and grown seeds, among other indicators (Yamano 2015).  For this study, we focused on the 

2016 RMS survey which collected data on changes in household production practices (e.g. 

varietal turnover and climate change adaptation), as well as gender-disaggregated data on 

household activities and decision making (Yamano et al. 2017). In order to meet the objectives 

outlined for this study, we primarily focused on the gender-disaggregated data.  

The selection process of the villages used in this study was dependent on the villages 

included in the 2016 RMS survey. Villages were randomly selected according to the following 

steps: (1) rural villages were randomly selected from the 2011 Census of India, where the total 

number of sample villages selected in each state was proportional to the total number of rural 

villages in the state; (2) all households in the selected villages completed an initial census by 

IRRI on household and production characteristics; and (3) from the households included in the 

initial census that had male and female decision makers, approximately twelve were selected 

randomly from each village to be questioned in the 2016 RMS survey. Gender-sensitive 

enumeration methods were employed to minimize the gender influence and gather the most 
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truthful responses. Male enumerators surveyed male respondents and female enumerators 

surveyed female respondents. (Yamano et al. 2017).  

Village selections across the states can be seen in Table 1-2. The greatest number of 

observations were collected for Odisha, followed by Bihar, West Bengal and Eastern Uttar 

Pradesh. The total dataset included 720 villages, 8,639 households, and 38,756 individuals across 

the four states (Table 1-2).   

The IRRI survey provided detailed information on women’s empowerment and decision 

making abilities within the household. Using this information we created the nine outcome 

variables refereed to earlier as a way of testing the effects of infrastructure on women’s power. 

Appendix A outlines the methods used to produce the outcomes. We discuss the big-data on 

roads in the upcoming subsection. 

Figure 1-1: Map of Eastern India depicted IRRI Rice Monitoring Villages in 2014 and 2015  

 

Note: This map is a depiction of all IRRIs Rice Monitoring Survey villages. The area is comprised of four states in 

the eastern region of India: Bihar, Odisha, Eastern Uttar Pradesh and West Bengal.  The 2014 villages provide an 

approximation of the villages used in the 2016 as same villages were targeted. 
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Table 1-1: State wise development indicators for all states in India summarized from the World Banks “India State Briefs” for 2013   

  
Total 

Population  

Poverty 

Rate  Literate  Electrification  

Drinking 

Water on 

Premises  

Open 

Defecation  

Road 

Density  

  (millions)  (%)  

(% 

adults)  (%households)  (%households)  (%households)  

(km / million 

people)  

Assam 31 32 82 61 81 12 8,990 

Bihar  104 34 58 31 73 68 1,306 

Chhattisgarh  26 40 71 87 27 68 2,915 

Gujarat  60 17 73 95 70 35 2,266 

Haryana  25 11 75 96 77 17 1,657 

Himachal 

Pradesh  7 8 79 97 61 22 7,275 

Jharkhand  33 37 62 69 29 74 783 

Karnataka  61 21 73 97 55 45 4,902 

Kerala  33 8 94 96 76 2 6,423 

Madhya 

Pradesh  73 32 67 87 34 61 2,729 

Maharashtra  112 17 80 94 64 34 3,487 

Odisha 42 33 68 70 27 73 6,002 

Punjab  38 8 75 98 87 16 3,347 

Rajasthan  69 15 59 82 51 58 3,569 

Tamil Nadu  72 12 78 98 47 42 3,152 

Uttar 

Pradesh  200 29 60 51 63 61 1,987 

Uttarakhand  10 11 77 95 61 16 5,143 

West Bengal  91 20 72 78 36 30 3,418 

India  1211 22 70 80 56 44 3,231 

Note: This table presents the indicators calculated my the World Bank in their “India State Briefs” (World Bank 2018)
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Table 1-2: Village, household and individual level composition by state, Eastern India, 2016  

 Village 

composition (%) 

Household 

composition (%) 

Individual 

Composition (%) 

Bihar  176 (24.4%) 2,112 (24.4%)  10,325 (26.6%) 

Odisha  225 (31.3%) 2,699 (31.3%) 11,203 (28.9%) 

Uttar Predash (Eastern)  151 (21.0%) 1,812 (21.0%) 9,639 (24.9%) 

West Bengal 168 (23.3%) 2,016 (23.3%) 7,589 (19.6%) 

Total  720 (100%) 8,639 (100%)  38,756 (100%) 

Note: This table presents the breakdown of observations by state. The first column represents the number of villages, 

the second the number of households and the third the number of individuals. 

 

3.2 Pradhan Mantri Gram Sadak Yojana Government Data  

 For this study we focused on the road infrastructure produced through the Pradhan 

Mantri Gram Sadak Yojana – “Prime Minister Village Road Program.”  The PMGSY program 

was launched in 2000 by the Indian federal government as part of its poverty reduction strategy 

with the intention of providing connection to external market for unconnected villages across 

India (OMMAS n.d.; Asher and Novosad 2017). The program was funded by the World Bank, 

Asian Development Bank and federal Ministry of Rural Development. While the program was 

primarily overseen by the federal Ministry of Rural Development, program implementation was 

delegated to state governments. The goal of the program was to combat the issue of access and 

connection by providing new or updated all-weather paved roads to the greatest number of rural 

villages at the lowest possible price. National eligibility criteria guidelines were used to prioritize 

roads to be constructed. Priority was given to the construction of direct link routes (roads 

terminating in the village) to connect fully unconnected villages, over indirect link routes (roads 

passing through a village to another large road) to partially connected villages (Government of 

India 2012; Asher and Novosad 2017).  



16 

 

Under the program, villages were sanctioned (given approval) to receive a road based on 

the village population in 2001 as recorded in the National Population Census of India 

(Government of India n.d.). Initially, larger villages were targeted and smaller villages added in 

later years. Villages were targeted based on three principal population thresholds of 1000, 500, 

and 250 village residents. The implementation rules were applied on a state-by-state basis, thus 

state level governments and program officials played a significant role in the determination and 

allocation of PMGSY roads. In some cases, political opinions and economic importance 

influenced the priority given to some villages. Likewise, lower population thresholds were used 

for desert and tribal villages, as well as in hilly states and districts affected by left-wing 

extremism (Asher and Novosad 2017). Prior to the commencement of the PMGSY program, 

program officers developed District Rural Road Plans that delineated the “core network” of 

existing roads and the new roads that would be required to connect every eligible village. By 

2018, over 585,000 kilometers of roads had been constructed, with over 120,000 new 

connectivity works (OMMAS n.d.).  

The data pertaining to the PMGSY program were collected from an online repository run 

by the Monitoring and Accounting Systems in India (n.d.). These data are publicly available and 

include information on the year a village was approved for a road (sanctioned), costs of paved 

road construction, connection status, village population, and village characteristics (e.g. the 

presence of primary schools, medical centres, bus services and more). Data were obtained at the 

village and habitation level (a cluster level breakdown of the village).   

All data was accessed in January 2017 using Python programming software, with 

Selenium, a web- based automation tool which provides modules for web scraping. Data post-



17 

 

processing was completed using Python and MATLAB. Funding for the collection of the 

PMGSY data was contributed by The Support for the Advancement of Scholarship (SAS) 

administered through the University of Alberta’s Office of the Provost.  

A key village characteristic required for the analysis is connection status.  Villages were 

considered connected if and only if ALL habitations in the village had an all-weather paved road 

connecting them to the core network of external markets by 2017.  Villages were considered to 

be fully unconnected if NO habitations in the village had an all-weather paved road connecting 

them to external markets. Villages were treated by the program if some/all habitations in the 

village had received a road under the program between 2001 and 2017. Village connection status 

in 2001 (the beginning of the program) and 2017 (the end of the program for this study) can be 

seen in Figure 1-2. By 2017, the number of entirely unconnected villages dropped from 346 to 

242, while the number of fully connected villages increased from 263 to 360. 

The PMGSY government data were then matched with data from IRRI’s 2016 RMS 

socioeconomic survey. Of the 720 villages included in the 2016 RMS study, approximately 94% 

were successfully matched with the PMGSY data. For this analysis, we restricted our sample to 

villages that were not originally classified as fully connected. Fully connected villages were 

eliminated from the analysis because they do not exhibit a change in connection, therefore 

identifying the effects of connection via a new road was not possible. Thus, all villages that were 

fully connected in 2001 were omitted. Therefore, a total of 263 villages were removed from the 

initial sample resulting in a usable sample of 413 villages across the four states.  
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Figure 1-2: Connection status in 2001 and 2017 for Eastern Indian villages included in our study 

 

Note: This figure presents the connection status of villages in the year 2001 and 2017. Connection was defined as no 

connection (meaning no habitations were connected via all weather road) fully connected (meaning all habitations 

were connected via all weather road), and partial connection (meaning some habitations were connected via all 

weather road). 

3.3   Focus Group Data  

For the specific purpose of this study, we designed, developed and implemented focus 

group interviews in the state of Odisha. Focus groups were convened to understand the realized 

impacts of rural roads with respect to five key areas: employment, agriculture, government 

services, mobility, and day-to-day routines of women. Nine RMS villages were randomly 

selected from the available villages within a 300 km radius of the capital city of Odisha – 

Bhubaneswar. Selected villages were in Khordha, Angul, Jaipur, Nayagarh, and Puri districts of 

Odisha. The duration a village had a road varied among the selected villages, this allowed us to 

accurately gather information on the changes observed in the village caused by a road. Similar to 

the methods used in the 2016 RMS survey, gender sensitive methods were employed to allow 

participants to more freely express their views, meaning that female enumerators led discussions 

with female participants. In each village two gender differentiated focus groups were conducted 

with approximately 15 village respondents in each.  
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Focus groups were conducted in November 2018. The focus groups were conducted by a 

team of 4 enumerators who were contracted by IRRI, guided by the senior author of this paper. 

The focus groups were conducted in Odia and audio recorded. Enumerators then provided an 

English transcription of the proceedings. The information gained from the focus groups was used 

to inform the quantitative research methods and interpretation of results.2 

4. Methods  

This section serves to provide an outline of the empirical strategy, application, and 

estimation of RD design used for this study.  

4.1    Empirical Strategy  

Identification of the impact of infrastructure poses several empirical challenges, including 

the unavailability of data; self-selection of households into programs (e.g. households moving to 

areas with a road because of the greater opportunities); and endogeneity of the determinants of 

the program (e.g. roads are typically placed in more remote and isolated areas). Infrastructure 

developments are generally not randomly timed or placed due to the large financial investments 

and potential benefits to residents. This creates bias in the estimates of benefits experienced by 

households when infrastructure variables are used directly in the outcome regression equations. 

Thus the use of direct measures of infrastructure in OLS models (e.g. the presence of a road in a 

community) is not valid for identifying the causal impact of roads on household outcomes 

(Imbens and Lemieux 2007; Ozier 2011; Griliches 2006; Card 2001). 

                                                           
2 Ethics clearance for conducting the focus groups was obtained from the University of Alberta Research Ethics 

Board 1 (Pro 00084882) 
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We overcome problems related to causal identification by using the PMGSY program to 

estimate the impacts of infrastructure on women’s empowerment. As explained above, the road 

program is implemented under strict eligibility rules that are beyond the control of households 

and villages – making the program implementation truly exogenous. The running variable for the 

road program is the 2001 population, meaning that decisions pertaining to the program were 

made according to population levels at that time. In order to identify the causal impact, we 

compare villages that are encompassed in a bandwidth of villages directly above and directly 

below the relevant population threshold. At this point they are statistically equivalent 

counterfactual groups and all characteristics - with the exception of the probability of receiving a 

road - are considered equal. Villages above the predetermined critical threshold are believed to 

have a higher probability of receiving a road than villages below the threshold, because 

enforcement officials sanctioned villages to receive a PMGSY road based on whether or not the 

village population reaches the threshold. Thus at the threshold population level we expect to find 

a discontinuity in the probability of being sanctioned for a road, where villages above will be 

substantially higher than those below.  

Villages were classified as eligible for a road if the population of the village was above 

the threshold (1000, 500, and 250) in the 2001 National Population Census. In this study we 

explicitly focused on the population threshold of 500 residents. The sample used in this study is 

relatively small (compared to the national program), thus of the three thresholds, the greatest 

number of villages were encompassed in a range surrounding 500.  

Due to some degree of  noncompliance of the strict eligibility rules by program officials 

in the PMGSY road prioritization and implementation, a fuzzy regression discontinuity design 
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was used (Asher and Novosad 2017; ModU 2015). A frequently observed form of 

noncompliance, were the lower thresholds used for special status villages (e.g. tribal and remote) 

(Government of India 2012). Slight deviations from the strict rules were also attributed to the 

political and economic forces at play in India (Lehne et al. 2018). The deviations observed 

during the implementation of the PMGSY program do not impact all of the villages eligible for a 

PMGSY road under the program, therefore identification is still achievable using a fuzzy RD 

design.  

Sharp RD are commonly used in “textbook” examples, while fuzzy RD are frequently 

used in practical real world applications because of the requirements needed for the data and 

implementation. Under a sharp RD, the probability of receiving a road (the treatment) would 

shift from zero to one once the village population reaches the threshold because every village is 

guaranteed to receive the treatment once the threshold is passed. A fuzzy RD differs in that the 

jump at the threshold is not a shift of probability from zero to one, but a significant shift of less 

than one, since all  villages are not strictly following the program rules (Imbens and Lemieux 

2007). Aligning with the assumptions and methods described by Imbens and Lemieux (2007), 

and Asher and Novosad (2017), the fuzzy RD estimator estimates the local average treatment 

effects (LATE) of receiving a new road in villages with population levels equal to or above the 

threshold as specified in equation 2.  

𝜏 =  
𝑙𝑖𝑚𝑝𝑜𝑝→𝑇+𝐸 [𝑌𝑣|𝑝𝑜𝑝𝑣 = 𝑇]− 𝑙𝑖𝑚𝑝𝑜𝑝→𝑇−𝐸 [𝑌𝑣|𝑝𝑜𝑝𝑣 = 𝑇] 

𝑙𝑖𝑚𝑝𝑜𝑝→𝑇+𝐸 [𝑌𝑣|𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 = 𝑇]− 𝑙𝑖𝑚𝑝𝑜𝑝→𝑇−𝐸 [𝑌𝑣|𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 = 𝑇]
 (2) 

Where v is a village, Yv is the outcome of interest in a village, popv is the village 

population listed in the 2001 National population census (the running variable), T is the 
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population threshold of 500, and newroadv is an indicator variable for whether village v received 

a new road under the program between 2001 and 2017.3 The treatment effect 𝜏 depicted in 

equation 2 can be interpreted as the discontinuous change in the outcome variable at the 

population threshold (the numerator) divided by the discontinuous change in the probability of 

treatment (the denominator). The estimation derived in equation 2 pertains only to those 

households that were in villages that complied with the assignment rules of the PMGSY 

program.  

For our bandwidth and estimation calculations, we followed  Asher and Novosad (2017), 

Imbens and Lemieux (2007), and Lemieux (2011). To establish an optimal bandwidth we ran our 

models using a range of potential bandwidths to visually inspect an accurate and consistent 

estimation (Jacob et al. 2012). We ran models around the threshold at bandwidths of 500, 400, 

300, 200 and 100. We find the optimal bandwidth to be 200, results from the bandwidth 

calculations can be seen in Appendix B.4 Therefore, for our final estimations we restricted our 

sample to a bandwidth of 200 around the population threshold of 500 [500 –200; 500 + 200], 

which resulted in the running variable ranging from village population of 300 to 700 residents.   

4.2    Econometric Model  

4.2.1 Does the treatment probability shift at a population threshold?  

We begin by estimating the following fuzzy RD design specification:  

𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 =  𝛽0 + 𝛽1{𝑝𝑜𝑝𝑣 > 𝑇} + 𝛽2 (𝑝𝑜𝑝𝑣 − 𝑇) +  𝜀     (3)   

                                                           
3 Specific variables used in this study and their definitions can be found in Table 1-3. 

 
4 We were unable to conduct precise bandwidth calculations due to our limited sample size, when focusing in on 

only villages that fell within smaller bandwidths the number of applicable villages was too restricted, leading to 

incomputable or insignificant results.   
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Where 𝛽0 is a constant term, 𝑝𝑜𝑝𝑣 > 𝑇 is an binary variable signifying if village v is 

above the 2001 population threshold, and 𝑝𝑜𝑝𝑣 − 𝑇 is village v’s deviation from the threshold, 

and 𝜀 is the idiosyncratic error. Additional extended model were also used that included other 

polynomial terms added to the baseline equation.5 

From the above equation, we determine if a discontinuity in the probability of receiving a 

road is present at the village population threshold. If a significant shift in the probability at the 

program threshold is present, the shift can be largely attributed to the program, as at this point 

there are no other differences in the villages (the only difference between the villages being that 

villages to the right of the threshold display a higher probability of receiving a road under the 

program, while villages to the left do not). The observed/ estimated discontinuity can be defined 

as the treatment effect, which represents the effect of the program on the village’s probability of 

receiving an all- weather paved PMGSY road.  

4.2.2 Does women’s power change at the threshold? 

Similarly to examining the probability of receiving a road, we are able to compare 

specified outcomes, in this study variables pertaining to women’s power, in villages below and 

above the PMGSY threshold to show the effect of the program treatment on the outcome. Given 

the implementation structure of the program and result of equation 3 (a significant effect on the 

probability of receiving a road at the threshold) we are able to use village population as an 

approximation for receiving a road when examining power related outcomes.  The effect on the 

outcome is estimated directly using the following fuzzy RD specification that instruments the 

                                                           
5 Village controls and fixed effects were not included in the primary models as they are not necessary for the 

identification. Since they do improve the efficient of the estimator they will be used in robustness analysis reported 

in table 13 and 14. 
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treatment (new road/ connection) with village population above 500. For this study, the reduced 

form women’s power equation (that will be specified with our nine different outcome variables 

as dependent variables in four separate models) is given by: 

 

𝑌𝑣,𝑛 =  𝛾0 + 𝛾1𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 +  γ
2
(𝑝𝑜𝑝𝑣 − 𝑇) +  𝜀     (4) 

 

Where 𝑌𝑣,𝑛 is the outcome n in village v. Collectively, equation 3 and 4 allow us to 

examine and estimate the effects of the PMGSY program on women’s power within the 

household. Specifically, the effect of the program can be interpreted as 𝛾1 in the above equation. 

𝛾1 can be causally attributed to the presence of a road since at the threshold, as mentioned earlier, 

the villages are statistically identical. Thus, any changes in women’s power outcomes to the left 

and the right of the threshold must be due to the treatment of roads.   

4.2.3 Alternative specifications  

In this study, we explore the effects of rural road development on the women’s power 

through the use of four models. The models show the different magnitudes and persistence of the 

effect. Our estimation procedure is comprised of the following four models.   

1. Baseline model: 

𝑌𝑣,𝑛 =  𝛾0 + 𝛾1𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 +  𝛾2(𝑝𝑜𝑝𝑣 − 𝑇) +  𝜀     (5) 

 

2. Model with additional polynomial difference terms: 

𝑌𝑣,𝑛 =  𝛾0 + 𝛾1𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 + 𝛾2(𝑝𝑜𝑝𝑣 − 𝑇) +  𝛾3(𝑝𝑜𝑝𝑣 − 𝑇)2 +  𝛾4(𝑝𝑜𝑝𝑣 −

𝑇)3 +  𝜀     (6) 
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3. Model with additional polynomial interaction terms:  

𝑌𝑣,𝑛 =  𝛾0 + 𝛾1𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 +  𝛾2(𝑝𝑜𝑝𝑣 − 𝑇) +  𝛾5{𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇) +

𝛾6{𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2 +  𝛾7{𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3 +  ε     (7) 

4. Complete model containing both polynomial difference and interaction terms: 

𝑌𝑣,𝑛 =  𝛾0 + 𝛾1𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 +  𝛾2(𝑝𝑜𝑝𝑣 − 𝑇) + 𝛾3(𝑝𝑜𝑝𝑣 − 𝑇)2 +  𝛾4(𝑝𝑜𝑝𝑣 −

𝑇)3 +  𝛾5{𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇) + 𝛾6{𝑝𝑜𝑝𝑣 > 𝑇} ∗  (𝑝𝑜𝑝𝑣 − 𝑇)2 +  𝛾7{𝑝𝑜𝑝𝑣 > 𝑇} ∗

(𝑝𝑜𝑝𝑣 − 𝑇)3 +  𝜀     (8) 

Additional terms were added to increase the precision of the estimate generated. Power 

terms were added into the equation to capture nonlinearities that may be present in the 

infrastructure- power relationship. Difference terms ((𝑝𝑜𝑝𝑣 −  𝑇), (𝑝𝑜𝑝𝑣 −  𝑇)2, (𝑝𝑜𝑝𝑣 −  𝑇)3) 

provide insight into the relationship for population above and below the threshold. While, 

interaction terms ({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇), {𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2, {𝑝𝑜𝑝𝑣 > 𝑇} ∗

(𝑝𝑜𝑝𝑣 − 𝑇)3 were added to account for the joint relationship between villages above the 

threshold and the distance a village is from the population threshold. Overall, the inclusion of 

difference and interaction terms improves the specification of the model to increase the accuracy 

of the estimate of the effect associated with the road (Cook and Shadish 2012). Regardless of the 

additional terms added, the causal effect of roads on the outcome is observed at the population 

threshold.  

Our model was informed by insights gained through focus groups conducted by our team. 

Focus groups provided us with the key focus areas.  For example, through the focus groups we 

determined that agriculture and employment were the most heavily impacted areas by the 

introduction of a road in a village. Communicating with villagers directly gave us a window into 
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the livelihoods of residents.  All in all, the focus groups provided direction for component 

indices, and improved our understanding of the area and its people.  

4.3    Setting the stage for the (above) econometric model: Regression Discontinuity Design        

Considerations   

In order to justify the use of the fuzzy RD approach, we must prove (1) that there are no 

discontinuities in our predefined running variable, and (2) that the program rules are in fact 

followed.  Evidence of the first requirement is a smooth histogram of village population, 

evidence of the second requirement is a graphical jump in the probability of receiving a road (y-

axis) and the village population (x- axis) at the population threshold of the program (Asher and 

Novosad 2017; ModU 2015). Additionally, the validity of the running variable is also an 

important determinant in justifying the use of fuzzy RD for the analysis.  

For the entire PMGSY program, Asher and Novosad (2017) show that the population of 

villages is continuous and that there are no signs of manipulation in the running variable. This 

was proven both mathematically and visually, by having a smooth histogram and a significant 

result to the McCrary Test which determines the internal validity of the RD by examining 

discontinuities observed in the running variable (Asher and Novosad 2017; McCrary 2008). 

When looking specifically at the villages in our sample we observe a slightly uneven histogram 

(Figure 1-3). This may be attributed to a number of factors. One reason may be the fact that our 

sample is not representative of the entire population of India, rather our sample focuses solely on 

rural farming villages. Thus, the villages included in our sample have specific characteristics that 

are not typical of other villages (e.g. urban areas or non-farm dependent villages).  

The concept of heterogeneous effects provides a deeper understanding to the uneven 

histogram observed in figure 1-3. Heterogeneous effects pertain to independent sub-populations, 
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instead of the entire population. Different types of sub-populations are expected to experience 

different impacts from the treatment. In the context of our study, wealthy villages that receive a 

road may display different results than poor villages, while the effects of a road may also differ 

between urban and rural villages. Using the framework outlined by Athey and Imbens (2015), it 

can be seen that our sample is non-representative of all types of villages that received a road 

under the program. Rather, the sample of villages used in this study is a random selection of rural 

farming villages. Therefore, the results generated pertain to rural farming villages. Given that 

there was no/minimal manipulation present at an entire program scale, we are able to use the 

program to analyze the rural villages in this data.  

  

Figure 1- 3: Histogram of 2001 population for Eastern Indian villages included in our sample  

  
Note: The figure shows the distribution of village population of the villages included in our sample that have a 

population between 0 and 1000. The population used in the figure is the recorded population in the 2001 National 

Population Census. The vertical line represents the program eligibility threshold of 500.  

Next, we estimate the first stage regression (equation 2) to determine if there is a 

discontinuity in the probability of receiving a road at the threshold population of 500 in our 

sample. The sample of villages used in this study displayed a large and significant jump at the 
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threshold (Figure 1-4); which signifies that villages were more likely to get a road by 2017 if 

they had a village population of 500 or above in the 2001 National Population Census. This 

implies that the program eligibility rules were followed by program officials and implementers.6  

 

Figure 1-4: First stage of RD: the effects of road prioritization on probability of PMGSY road by 

2017 in Eastern India 

 
Note: This figure shows the probability of a village getting a PMGSY road by 2017 over the population in recorded 

in the 2001 National Population Census. The population has been normalized around the population threshold of 

500. For this figure villages were included if (1) they fell between the bandwidth of ±100 and (2) were not fully 

connected in 2001.7  

 

Having shown that the running variable of population displays minimal manipulation and 

that the rules of the program were followed, we can investigate the effects of the program on 

                                                           
6 Asher and Novosad (2017) also find that program rules were followed at a national-level. They determined that 

there is a positive effect on the probability of receiving a road when the population threshold is passed.  
7 The bandwidth on the above graph is smaller than the ones presented later in the document because there were a 

larger number of observations (all villages were used) in the creation of this graph, as we are examining the effects 

of roads at the population threshold. The graphs pertaining to the specific outcome have a larger bandwidth because 

less observations were included in the calculation.  
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women’s power in household decision making processes using the econometric models outlined 

in equations 5 to 8.  

4.4    Estimation procedure  

Once all restrictions and specifications are placed on the data, our sample can be defined 

as 109 RMS villages that fell within the optimal population bandwidth of 300-700 residents and 

were not fully connected as of January 2001, which resulted in 5,930 individual responses (with 

3,140 male and 2,790 female responses).   

Equation 3 and 4 are estimated through the use of a two-stage least squared (2SLS) 

instrumented variable approach; where the newroads variable is instrumented with 𝑝𝑜𝑝𝑣 > 𝑇. 

The first stage of the 2SLS estimates the newroad as a function of population, while in the 

second stage we instrument the newroad with population to estimate the effect of the road on 

empowerment outcomes.  

The additional specifications outlined in equations 5 to 8 are also instrumented using the 

same approach. The goal of our estimation strategy is to estimate the parameter of 𝛾1 which can 

be interpreted at the effect of the PMGSY road program on women’s empowerment outcomes.  

The results are displayed in two ways. Firstly we provide a depiction of the actual values of 

each outcome found in the data by means of a local polynomial graph. The graph provides the 

frequency of the outcome before and after the threshold. Secondly, we provide the estimated 

results of the outlined models.  

4.5 Variable definitions and hypothesis 
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Table 1-3 provides the definitions for the variables used in the analysis and their predicted 

signs. Each of the all areas of power are expected to increase under the presence of a road due to 

greater access to resources, services, and markets. This is largely due to, as defined above, roads 

influence three mean mechanism (shifts in preferences, power, and budget constraint). Overall, 

we hypothesize a positive shift in women’s overall power under the presence of a road because all 

three identified mechanisms will shift causing an increase in decision making abilities of women, relative 

to men. Women’ role in production based decision is believed to be positively influenced by a road 

largely due to a shifts in preferences, thus changing the households’ production practices and a relaxation 

of the budget constraint from an increases income. While women’s decision making abilities in 

consumption and off-farm labour increase in villages with a road due to shift directly in women’s power; 

thus allowing women’s preferences to more heavily influence household decision. Similarly, women’s 

power in credit and land markets is also believed to increase due to power shifts caused by the road.  
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Table 1-3: Definitions and predicted signs for variables included in 2SLS (RD) models  

  
Variable Definition     Maximum 

value  

Minimum 

value  

Predicted 

Sign  

Population 

(pop) 

Village population recorded in the 

2001 National Population Census  

0 1000  

Population 

Greater 

(𝑝𝑜𝑝𝑣 > 𝑇) 

Binary variable for if village 

population is greater then the 

population threshold of 500 in 2001; 

where 0 = lower then 500 and 100 = 

above 500  

0  100  

Connection 

2001  

Binary variable for village 

connection status in 2001, recorded 

at the start of the program; where 0 

= no/ some connection and 100 = 

full connection  

0  100  

Connection 

2017 

(𝑛𝑒𝑤𝑟𝑜𝑎𝑑) 

Binary variable for village 

connection status in 2017, recorded 

at the start of the program; where 0 

= no/ some connection and 100 = 

full connection  

0 100 + 

Women’s 

overall power 

Modified A-WAEJ index for the 

domains of production, income, 

resources, and leadership; where 0 = 

not empowered in any domain, and 

100 = empowered in all domains 

(25, 50, 75 are values taken if some 

empowerment)  

0 100 + 

Production 

mix and 

output 

 

Participation in decision about the 

selection of crop and variety, crop 

planting/ sowing activities, food and 

cash crop farming, livestock raising, 

fishing/ fishpond cultivation; where 

0 = no involvement in decisions, 

and 100 = some/all involvement in 

decisions 

0 100 + 

Marketable 

surplus  

Participation in decision about the 

use of production (amount of 

harvest saved for household 

consumption, sold, stored, used as 

animal feed…); where 0 = no 

involvement in decisions, and 100 = 

some/all involvement in decisions 

0 100 + 

Own-farm 

labor supply 

Participation in decision making 

about household labour (who in 

0 100 + 
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 family works on farm, where they 

work, and when); where 0 = no 

involvement in decisions, and 100 = 

some/all involvement in decisions 

Off-farm 

labor supply 

Participation in decision making 

about wage and salary employment; 

where 0 = no involvement in 

decisions, and 100 = some/all 

involvement in decisions 

0 100 + 

Household 

expenditures 

 

Participation in decision making 

about major household expenditures 

(land, motorbikes), minor household 

expenditure (daily food and 

household needs), and children 

education (whether to send to school 

and where) ; where 0 = no 

involvement in decisions, and 100 = 

some/all involvement in decisions 

0 100 + 

Family 

planning  

Participation in decision making 

about whether or not to use family 

planning to space/limit births in the 

household; where 0 = no 

involvement in decisions, and 100 = 

some/all involvement in decisions 

0 100 + 

Land 

ownership 

 

Ownership of agricultural land, 

house or other structures/land either 

jointly or solely; where 0 = no 

ownership and 100 = joint or sole 

ownership  

0 100 + 

Access to 

credit 

  

Made decisions to borrow from any 

source of credit (formal, informal, 

NGO, friend/ relative, group 

microfinance) as the main or 

secondary decision maker; where 0 

= no involvement in decisions, and 

100 = some/all involvement in 

decisions 

0 100 + 

Note: The table provides the definition, rang, and predicted sign of the variables that are used in 

this analysis, as it relates to this study. 
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5. Results  

In this section, we describe and discuss the main findings of the analysis and the 

robustness of the results. In total we examine 9 outcomes which represent women’s power. For 

each outcome: first we present a purely descriptive graph based on local polynomial regression 

which shows the break in the outcome at the population threshold (thus, the size of the break 

visually depicts the causal impact of roads on women’s power in a specific dimension); next, we 

present the econometric estimates of women’s total power and the eight breakdown components 

estimated using equation 5 to 8 (baseline and the variations based on interaction and distance 

terms). Over all, majority of the regressions perform well in all models, as seen in the overall fit 

of the model (F-statistic)8 (table 1-4 to 1-12)  

5.1    Infrastructure and women’s overall power  

We first examine the model with women’s overall power as the dependent variable (table 

1-4). We find striking evidence women’s power in the household agricultural decision making 

process (women’s overall power) decreases under the presence of a road. Figure 1-5 graphically 

depicts the change in women’s overall power in our sample; the x-axis is the normalized 2001 

village population, the y-axis is women’s overall power (the outcome variable), and the dotted 

vertical line represents the PMGSY village population threshold of 500. The graph shows that 

villages above the threshold display a lower level of women’s overall power.  

This result is consistent with the estimations generated via the models outlined in 

equations 5 to 8 (table 1-4). Under the specifications of the baseline model, connection (through 

mean of rural roads) was found to decrease women’s overall power by 87.6% (model 1, row 1). 

                                                           
8 We were unable to obtain R2 values from the two stage regression discontinuity procedures in STATA and hence, 

we rely on the F-test of overall significance to validate the models.  
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Additionally, the effect of population is also strongly significant in this model (model 1, row 2); 

where women’s overall power increases by 4.7% for every 100 unit increase in population.  

Surprisingly, we find that the decrease in women’s overall power is amplified when 

extending the model to include interaction variables. In the extended model, we observed a 

decrease of 140% in women’s overall power (model 3, row 1). With respect to the interaction 

itself, we find that the interaction between village population and if the village was eligible for 

the PMGSY program increases women’s overall power by 65.5% (model 3, row 3). This result 

can be interpreted as an increase of 65.5% in women’s overall power for every 100 unit increase 

in village population when villages are above the village threshold, with the effect lessening in 

very large villages (model 3, row 4). While the inclusion of difference variable negates the 

significance of connection status on women’s overall power. This can potentially be attributed to 

the fact the difference variables display forms of multicollinearity with other independent 

variables. The addition of interaction and difference variables allow us to capture non-linearities 

in the infrastructure – power relationship. Thus, the effects of connection on women’s overall 

power is observed to be negative, but the magnitude varies depending on specification.  

The drop in women’s overall power may correspond with a number of factors. This result 

while shocking, could indicate that roads have opened up access to jobs in towns and 

employment programs for women. Recent evidence has shown that increases in connectivity 

often lead to a shift in occupational livelihoods (Asher and Novosad 2017; Bryan, Chowdury and 

Mobarak 2014; Morten et al. 2018). While, other explanations may suggest a transition of power 

towards men, caused by women moving out of agriculture. A result consistent with other studies 

conducted in India that have shown an outward movement of women from agriculture, especially 
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when connection/ transport infrastructure has been introduced in the region. (Pattison 2017; 

Veettil et al. 2016; Asher and Novosad 2015; Asher and Novosad 2017).  

However, this drop in women’s overall power can mask nuances in other areas of 

women’s power in the household decision making process. Therefore, breakdown the overall 

measure into several disaggregated measures within four broad dimensions of women’s 

household decision making. In the following section we will explore the effects of the road on 

household production, household consumption, labour markets, and access to financial and land 

market. These additional variables will provide for a deeper understanding of how women’s 

power have transformed under the presence of a road; either directly through access or indirectly 

through other services and institutions that are now accessible to them.  

Figure 1-5: Regression discontinuity of women’s overall power over normalized village 

population, Eastern India, 2016 

 

Note: The above descriptive graph (local average polynomials) present a discontinuity in the fitted values of the 

women’s overall power at the population threshold of 500. The y-axis is the frequency of women’s overall power 

(outcome), while the x-axis is the normalized population (normalized to the threshold). The red dotted line depicts 

the threshold population under the PMSGY program. Villages included in the graph are not fully connected as of the 

2001 connection status and fell within the optimal bandwidth of ±200.  
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Table 1-4: Results for 2SLS models depicting the fuzzy RD for overall women’s power, Eastern 

India, 2016 

  (1) (2) (3) (4) 

 
Baseline  

Baseline + 

Difference terms  

Baseline + 

Interaction terms  
Combined 

          

Connection Status 

(newroad) -87.624*** -14.721 -140.963*** -396.354 
 (21.863) (21.872) (34.940) (448.427) 

Normalized Population 

(𝑝𝑜𝑝𝑣 − 𝑇) 471.158*** -382.745* 209.199 24,995.109 
 (99.442) (195.461) (224.563) (34,412.117) 

Difference2 

(𝑝𝑜𝑝𝑣 − 𝑇2)   -0.557   258.441 

   (0.530)   (347.138) 

Difference3 

(𝑝𝑜𝑝𝑣 − 𝑇3)   0.022***   0.737 

   (0.004)   (0.961) 

Interaction 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇))     6,550.489*** -27,497.298 

     (2,272.543) (45,606.706) 

Interaction2 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2)     -92.129*** -271.532 

     (26.628) (268.994) 

Interaction3 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3)     0.339*** -0.572 

     (0.091) (1.143) 

Constant 69.074*** 52.764*** 75.499*** 172.772 

  (5.187) (4.611) (6.434) (154.745) 

F-Statistic 11.239 21.339 5.718 0.641 

Prob> F 0.000 0.000 0.000 0.7219 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results for overall women’s power (dependent 

variable). Where column 1 to 4 represent equation 5 to 8 respectively. The discontinuity is represented by the 

connection status variable, which shows the proportional shift in decision making abilities in the households 

included in our analysis. All variables, with the exception of the outcome, have been scaled by 10,000. All estimates 

standard errors are reported below. Villages included in the sample are not fully connected as of the 2001 connection 

status and fell within the optimal bandwidth of ±200. 
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5.2   Infrastructure and women’s power over specific household decisions 

The results generated through each domain are consistent across models and indicate that 

different areas of household decision making experience a distinct effects under the presence of a 

road. Taken together, the effects depict the overall influence a road has on household decisions 

in the predefined categories of household production, household consumption, labour markets, 

and access of financial and land markets.  

Decisions pertaining to household production are comprised of three measures: production 

mix and output (selection of crop, selection of variety, crop planting activities, livestock raising), 

marketable surplus (use of production – consumption, sold, stored) and, and own-farm labor 

supply (household labour on own farm). All of the measures outlined significantly decreased 

under the presence of a road. Similarly, to the findings of women’s overall power, the graphs 

pertaining to production mix and output, marketable surplus, and own-farm labor supply all 

displayed a drop in power in villages above the road (Figure 1-6).  

With respect to the first measure, production mix and output, we observed a drop in 

decision making power of 27.6%, with the effect ranging from -2.0% to -140.4% under different 

model specifications (Table 1-5, row 1). This result shows that women’s bargaining positions for 

production and output decisions has dropped significantly with  the presence of a road. We find a 

similar drop in marketable surplus decision making power. Marketable surplus’ decreased by 

20.8% under the presence of a road, and varied from -107.4% to -192.6% depending on 

specifications (Table 1-6, row 1). Lastly, own-farm labor supply displayed the smallest road 

effect of the household production measures. Own-farm labor supply decision making power 
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decreased by 16.1% under the presence of a road, and ranged from -60.1% to -142.3% given 

model specifications (Table 1-7, row 1).  

Overall, women experience a lower degree of power in decisions regarding production. 

Therefore, household production may be a significant factor driving down the aggregate index, 

but this effect may not be illustrative of all decision making effects experienced by women under 

the presence of a road.  

In this study, we also consider effects on consumption, employment, and markets to 

develop a well rounded understanding of the shifts in women’s power with a road. As previously 

stated, household consumption is comprised of household expenditures, family planning, and off-

farm labor supply which refers to decision about individual wage and salary employment, and 

financial and land market specifically pertaining to decisions over access to credit and land 

ownership. Unlike the downward trend observed in decisions centered on household production, 

women’s power in these areas increased under the presence of a road. Thus, women may 

potentially exhibit a greater sense of authority and autonomy in the decision-making process in 

these areas in villages with a road.  

Contrary to the results observed in household production, both measures of household 

consumption experienced a positive effect from the presence of a road in the village. In the 

graphical depiction of household expenditures and family planning we see a positive shift in 

decision making once villages surpass the village threshold population of 500 (Figure 1-7). 

Household expenditures decision making power increased 19.0% to 43.4% depending on 

specification (Table 1-8). Moreover, decisions regarding family planning increased by 27.7% 

under the presence of a road (Table 1-9).  Both areas display a positive effect, which may be 
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attributed to an increase in women’s autonomy and decision-making abilities with respect to 

household consumption.  

The addition of a road in a village primarily impacts access and connection, labour and 

employment opportunities are heavily impacted by such shifts. Therefore, in our analysis we also 

include off-farm labour supply to gain insights into this effect. Graphically, we observe an 

increase in off- farm labour supply decisions in villages that are larger then 500 residents (Figure 

1-7). When examining the estimates generated through the models, we find mixed results (Table 

1-10). As seen in the graph, off-farm labour supply decision making power increases by 24.2% 

under the specifications outlined in model 2 (model 2, row 1). Whereas when examining the 

effect of a road on off-farm labour supply decisions using model 3, we find a drop in power of 

80.8% (model 3, row 1). This may be credited to other linearities present in the infrastructure- 

power relationship.  

Lastly, we consider market effects by including the outcomes access to credit and land 

ownership in our analysis. As observed in the other non-production based decision measure, both 

access to credit, and land ownership displayed a positive jump at the village population 

threshold (Figure 1-8). With respect to the models run, both mirrored the positive results seen in 

the graph (Table 1-11 and 1-12). The effects of roads on land ownership was estimated to be 

20.0% (model 1, row 1). While, road were also was estimated to positively impact access to 

credit by over 38.0%, and the effect is increased to 74.2% to 96.8% depending on model 

specifications (model 2 and 3, row 1).  

As observed in women’s overall power, non-linearities continue to play a significant roles 

in explaining the effect of a road on the eight disaggregated measures. Specifically, we find that 
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household production measures were largely influenced by the addition of interactions in the 

model, while other measures were more intertwined with the added difference variables.  

All in all, it can be concluded that the effect of roads differs in different areas of 

smallholder decision making. Women’s decision-making abilities and power do shift under the 

presence of a road. In the rural Indian villages examined in this study we observed a decrease in 

household production decision-making, signifying a prevalent negative shift in women’s 

participation in household production decision making; which may be driven by a shift of 

women’s out of agriculture. At the same time, women have experienced empowerment through 

an increased sense of autonomy in other areas including household consumption, labour supply, 

and land and financial markets. The shifts in women’s empowerment are potentially echoed in 

the household decision making process and bargaining, where women’s preferences play a role 

in household outcomes.   

Figure 1-6: Regression discontinuity of production mix and outputs (left), marketable surplus 

(middle), and own-farm labour supply (right) over normalized village population, Eastern India, 

2016 

 

Note: The above descriptive graph (local average polynomials) present a discontinuity in the fitted values of the 

production mix and outputs (left), marketable surplus (middle), and own-farm labour supply (right) at the population 

threshold of 500. The y-axis is the frequency of production mix and outputs (left), marketable surplus (middle), and 

off-farm labour supply (right) (outcome), while the x-axis is the normalized population (normalized to the 

threshold). The red dotted line depicts the threshold population under the PMSGY program. Villages included in the 

graph are not fully connected as of the 2001 connection status and fell within the optimal bandwidth of ±200. 
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Table 1-5: Results for 2SLS models depicting the fuzzy RD for production mix and outputs, 

Eastern India, 2016 

  (1) (2) (3) (4) 

 
Baseline  

Baseline + 

Difference terms  

Baseline + 

Interaction terms  
Combined 

          

Connection Status 

(newroad) -27.364*** -13.38 -2.006*** -140.356** 
 (9.523) (14.279) (0.705) (65.632) 

Normalized Population 

(𝑝𝑜𝑝𝑣 − 𝑇) 1.912 -230.553 -5.838*** -3014.459** 
 (51.756) (155.348) (2.027) (1338.1) 

Difference2 

(𝑝𝑜𝑝𝑣 − 𝑇2)  1.041***  -26.577* 

  (0.302)  (14.918) 

Difference3 

(𝑝𝑜𝑝𝑣 − 𝑇3)  0.008**  -0.077* 

  (0.004)  (0.046) 

Interaction 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇))   135.158*** 14254.912*** 

   (44.257) (3446.135) 

Interaction2 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2)   -1.430*** -97.854** 

   (0.460) (42.526) 

Interaction3 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3)   0.004*** 0.467*** 

   (0.001) (0.116) 

Constant 27.120*** 21.660*** 0.589*** 41.268*** 

  (2.749) (4.027) (0.148) (15.698) 

F-Statistic 11.836 9.808 3.127 4.458 

Prob> F 0.000 0.000 0.000 0.008 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results for production mix and outputs (dependent 

variable). Where column 1 to 4 represent equation 5 to 8 respectively. The discontinuity is represented by the 

connection status variable, which shows the proportional shift in decision making abilities in the households 

included in our analysis. All variables, with the exception of the outcome, have been scaled by 10,000. All estimates 

standard errors are reported below. Villages included in the sample are not fully connected as of the 2001 connection 

status and fell within the optimal bandwidth of ±200. 
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Table 1-6: Results for 2SLS models depicting the fuzzy RD for marketable surplus, Eastern 

India, 2016 

 (1) (2) (3) (4) 

 
Baseline  

Baseline + 

Difference terms  

Baseline + 

Interaction terms  
Combined 

          

Connection Status 

(newroad) -20.795*** -8.247 -192.649*** -107.367** 
 (7.867) (11.855) (66.022) (51.095) 

Normalized Population 

(𝑝𝑜𝑝𝑣 − 𝑇) 92.109** -122.87 -489.900*** -4386.664*** 
 (42.756) (128.969) (189.955) (1041.716) 

Difference2 

(𝑝𝑜𝑝𝑣 − 𝑇2)  1.149***  -45.946*** 

  (0.250)  (11.614) 

Difference3 

(𝑝𝑜𝑝𝑣 − 𝑇3)  0.007**  -0.142*** 

  (0.003)  (0.036) 

Interaction 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇))   13865.489*** 15369.002*** 

   (4146.580) (2682.831) 

Interaction2 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2)   -150.867*** -78.636** 

   (43.134) (33.107) 

Interaction3 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3)   0.480*** 0.542*** 

   (0.131) (0.090) 

Constant 18.509*** 13.308*** 50.015*** 25.072** 

  (2.271) (3.344) (13.911) (12.221) 

F-Statistic 3.493 7.888 3.499 8.363 

Prob> F 0.030 0.000 0.004 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results marketable surplus (dependent variable). 

Where column 1 to 4 represent equation 5 to 8 respectively. The discontinuity is represented by the connection 

status variable, which shows the proportional shift in decision making abilities in the households included in our 

analysis. All variables, with the exception of the outcome, have been scaled by 10,000. All estimates standard errors 

are reported below. Villages included in the sample are not fully connected as of the 2001 connection status and fell 

within the optimal bandwidth of ±200. 
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Table 1-7: Results for 2SLS models depicting the fuzzy RD for own-farm labour supply, Eastern 

India, 2016 

 (1) (2) (3) (4) 

 
Baseline  

Baseline + 

Difference terms  

Baseline + 

Interaction terms  
Combined 

          

Connection Status 

(newroad) -16.133** -20.777* -142.286*** -60.068* 
 (6.974) (10.873) (49.527) (34.610) 

Normalized Population 

(𝑝𝑜𝑝𝑣 − 𝑇) 81.756** 142.685 -234.206 -4383.118*** 
 (37.904) (118.286) (142.496) (705.613) 

Difference2 

(𝑝𝑜𝑝𝑣 − 𝑇2)  0.200  -51.442*** 

  (0.230)  (7.867) 

Difference3 

(𝑝𝑜𝑝𝑣 − 𝑇3)  -0.001  -0.165*** 

  (0.003)  (0.024) 

Interaction 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇))   9897.997*** 11739.639*** 

   (3110.58) (1817.232) 

Interaction2 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2)   -108.792*** -32.009 

   (32.357) (22.425) 

Interaction3 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3)   0.341*** 0.429*** 

   (0.099) (0.061) 

Constant 14.495*** 15.539*** 38.887*** 14.840* 

  (2.013) (3.067) (10.436) (8.278) 

F-Statistic 2.79 1.465 2.542 11.397 

Prob> F 0.015 0.210 0.026 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results own-farm labour supply (dependent variable). 

Where column 1 to 4 represent equation 5 to 8 respectively. The discontinuity is represented by the connection 

status variable, which shows the proportional shift in decision making abilities in the households included in our 

analysis. All variables, with the exception of the outcome, have been scaled by 10,000. All estimates standard errors 

are reported below. Villages included in the sample are not fully connected as of the 2001 connection status and fell 

within the optimal bandwidth of ±200. 
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Figure 1-7:Regression discontinuity of household expenditures (left), family planning (middle), 

and off-farm labour supply (right) over normalized village population, Eastern India, 2016 

 

Note: The above descriptive graph (local average polynomials) present a discontinuity in the fitted values of the 

household expenditures (left), family planning (middle), and off-farm labour supply (right) at the population 

threshold of 500. The y-axis is the frequency of production mix and outputs (left), marketable surplus (middle), and 

off-farm labour supply (right) (outcome), while the x-axis is the normalized population (normalized to the 

threshold). The red dotted line depicts the threshold population under the PMSGY program. Villages included in the 

graph are not fully connected as of the 2001 connection status and fell within the optimal bandwidth of ±200. 

 

Figure1-8: Regression discontinuity of land ownership (left), and access to credit (right) over 

normalized village population, Eastern India, 2016 

 

Note: The above descriptive graph (local average polynomials) present a discontinuity in the fitted values the land 

ownership (left), and access to credit (right) at the population threshold of 500. The y-axis is the frequency of 

production mix and outputs (left), marketable surplus (middle), and off-farm labour supply (right) (outcome), while 

the x-axis is the normalized population (normalized to the threshold). The red dotted line depicts the threshold 

population under the PMSGY program. Villages included in the graph are not fully connected as of the 2001 

connection status and fell within the optimal bandwidth of ±200. 
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Table 1-8: Results for 2SLS models depicting the fuzzy RD for household expenditures, Eastern 

India, 2016 

 (1) (2) (3) (4) 

 
Baseline  

Baseline + 

Difference terms  

Baseline + 

Interaction terms  
Combined 

          

Connection Status 

(newroad) 19.010* 43.441** 1.019 63.919 
 (10.428) (17.419) (32.251) (48.766) 

Normalized Population 

(𝑝𝑜𝑝𝑣 − 𝑇) -110.243* -498.279*** -329.190*** -3048.264*** 
 (56.676) (189.509) (92.791) (994.228) 

Difference2 

(𝑝𝑜𝑝𝑣 − 𝑇2)  1.212***  -31.063*** 

  (0.368)  (11.085) 

Difference3 

(𝑝𝑜𝑝𝑣 − 𝑇3)  0.012**  -0.094*** 

  (0.005)  (0.034) 

Interaction 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇))   2837.491 3791.404 

   (2025.548) (2560.531) 

Interaction2 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2)   -38.027* 12.423 

   (21.070) (31.598) 

Interaction3 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3)   0.146** 0.180** 

   (0.064) (0.086) 

Constant 19.810*** 11.126** 21.312*** 2.916 

  (3.010) (4.913) (6.796) (11.664) 

F-Statistic 1.979 5.536 8.674 5.253 

Prob> F 0.138 0.000 0.000 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results household expenditure (dependent variable). 

Where column 1 to 4 represent equation 5 to 8 respectively. The discontinuity is represented by the connection 

status variable, which shows the proportional shift in decision making abilities in the households included in our 

analysis. All variables, with the exception of the outcome, have been scaled by 10,000. All estimates standard errors 

are reported below. Villages included in the sample are not fully connected as of the 2001 connection status and fell 

within the optimal bandwidth of ±200. 
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Table 1-9: Results for 2SLS models depicting the fuzzy RD for family planning, Eastern India, 

2016 

 (1) (2) (3) (4) 

 
Baseline  

Baseline + 

Difference terms  

Baseline + 

Interaction terms  
Combined 

          

Connection Status 

(newroad) 10.096 27.713** 15.576 18.929 
 (6.584) (11.017) (21.395) (26.804) 

Normalized Population 

(𝑝𝑜𝑝𝑣 − 𝑇) -55.926 -334.745*** -166.572*** -180.659 
 (35.787) (119.858) (61.556) (546.482) 

Difference2 

(𝑝𝑜𝑝𝑣 − 𝑇2)  0.841***  0.729 

  (0.233)  (6.093) 

Difference3 

(𝑝𝑜𝑝𝑣 − 𝑇3)  0.009***  0.004 

  (0.003)  (0.019) 

Interaction 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇))   517.327 437.306 

   (1343.722) (1407.407) 

Interaction2 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2)   -9.945 -9.641 

   (13.978) (17.368) 

Interaction3 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3)   0.049 0.041 

   (0.043) (0.047) 

Constant 5.502*** -0.713 3.029 2.048 

  (1.901) (3.107) (4.508) (6.411) 

F-Statistic 1.324 6.254 7.000 4.882 

Prob> F 0.266 0.000 0.000 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results family planning (dependent variable). Where 

column 1 to 4 represent equation 5 to 8 respectively. The discontinuity is represented by the connection status 

variable, which shows the proportional shift in decision making abilities in the households included in our analysis. 

All variables, with the exception of the outcome, have been scaled by 10,000. All estimates standard errors are 

reported below. Villages included in the sample are not fully connected as of the 2001 connection status and fell 

within the optimal bandwidth of ±200. 

 

 

 



47 

 

Table 1-10: Results for 2SLS models depicting the fuzzy RD for off-farm labour supply, Eastern 

India, 2016 

 (1) (2) (3) (4) 

 
Baseline  

Baseline + 

Difference terms  

Baseline + 

Interaction terms  
Combined 

          

Connection Status 

(newroad) 8.479 24.254** -80.841** -31.589 
 (7.119) (11.831) (32.151) (28.530) 

Normalized Population 

(𝑝𝑜𝑝𝑣 − 𝑇) 42.421 -165.716 -38.024 -2477.928*** 
 (38.694) (128.710) (92.501) (581.673) 

Difference2 

(𝑝𝑜𝑝𝑣 − 𝑇2)  -0.640**  -29.987*** 

  (0.250)  (6.485) 

Difference3 

(𝑝𝑜𝑝𝑣 − 𝑇3)  0.005  -0.095*** 

  (0.003)  (0.020) 

Interaction 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇))   7666.696*** 8724.444*** 

   (2019.234) (1498.038) 

Interaction2 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2)   -94.587*** -49.420*** 

   (21.005) (18.486) 

Interaction3 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3)   0.310*** 0.359*** 

   (0.064) (0.050) 

Constant 7.746*** 4.144 26.644*** 12.239* 

  (2.055) (3.337) (6.774) (6.824) 

F-Statistic 6.937 4.961 9.669 16.206 

Prob> F 0.001 0.001 0.000 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results off-farm labour supply (dependent variable). 

Where column 1 to 4 represent equation 5 to 8 respectively. The discontinuity is represented by the connection 

status variable, which shows the proportional shift in decision making abilities in the households included in our 

analysis. All variables, with the exception of the outcome, have been scaled by 10,000. All estimates standard errors 

are reported below. Villages included in the sample are not fully connected as of the 2001 connection status and fell 

within the optimal bandwidth of ±200. 
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Table 1-11: Results for 2SLS models depicting the fuzzy RD for land ownership, Eastern India, 

2016 

 (1) (2) (3) (4) 

 
Baseline  

Baseline + 

Difference terms  

Baseline + 

Interaction terms  
Combined 

          

Connection Status 

(newroad) 20.016** 4.018 -23.487 -5.630 
 (8.603) (12.852) (27.642) (32.833) 

Normalized Population 

(𝑝𝑜𝑝𝑣 − 𝑇) -65.718 100.650 -486.229*** -2155.417*** 
 (46.758) (139.824) (79.530) (669.390) 

Difference2 

(𝑝𝑜𝑝𝑣 − 𝑇2)  2.149***  -25.171*** 

  (0.272)  (7.463) 

Difference3 

(𝑝𝑜𝑝𝑣 − 𝑇3)  -0.002  -0.091*** 

  (0.004)  (0.023) 

Interaction 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇))   4078.699** 5246.757*** 

   (1736.074) (1723.943) 

Interaction2 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2)   -40.642** -9.967 

   (18.059) (21.274) 

Interaction3 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3)   0.139** 0.213*** 

   (0.055) (0.058) 

Constant 9.547*** 11.086*** 14.418** 9.196 

  (2.484) (3.625) (5.824) (7.853) 

F-Statistic 3.047 19.063 15.395 14.798 

Prob> F 0.048 0.000 0.000 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results land ownership (dependent variable). Where 

column 1 to 4 represent equation 5 to 8 respectively. The discontinuity is represented by the connection status 

variable, which shows the proportional shift in decision making abilities in the households included in our analysis. 

All variables, with the exception of the outcome, have been scaled by 10,000. All estimates standard errors are 

reported below. Villages included in the sample are not fully connected as of the 2001 connection status and fell 

within the optimal bandwidth of ±200. 
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Table 1-12: Results for 2SLS models depicting the fuzzy RD for access to credit, Eastern India, 

2016 

 (1) (2) (3) (4) 

 
Baseline  

Baseline + 

Difference terms  

Baseline + 

Interaction terms  
Combined 

          

Connection Status 

(newroad) 38.047*** 74.175*** 96.786** 67.856 
 (10.912) (18.921) (43.347) (47.08) 

Normalized Population 

(𝑝𝑜𝑝𝑣 − 𝑇) -386.964*** -855.715*** 58.679 1668.577* 
 (59.308) (205.848) (124.715) (959.866) 

Difference2 

(𝑝𝑜𝑝𝑣 − 𝑇2)  -1.732***  20.835* 

  (0.400)  (10.702) 

Difference3 

(𝑝𝑜𝑝𝑣 − 𝑇3)  0.011**  0.069** 

  (0.005)  (0.033) 

Interaction 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇))   -3350.271 -4148.321* 

   (2722.435) (2472.035) 

Interaction2 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)2)   16.312 -13.439 

   (28.319) (30.506) 

Interaction3 

({𝑝𝑜𝑝𝑣 > 𝑇} ∗ (𝑝𝑜𝑝𝑣 − 𝑇)3)   -0.026 -0.068 

   (0.086) (0.083) 

Constant 19.208*** 11.334** 11.243 19.705* 

  (3.150) (5.337) (9.134) (11.261) 

F-Statistic 26.065 14.991 11.38 10.982 

Prob> F 0.000 0.000 0.000 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results access to credit (dependent variable). Where 

column 1 to 4 represent equation 5 to 8 respectively. The discontinuity is represented by the connection status 

variable, which shows the proportional shift in decision making abilities in the households included in our analysis. 

All variables, with the exception of the outcome, have been scaled by 10,000. All estimates standard errors are 

reported below. Villages included in the sample are not fully connected as of the 2001 connection status and fell 

within the optimal bandwidth of ±200. 
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5.3    Additional findings and robustness checks  

In this section we examine the robustness and credibility of the results generated in 5.1 

and 5.2. We begin by showing that the threshold of 500 plays a significant role in the 

determination of a road, as compared to other random thresholds. Additionally, we test the model 

using other village characteristics to examine if other factors are driving the shifts in power.  

To show the validity and importance of the threshold for the results, we run the 2SLS 

model at non-threshold population levels for the outcome of overall women’s power. In order to 

conduct this test, we use unconnected villages with a population between 0 and 1000 in the 2001 

national population census. We observe that at these thresholds there is little to no evidence that 

there is a discontinuity in overall women’s power (Table 1-13). In table 1-13, it can be seen that 

only at the 500 population threshold there is a significant effect on overall women’s power, thus 

showing that at the population of 500 there is a force (the PMGSY program) driving an effect for 

villages above and below the threshold.  

Other factors that may influence our results are the location of the village and other 

village characteristics. There is potential that the shifts in power have been incorrectly attributed 

the effects to the road treatment, when in reality the effects are a function of these other 

characteristics. To test for this, we run the baseline model with additional fixed effects (equation 

2* and 3*). Fixed effects allow us to account for unobserved heterogeneity between different 

groups. Fixed effects were not included in the original model because they are not necessary to 

identify the treatment effect, rather they are a means to increase efficiency of the generated 

estimates. Two types of fixed effects will be included in our model, (1) location-oriented fixed 
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effects like State, District, and Tashil,9 and (2) village-fixed effects for the presence of schools 

and health centres. Given our new specification, the new model is outlined as followed:   

𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 =  𝛽0 + 𝛽1{𝑝𝑜𝑝𝑣 > 𝑇} + 𝛽2 (𝑝𝑜𝑝𝑣 − 𝑇) +  𝜆 𝑣 + 𝜀     (2*)     

𝑌𝑣,𝑛 =  𝛾0 + 𝛾1𝑛𝑒𝑤𝑟𝑜𝑎𝑑𝑣 +  γ
2
(𝑝𝑜𝑝𝑣 − 𝑇) + 𝜆 𝑣 +  ε     (3*) 

 

Where 𝜆 𝑣  represents a vector of fixed effect included, and all other variables are defined 

as above.  

Table 1-14 outlines the location fixed effects model, where it can be concluded that 

location may play a minor role in determining the magnitude of the connection effect in a 

village. Specifically, when examining the estimations generated when accounting for State and 

District level variation, the results were still statistically significant (Table 1-14). Therefore, it 

can be said that State and District level heterogeneity may need to be considered when looking at 

women’s overall power. States and Districts are tremendously diverse in terms of culture, 

language, landscape, and policies. Moreover, special status villages received slightly adjusted 

thresholds which may have been influenced by location. For instance, Odisha contains a high 

number of tribal villages, while both Odisha and West Bengal contain many remote villages, 

both village types that are labelled as special status under the program. 

Additionally, the effects of village characteristics on women’s overall power were also 

considered. We created two categories of village characteristics that may influence power, (1) 

schools and (2) healthcare. Both of which have also been shown to independently increase 

women’s power in a region. The results presented in Table 1-15 indicate that the presence of 

                                                           
9 A Tashil is an administrative division of India denoting a sub-district 
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health care services influences women’s overall power, while the presence of schools in a village 

does not. This result may signify that the shifts in power may not be solely explained by the road 

per se, rather by health services like dispensaries, and maternity and child welfare centres. The 

effects associated with health and education services do not diminish the results because the 

methods used in this study allow for identification. As previously specified, the combination of 

the use of an RD and the implementation of the PMGSY road program creates counterfactual 

groups that are statistically equivalent, thus allowing us to account for this finding so some 

degree.  

Another potential flaw in the statistical identification of the road effect presented in this 

study is the possibility that other policies used the same population threshold as the PMSGY. 

State and Federal governments are constantly implementing new programs, many of which that 

can effect women’s power. However, in our review of the literature and government programs 

we did not find any other program that uses the same 500 village population threshold based on 

the 2001 National Population Census record of the population. If other programs were indirectly 

correlated with the threshold (e.g. programs that depend on roads to be present) it is unlikely that 

they are spuriously driving our results.  Therefore, the PMGSY program may provide the main 

effect on women’s power, but other programs that rely on roads may effect the magnitude of the 

total effect.  

Through the use of these additional tests, we show that our results are robust and 

consistent when considering other factors that can effect the impact on women’s power. The 

magnitude of the results may slightly shift under the inclusion of additional covariates, but the 

overall direction of effect should remain unchanged.  
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Table 1-13: Robustness for 2SLS models depicting the fuzzy RD results at different thresholds 

for overall women’s power, Eastern India, 2016 

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

 

Baseline at 

500 threshold 

Baseline at 

400 threshold  

Baseline at 

300 threshold  

Baseline at 

200 threshold  

Baseline at 

600 threshold  

Baseline at 

700 threshold  

              

Connection 

Status  

(newroad) -92.516** -5,209.723 -2,666.295 -179.110 -5,893.676 -971.145 

  (41.259) (33,821.740) (27,315.199) (184.374) (38,834.035) (1,711.045) 

Normalized 

Population (500) 

(𝑝𝑜𝑝𝑣 − 500) 0.015**      

  (0.006)      

Normalized 

Population (400) 

(𝑝𝑜𝑝𝑣 − 400)  0.555     

   (3.575)     

Normalized 

Population (300)  

(𝑝𝑜𝑝𝑣 − 300)   0.287    

    (2.887)    

Normalized 

Population (200) 

(𝑝𝑜𝑝𝑣 − 200)    0.024   

     (0.020)   

Normalized 

Population (600) 

(𝑝𝑜𝑝𝑣 − 600)     0.628  

      (4.105)  

Normalized 

Population (700) 

(𝑝𝑜𝑝𝑣 − 700)      0.108 

       (0.182) 

        

Constant       

  210.726*** 1,263.947 711.060 222.333*** 1,530.463 422.612 

  (9.027) (6,970.929) (5,341.208) (34.147) (8,824.783) (406.954) 

       

F-Statistic 3.060 0.010 0.010 0.930 0.010 0.200 

Prob> F 0.047 0.987 0.990 0.396 0.988 0.817 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results for overall women’s power (dependent 

variable) across different population thresholds for equation 3*. Column 1 is conducted at the PMGSY population 

threshold of 500, while the other columns are random threshold (Column 2 at 400, Column 3 at 300, Column 4 at 

200, Column 5 at 600, Column 6 at 700, and Column 8 at 800. Villages included in the sample are not fully 

connected as of the 2001 connection status and had a population between 0 – 1000. 
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Table 1-14: Robustness for 2SLS models depicting the fuzzy RD results for overall women’s 

power with location fixed effects, Eastern India, 2016 

  (1) (2) (3) 

 

Baseline with 

Tashil fixed 

effects   

Baseline with 

District fixed 

effects  

Baseline with 

State fixed 

effects  

        

Connection Status 

(newroad) -61.993 -101.674*** -146.539** 

  (55.022) (30.899) (63.268) 

Normalized 

Population   

(𝒑𝒐𝒑𝒗 − 𝑻) -0.024** 0.003 0.027*** 

 (0.011) (0.005) (0.008) 

Constant 201.092*** 211.659*** 223.013*** 

  (11.895) (6.590) (13.786) 

Number of Tashi  210     

Number of District    73   

Number of State     4 

F-Statistic 20.530 25.460 71.420 

Prob> F 0.000 000 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results for overall women’s power (dependent 

variable) for equation 3* with different location fixed effects. The village population threshold is 500. Column 1 

includes village Tashils fixed effects, Column 2 includes village Districts fixed effects, and Column 3 includes 

village States fixed effects. Villages included in the sample are not fully connected as of the 2001 connection status 

and had a population between 0 – 1000. 
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Table 1-15: Robustness for 2SLS models depicting the fuzzy RD results for overall women’s 

power with village characteristic fixed effects, Eastern India, 2016 

  

  (1)    (2) 

 

Baseline with 

education fixed 

effects  

 

 

Baseline with 

health fixed effects 

         

Connection Status  -63.538  Connection Status  -113.447*** 

  (50.912)    (40.980) 

Normalized 

Population  -0.006 

 

Normalized Population 0.011 

  (0.013)    (0.008) 

Primary School  25.850**  Health Service Provider  27.278*** 

  (10.723)    (5.953) 

Middle School  11.728**  Dispensary  -18.636*** 

  (4.677)    (6.215) 

High School  -20.815 

 Maternity & Child 

Welfare Services 24.836*** 

  (12.674)    (9.293) 

Intermediary School  5.290  Primary Health Center -22.570** 

  (17.378)    (9.196) 

Degree Collage  42.822  Constant 212.019*** 

  (26.999)    (10.249) 

Constant 189.278***      

  (16.922)    

F-Statistic  46.700  F-Statistic 30.500 

Prob> F 0.000  Prob> F 0.000 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: The table presents the instrumented two stage regression results for overall women’s power (dependent 

variable) for equation 3* with different village fixed effects. The village population threshold is 500. Column 1 

includes village education services fixed effects, and Column 2 includes village health services fixed effects. 

Villages included in the sample are not fully connected as of the 2001 connection status and had a population 

between 0 – 1000. 
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6. Discussion & Limitation  

The results found in this study hold tremendous importance for understanding the effects 

of public infrastructure on households’ power and dynamics, specifically women’s power in 

rural households. Infrastructure is a large investment that impacts the livelihoods of residents 

through rural transformations that can be either positive or negative to women’s power.  

With respect to women’s empowerment and bargaining power within the household, our 

study indicates that infrastructure generated a number of effects for rural households. Firstly, 

women experience a drop in agricultural decision making power. This drop may signify that 

women are participating less is household agriculture activities, therefore, reallocating their time 

and efforts to other resources and employment opportunities brought forth by the road.  On the 

other hand, roads also have the potential to increase the role of men in agriculture, driven by the 

increase in access to inputs and output markets. The increase in men’s power may lead to women 

being either forced to stay near the homestead or pushed into other sectors. These results are 

consistent with the findings from the focus groups, where we found that established farmers were 

becoming more involved in agriculture due to the greater market access and income potential. 

Women were found to be more active in causal labour, as more options are available to them 

with the provision of the road. This outward shift of women in agriculture may be perceived as a 

positive rural transformation (positive transformations are frequently considered when 

populations shift from rural to urban).  

Additionally, we also found that roads benefited women’s empowerment off the farm, 

with the potential that the greater power produces benefits for the women and others in their 

families. The key idea behind this belief is that women and men display differing preferences; 
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where women more commonly hold preferences that reflect the needs of the household, 

especially the needs of children (Duflo 2000). Therefore, increases in household expenditure 

power may shift household utility by allowing women’s preferences to be translated into positive 

outcomes for the household. For example, in our focus group we found households in connected 

villages were more likely to spend on children and children education – a preference often 

attributed to women.  

Roads also provide access to government services and programs targeted to women, as 

well as the ability for women- centered government programs to access the village. Therefore, 

the positive empowerment effect estimated for the road effect may not be solely caused by the 

presence of a road, rather the increase in power may have occurred in conjunction with other 

programs.  For example, the rise in family planning decisions may not have occurred strictly 

through the presence of the road, rather government services and social programs have become 

accessible due to roads. Roads provide women with the feasibility to attend and participate in 

self- help and education groups that provide resources on education, legal services, and 

contraception. In relation to the focus group conducted, we found that villages did experience an 

increase in available government services and programs in the villages under the presence of a 

road. Women actively participated in self- help groups that provided information on reproductive 

health and financial resources, among others.   

With respect to the methods and procedure used in this study, other factors may also play 

a role in the specifics of our findings. The PMGSY data indicate whether or not a village has 

been sanctioned or approved for a road, yet, in some instances villages may have been recorded 

as sanctioned, but had not yet received a road as of 2017.  This possibility was illuminated by 
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one of the focus groups.  One village was listed as sanctioned in 2017 but by November 2018, 

nor was the road or construction present in the village. The notion of “missing roads” is the 

largest political flaw in the PMGSY program (Lehne et al. 2018). Corruption frequently plagues 

the Indian government, therefore government officials may sanction a road in a village for 

political motives but villages never receive the roads. We accounted for this in the study by using 

a fuzzy RD design, as corruption is a form of noncompliance.  

Moreover, some effects of a road are not quantified in the data used for this study. 

Specifically, the presence of a road may effect the marriage market and migration of girls away 

from their home village. The ability to marry further and maintain a connection/ the ability to 

access your own family is tremendously important in Indian culture. The findings produced 

during the focus groups pertaining to marriage markets were beyond the scope of our data, and 

not quantifiable in this study. Therefore, studies on the effects of infrastructure, empowerment 

and marriage may be an interesting area to explore in future research.  

Migration patterns were directly considered in this study, as this study explicitly focuses 

on decision making power. In this study we did not include migration, though it was indirectly 

accounted for in the inclusion of off-farm labour supply. Migration has the potential to influence 

the power relations within the household due to shifts in income sources. Asher and Novsad 

(2017) had shown that roads do impact migration through an outward movement of residents 

from rural to urban settings.  

Lastly, our study did not account for spatial effects of nearby villages with road access to 

external markets. This may have resulted in an underestimation of our results because villages 

that do not have a road, may not be entirely without access. Similarly to the results in villages 
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with a direct link-road, nearby roads may also empower women and shift household decision 

making and power.  

7. Conclusion 

Easily overlooked, access to markets and institutions by paved road is far from a reality 

for many of the world’s rural poor (Asher and Novosad 2017; Asian Development Bank 2018). 

Residents success/ potential is often constrained by high transportation costs and limited access 

to markets and services. On an international and national level, recent efforts have been made to 

remove the obstacles faced by rural communities (OMMAS n.d.; Donaldson 2018; Asher and 

Novosad 2017). Despite these investments, limited evidence exists on the causal impacts of rural 

roads.  

In this study we estimate the impacts of the Pradhan Mantri Gram Sadak Yojana roads 

program on women’s power, specifically focusing on the decision-making abilities of women in 

their households. The PMGSY program aimed to provide universal access to rural Indian 

communities via paved road through the administration of strict program guidelines and rules. 

Due to the implementation structure of the program, we are able to exploit discontinuities in the 

probability of receiving a road at the threshold population. We find that road connection impacts 

women’s power through a variety of pathways. More explicitly, we see a drop in women’s 

decision making abilities pertaining to production agriculture, while we observe increases in 

other areas like employment, non-agriculture household decisions, land ownership and access to 

credit. Therefore it can be said that roads may be facilitating an outward movement of women in 

agriculture and into other areas.  



60 

 

Women’s empowerment is a pressing issue. It is an issue that has received government 

support through the implementation of programs and policies aimed at reducing the inequalities 

faced by women in all walks of life. Such efforts have been both gender-sensitive and gender-

neutral in nature, yet the gaps between men and women remain far from negligible. Much of the 

research currently completed is on the impacts of gender-sensitive measures, as impacts are more 

direct and well understood. Our study focuses on understanding the impacts associated with 

gender-neutral interventions, focusing on rural roads and access. Our findings suggest that access 

to roads impact the empowerment of women through a number of different streams with respect 

to decision making. Overall, it manifests in a decrease in power over agriculture decisions but an 

increase in other areas of household decision making.  

This paper adds to a growing body of literature on the impacts of public infrastructure 

development in its own right, as well as on gender equality. Our study is at the crossroads of 

infrastructure and identifiable effects. To our knowledge it is the first of its kind to use the 

regression discontinuity method to evaluate how rural roads affect women’s power relative to 

men. We hope that further research will quantify other gender-neutral interventions in order to 

provide governments and research organizations the foundation and understanding needed to 

eliminate the gender gap in all aspects of life.  
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1. Introduction  

Increases in the productivity of women engaged in agriculture are believed to yield high 

returns in the form of greater empowerment for women, increased welfare for their households, 

and increased productivity of the agricultural sector in an economy (Schultz 2001). 

Consequently, in recent years, there has been a strong emphasis on targeting resources towards 

women farmers in developing countries (e.g., World Bank 2007; Harper et al. 2014; Gates 2014; 

United Nations 2005). Scholars, however argue that the empirical basis for explicitly targeting 

women with the goal of increasing their productivity still remains weak, and more research is 

needed for informing such development policies (Doss et al. 2015; Doss 2018).  

A large and growing body of literature has sought to explain if women farmers are 

inherently less productive then men farmers; or if the gender-differentiated profitability rates can 

be explained by differences in the constraints faced by women relative to men. Studies have 

addressed this issue, most commonly with cross-sectional and plot-level panel regressions of 

yields using the gender of the plot owner as a covariate. Much of this literature has found no 

significant difference in men’s and women’s agricultural productivity after controlling for plot, 

farmer, household and market characteristics. This finding implies that women would be as 

productive as men if they had the same access to resources and opportunities as men  (e.g., 

Parveen 2008; Kelkar 2009; Adeleke et al. 2008; Saito, Mekonnen and Spurling 1994; Vargas 

Hill and Vigneri 2011; Moock 1976).   

Understanding women’s productivity with respect to agricultural production, however, 

requires a shift away from the unitary common preference model for a number of reasons. First, 

male and female household members have been shown to have distinct preferences over 

consumption, have different levels of decision-making power, and are often independently 
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responsible for farming plots owned by or assigned to them. Decision-making in these 

households is, therefore, more appropriately represented by an intrahousehold model. One of the 

most widely used models is the collective household model, which maintains that male and 

female household members with different preferences maximize household utility and achieve 

Pareto efficient outcomes through cooperation and bargaining (Browning and Chiappori 1998; 

Chiappori and Weiss 2007; Manser and Brown 1980). These models assume that male and 

female household leaders bargain over the allocation of resources until no one can be made 

better off without negatively impacting others; more specifically, the marginal returns to inputs 

are equal across production activities run by different household members. Second, households 

are often both producers and consumers. Thus, accurately depicting the economic behaviour of 

households that consume a significant proportion of their own output relies on the theory of 

agricultural household decision-making; which emphasizes the complex interwoven relationships 

between labour allocation, consumption, and production decisions (Singh, Squire and Strauss 

1986).  This relationship becomes increasingly more complex with labour and financial market 

failures; because under these conditions household utility maximization is no longer separable 

from production  (de Janvry, Fafchamps and Sadoulet 1991). In the presence of non-separability, 

consumption side variables such as the number of children in the household (that are not used as 

labour inputs in household production) affect production decisions. 

The implication of intra-household decision making on women’s productivity in 

agriculture was modelled in a seminal contribution by Udry (1996), which has spawned a 

considerable literature on this issue. The Udry study shows that in agricultural households in 

Burkina Faso, plots of land managed by women are less productive compared to those farmed by 

men (viz., their husbands). The discrepancy in productivity is attributed to differences in the 
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intensity of the application of labour and fertilizer across male and female-owned plots within 

the household. Thus, according to this literature (see e.g., Owens 2001), a reallocation of land 

from wives to their husbands, keeping the allocation of labour and other inputs constant, could 

significantly increase total agricultural production.10  

These findings, however, leave many open questions. First, strikingly, they imply that the 

allocation of household resources is not Pareto efficient. Thus, even under extreme scarcity, 

household decision-makers fail to be efficient in their production choices. Hence, while the 

unitary household model is clearly inadequate for studying intra-household decisions, the 

literature following Udry (1996) finds that the collective household model is also inadequate for 

modelling household production. Second, a study by Rangel and Thomas (2012) using both 

consumption and production data on households in Ghana and Senegal, finds that the allocation 

of household resources towards consumption is Pareto efficient, while the allocation of resources 

towards production activities are not, for the same households. Finally, adding to the mixed 

results, studies based on the consumption choices of households in more developed areas such as 

Canada, U.S.A, Mexico and Taiwan have repeatedly found that that household resources are 

allocated Pareto efficiently (e.g., Browning and Chiappori 1998; Bourguignon et al. 1993; 

Bobonis 2009; Thomas and Chen 1994; Chiappori, Fortin and Lacroix 2002).  

Recently, scholars have argued that discarding the collective household framework for 

modelling smallholder decisions in poor economies is not justified given the current empirical 

evidence (e.g., Akresh 2008; Rangel and Thomas 2012). These studies attribute findings of 

                                                           
10 These findings relate to the effect of input re-allocation between women and men, rather than the effect of giving 

women the same access and inputs as men, as suggested in the other literature discussed earlier. This result implies 

that, holding constant the economic environment of access and ownership of resources, agricultural production in a 

household and, thereby, in the economy can be increased by transferring inputs from men to women within families. 
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Pareto inefficiency to small samples, weak statistical tests, lack of proper data, and unobserved 

heterogeneity. Thus, Pareto inefficiency in resource allocation of smallholder farms in poor 

countries still remains an open empirical question. Unfortunately, the development literature 

offers no clear answers and there is still a sense among those working in the field that more 

needs to be done to address the central policy question regarding women’s agricultural 

productivity (Doss 2018).   

In this paper, we revisit the issue of women’s agricultural productivity using a large and 

detailed plot-level dataset collected from residents of rural India. Our approach is primarily 

empirical and we use a reduced form model that draws on the collective household model and 

the previous literature on detecting Pareto inefficiency in the allocation of household production 

resources. We depart from the previous literature in that we treat household resource allocations 

to lie in the continuum between Pareto efficient and inefficient based on observed household 

attributes (social norms, exposure to shocks, market access) and unobserved factors (such as 

varying levels of integration into markets) that vary along the marginal distribution of yields.  

Our use of observed covariates to detect heterogeneity in Pareto efficiency is similar to 

the recent work by Akresh (2005), who shows that in periods of negative rainfall shocks, 

households change their allocations to overcome losses due to Pareto inefficiency. Our use of a 

distributional approach to characterize heterogeneous levels of Pareto inefficiency has not been 

explored in previous studies. Given the difficulty of overcoming the confounding influences of 

unobserved heterogeneity in models of household production efficiency, this is a significant 

contribution. Further, we examine if consumption side factors play a role in determining 

production efficiency. If they do, then ignoring their role could bias previous estimates of Pareto 
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inefficiency. While non-separabilities are common in poor agrarian economies, their role has 

been ignored in all previous studies on intra-household production efficiency.  

 We have three objectives: first, we estimate whether or not households in rural India 

attain Pareto efficiency in allocating resources across production activities undertaken by male 

and female household members. To do so, we follow the procedure set forth by Udry (1996) 

(also see Rangel and Thomas 2012) and estimate yield regressions that allows us to test for 

Pareto efficiency by examining the coefficient on a variable denoting the gender (husband or 

wife) of the household member who owns the plot, while controlling for all other household 

influences.11To the best of our knowledge, this is the first application of the empirical intra-

household production model outside of West Africa. Thus, this study allows us to examine if, as 

pondered by many scholars, Pareto inefficiency in production is a phenomenon specific to the 

characteristics of West African households (e.g., see Rangel and Thomas 2012; Owens 2001).  

Our second objective is to explore if household Pareto efficiency varies over observed 

and unobserved factors across the distribution of yields. For instance, social norms, such as those 

based on the caste system in India, can force a production equilibrium for a household that is 

seemingly inefficient by deliberately allocating resources away from women’s plots. Further, the 

effect of such factors may change given a household’s position in the yield distribution. Highly 

able and productive farms at the top of the yield distribution may overcome some of their 

cultural constraints to avoid losses associated with the inefficiencies they create (e.g. higher caste 

individuals face less cultural constraints). In addition, heterogeneity in Pareto efficiency can arise 

                                                           
11 On the methods used to research this objective; as pointed out by Doss (2017) issues of identification may be 

present given the nature systematic differences in plots owned by males and females. One way to overcome these 

issues is to use information on how land was acquired, such information will be used in future work to better 

identify the inefficiency present between male and female owned plots.   
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due to the fact that plots at high and low ends of the unconditional yield distribution are 

structurally different for unobserved reasons.  For example, less productive farms often face land 

constraints resulting in low marginal productivity on-farm which triggers out migration of 

younger educated members, therefore, a negative effect on technology adoption and use of 

modern methods are often observed  (HLPE 2016). Less productive farms may also be less well 

integrated into financial and commodity markets making them more likely to be inefficient. 

Our third objective is to evaluate if the non-separable preference and consumption side 

variables play a role in determining the Pareto efficient allocation of household production 

resources. We test for the presence of non-separability and account for it by examining if 

consumption side variables, such as the number of children in the household, affect production. 

The significance of this variable is an indication that any Pareto inefficiency is in fact related to 

the conscious choice of household members who trade-off farm productivity for better quality 

children.  

In order to meet the objectives outlined in this study, we use detailed data on household 

agricultural production with plot and household-level information. The dataset provides insights 

on gender and its effects on production – a rare characteristic of the data. We estimate yield 

regressions using a large cross-sectional survey administered by the International Rice Research 

Institute (IRRI) in 2016 that provides information on household members, specifically focusing 

on the main male and female decision-maker. Moreover, our data also contains information on 

who is in charge of production and many other plot-level characteristics. The data covers over 

10,000 plots for 8000 households. Further, the data includes a detailed description of household 

composition, such as the number of children, shocks and agricultural education extension 

services available to  the household which provides a unique opportunity to understand Pareto 
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efficiency and the role of consumption side variables (e.g. household head education, castes,  

etc.) in amplifying or mitigating the (in)efficiency.   

This study makes three novel contributions. Firstly, this study contributes to the 

household modelling and decision making literature; specifically, we add to the literature 

pertaining to Pareto efficiency and resource allocation. This study aims to provide insights on 

Pareto efficiency in India, a country where both agriculture and the role of women are central 

issues. Secondly, we build on the concepts of Pareto efficiency by examining it along the 

distribution of yields. This allows us to show how observed and unobserved factors work 

together to create such inefficiencies. Lastly, we contribute to the literature in a novel way by 

testing the validity of the separability assumption used in many collective household models. 

This study also adds to the growing literature that supports investments that target women in 

agriculture, by showing that efficient investments in women have the potential to increase much 

more than just production. Rather, such investments have the potential to increase production/ 

income (reduce poverty), as well as empower women. 

The remainder of the paper is organized as follows. Section 2 provides the background of 

the literature available and relevant to the study. Section 3 describes the context, as well as the 

data used. Section 4 outlines the estimation procedures used in the study. Section 5 explains the 

empirical specification, while section 6 outlines the estimation procedures used in the study. The 

results of the models also outlined in section 7. Lastly, section 8 is the conclusion of the study.  

2. Background 

It is increasingly being recognized in policy circles that investing in the productivity of 

women in agricultural productions holds high returns. According to estimates of the FAO (SOFA 
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and Doss 2011), women make up a substantial proportion of the agricultural workforce and are 

responsible for the production of most food crops in developing countries (Gupta 2009; Bain 

2011). Women also play a central role in the determination of household food security and 

welfare in developing countries (Bunch and Mehra 2008).   

Yet, women remain an under-used economic resource in many developing countries: they 

participate less in formal labour markets, earn lower wages, own fewer resources and play a 

smaller role in major household economic decisions (World Bank 2011). Women’s access to, 

and control over key agricultural resources, such as land and credit, are often weaker than men’s 

(Duncan and Brants 2004). The low status of women is exacerbated by agricultural development 

projects which often fail to recognize gender based patterns – the roles and functions performed 

by both men and women – and instead assumed male dominance in agricultural communities 

(World Bank, FAO and IFAD 2009;Carr 2008; Hurni and Osman-Elasha 2009; Sachs 1996). 

The renewed policy focus is also motivated by increasing recognition of critical linkages 

between agriculture and women. Due to the fact that women are heavily involved in agriculture 

and frequently left out of development efforts, there is a high potential for returns to investing in 

this untapped resource. Women are half of the potential human capital of most economies, as a 

result, simply optimizing women’s potential can substantially raise household productivity and 

overall aggregate agricultural production (Mohapatra and Luckert 2014). For instance, it is 

estimated that if women and men had the same access to productive resources, farm yields would 

increase by 20–30 percent (SOFA 2011; Doss 2018). Moreover, women hold an instrumental 

role in the household, which pertains to child health, nutrition and education; thus, by improving 

the well-being and opportunities of women it is possible to have positive effects on the next 

generation (i.e. social externalities) (Doss and Morris 2000). Therefore, the interconnected nature 
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often observed in developing countries between women and farmers provide a precedent for 

direct development towards this group. 

While women play a significant role in the agricultural sector, the agricultural sector is 

considered a tool for poverty alleviation  (Ravallion and Chen 2003; Kraay 2006). The 

Sustainable Development Goals (SDGs) set forth by the United Nations (UN) have fostered a 

focus on development that encourages poverty reduction through the ability of the poor to 

participate in growth (Christiaensen, Demery and Kuhl 2011). Investments in agriculture 

contribute to poverty reduction at a higher rate than comparable investments made in any other 

sector of an economy (World Bank et al. 2009). In fact, in many countries, agriculture has been 

shown to be 3.2 times more effective at reducing extreme poverty than other sectors of the 

economy (Christiaensen et al. 2011). Due to the pro-poor nature of agriculture centred policies, 

scholars consistently advocate for policies and investments that support the development of 

agriculture (World Bank 2007; Ellis 2005; Dercon 2009; Buehren et al. 2017). Modern growth, 

driven largely by skill intensive sectors often leaves the poor and the most vulnerable 

subpopulations behind. 

3. Context and Data 

The plot, individual, and household-level socioeconomic data used in this study was 

collected by IRRI as part of the annual Rice Monitoring Survey (RMS). The survey focused on 

the eastern region of India, specifically the four states of Bihar, Odisha, West Bengal, and 

Eastern Uttar Pradesh (Figure 2-1). This region is frequently studied because it is classified as 

one of the least developed areas in India, and consistently lags behind the rest of the India in 

many development indicators, as displayed in Table 2-1 (Reserve Bank of India 2013; World 
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Bank 2018). While many states have made progress in areas like education and health,  India as a 

whole continues to exhibit a number of social and structural barriers that have many adverse 

effects, including large gender gaps in several aspects of social and economic life (World 

Economic Forum 2018).  

The RMS project scheme (implemented through the support of the Bill and Melinda 

Gates Foundation) includes an annual survey of agriculture dependent (rural) households that 

collects information on socioeconomic status, farm practices, and grown seeds, among other  

(Yamano 2015).  For this specific study we focus on the 2016 version of the RMS survey, which  

collected information on a number of factors pertaining to rural households, specifically this 

survey aimed to examine shifts in household production practices (e.g. varietal turnover and 

climate change adoption), as well as gender-disaggregated data on household activities and 

decision making (Yamano et al. 2017). In order to meet the objectives outlined in this study, we 

primarily relied on the gender-disaggregated data, as it allows us to examine differences between 

males and females.  

The villages considered in this study were those involved in the 2016 RMS survey, where 

villages and households were selected as follows: (1) rural villages were randomly selected from 

the 2011 Census of India, where the total number of sample villages selected in each state was 

proportional to the total number of rural villages in the state; (2) all households in the selected 

villages completed an initial census conducted by IRRI; (3) from the households included in the 

initial census that had male and female decision-makers, approximately twelve were selected 

randomly from each village for participation in the 2016 RMS survey. Due to the sensitive nature 

of the survey, gender-sensitive enumeration methods were employed in order to minimize the 
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gender influence and gather the most truthful response. Male enumerators surveyed male 

respondents and female enumerators surveyed female respondents (Yamano et al. 2017).  

Samples selected across the states are reported in Table 2-2. Village, household, and 

individual breakdowns remained relatively consistent and equally distributed. The highest 

numbers were selected from Odisha, followed by Bihar, West Bengal and Eastern Uttar Pradesh 

respectively. The total dataset included 720 villages, 8,639 households, and 38,756 individuals 

across four states in the eastern region of India (Table 2).   

The RMS data provide information on household production and productive outputs. For 

this study, our sample is made of 10,941 plots, with 8,691 owned by men and 320 owned by 

women (Table 2-3).12 Plot and household-level characteristics described in Table 2-3 play an 

important role in identifying inefficiencies and unequal production. On average it can be 

observed that women-owned plots have lower yields than men-owned plots. That being said 

women-owned plots also receive lower amounts of labour and inputs (Table 2-3). Furthermore, 

our study focuses on the Kharif growing season in India, a season primarily dominated by rice 

production. Table 2-4 provides a breakdown of the crops grown on plots owned by women and 

men. Overall, the distribution of crop types is relatively equal and proportional across genders.   

                                                           
12 In our data set, the remaining plots not owned by the male or female were “owned by non-household members”  
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Table 2-1: State wise development indicators for all states in India summarized from the World Banks “India State Briefs” for 2013   

  
Total 

Population  

Poverty 

Rate  Literate  Electrification  

Drinking 

Water on 

Premises  

Open 

Defecation  Road Density  

  (millions)  (%)  (% adults)  (%households)  (%households)  (%households)  

(km / million 

people)  

Assam 31 32 82 61 81 12 8,990 

Bihar  104 34 58 31 73 68 1,306 

Chhattisgarh  26 40 71 87 27 68 2,915 

Gujarat  60 17 73 95 70 35 2,266 

Haryana  25 11 75 96 77 17 1,657 

Himachal 

Pradesh  7 8 79 97 61 22 7,275 

Jharkhand  33 37 62 69 29 74 783 

Karnataka  61 21 73 97 55 45 4,902 

Kerala  33 8 94 96 76 2 6,423 

Madhya 

Pradesh  73 32 67 87 34 61 2,729 

Maharashtra  112 17 80 94 64 34 3,487 

Odisha 42 33 68 70 27 73 6,002 

Punjab  38 8 75 98 87 16 3,347 

Rajasthan  69 15 59 82 51 58 3,569 

Tamil Nadu  72 12 78 98 47 42 3,152 

Uttar 

Pradesh  200 29 60 51 63 61 1,987 

Uttarakhand  10 11 77 95 61 16 5,143 

West Bengal  91 20 72 78 36 30 3,418 

India  1211 22 70 80 56 44 3,231 

Note: This table presents the indicators calculated my the World Bank in their “India State Briefs” (World Bank 2018) 
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Figure 2-1: Map of Eastern India depicted IRRI Rice Monitoring Villages in 2014 and 2015 

 

Note: This map is a depiction of the International Rice Research Institutes Rice Monitoring Survey study area. The 

area is comprised of four states in the eastern region of India: Bihar, Odisha, Eastern Uttar Pradesh and West 

Bengal.  The village 2014 villages provide an approximation of the villages used in the 2016 as same villages were 

targeted.  

Table 2-2: Village, household and individual level composition by state, Eastern India, 2016  

 Village composition 

(%) 

Household 

composition (%) 

Individual 

Composition (%) 

Bihar  176 (24.4%) 2,112 (24.4%)  10,325 (26.6%) 

Odisha  225 (31.3%) 2,699 (31.3%) 11,203 (28.9%) 

Uttar Pradesh 

(Eastern)  

151 (21.0%) 1,812 (21.0%) 9,639 (24.9%) 

West Bengal 168 (23.3%) 2,016 (23.3%) 7,589 (19.6%) 

Total  720 (100%) 8,639 (100%)  38,756 (100%) 
Note: This table presents the breakdown of observations by state.  
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Table 2-3: Mean yields, area and labour inputs by gender of plot owner, Eastern India, 2016  

 
Plot 

Ownership 

(Count) 

Harvested 

Yield (kg/ 

acre)  

 

Area 

(acre)  

 

Male 

Labour 

(hours 

per 

crop)  

Female 

labour  

(hours 

per 

crop)  

Hired 

Male 

Labour  

(hours 

per 

crop)  

Hired 

Female 

Labour  

(hours 

per 

crop)  

Inputs 

(kg)  

Male  8,691 1082.052 4.958714 24.17534 7.523846 144.9406 82.40429 302.4869 

Female  320 1004.445 4.630332 23.65938 9.915625 84.33125 77.73125 311.8012 

Note: This table was derived using the plots that fell between the 5% and 95% of the yield distribution – plots below 

(150 kg/ acre) and above (2250 kg / acre) these points were dropped in order to obtain a more accurate result. 

Table 2-4: Distribution of primary crops across plots by gender, Eastern India, 2016   

 

 
Male  Female  

Rice 

(traditional)  

2,427 

(31%)  

91 

(28%)  

Rice (HYV)  3,692 

(47%)  

175 

(55%)  

Rice (Hybrid)  1,517 

(19%)  

50 

(16%) 

Maize 

(traditional)  

301 

(3%)  

4   

(1%)  

 
Note: This table was derived using the plots that fell between the 5% and 95% of the yield distribution – plots below 

(150 kg/ acre) and above (2250 kg / acre) these points were dropped in order to obtain a more accurate result. 

4. Conceptual model 

According to the collective household model (Browning and Chiappori 1998; Browning, 

Chiappori and Weiss 2007), male and female household members with different preferences 

maximize a weighted sum of their individual utility functions. The weight denotes the power 
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over household decisions, and is believed to depend on factors such as exogenous income 

received by a person, and age and education differences between the individuals. Within the 

household, individuals bargain to reach an outcome (e.g. decision), and individuals with a higher 

level of decision-making power will display a greater influence on the final household outcome. 

Regardless of bargaining and differential preferences, the collective model assumes that 

household allocation of resources is Pareto efficient.  

The results generated through the collective model of households have strong policy 

implications for influencing household consumption behaviour. Policies such as micro-credit 

programs are occasionally designed to explicitly target women because women are believed to 

make economic choices that improve household welfare and contribute to economic 

development. For instance, money given to women rather than men is believed to accelerate 

economic development because women’s expenditures favour the accumulation of children’s 

human capital. The assumption underlying this effect is that women have stronger more 

household-centric preferences than men, and those preferences can be mobilized by improving 

their bargaining power (Duflo 2000).  

The bulk of collective household models focus on households’ consumption behaviour. 

However, differences in the preferences, bargaining, and cooperation between men and women, 

have implications for farm productivity, which may or may not lead to productive Pareto (in) 

efficiency (e.g. yield and input differences). Studies by Apps and Rees (1996) and Chiappori 

(1997) extend the collective utility maximization framework to include production decisions. 

Additionally, Udry (1996) uses data on household agricultural production that is carried out on 

many plots, which are controlled by different members, to empirically test if the allocation of 

resources across plots is efficient. Such studies also represent the theoretical basis of women’s 
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agricultural productivity frequently explored in the literature. Thus, a description of the 

framework used in the previously mentioned studied is explained as follows.   

Household utility is defined over leisure, private goods (e.g., clothing) and a public good 

(e.g., children education). Household members display a common preference only over the 

public good, which is produced using the non-leisure time of household members. Additionally, 

household members supply labour to the production of agricultural commodities on multiple 

plots of land, which are managed by individual household members. Under this setup, the 

household solves its production problem (public good and agricultural production), its labour 

supply allocation (public and agricultural labour) and its utility maximization (for leisure, private 

goods and the public good) using a pooled budget that includes profits from agricultural 

production.  

Production and consumption are assumed to be separable and recursive such that the 

optimization can be thought of as a two-stage problem. The household will first choose labour 

inputs to produce agricultural output, and then choose consumption bundles conditional on 

labour amounts and the full income which includes profits from the first stage. A consequence of 

separability is that consumption side variables, such as the number of children and their quality, 

do not directly affect production decisions (except for indirect labour supply or other time 

constraint channels). Issues arise as separability may not hold in the presence of market failures, 

which are common in poor economies. Even when market imperfections are present, studies that 

use intra-household production models assume away separability. Such assumptions include as 

additively separable preferences or constant returns to scale production technologies which 

maintain the separability of the consumption and production sides, even if market failures are 

present (Couprie 2007).   
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Pareto efficiency in production under this circumstance implies that it should not be 

possible to reallocate inputs within households and achieve a higher level of aggregate output. 

This notion is the foundation of our empirical work, and is described in next section. However, 

we build on the models used to examine Pareto efficiency in Udry’s framework. Unlike the 

framework by Udry (1996), we do not consider inefficiency as an absolute concept and include 

heterogeneity in the level of efficiency across households.  

In this study, we allow for observed heterogeneity in Pareto efficiency by examining how 

social factors such as caste, availability of credit, and extension services mitigate Pareto 

efficiency. These factors represent different costs and barriers that could limit certain households 

from achieving a higher equilibrium even when it is feasible. We allow for unobserved 

differences in Pareto efficiency by examining the optimal allocation of household resources 

across the yield distribution. Pareto efficiency may differ across the yield distribution both due to 

direct changes in barriers to efficiency and due to differences in the role of the mediating factors, 

discussed above, across the yield distribution.       

5. Empirical strategy 

We follow Udry’s (1996) identification strategy to specify our baseline model. Given the 

assumption of separability between consumption and production decisions, production efficiency 

implies that marginal returns to inputs, are the same across plots and do not depend upon who 

manages the plot.  On two plots, with equal areas of land, production is equal. Therefore, if 

households allocate their productive resources efficiently, then differences in yields are only due 

to differences in plot characteristics:  

𝑄ℎ𝑐𝑖  =  𝑋′ℎ𝑐𝑖 𝛽 +  𝛾𝐺ℎ𝑐𝑖  + 𝜆ℎ + 𝜆𝑐 + 𝑍′𝛿 +  𝜀ℎ𝑐𝑖   (1) 

 



85 

 

where 𝑄ℎ𝑐𝑖 is the logged yield on plot i planted with crop c during a single season by a member 

of household h; 𝑋′ℎ𝑐𝑖 is a (1 x k) matrix of plot characteristics such as plot area, land type, and 

location with corresponding coefficient (k x 1) vector 𝛽; 𝐺ℎ𝑐𝑖 denotes a dummy denoting the 

gender of the individual that owns the plot (female=1); 𝜆ℎ  and 𝜆𝑐 denote household and crop 

specific differences in yields; 𝑍′ denotes a set of additional covariates; and 𝜀ℎ𝑐𝑖 is assumed to be 

an i.i.d (independent, identically distributed) error term.  

Evaluating yield differences between men and women is complicated, even with data on 

plots assigned by gender, due to potential differences in yields across crops, or across households 

characterized by heterogeneous entrepreneurial ability and idiosyncratic shocks (Doss 2017). 

The inclusion of the unobserved household and crop effects restricts attention to variation in 

yields across plots planted to the same crop, within households, in the same season (Udry 1998). 

Under this setup, a test of Pareto efficiency (the overall inefficiency experienced), or the equality 

of marginal products across male and female managed plots, is a test of statistical significance of 

the 𝛾 in equation 1 (objective 1). 

To account for constraints and costs that may prevent subgroups of households in 

achieving Pareto efficiency (objective 2), we extend equation 1 by including additional 

explanatory variables Z. We include as control variables an indicator of the household’s caste 

(the primary form of social stratification in India), women’s access to extension services and 

credit, and an indicator of whether the plot experienced a shock (drought) during the previous 

growing season. Z also includes the interactions of these variables with the gender variable to 

determine the extent to which constraints and costs posed by these variables affect Pareto 

efficiency. Finally, to examine the implications of non-separability in production and 

consumption decisions we include a consumption side variable – the number of children aged 5 
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to 9 present in the household- and its interaction with the gender variable in the reduced form 

yield regression (equation 1). Children aged 5 to 9 were used to represent the consumption side 

because households must consciously decide to invest in children (i.e. for better quality children) 

instead of farm productivity. Moreover, this is due to the fact that children at this age require 

high levels of time and monitoring. It is possible that children aged 5 to 9 (kids) are actually not 

a consumption side variable, rather, it captures the effect of family labour on production. We 

account for this in two ways: (1) we chose only kids because they are less likely to be supplying 

labour; and (2) if kids present a labour supply effect the coefficient will be positive. Thus, to 

establish non-separability, a non-positive significant coefficient is expected for the interaction 

between women’s ownership and the presence of children. Under non-separability we would 

expect this consumption side variable to have a significant effect on yields (however, a 

significant positive effect would not allow us to distinguish between non-separable consumption 

effects and the positive effect of child labour on yields).  

Finally, it is possible that the barriers to Pareto efficiency may vary both within the 

variables in Z and along the distribution of yields (objective 3). For instance, social norms 

associated with a caste may be more flexible when yields are low- at the 25th quantile of the yield 

distribution – compared to the top.  Additionally, some studies have also argued that during 

times of shocks household members are likely to pull together and become more efficient than in 

times of less distress (Akresh 2018). Similarly, access to extension services and credit may create 

variances in yield, and also moderate household efficiency differently along the yield 

distribution.  

Table 2-5 reports the predicted signs, descriptive statistics and definitions for all variables 

used in our analysis. To understand the rationales behind the signs, we outline our hypothesis by 
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variable. Our dependent variable, as mentioned earlier, is the harvested yields (Log Yield). The 

main covariate, gender, which allows us to test for Pareto efficiency is specified using a dummy 

variable for female (Women ownership). Approximately 4% of the plots in our data are owned by 

women.  While this is a relatively low subset of the population, it is representative of the true 

proportion of land ownership observed in India. To address the possible problems with standard 

errors, and our reduced ability to find a significant gender effect when it exists due to the small 

number of women owners, we also present our main equations using bootstrapped standard 

errors.  

Our plot characteristics, X in equation 1 includes plot size, which is expected to have a 

negative sign based on the commonly observed inverse farm-size productivity relationship in 

developing countries. Negative plot size relationships are often observed because of the lack of 

capacity to produce at scale  (Barrett, Bellemare and Hou 2010). Due to our focus on the kharif 

growing season; we add variables that may reflect traits important to rice production. Firstly, we 

add a crop identifier that shows the yield effect of different crops. Since we are looking at kharif 

production, we hypothesize that plots planted with varieties of rice (crop 1, crop 2, crop 3) will 

have higher yields (kg/acre) than plots planted with other crops (crop 4). Secondly, we include 

topography variables, as different topographies are better suited for different crops (topography 

1, topography 2, topography 3). Rice is better suited for growth in lowland topography 

(topography 1), therefore we hypothesize that plots situated on the lowlands will have higher 

yields than those in other topographic regions. Lastly, state dummies were included to capture 

the differences in climates and growing conditions that are present across states (state1, state 2, 

state 3, state 4). Of the states included in our study, West Bengal is known to have the highest 

yields.  
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We include in Z, an indicator for high caste individuals (caste). Individuals belonging to 

high caste face fewer and different barriers socially and economically compared to lower caste. 

We also include a measure of exposure to drought (shock), a women’s access to extension 

services (extension) and credit (credit) would positively impact women’s production because of 

an increase in their ability to access services and inputs. Therefore, when looking at the impacts 

of these variables on women’s inefficiencies in yield in this study – we would assume a positive 

effect. Lastly the education of the household head and the size of the household are believed to 

positively impact yields for both women and men – thus decreasing the inefficiencies observed 

in the household (education). Finally, we include variables describing the household, such as 

household size and children aged 5 -9. Children aged 5 to 9 (child) are a hindrance in labour, as 

children of this age require constant supervision, compared to smaller children that can be 

carried while the work in completed. Therefore, in households with more young children, we 

would expect to see greater inefficiency as more time is occupied with household chores and 

child supervision. Likewise, households may also display a greater effect as women are often the 

main caregivers. Lastly, larger households are believed to have larger production power because 

of the greater labour supply available to the household. Therefore the greater the number of 

members, it the lower the observed inefficiency (household size).  

Figure 2-2 depicts the yield distribution by ownership.  It is evident that ownership 

impacts yields with different magnitudes across the distribution. Specifically, we find that on 

average yields on plots owned by women have a higher probability of producing low yields 

compared to plots that are owned by men. The difference in distribution may be present because 

of one of three main reasons: (1) female farmers cannot hedge the uncertain price of crops, (2) 

uneven land distribution (e.g. plot characteristics differ between plots), and (3) the net 
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compensation status of a household depends on its size – smaller producers tend to be net buyers, 

and larger producers tend to be net sellers (Barrett 1993). Therefore, it is important to determine 

how these costs and barriers also vary across the yield distribution. Hence, to account for (and 

include) these distributional effects we compare plots with production below the 25th quintile to 

those that are producing above the 75th quintile in the upcoming econometric analysis.  

Table 2-5: Definitions, descriptive statistics, and predicted signs for variables included in 

regression model.  

  
Predicte

d Sign   

Observa

-tions 

Mean   Standard 

Deviatio

n  

Minimu

m   

Maximu

m  

Variable 

Definition   

Log Yields   
 

8,223 6.825

5 

0.6143 5.0106 7.7187 Log of 

harvested 

yields per 

plot in kg/ 

acre  

Women 

Ownership  

- 8,223 0.039

4 

0.1946 0 1 Sole women 

ownership 

of plot (1 = 

women 

owned, 0 = 

male 

owned)  

Plot Size  - 8,223 4.983

5 

10.6424 0.0001 125 Plot size per 

acre  

Topography 

1  

+ 8,223 0.264

0 

0.4408 0 1 Lowland 

topography 

of plot (1 = 

lowland, 0 = 

not)   

Topography   

2 

- 8,223 0.568

2 

0.4954 0 1 Midland 

topography 

of plot (1 = 

midland, 0 

= not)   

Topography 

3 

- 8,223 0.167

8 

0.3737 0 1 Upland 

topography 

of plot (1 = 
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upland, 0 = 

not)   

Crop 1 + 8,223 0.308

0 

0.4617 0 1 Crop type 

grown on 

plot 

traditional 

rice variety 

(1 = 

traditional 

rice, 0 = 

not)  

Crop 2  + 8,223 0.473

9 

0.4993 0 1 Crop type 

grown on 

plot HY rice 

variety (1 = 

HY rice, 0 = 

not)  

Crop 3 + 8,223 0.191

3 

 

0.3933 

 

0 1 Crop type 

grown on 

plot hybrid 

rice variety 

(1 = hybrid 

rice, 0 = 

not)  

Crop 4  - 8,223 0.026

8 

0.1614 0 1 Crop type 

grown on 

plot other (1 

= other, 0 = 

not)  

State 1  - 8,223 0.229

6 

0.4206 0 1 Plot located 

in Bihar (1= 

Bihar, 0 = 

not)  

State 2 - 8,223 0.371

4 

0.4832 0 1 Plot located 

in Odisha 

(1= Odisha, 

0 = not)  

State 3 - 8,223 0.186

7 

0.3897 0 1 Plot located 

in Uttar 

Pradesh (1= 

Uttar 

Pradesh, 0 = 

not)  

State 4  + 8,223 0.212

3 

0.4090 0 1 Plot located 

in West 
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Bengal (1= 

West 

Bengal, 0 = 

not)  

Child - 8,223 0.068

3 

0.1117 0 0.6 Share of 

children 

between the 

age od 5 – 9 

in the 

household 

(0 = no 

children 5-

9, 1 = only 

children 9-

9) 

WChild - 8,223 0.002

0 

0.0209 0 0.4615 Share of 

children 5-9 

multiplied 

by women 

ownership  

Caste  + 8,223 0.304

8 

0.4603 0 1 Household 

high caste 

(1 = high 

caste,0 

=low caste)  

WCaste + 8,223 0.011

4 

0.1063 0 1 Household 

high caste 

multiplied 

by women 

ownership  

Shock  + 8,223 0.511

5 

0.4999 0 1 Plot 

experiencin

g a drought 

in the 2014 

growing 

season (1= 

drought,0 = 

none)  

Wshock  + 8,223 0.020

3 

0.1411 0 1 Plot drought 

multiplied 

by women 

ownership 

Extension  + 8,223 0.141

3 

0.3484 0 1 Women 

access to 
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extension 

services  

WEducatio

n  

+ 8,200 0.230

2 

1.4863 0 17 Educational 

level of 

household 

head 

multiplied 

by women 

ownership 

Credit  + 8,223 0.285

5 

0.4499 0 1 Women 

access to 

credit 

services – 

formal or 

informal (1 

= access, 0= 

no access) 

WCredit  + 8,223 0.008

5 

0.0919 0 1 Women 

credit 

multiplied 

by women 

ownership  

Household 

Size 

+ 8,223 5.771

5 

2.5914 2 29 Household 

size, 

number of 

members 
Note: The table provides information on all variables used in the study for both male and female owned plots.  

 

Figure 2-2: Logged yield distribution by gender of plot owner, Eastern India, 2016  

 

Note: The graph is a depiction of samples that fell between the 5% to 95% of the original distribution of yields. The 

graph was generated using kernel density estimations.  
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6. Estimation 

Our approach to estimating the econometric model outlined in equation 1 is driven by 

two considerations. First, there are multiple effects considered in equation 1, including 

household fixed effects. Estimating the various fixed effects along with location variables using a 

binary variables (or a within regression framework) approach raises concerns regarding 

collinearity. More importantly, many of the coefficients that we estimate to address objective 2, 

are related to variables at the household level (e.g., caste, number of children in the household). 

Inclusion of household fixed effects would help identify the within-household efficiency of 

resource allocation which we seek to estimate under objective 1; but the household fixed effects 

would also sweep out the effect of any household level covariates that we include for testing 

hypotheses under objective 2.  

We, therefore use a binary variable approach for estimating all fixed effects except for 

those at the household level.  To account for household-specific effects (𝜆ℎ in equation 1) we use 

a random effect specification, which accounts for variation across households and at the same 

time allows us to include household-level covariates.  

Our second consideration concerns estimating heterogeneity in Pareto efficiency along the 

yield distribution and to evaluate if the marginal effect of covariates that are expected to mediate 

the level of efficiency. Such variables are expected to vary across the yield distribution. In this 

context conditional quantile regressions (Koenker and Bassett 1978) are not useful since they 

provide the impact of a variable on yields conditional on the explanatory variables.  This is not 

meaningful in our context. We estimate Pareto efficiency across the yield distribution by using 

unconditional quantile regressions, which produce estimates of unconditional impacts of each 

covariate (e.g., gender) at different points of the yield distribution. Unconditional quantile 
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regressions are more informative than either traditional regression and conditional quantile 

regression methods from a policy perspective (see Firpo, Fortin and Lemieux 2009 for details). 

The interpretation of coefficients at different quintiles, using this approach, is exactly the same as 

in a standard regression model, unlike conditional quantile regressions which provide conditional 

impacts. The distributional approach allows us to further isolate the mechanisms driving (in) 

efficiency. With the quintiles of interest being the 25th and 75th; the 25th percentile is the bottom 

25% of the yield distribution (the left tail of the distribution) and the 75th percentile is the top 

25% of the yield distribution (the right tail of the distribution). 

7. Results 

In this section, we describe and discuss the main findings of the analysis conducted with 

respect to the objectives set out in the introduction. Table 2-6 reports the finding from the model 

outlined in equation 1. The models were aimed at evaluating the yield difference between men 

and women-owned plots. We present the results for seven different models in column 1 through 

7 of the table. Where the first four models include the same baseline variables but vary in 

specification; model 1 presents a simple OLS regression, model 2 is a random effects model, 

model 3 limits the random effect model to the plots that fall below the 25th quintile in the yield 

distribution, while model 4 limits the random effect model to the plots above the 75th quintile. 

The remaining three models include additional variables to equation 1, aimed at examining the 

heterogeneity of the (in) efficiency across other influential variables and also vary in 

specification: model 5 is a random effects, model 6 limits the observations to the 25th quintile, 

and model 7 examines the 75th quantile.   



95 

 

We being by examining Pareto optimality and its prevalence in the data, with respect to 

both the simple and the extended model (model 1, 2, and 5). In doing so, we will gain an 

understanding of the (in) efficiencies observed on women-owned plots. Additionally, we will 

also explore the factors that have potentially amplified or mitigated such inefficiencies. We then 

further the analysis by examining the distributional effects that may play a role in the 

inefficiency that is ultimately observed (model 3, 4, 6, & 7). This provides us the opportunity to 

compare Pareto optimality on high and low yielding plots.  

7.1    Pareto (in) efficiency  

First, we focus on models 1, 2 and 3 to determine the effects of women’s ownership on 

farm productivity measured by yields. We find that the coefficient on women’s ownership is 

negative and significant across all three models (Table 2-6). The results support the conclusion 

that women-owned plots produce lower yields than plots owed by men and, thereby, indicating 

Pareto inefficiency in the allocation of household resources. When looking at model 1 we find an 

inefficiency of -15% on women-owned plots. However, accounting for household-level 

heterogeneity using a random effects specification (model 2), we find that the inefficiency is 

lowered from -15% to -7%. This result implies that approximately half of the original estimate of 

inefficiency was driven by household-level unobserved heterogeneity (model 1 & 2, row 1). 

However, when accounting for factors that may influence the Pareto optimality with our 

extended model that includes additional covariates, we find that the coefficient on women’s 

ownership is -14% (model 5, row 1).  

To account for the observed heterogeneity in Pareto efficiency (in yields), we added 

household caste (caste), access to extension services (extension), and credit markets (credit) to 
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the model. We find that all variables positively and significantly influenced women’s yields, 

however, the only variable to have a significant effect when interacted with women’s ownership 

was caste (WCaste). Household caste (high caste=1) is associated with a 7% increase in yields, 

which increased to 12% on women-owned plots (model 5, row 13 & 14). Access to extension 

services also increased production by 8% (model 5, row 17). Though the positive effect of 

having credit access was lower (6%), it is still statistically significant (model 5, row 19). Thus 

both access to credit and extension services positively impact yields on both male and female 

plots.  

Additionally, exogenous shocks (shocks), such as droughts, can decrease yields and also 

play a role in the determination of Pareto inefficiency. In these data, we find that droughts 

negatively impact yields (-28%), but the insignificance of the interaction of droughts and 

women’s ownership suggests that households did not become more efficient during periods of 

stress due to the drought (model 5, row 15).  Household controls for household head education 

(WEducation) and household size were also included in the extended model. However, they have 

an insignificant impact on yields (model 5, row 18 & 21).  

In order to determine the effects of separability of the production and consumption side 

on the overall inefficiency recorded on women-owned plots, we include the number of children 

aged 5 – 9 in the household into the model (child). We find that the coefficient for children is 

negative in both the independent and interaction variable (WChild), but only the interaction is 

significant. Specifically, we observe a decrease in yields in women-owned plots by an additional 

66% when children aged 5 – 9 are present in the household (model 5, row 12). This result is 

striking in that it shows that non-separability of consumption and production does not directly 
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affect yields; however, it mediates inefficiencies and provides a possible explanation for 

departures in Pareto efficiency. Women (and their husbands) might strategically “neglect” plots 

farmed by women in the interests of allocating more time and labour resources to raising 

children. Note that in a model that assumes separability the role of such consumption side 

considerations on efficiency would not be found since production side variables like yields are 

assumed to be not affected by consumption side variables.      

The control variable, Plot size has a negative and significant effect on yields (model 1, 2 

& 5, row 2). This result is consistent with the commonly observed inverse productivity-size 

relationship in agricultural production. We find that the topography variables which represent the 

land type and general growing environmental also significantly affect yields.  (models 1, 2 & 5, 

row 3 & 4). The coefficients on the crop dummies reveal that plots planted with rice crops 

produce higher yields than those planted with maize or legumes (model 1, 2 & 5, row 5, 6 & 7). 

Among the different types of rice crops grown in the region, we find that high yielding rice 

varieties produce the highest level of harvestable yields. Lastly, with respect to the location/ state 

of the plot, we find that West Bengal produces the highest yields compared to any other state.  

7.2    Distributional effects of Pareto optimality 

Our results show that Pareto inefficiency differs across the unconditional yield 

distribution, in both the simple and extended models. The coefficient on women’s ownership is 

negative and significant for plots in the bottom quintiles of the yield distribution. Plots at the top 

of the yield distribution strikingly did not display any inefficiency (model 3, 4, 6, & 7). The 

Pareto inefficiency experienced from women’s ownership at the bottom of the distribution (25th 

quintile) range from -18% to -38% across models (model 3 & 6, row 1). Thus, these findings 
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signify that the inefficiencies are a more persistent problem in the left tail of the yield 

distribution, compared to either the top or the mean.13  

 We find that caste is a highly significant determinate of yield; where plots at the bottom 

of the yield distribution experience an increase of 8%, while plots at the top of the yield 

distribution experience an increase of 7% in yields (model 6, row 13). When looking at the joint 

effect of caste and women’s ownership (through the caste interaction - WCaste), we find a 

notable deviation from the results of the mean model (model 5). For plots that fall below the 25th 

quintile on the yield distribution we find that being of a high caste positively impacts yields by 

37% (model 5, row 14), but, when looking above the 75th quintile on the yield distribution we 

find that yields are negatively affected by 17% (model 6, row 14). This result may be attributed 

to the social norms and roles that are placed on women when they are of members of a high 

caste. High caste individual often face lower barriers and costs, as compared to individuals that 

are members of marginalized castes; therefore, when looking at less productive plots a higher 

yield for high caste is representative of these lower barriers. On the other hand, once an 

individual reaches a certain level of productivity, the role of women begins to shift. The drop in 

yields in highly productive households may arise from the fact that has households become 

wealthier, women are more likely to become housewives.  

 Additionally, the effect of access to extension services (extension) and credit may vary 

depending on the distribution. We find similar results to the mean model (model 5), where both 

have positive effects on yields, but significance is only observed when looking at plots at the 

bottom of the yield distribution. We find that extension services increase yields by 14% and 

                                                           
13 The results from the models do not reflect figure 2-2 completely because in the models we are accounting for 

additional variables. Moreover, figure 2-2 is provided to show there is inefficiencies between male and female 

owned plots.  
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access to credit increases yields by 10% for plots that are at the bottom of the yield distribution 

(model 5, row 17 & 19). This may be due to the fact that low yielding plots need greater support 

to deal with costs and barriers they may face, while high yielding plots can independently carry 

most of the costs they face. With respect to drought (shock), we find that yields significantly 

decrease for both at the bottom and top of the yield distribution. Yields decrease by 47% and 

20% respectively for low and high distributional plots (model 6 & 7, row, 15).  Similarly to 

model 5, we do not observe a significant effect on women-owned plots. As in the mean model 

(model 5), we find that the household level control variables of household head’s education and 

household size do not add to explanations of yield inefficiencies displayed in the 25th and 75th 

quintiles (model 6, row 18 & 21). Unlike in the case of the mean, we do not find any significant 

effects of the consumption side variable denoting the presence of small children in the 

household. Thus, we find that separability plays a minimal role at the mean but not at the tails of 

the yield distribution. 
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Table 2-6: Results for regression models of yield effects from equation 1, Eastern India, 2016 

  Model 1 

(Baseline)  

Model 2 

(With 

household  

random effects)  

Model 3  

(25th quintile 

with household 

random effects)  

Model 4  

(75th quintile 

with household 

random effects) 

Model 5  

(Extended 

model)  

Model 6  

(25th quintile 

with household 

random effects) 

Model 7  

(75th quintile 

with household 

random effects) 

Women Own.  -0.1534*** -0.0750** -0.1823** -0.0265 -0.1489** -0.3828** -0.0517 

  (0.032) (0.036) (0.074) (0.033) (0.074) (0.153) (0.070) 

Plot Size -0.0008 -0.0014** -0.0029** -0.0004 -0.0012* -0.0026* -0.0003 

  (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 

Topography 2  -0.0438*** -0.0289** -0.0685** 0.0189 -0.0429*** -0.0996*** 0.0091 

  (0.015) (0.013) (0.028) (0.013) (0.012) (0.028) (0.013) 

Topography 3  -0.2862*** -0.1557*** -0.2975*** -0.0611*** -0.1396*** -0.2662*** -0.0456*** 

  (0.020) (0.015) (0.035) (0.016) (0.015) (0.035) (0.016) 

Crop 1  0.2927*** 0.2943*** 0.4505*** 0.0627** 0.4491*** 0.7254*** 0.1761*** 

  (0.040) (0.031) (0.070) (0.032) (0.032) (0.071) (0.032) 

Crop 2 0.5167*** 0.4875*** 0.8019*** 0.1385*** 0.6536*** 1.0944*** 0.2580*** 

  (0.040) (0.032) (0.072) (0.032) (0.033) (0.073) (0.033) 

Crop 3 0.3850*** 0.4220*** 0.7310*** 0.0129 0.5265*** 0.9332*** 0.0956*** 

  (0.042) (0.034) (0.076) (0.034) (0.034) (0.076) (0.035) 

State 1 -0.1076*** -0.1304*** -0.0753 -0.2079*** 0.0017 0.1261** -0.1226*** 

  (0.024) (0.031) (0.060) (0.027) (0.030) (0.060) (0.028) 

State 2 -0.2916*** -0.3226*** -0.4123*** -0.3178*** -0.2206*** -0.2653*** -0.2392*** 

  (0.019) (0.026) (0.050) (0.023) (0.026) (0.051) (0.024) 

State 3 -0.4595*** -0.4836*** -0.7136*** -0.3193*** -0.3254*** -0.4803*** -0.2110*** 

  (0.025) (0.031) (0.061) (0.028) (0.032) (0.063) (0.029) 

Child 
    

-0.103 -0.0578 -0.084 

  
    

(0.072) (0.139) (0.065) 

W Child 
    

-0.6632* -0.4636 0.2658 

  
    

(0.379) (0.768) (0.354) 

Caste 
    

0.0757*** 0.0801** 0.0744*** 

  
    

(0.019) (0.037) (0.017) 
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WCaste 
    

0.1281* 0.3768** -0.1731** 

  
    

(0.075) (0.156) (0.071) 

Shock  
    

-0.2853*** -0.4708*** -0.2055*** 

  
    

(0.014) (0.030) (0.014) 

WShock 
    

0.0494 0.0694 0.0533 

  
    

(0.060) (0.130) (0.059) 

Extension  
    

0.0825*** 0.1488*** 0.0281 

  
    

(0.025) (0.048) (0.022) 

WEducation 
    

0.008 0.0216 0.0051 

  
    

(0.007) (0.015) (0.007) 

Credit  
    

0.0686*** 0.1054*** 0.0251 

  
    

(0.019) (0.036) (0.017) 

WCredit  
    

0.018 -0.2051 0.0574 

  
    

(0.083) (0.172) (0.079) 

Household Size  
    

0.0009 0.0056 0.0012 

  
    

(0.003) (0.007) (0.003) 

Constant  6.7183*** 6.7167*** 6.2099*** 7.3970*** 6.5700*** 5.9523*** 7.2925*** 

  (0.043) (0.038) (0.081) (0.037) (0.042) (0.088) (0.040) 

σU Constant  
 

0.5047*** 0.941 0.430 0.4716*** 0.8509*** 0.4023*** 

  
 

(0.007) (0.007) (0.001) (0.006) (-0.013) (0.006) 

σe Constant 
 

0.2688*** 0.652 0.291 0.2684*** 0.6557*** 0.2909*** 

  
 

(0.003) (0.002) (0.003) (0.003) (0.007) (0.003) 

Observations  8223 8223 8223 8223 8200 8200 8200 

r2 0.163 0.108 0.119 0.070 0.108 0.119 0.070 

Note: The table represent the estimates for all the models run in this study. Yields is the dependent variables. Model 1 is a simple linear regression with the 

baseline variables, model 2 is a RE model with the baseline variables, model 3 is the RE marginal quantile regression for the 25th  quintile with the baseline 

variables, model 4 is the RE marginal quantile regression for the 75th quintile with the baseline variables, model 5 is a RE model with the additional variables, 

model 6 is the RE marginal quantile regression for the 25th  quintile with the additional variables, model 7 is the RE marginal quantile regression for the 75th 

quintile with the additional variables.
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7.3    Additional Results  

In our sample, the plot ownership variable displays limited variation; women own 

approximately 4% of the plots included in our sample, while male/ family ownership comprises 

the vast majority of plot ownership. The limited nature of women-owned plots may influence the 

validity of our result. To address the limitation, we run a bootstrap analysis. Specifically, we 

randomly select 100 observations from our data and rerun the RE baseline variable analysis 200 

times. Table 2-7 presents the estimated coefficients, where we find qualitatively the same results 

as before. Specifically, we find that women ownership decreases yield by approximately 7%, a 

result consistent with that seen in table 6, model 2.  

Table 2-7: Results for bootstrap random effects regression models of yield effects from equation 

1, Eastern India, 2016 

 
Estimates                         Standard 

errors    

Women 

Ownership  

-0.0747* 0.0357*** 

  (0.045) (0.002) 

Plot Size -0.0014 0.0007*** 

  (0.001) (0.000) 

Topography 2  -0.0288** 0.0127*** 

  (0.014) (0.000) 

Topography 3  -0.1553*** 0.0154*** 

  (0.020) (0.000) 

Crop 1  0.2944*** 0.0313*** 

  (0.074) (0.001) 

Crop 2 0.4873*** 0.0320*** 

  (0.067) (0.001) 

Crop 3 0.4223*** 0.0344*** 

  (0.074) (0.001) 

State 1 -0.1306*** 0.0308*** 

  (0.029) (0.000) 

State 2 -0.3226*** 0.0263*** 

  (0.016) (0.000) 
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State 3 -0.4838*** 0.0315***  
(0.031) (0.000) 

Constant  6.7167*** 0.0377***  
(0.068) (0.001) 

Observations  8223 8223 
Note: RE model with baseline variables bootstrap result with 100 sample size of 200 repetitions. Yields is the 

dependent variables. 

8. Conclusion 

In this study, we answered three objectives: we estimated whether rural Indian households 

achieve Pareto efficiency in the allocation of productive resources, examined the variation of the 

inefficiency across the distribution of yields, and evaluated if non-separable preferences play a 

role in the determination of the inefficiency. We found that rural households in eastern India do 

display inefficiencies in the allocation of resources, therefore, women’s ownership of plots is 

seen to negatively impacts yields. The results of the study allow us to conclude that many 

observed and unobserved household characteristics influence the direction and magnitude of the 

inefficiency. Variables included to capture observed heterogeneity were shown to most 

efficiently mitigate the inefficiency; while shocks and the presence of young children 

substantially amplified the yield inefficiency.  

 Unobserved heterogeneity impacts the observed Pareto inefficiency. We find that 

households at the bottom of the yield distribution face greater limitations compared to 

households at the top. This result is most prominent when looking at the effects of women’s 

ownership. Plots that fall within the top of the yield distribution do not display significant 

inefficiency in the allocation of resources between women and men-owned plots.   

Lastly, with respect to our last objective aimed at evaluating non-separable preferences, we 

find that the non-separability of consumption and production does not directly affect yields. In 
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this study, we find that on plots owned by women that have children aged 5 – 9 yields 

significantly decrease. This result provides a possible explanation for departures in Pareto 

efficiency.  

Overall, the difference in yields may be a result of three main factors. Firstly, the 

difference is rooted in individual control over plots and how individuals gain this control may 

play a role in the resources used during production. This problem of resource and labour 

allocation may ultimately be a function of the power the individual owner possesses within the 

household. In the context of this study, women in India display a much lower level of household 

power, thus the yield differential reflects that as women-owned plots also have (on average) 

lower yields than men-owned plots. Additionally, the lack of markets may also influence yields 

as missing land markets have the potential to interfere with the allocation of resources within the 

household. Lastly, the information asymmetry within a household may also influence yields 

across plots. The operator of the plot may be unaware of the labour resources available, and the 

amount of labour required. Therefore, taken together these reasons may be explanations for the 

difference in yields.  

Moreover, this study contributes to the current body of literature and research that seeks 

to examine inefficiencies in the household. The results of the study build on previous studies in 

an effort to further understand the mechanism driving the inequalities frequently observed 

between men and women. In this study we explore alternative options that increase and decrease 

the Pareto inefficiencies, specifically, we find that several household-level characteristics like 

number of children and caste play a role in the determination of the effect. This is important 
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because in order to provide policy measures that address these inefficiencies it is imperative to 

understand the mechanism driving the differences of those in need.  

All in all, this study provides support for the proposition by the FAO that increasing 

yields on land farmed by women up to levels achieved by men would increase total agricultural 

output in developing countries. Thus, this study also support an increase in investments directed 

towards agriculture. Investments in this area aid in the achievement of many persistent problems 

and the importance of investments in reflected in the goals of many SDG’s. Increases in the 

agricultural sector have the potential to decrease poverty because many of the rural poor are 

heavily dependent on agriculture. Agriculture also plays a role in attaining gender equality. 

Women are heavily involved in the sector, thus increases in the livelihoods of agricultural 

dependent individuals would disproportionately help women, as women are also often lower on 

the social ladder. Finally, as shown by the results of the study, investments in agriculture would 

help decrease the Pareto inefficiency observed in the household. This is because a more efficient 

agricultural sector would result in more resources, more information, and more production – all 

of which can help decrease the inefficiency.  
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Appendix 

A. Index breakdown  

A.1   Index on agricultural household decision making:  

The index was based off the calculation method of the Women’s Empowerment in Agriculture 

Index (WEAI) by International Food Policy Research Institute (IFPRI).  

The overall index was made up production, resources, income, and leadership. Where, if 

empowerment was reached in any of the areas – a women was considered empowered.  

i. Production  

a. Inputs in productive decisions – Part one:  

i. Did you participate in the [ACTIVITY] in the last 12 months?  

 Yes, No  

ii. How much input did you have in making decisions about [ACTIVITY]? 

 No, few, some, most, or all input, and N/A 

iii. How much input did you have in decisions on the use of income generated from 

[ACTIVITY]?  

 No, few, some, most, or all input, and N/A  

Where [ACTIVITY] included: Food crop farming, cash crop farming, livestock raising, 

fishing/ fishpond culture  

Empowerment was recorded as a 1 or 0 if the individual participated in the [ACTIVITY], 

and had some, most or, all input into decisions as a response in question 2 and 3.  

b. Inputs in productive decisions – Part two:  

i. When decisions are made regarding the following [ACTIVITY] of household 

life, who is it that normally takes the decision? 

 Member 

ii. To what extent do you feel you can make your own personal decisions 

regarding these [ACTIVITY] of household life if you want(ed) to? 

 None, small, medium, or high extent  
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Where [ACTIVITY]  included: Selection of crop, Selection of variety, use of production, 

crop planting/ sowing activities, wage and salary employment, and livestock raising.  

Empowerment was recorded as a 1 or 0 if the individual participated in the [ACTIVITY], 

and had medium or high extend of participation in decision making as a response in 

question 2.  

Overall adequacy / empowerment in production was determined by summing all [ACTIVITY] 

together. If an individuals sum was greater than 2, they were determined to be empowered.  

ii. Resources 

a. Ownership of assets – Part 1:  

i. Does anyone in your household currently have any [ITEM]? 

 Yes, No  

ii. Do you own any of the [ITEM]? 

 Yes (solely), Yes (jointly), No  

 

Where [ITEM] included: Agricultural land (pieces/plots), Large livestock (oxen, cattle), 

Small livestock (goats, pigs, sheep), Poultry (Chickens, Ducks, Turkeys, Pigeons), Fish 

pond or fishing equipment, Farm equipment (non-mechanized: hand tools, animal-drawn 

plough), Farm equipment (mechanized: tractor-plough, power tiller, treadle pump), 

Nonfarm business equipment (solar panels used for recharging, sewing machine, brewing 

equipment, fryers), House or other structures, Large consumer durables (refrigerator, TV, 

sofa), Small consumer durables (radio, cookware), Cell phone, Other land not used for 

agricultural purposes (pieces/plots, residential or commercial land), Means of 

transportation (bicycle, motorcycle, car) 

Empowerment was recorded as a 1or 0, if the individuals household owned some of the 

[ITEM] and they owned it jointly or solely. Overall empowerment in the ownership of 

assets was a sum of the [ITEM]’s – excluding poultry, non-mechanized, and small 
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durable. If the total was above 1, the individual was marked as empowered in the 

ownership of assets.  

b. Access to Credit – Part 2:  

i. Has anyone in your household taken any loans or borrowed cash/in-kind from 

[SOURCE] in the past 12 months? 

 Yes, No  

ii. Who made the decision to borrow from [SOURCE]? (main and second decision 

maker)  

 Member  

Where [SOURCE] included: Non- governmental organization (NGO), informal 

(moneylenders, trader, informal credit group), formal (banks, self help groups), 

friend/relative, Group based micro finance (microfinance institution, cooperative/ 

society) 

Empowerment was determined if the individual’s household had received credit for any 

[SOURCE] and the individual was the main or second decision maker on the decision to 

get credit  

Overall adequacy / empowerment in resources was determined if the individual was empowered 

in each part – meaning that the individual owned at least of the specified [ITEM]’s and was part 

of the households decision to get credit the any [SOURCE].   

iii. Income  

a. Control over use of income – Part 1:  

i. Did you participate in the [ACTIVITY] in the last 12 months?  

 Yes, No  

ii. How much input did you have in decisions on the use of income generated from 

[ACTIVITY]?  

 No, few, some, most, or all input, and N/A  



123 

 

Where [ACTIVITY]  included: Food crop farming, cash crop farming, livestock raising, 

fishing/ fishpond culture, non-farm economic activities, wage and salary employment.  

Empowerment was recorded as a 1 or 0 if the individual participated in the [ACTIVITY], 

and had some, most or, all input into decisions as a response in question 2.  

b. Control over use of income – Part 2:  

i. When decisions are made regarding the following [ACTIVITY] of household 

life, who is it that normally takes the decision? 

 Member 

ii. To what extent do you feel you can make your own personal decisions 

regarding these [ACTIVITY] of household life if you want(ed) to? 

 None, small, medium, or high extent  

Where [ACTIVITY] included: wage and salary employment, major household 

expenditures, minor household expenditures.  

Empowerment was recorded as a 1 or 0 if the individual participated in any [ACTIVITY] 

– excluding minor household expenditures- , and had medium or high extend of 

participation in decision making as a response in question 2.  

Overall adequacy / empowerment in income was determined by summing all [ACTIVITY] 

together. If an individuals sum was greater than 1, they were determined to be empowered.  

iv. Leadership 

a. Group Membership  

i. Are you a member of a group?  

 Yes, No  

Overall adequacy / empowerment in leadership was determined if the individual was a member 

of a group. If they were, they were listed as empowered.  

A.2   Disaggregate indices  

 Decision made at the extensive margin 
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i. Production and productive outputs decision making 

a. Are they involved in the [ACITIVITY] decision?  

 Yes, No  

Where [ACITIVITY] included: Selection of Crop, Selection of Variety, Crop planting/ 

sowing activities, Food crop farming, Cash crop farming, Livestock raising, Fishing/ 

fishpond cultivation 

Overall adequacy if individual was involved in at least one [ACITIVITY].  

ii. Marketable Surplus decision making 

a. Are they involved in the [ACITIVITY] decision?  

 Yes, No  

Where [ACITIVITY] included: Use of production 

Overall adequacy if individual was involved in the [ACITIVITY].  

iii. Household labour decision making 

a. Are they involved in the [ACITIVITY] decision?  

 Yes, No  

Where [ACITIVITY] included: household labour  

Overall adequacy if individual was involved in the [ACITIVITY].  

iv. Wage and salary employment decision making 

a. Are they involved in the [ACITIVITY] decision?  

 Yes, No  

Where [ACITIVITY] included: Wage and salary employment  

Overall adequacy if individual was involved in the [ACITIVITY].  

v. Household Expenditure decision making 

a. Are they involved in the [ACITIVITY] decision?  

 Yes, No  
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Where [ACITIVITY] included: Major household expenditures, Minor household 

expenditures, Child’s Education.  

Overall adequacy if individual was involved in at least one [ACITIVITY].  

vi. Family planning decision making 

a. Are they involved in the [ACITIVITY] decision?  

 Yes, No  

Where [ACITIVITY] included: family decision  

Overall adequacy if individual was involved in the [ACITIVITY].  

vii. Land ownership 

a. Does anyone in your household currently have any [ITEM]? 

 Yes, No  

b. Do you own any of the [ITEM]? 

 Yes (solely), Yes (jointly), No  

 

Where [ITEM] included: Agricultural land, House and Other Structures, and Other land.  

 

Overall adequacy if individual was owned at least one [ITEM] either joint or solely.  

 

viii. Credit Access  

a. Has anyone in your household taken any loans or borrowed cash/in-kind from 

[SOURCE] in the past 12 months? 

 Yes, No  

b. Who made the decision to borrow from [SOURCE]? (main and second decision 

maker)  

 Member  

 

Where [SOURCE] included: Non- governmental organization (NGO), informal 

(moneylenders, trader, informal credit group), formal (banks, self help groups), 
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friend/relative, Group based micro finance (microfinance institution, cooperative/ 

society) 

Empowerment was determined if the individual’s household had received credit for any 

[SOURCE] and the individual was the main or second decision maker on the decision to 

get credit  

 

Sub - index on productive (explicitly) decision making: made as a sum of production and 

productive output, marketable surplus, and household labour decision making. Where 

empowerment is determined if the sum of the three components is at least 1.  

B. Bandwidth calculations  

Optimal bandwidths were determined by conducting a grid search of bandwidth options. 

This method was selected based on sample size and previous literature. Bandwidths shown in the 

below calculation include 500, 400, 300, 200, and 100. Villages included in the sample were 

unconnected as of the 2001 National Population Census.  

The simple model of equation 3 was run for the outcomes of overall women’s power (1), 

aggregate agriculture (aggregate of all production based decision making) (2), aggregate off 

farm (aggregate of all consumption and off-farm labour based decision making) (3), land 

ownership (4), and access to credit (5), respectively shown in column 1 to 5 of each table. The 

final selection was determined by comparing significance across models. The final determination 

resulted in a bandwidth of 200 being selected as optimal for the analysis.   
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Table B1: Results for baseline 2SLS model depicting the fuzzy RD for specified outcomes using 

a bandwidth of 500, Eastern India, 2016 

 

(1) 

 

(2) 

 

(3) 

 

(4) 

 

(5) 

 

 

Overall 

women’s 

power 

Aggregate 

agriculture 
 

Aggregate off 

farm 
 

Land 

ownership 
 

Access to 

credit 
 

            

Connection Status  -92.516** -30.726*** 6.531 22.833*** -6.418 

  (41.259) (6.712) (7.132) (6.006) (7.422) 

Normalized 

Population  0.015** 0.000 -0.002 -0.002 0.002 

  (0.006) (0.001) (0.001) (0.001) (0.001) 

Constant 210.726*** 27.579*** 23.868*** 9.336*** 30.478*** 

  (9.027) (1.728) (1.836) (1.546) (1.911) 

            

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Table B2: Results for baseline 2SLS model depicting the fuzzy RD for specified outcomes using 

a bandwidth of 400, Eastern India, 2016  

 

(1) 

 
(2) 

 
(3) 

 
(4) 

 
(5) 

 

 

Overall 

women’s 

power 

Aggregate 

agriculture 
 

Aggregate off 

farm 
 

Land 

ownership 
 

Access to 

credit 
 

            

Connection Status  -116.420** -34.898*** 11.449 13.296* -35.510*** 

  (47.564) (9.322) (9.868) (8.012) (10.873) 

Normalized 

Population  0.020*** 0.000 -0.003* 0.002 0.008*** 

  (0.007) (0.002) (0.002) (0.001) (0.002) 

Constant 216.259*** 27.949*** 22.746*** 11.895*** 36.740*** 

  (9.502) (2.240) (2.371) (1.925) (2.612) 

            

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table B3: Results for baseline 2SLS model depicting the fuzzy RD for specified outcomes using 

a bandwidth of 300, Eastern India, 2016 

  (1) (2) (3) (4) (5) 

 

Overall 

women’s 

power 

Aggregate 

agriculture 
 

Aggregate 

off farm 
 

Land 

ownership 
 

Access to 

credit 
 

            

Connection Status  -127.223*** -22.287*** 5.431 11.552** -9.637 

  (32.591) (5.372) (5.783) (4.752) (6.038) 

Normalized 

Population  0.027*** -0.004** -0.001 0.003* -0.005*** 

  (0.008) (0.002) (0.002) (0.001) (0.002) 

Constant 219.369*** 25.325*** 24.142*** 12.376*** 30.497*** 

  (6.597) (1.321) (1.422) (1.169) (1.485) 

            

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Table B4: Results for baseline 2SLS model depicting the fuzzy RD for specified outcomes using 

a bandwidth of 200, Eastern India, 2016 

  (1) (2) (3) (4) (5) 

 

Overall 

women’s 

power 

Aggregate 

agriculture 
 

Aggregate 

off farm 
 

Land 

ownership 
 

Access to 

credit 
 

            

Connection Status  -350.494*** -26.707*** 19.121* 20.016** 38.047*** 

  (87.453) (9.576) (10.450) (8.603) (10.912) 

Normalized 

Population  0.188*** -0.002 -0.012** -0.007 -0.039*** 

  (0.040) (0.005) (0.006) (0.005) (0.006) 

Constant 276.294*** 27.314*** 19.892*** 9.547*** 19.208*** 

  (20.749) (2.765) (3.017) (2.484) (3.150) 

            

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table B5: Results for baseline 2SLS model depicting the fuzzy RD for specified outcomes using 

a bandwidth of 100, Eastern India, 2016 

  (1) (2) (3) (4) (5) 

 

Overall 

women’s 

power 

Aggregate 

agriculture 
 

Aggregate off 

farm 
 

Land 

ownership 
 

Access to 

credit 
 

            

Connection Status  944.655 -452.150 620.978 70.410 857.919 

  (1,595.670) (1,201.634) (1,689.092) (279.507) (2,265.306) 

Normalized 

Population  -1.324 0.682 -0.962 -0.094 -1.337 

 (2.169) (1.873) (2.633) (0.436) (3.531) 

Constant -10.782 152.124 -158.145 -6.768 -221.762 

 (356.469) (353.898) (497.461) (82.319) (667.164) 

      
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 


