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Development research and policy aim to improve household welfare by 

improving access to assets and economic opportunities (Besley & Burgess 2000; 

Deininger et al. 2003). In rural and agrarian contexts, these goals may be achieved by 

well-functioning markets for outputs, inputs, off-farm work, and credit. The status of 

these markets impacts household welfare and resilience, as well as the equity and 

efficiency of resource use. Designing policies for improving household welfare 

requires an understanding of markets in rural areas. In particular, policymakers must 

understand how household and location characteristics impact household participation 

in markets and how participation impacts welfare. This dissertation contains three 

essays that address rural household welfare and the role of policy for Southern India.  

The first essay examines the selection and impact of agricultural marketing 

channels for farm households in rural villages of Andhra Pradesh, India. The 

evaluation of agricultural marketing channels in developing countries is becoming 

more relevant due to the growth of modern food retail (e.g. large grocery stores). This 

type of supply channel evolution is beginning in India as the supermarket, food 



 

 

processing, and food service sectors have grown rapidly in recent years. For the most 

part, this growth has not extended beyond the retail end of the supply channel: the 

traditional wholesale markets (also known as mandis) are still the most significant 

means for transferring food from rural to urban areas. As such, this paper analyzes 

current crop and milk marketing channels available to rural households in Andhra 

Pradesh. The goals of this analysis are to identify how household and location 

characteristics impact channel choice (ex-ante), if existing channels provide 

differential returns from one another, and which types of households benefit more or 

less within a channel (ex-post). The results indicate that household income is higher 

for households selling crops to brokers and selling milk to co-operatives. Moreover, 

channel choices and resulting impacts are affected by both transport and search costs. 

This analysis provides evidence that policy aimed at reducing transport and search 

costs directly associated with a channel can improve household welfare under current 

channel structures. Given the likely characteristics of emerging channels, similar 

policy is expected to improve farmer welfare in the future too. 

The second essay is an analysis of rural land leasing markets in multiple states 

across India. Land leasing markets are hypothesized to improve the efficiency of land 

allocation and provide welfare gains to participating households. However, in 

developing countries, these markets are commonly impacted by transactions costs, 

missing or incomplete non-land markets, and insecure property rights. This study 

assesses how Indian land markets perform in terms of equity and efficiency, identifies 

land market distortions, and examines how policy can address these distortions. Using 

a panel dataset of households from rural villages in Andhra Pradesh, Karnataka, 



 

 

Madhya Pradesh, and Maharashtra, this research contributes to previous work by 

developing conceptual and empirical analyses that are consistent with the specific 

structure of land leasing decisions in India and provide insights into functioning of 

land leasing markets. The results confirm that land markets improve factor ratios by 

transferring land from input-poor to input-rich smallholder households. However, 

land market functioning is found to be limited by the presence of transactions costs 

and missing or incomplete non-land markets. From a policy standpoint, the results 

suggest that, due to the linkages across markets (e.g. input markets), policies that 

promote rural market development are expected to have the greatest impact on land 

markets in the short run. 

The third essay continues to focus on land markets and, in particular, 

illustrates the role of land markets in household resilience. This study identifies 

household economic resilience as the ability of a household to avoid low values or 

loss of economic value in the presence of changing conditions over time. In much of 

the development literature, research aims to identify ways of improving the well-

being of households in developing countries. Understanding resilience adds a new 

dimension to this by examining a household’s current state of well-being along with 

possible future states (better or worse) and what factors contribute to these. This is 

especially relevant for agricultural households that are subject to varying biophysical 

and economic conditions. Land markets can play a role in household resilience by 

allowing households to adjust their operated land area as conditions change. This type 

of adjustment can improve welfare by enabling households to pursue different 

activities (on or off-farm) with the goal of household income maximization. The 



 

 

relationship between land markets and resilience is examined empirically by 

predicting land market participation and resulting welfare outcomes under a variety of 

price and policy scenarios. The goal is to provide evidence that households use land 

markets to adjust to price changes and that policy addressing land market 

imperfections can increase that adjustment, in terms of land market participation and 

resulting welfare. This analysis utilizes estimates from econometric models of land 

leasing and household welfare, and it focuses on cereal price changes and a market 

development policy. The results support the hypothesis that land markets contribute 

to household resilience by enabling households to respond to changing conditions and 

improve their welfare. Moreover, the results indicate that policy aimed at land market 

distortions can further increase household resilience. 
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1 Introduction 

Development research and policy aim to improve household welfare by improving access 

to assets and economic opportunities (Besley & Burgess 2000; Deininger et al. 2003). In rural 

and agrarian contexts, these goals may be achieved by well-functioning markets for outputs, 

inputs, off-farm work, and credit. The status of these markets impacts household welfare and 

resilience, as well as the equity and efficiency of resource use. Designing policies for improving 

household welfare requires an understanding of markets in rural areas. In particular, 

policymakers must understand how household and location characteristics impact household 

participation in markets and how participation impacts welfare. This dissertation contains three 

essays that address rural household welfare and the role of policy for Southern India.  

The first essay (Chapter 2) examines the selection and impact of agricultural marketing 

channels for farm households in rural villages of Andhra Pradesh, India. The evaluation of 

agricultural marketing channels in developing countries is becoming more relevant due to the 

rapid growth of modern food retail (e.g. large grocery stores). Understanding the determinants of 

farmer participation is particularly informative for policy aimed at farmer welfare because the 

supermarket channels have been found to have a positive impact on farm income and assets 

(Michelson 2013; Hernandez and Reardon 2012; Neven et al. 2009; Rao and Qaim 2011; 

Andersson et al. 2015). This type of supply channel evolution is beginning in India as the 

supermarket, food processing, and food service sectors have grown rapidly in recent years. But 

this growth has not greatly extended beyond the retail end of the supply channel: the traditional 

wholesale markets (also known as mandis) are still the most significant means for transferring 

food from rural to urban areas. As such, this paper analyzes crop and milk marketing channel 
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choices under the current channels available in rural India. Given the context of these decisions, 

economic theory suggests that price differences and marketing cost differences are the key 

determinants in channel choice for crops and milk. The goals of this analysis are to identify how 

household and location characteristics impact channel choice (ex-ante), if existing channels 

provide differential returns from one another, and which types of households benefit more or less 

within a channel (ex-post). This information provides an understanding of channel choice in rural 

India that can serve policymakers in the present and future. Specifically, policy aimed at 

reducing transport and search costs can improve household welfare with the current channels. 

Moreover, the analysis can help to better anticipate how emerging channels (given their potential 

characteristics) will impact different types of farmers and if policy has a welfare-enhancing role 

to play.  

 The second essay (Chapter 3) is an analysis of rural land leasing markets in multiple 

states across India. Land leasing markets are hypothesized to improve the efficiency of land 

allocation by equilibrating factor ratios and transferring land to productive farmers. Moreover, 

these markets may provide welfare gains to participating households by allowing tenants to 

increase income through crop production and landlords to increase income with rental payments 

and off-farm work. However, developing country land markets are commonly impacted by 

transactions costs, missing or incomplete non-land markets, and insecure property rights. This 

essay attempts to assess how Indian land markets perform in terms of equity and efficiency, 

identify land market distortions, and examine how policy can address these distortions. Using a 

panel dataset of households from rural villages in Andhra Pradesh, Karnataka, Madhya Pradesh, 

and Maharashtra, this essay contains theoretical and empirical analyses that are consistent with 
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land leasing decisions in India and provide insights into functioning of land leasing markets. The 

results confirm that land markets improve factor ratios by transferring land from input-poor to 

input-rich smallholders. However, land market functioning is found to be limited by the presence 

of transactions costs and missing or incomplete non-land markets. From a policy standpoint, the 

results suggest that, due to the linkages across markets (e.g. input markets), policies that promote 

broad market development are expected to have the greatest impact on land markets in the short 

run. 

 The third essay (Chapter 4) continues to focus on land markets and, in particular, 

illustrates the role of land markets in household resilience. This study identifies household 

economic resilience as the ability of a household to avoid low values or loss of economic value 

in the presence of changing conditions over time. Resilience analysis adds a new dimension to 

the study of household well-being by examining a household’s current state of well-being along 

with possible future states (better or worse) and what factors contribute to these. This is 

especially relevant for agricultural households that are subject to varying biophysical and 

economic conditions. Land markets can play a role in household resilience by allowing 

households to adjust their operated land area as conditions change. This type of adjustment can 

improve welfare by enabling households to pursue different activities (on or off-farm) with the 

goal of household income maximization. Using estimates from econometric models, the 

relationship between land markets and resilience is examined empirically by predicting land 

market participation and resulting welfare outcomes under a variety of price and policy 

scenarios. The results provide evidence that households use land markets to adjust to price 
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changes and that policy addressing land market imperfections can increase that adjustment, in 

terms of land market participation and resulting welfare.  
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2  Examining Selection and Impact of Agricultural Marketing Channels with an Eye 

towards the Future 

 

 

2.0 Abstract 

The evaluation of agricultural marketing channels in developing countries is becoming more 

relevant due to the growth of modern food retail (e.g. large grocery stores). This type of supply 

channel evolution is beginning in India as the supermarket, food processing, and food service 

sectors have grown rapidly in recent years. For the most part, this growth has not extended 

beyond the retail end of the supply channel: the traditional wholesale markets (also known as 

mandis) are still the most significant means for transferring food from rural to urban areas. As 

such, this paper analyzes current crop and milk marketing channels available to rural households 

in Andhra Pradesh. The goals of this analysis are to identify how household and location 

characteristics impact channel choice (ex-ante), if existing channels provide differential returns 

from one another, and which types of households benefit more or less within a channel (ex-post). 

The results indicate that household income is higher for households selling crops to brokers and 

selling milk to co-operatives. Moreover, channel choices and resulting impacts are affected by 

both transport and search costs. This analysis provides evidence that policy aimed at reducing 

transport and search costs directly associated with a channel can improve household welfare 

under current channel structures. Given the likely characteristics of emerging channels, similar 

policy is expected to improve farmer welfare in the future too. 
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2.1 Introduction 

The evaluation of agricultural marketing channels in developing countries is becoming 

more relevant due to the rapid growth of modern food retail (e.g. large grocery stores). This 

growth has the potential to cause great change along the agricultural supply chain and, in 

particular, affect the marketing channel options available to farmers. Currently, most developing 

country farmers have multiple channel options (e.g. selling at the farm gate, local farmer’s 

market, local wholesaler); and in some areas, farmers can now sell directly to large retailers, 

processors, or wholesalers. These new channels generally impose higher quality and/or quantity 

requirements than the traditional channels and incentivize participation with price and quantity 

guarantees. This situation leads to policy questions about which types of farmers are 

participating in new channels and whether or not these channels provide economic benefits.  

Previous research into these questions has mostly focused on the growth of supermarket 

channels, which are characterized by supermarkets forgoing the traditional wholesale markets by 

directly procuring from farmers, or commissioning dedicated wholesalers to procure for them 

exclusively. The findings indicate that supermarkets across the developing world are seeking 

suppliers based on produce quality, accessibility, and ability to supply year-round; but not on 

farm size or other farm characteristics explicitly (Reardon, Timmer, Minten 2012; Michelson 

2013). Nonetheless, these supermarket requirements are only met by farms with scale, relatively 

large capital holdings (e.g. irrigation), location advantages (e.g. biophysical, transportation), co-

operative membership (i.e. collective scale), or resource provision contracts (Neven et al. 2009; 

Smith 1998; Reardon et al. 2009). Understanding the determinants of farmer participation is 

particularly informative for policy aimed at farmer welfare because the supermarket channels 
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have been found to have a positive impact on farm income and assets (Michelson 2013; 

Hernandez and Reardon 2012; Neven et al. 2009; Rao and Qaim 2011; Andersson et al. 2015).  

This type of supply channel evolution is beginning in India as well. In recent years the 

supermarket, food processing, and food service sectors have grown rapidly; for example, from 

2006-2011, modern private retail grew 49 percent per year in India (Reardon and Minten 2011). 

But this growth has not greatly extended beyond the retail end of the supply channel: the 

traditional wholesale markets (also known as mandis) are still the most significant means for 

transferring food from rural to urban areas (Minten et al. 2009). In other words, the marketing 

channels available to farmers in rural India have not been greatly altered yet. The unique 

situation in India may provide an opportunity for policy to improve rural farmer welfare as new 

channels emerge. The first step in this process is to understand channel choice and outcomes 

under the current channels in rural India.  

This paper analyzes crop and milk marketing channel choices in rural India for farm 

households. The study region is in Andhra Pradesh from 2009-13. These households, like many 

in rural India, do not have access to supermarket or other modern channels. However, there are 

distinct channel options for both crops and milk within each village. Channel choices are 

generally a post-harvest decision for these households and, as a result, it is hypothesized that 

decisions are based on output price and marketing cost differences between channels. For 

example, one channel may provide a higher output price but require the household to incur 

higher transport, handling, and search costs than another channel. Moreover, marketing costs 

within and between channels are expected to vary based on household and location 

characteristics. The goals of this analysis are to identify how household and location 
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characteristics impact channel choice (ex-ante), if existing channels provide differential returns 

from one another, and which types of households benefit more or less within a channel (ex-post). 

This information provides an understanding of channel choice in rural India that can serve 

policymakers in the present. Specifically, policy aimed at reducing transport and search costs can 

positively impact household welfare. Moreover, the analysis can help to better anticipate how 

emerging channels, given their potential characteristics, will impact different types of farmers 

and if policy has a welfare-enhancing role to play.  

The next section provides a review of literature on marketing channels in India and other 

developing countries. Section 2.3 presents a theoretical framework for evaluation of channel 

choice and its effect on outcomes. Section 2.4 provides details and statistics on the data. Section 

2.5 presents an empirical framework for analysis of channel choice and its effect on outcomes. 

Section 2.6 discusses the empirical results. The paper is concluded in section 2.7 with a summary 

of the research and future policy implications. 

 

2.2 Literature Review 

2.2.1 Marketing Channels in India  

 For rural farmers in India, there are usually 1-3 channel options for both crop and dairy 

production. This paper distinguishes channels based on similar structures of transaction between 

the farmer and the buyer. Farmers can sell crops to the broker channel or the informal channel. 

The broker channel represents the large wholesale markets (mandis) that are the most common 

channel for farmers in India. These wholesale markets are located throughout the country and 

each one serves farmers and buyers from multiple villages. In general, farmers bring their crops 
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to the wholesale market or broker using animal drawn carts or tractors; but some brokers will 

provide transport to the farmer for a fee. Then the broker negotiates a price between the buyer 

and the farmer or an auction takes place amongst the buyers present. The buyers are usually 

traders or wholesalers who sell the crops to millers, processors, or retailers. Brokers receive 

commission from the buyers but sometimes they also charge a brokering fee to the farmers 

illegally (Minten et al. 2009). The informal channel takes a less rigid structure for crop 

marketing. This channel includes sales to smaller village markets, village wholesalers, village 

retailers, or neighbors (Minten et al. 2009). In general, the informal channel sales are lower 

volume, are within the farmer’s village, and enable the farmer to play a larger role in negotiating 

a price.  

 Dairy production throughout India is characterized by small farmers who usually have 1-

2 dairy animals. Despite the small individual herd sizes, this segment produces the majority of 

the milk in India (Kumar et al. 2011; Vandeplas et al. 2013). There are two channel options for 

milk producers: the co-operative channel and the informal channel. The co-operative channel 

was formed in the 1970s and is the result of a government-led effort to develop the dairy sector 

through rural production (Vandeplas et al. 2013). These co-operatives are no longer publicly 

owned; however, they have benefitted from favorable policies over the last 25 years. Farmers 

bring milk to the co-operative collection centers in their village. The farmers are offered a price 

based on the fat content of their milk. Each day, the milk is transported from the collection 

centers to a processing center and then on to distribution and retail centers. The co-operatives 

may also provide farmers with credit, breeding services, or veterinary services. There can be 

multiple, competing co-operatives within a single village (e.g. Mother Dairy and Heritage). The 
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informal milk channel has a more flexible structure than the co-operative channel. This channel 

includes sales of unprocessed raw milk to neighbors, hotels, restaurants, consumers, private milk 

processors, or local wholesalers. Relative to the co-operative channel, buyers in this channel 

usually deal in smaller quantities and are less likely to test for fat content; however, they may 

also provide credit.  

There are a number of examples where small farmers are directly impacted by changing 

marketing channels in India. In Punjab, Nestle has developed a milk procurement system to 

compete with existing co-operative and informal channels (Vandeplas et al. 2013). ITC Limited, 

a large soybean buyer, utilizes a large network of collection hubs (as well as price information 

kiosks) in Madhya Pradesh to circumvent the traditional wholesale market and directly access 

farmers (Goyal 2010). This practice of setting up collection centers has been employed by 

numerous large retailers, such as Reliance, as a means to directly access farmers throughout 

India (Minten et al. 2009). Moreover, in Tamil Nadu, there are a number of agribusiness firms 

contracting directly with smallholders in the procurement of cotton, gherkins, marigold, papaya, 

and broiler chickens (Narayanan 2010b; Barrett et al. 2011). Despite these examples, in most 

parts of India, the modernization of agricultural marketing channels has not reached rural 

farmers. Moreover, many modern retailers, processors, and wholesalers still rely on traditional 

wholesale markets as intermediaries to access farmers in both crop and dairy production (Minten 

et al. 2009; Vandeplas et al. 2013; Kumar et al. 2011). 

 There is a lack of research on how channels are chosen and the welfare effects of those 

choices in India. Goyal (2010) estimates that improved price information and direct access to 

ITC limited improves the welfare of soybean farmers in Madhya Pradesh. In particular, the price 
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and production of the soybeans increased in districts with access to price information. However, 

the analysis does not examine household level choices or outcomes. In terms of milk marketing 

channels, both Kumar et al. (2011) and Vandeplas et al. (2013) examine the determinants of 

channel choice. Kumar et al. (2011) find that education level, milk price, and the use of quality 

testing increase the likelihood of farmers supplying the cooperative channel (relative to the 

informal channel) in Bihar and Punjab. The quality test variable is presumed to represent an 

opportunity for farmers to receive a higher price based on higher quality milk. Vandeplas et al. 

(2013) compare three channel options in Punjab: co-operative, informal, and multinational.  The 

multinational channel is Nestle and its structure is similar to that of the co-operative. The authors 

find that larger herd size increases probability of selling to the multinational channel; smaller 

village population, scheduled caste or tribe status increases the likelihood of selling to the 

informal channel; and ration card ownership and landholding size increase the likelihood of 

selling to cooperative. The ration card ownership is a proxy for the importance of political 

connections. Vandeplas et al. (2013) also estimate the impact of channel choice on productivity 

(log yield per buffalo) and profitability (log net income per dairy animal). The results indicate 

the cooperative and multinational channels increase dairy productivity and profitability 

compared to the informal channel; the multinational channel increases productivity over the 

cooperative channel, but profitability is comparable between these channels. The authors point 

out that the provision of services by co-operatives and multinationals may be the cause of these 

differences in outcomes.   
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2.2.2 Examining Channel Selection and Outcomes in Developing Countries 

Research from other parts of the world can provide important insights into how farmers 

choose channels and how channels affect farmer welfare. Various studies follow similar forms 

and have similar findings on channel selection and outcomes in developing countries. These 

papers focus on the arrival of supermarket channels in developing countries and provide 

groundwork for examining the selection and impact of marketing channel choice in general. 

Michelson (2013) examines the evolution of new supermarket supply chains in 

Nicaragua. Using panel community level data, the author finds that geographic location (optimal 

growing conditions, access to water) and transport options (relative proximity to roads) are 

important for participation in the supermarket channel. Household landholdings have a small 

positive effect on participation but it diminishes over time; also, irrigation is only significant in 

certain years within the estimation. In terms of impacts, Michelson (2013) uses a difference-in-

difference model and finds that participation leads to a mean increase in productive assets but 

has no effect on consumer durables or landholdings.  

Hernandez and Reardon (2012) also examine modern market participation using panel 

data in Nicaragua. However, this paper’s main focus is on the duration of modern market 

participation and its effect on farm capital and technology use. The authors find that the 

following variables decrease the time-to-adopt: education (a proxy for skills), off farm 

employment participation, lagged stock of nonfarm productive assets (wealth), lagged 

participation in a production cooperative, and lagged irrigated land. In addition, the duration of 

farmers’ participation in modern channels was increased by skills and irrigation, and decreased 

by nonfarm employment participation. The farm size variable was not significant in the time-to-
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adopt estimation (as a lagged variable) or in the time-to-withdrawal estimation. Hernandez and 

Reardon (2012) also estimate the effects of duration in modern channels on household farm 

physical capital and technology use over time. They find the duration in the supermarket channel 

has positive effects on farm assets and the use of capital intensive technologies (drip irrigation, 

hired labor, fertilizer, and pesticide).  

Another study focused in Nicaragua is Hernandez, Reardon, and Berdegué (2007). The 

authors study tomato growers selling in supermarket and traditional channels via wholesalers. 

This study estimates the determinants of participation in supermarket channels and whether there 

are technology differences between farmers in each channel. The results show that lagged 

irrigation has a positive effect on participation while distances to a paved road and nonfarm labor 

participation have a negative effect. The land variables were not found significant. In addition, 

production function estimates imply that the supermarket channel is more capital intensive.  

Neven et al. (2009) seek to address the determinants of modern market participation and 

the effect of marketing channel choice on production technology and net income for Kenyan 

farmers. The authors estimate a channel participation model and find that probability of 

participation increases as the farm is larger and has drip or overhead irrigation. Additionally, 

they examine the net income effect of channel choice by comparing farmers that are (nearly) 

exclusively supermarket channel farmers or traditional farmers. The supermarket channel 

farmers incur transportation costs but are rewarded with a higher output price. However, on 

average, this output price is not high enough for the traditional channel farmers to overcome the 

transportation costs because they are dealing in smaller volumes.  
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Rao and Qaim (2011) also examine the dynamics of supermarket channel participation 

for vegetable farmers in Kenya. They find that supermarket participants generally have larger 

farms, transportation, better education, and non-agricultural income sources. Moreover, 

supermarket participation provides large increases in average household income due to higher 

prices and higher productivity by households in the channel. This study is expanded on by 

Andersson, Chege, Rao, and Qaim (2015) using the same households but including an additional 

year of data. Their results indicate the supermarket channel is associated with higher incomes, 

dropping out of the supermarket channel leads to significant income loss, and income growth 

between 2008 and 2012 is higher for households in the supermarket channel compared to the 

traditional channel.  

This literature provides important insights that must be considered when examining 

marketing channel selection and outcomes. First, there may be price differences between 

channels. In many cases, moving up the supply chain (e.g. selling directly to a retailer) provides 

a higher output price for the farmer. However, there is not universal participation in the higher 

price channels because these channels are associated with higher costs. The costs can result from 

increased post-harvest requirements for the farmer; such as, processing, handling, and 

transporting. Buyers in certain channels may also have supply standards, in terms or quality 

and/or quantity, which require increased irrigation or input use by the farmer. As such, 

participation in a particular channel is determined by prices, location (growing conditions, 

proximity to channels), and farmer characteristics. 
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2.3 Theoretical Framework 

2.3.1 General Framework 

 A general framework for the channel choice decision should incorporate many facets. 

First, the choice of a channel is made with the goal of maximizing an objective function. This 

objective function could be seasonal profits, however, in many cases it would be a stream of 

profits. The dynamic element of this decision is the result of investment requirements for 

participation in certain channels and multi-year contracts provided by buyers (Michelson 2013; 

Hernandez and Reardon 2012; Hernandez et al. 2007; Neven et al. 2009; Barrett et al. 2011). 

These are not mutually exclusive. Investment (or input use) requirements for channel choices 

may impact both production and marketing. Farmers may be required to have irrigation, use 

fertilizer, or change crop varieties to meet quality and volume standards. Moreover, for 

marketing, farmers may need to invest in processing, transportation, or information gathering 

capability. Contracts may be available when wholesalers or retailers are large enough to forgo 

intermediaries and directly work with farmers. This allows the buyers to have more control over 

their supply in terms of quality, quantity, post-harvest processing, delivery, and timing. Contracts 

can benefit farmers with certain incomes through price guarantees and, in some cases, contracts 

may be linked with credit and input provision (Barrett et al. 2011).  

 Channel choice also needs to account for risk attitudes. There is uncertainty in output 

price and marketing costs of channels. Farmers understand, in general, that selling further up the 

supply chain (e.g. forgoing the broker and selling directly to a wholesaler or retailer) would 

provide a higher output price, however, they are unsure if this higher price outweighs the excess 

costs from transportation, storage, search, and bargaining (Minten et al. 2009). Any upfront 
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investment decision associated with channel choice also needs to account for farmer risk 

attitudes. Moreover, risk attitudes play an important role in contract farming. Contracts are 

generally considered as a means for farmers to hedge against price volatility. The risk reduction 

from contracting can also enable a farmer to increase production through irrigation investment, 

fertilizer use, and/or new crop varieties (Barrett et al. 2011).  

A general framework that accounts for these issues may take the form of a net present 

value or option value analysis. However, it is important to consider the specific context of 

channel choice in rural India before developing a theoretical framework. First, farmers are 

making short-term, static decisions on marketing channels. For crops, farmers can change 

channel choice every season; for milk, farmers can change channel choice every day (Minten et 

al. 2009; Vandeplas et al. 2013). Contract farming is present in some areas but does not appear to 

present farmers with long-term decisions yet: the agreements are seasonal, farmers regularly 

switch in and out of contracting, and agribusiness firms regularly drop out of contracting and 

procure through other means (Narayanan 2010a; Narayanan 2010b; Barrett et al. 2011). In 

addition, from speaking with farmers in the study area and researchers familiar with the study 

area, there is no evidence that farmers are making production decisions in anticipation of channel 

choice. Channel choice is made post-harvest and may be linked with marketing inputs (e.g. 

transportation, cell phone) but not production inputs or outputs. Part of the reason for this is that 

the quality traits that impact price are based on observable characteristics that are largely a result 

of post-harvest handling and not pre-harvest technology use (Goyal 2010). These features 

indicate that a dynamic analysis where channel choice and production are linked is not suitable 

for rural India.   
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2.3.2 India-Specific Framework 

 This section presents a framework for examining channel choice by rural Indian 

households. It is meant to describe household decision making under the conditions commonly 

observed in India. 

 Each household is assumed to maximize income from crop production, milk production, 

and off-farm work. These activities are linked by the household labor allocation. Household 

income is assumed to differ across crop and milk marketing channels. Equation (1) shows the 

household income from crop channel j and milk channel k for a representative household. 

 

(1) 𝐼𝑗,𝑘 = 𝜋𝑗
𝑎 + 𝜋𝑘

𝑚 + 𝜋𝑗,𝑘
𝑜   

 

Household income is denoted by Ij,k and is the sum of crop profits in channel j (πj
a), milk profits 

in channel k (πk
m), and off farm income under the j,k channel choices (πj,k

o). The superscripts a, 

m, and o refer to crop, milk, and off-farm activities. The function πj
a represents the maximized 

profit from crop production; this function embeds a household’s production technology. 

Likewise, the function πk
m represents the maximized profit from milk production and embeds a 

household’s milk production technology. The off-farm income term, πj,k
o, is a function of off-

farm wages and may differ across channel choices for crop and/or milk due to household labor 

allocation.  

 To isolate the channel choice contributions to household income, crop and milk profits 

are be decomposed into production and marketing elements.  
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(2) 𝜋𝑗
𝑎 = 𝒑𝒋

′𝒚 − 𝐶𝑎(𝒘, 𝒚|𝒛) − 𝑀𝒋(𝒘, 𝒚|𝒛) 

 

(3) 𝜋𝑘
𝑚 = 𝑝𝑘

𝑚𝑦𝑚 − 𝐶𝑚(𝒘, 𝑦𝑚|𝒛) − 𝑀𝒌(𝒘, 𝑦
𝑚|𝒛) 

 

Equation (2) shows the crop profits from channel j. The first two terms are the production 

component and the last term Mj(.) is the marketing component. The production component of 

crop profits is revenue (pj’y) minus production costs (Ca(.)).  In this case, the production cost 

component is the result of households minimizing the cost of producing a quantity y (generally, 

the quantity is based on quasi-fixed factors such as plot area, farmer skill, irrigation, household 

labor and plot quality) and revenue is based on the quantity multiplied by the output price 

obtained, pj. The production cost is a function of output, y, input prices, w; and it is conditional 

on other factors, z, such as quasi-fixed inputs or location characteristics (e.g. agro-ecology). 

Output prices are the only part of the production component impacted by channel choice. The 

marketing component is meant to represent post-harvest marketing costs: physical handling and 

transactions costs. Physical handling costs include transport, handling, processing, and storage 

costs; transactions costs include information, bargaining, enforcement, search, and externality 

costs (Minten et al. 2009; Barrett et al. 2011). The marketing cost function may be different 

across channels; it is a function of w and y and it is conditional on z. Milk profits from channel k, 

equation (3), are similarly decomposed into production and marketing components. The 

production component differs across channels based on milk output price (pk
m); the marketing 

component, Mk(.), represents marketing costs for channel k and may differ across channels.  
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 Equations (2) and (3) are meant to illustrate how channel differences impact household 

income. For example, selling crops directly to a wholesaler or retailer (and forgoing the broker) 

may provide a household with a higher output price (Neven et al. 2009; Sulaiman et al. 2011; 

Natawidjaja et al. 2007). However, this also leads to extra post-harvest costs for the household 

due to transportation, search, and bargaining costs (Minten et al. 2009). In other words, the 

household would have to perform the broker activities. For milk marketing, a household may be 

able to sell to local retailers (e.g. shops, restaurants) or consumers for a higher price than the co-

operative offers. However, each of these buyers may not need to purchase milk each day like the 

co-operative does; this requires the household to store excess milk and incur storage costs or to 

find new buyers frequently and incur search costs. 

An important assumption in this framework is that crop and milk marketing choices are 

independent. This assumption can be seen in (1)-(3): crop profits do not differ with milk 

marketing choice and milk profits do not differ with crop marketing choice. An important 

clarification to this independence assumption is that crop and milk production may be linked, 

along with off-farm activities. This paper assumes that crop profits and milk profits are linked 

through production decisions, but not through marketing decisions. There are multiple reasons 

for this independence assumption. First, crop and milk marketing channels available to rural 

farmers are not linked in large scale procurement. In other words, procurement of crops and milk 

in rural areas are performed by separate individuals and organizations. Large crop wholesale 

markets do not have milk transactions and milk co-operatives do not purchase crops. There may 

be some interactions in the informal crop and milk channels (e.g. consumers or shops) but these 

are most likely smaller scale transactions (Kumar et al. 2011). Another reason crop and milk 
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channel choices are treated independently is the difference in frequency of transactions. Milk 

transactions occur year round on a daily basis; crop transactions, for most households, occur a 

few times a year after the main growing seasons. As such, the choice of crop channel does not 

exclude a household from fully pursuing a milk channel, and vice versa, over the course of the 

year.  

Two parallel models are developed to examine the determinants and impact of channel 

choice. The selection of a marketing channel requires an ex-ante analysis, whereas the impact of 

a channel choice requires an ex-post analysis. It is assumed that a household selects a marketing 

channel under an extended Roy Model (1951) framework. In other words, a household selects a 

channel if it is expected to be more profitable than other channels. This is an extension of the 

Roy Model because it includes expectations and the elements of marketing costs may differ by 

channel. This is an ex ante decision and is based on the expected difference in household income 

between choices. Barrett et al. (2011) present a similar criteria in their framework for farmer 

participation in contract farming.  

The impact, or treatment effect, of choosing crop channel j over crop channel r is shown 

in (4) and the treatment effect of choosing milk channel k over milk channel s is shown in (5).  

 

(4) 𝜔𝑗𝑟
𝑎 ≡ 𝐼𝑗,𝑘 − 𝐼𝑟,𝑘 = (𝒑𝒋 − 𝒑𝒓)

′
𝒚 −𝑀𝒋(𝒘, 𝒚|𝒛) + 𝑀𝒓(𝒘, 𝒚|𝒛) + (𝜋𝑗,𝑘

𝑜 − 𝜋𝑟,𝑘
𝑜 ) 

 

(5) 𝜔𝑘𝑠
𝑚 ≡ 𝐼𝑗,𝑘 − 𝐼𝑗,𝑠 = (𝑝𝑘

𝑚 − 𝑝𝑠
𝑚)𝑦𝑚 −𝑀𝒌(𝒘, 𝑦

𝑚|𝒛) + 𝑀𝒔(𝒘, 𝑦
𝑚|𝒛) + (𝜋𝑗,𝑘

𝑜 − 𝜋𝑗,𝑠
𝑜 ) 
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Looking at (4), the crop treatment effect is the result of output price, marketing cost, and off-

farm income differences. The off-farm income differences result from the time commitment 

differences between channels (i.e. the term πj,k
o – πr,k

o represents an off-farm income opportunity 

cost). This is possibly negligible when considering channel choice over an entire year; however, 

farmers have expressed, via survey, that time commitment affects their decision making (Minten 

et al. 2009). Likewise, (5) shows the milk treatment effect as the result of milk price, marketing 

cost, and off-farm income differences between channels.  

The selection rule for channel participation is that a channel is chosen if it has a positive 

expected treatment effect. Looking at (4) and (5), the variables that impact selection are: 

expected output prices, input prices related to marketing, off-farm wages, transportation 

ownership or access, storage ownership or access, information access, location, and farm 

characteristics. The selection determinants are ex-ante variables known to the household before 

the channel choice is made. Location characteristics are relevant because the marketing costs 

differ across space (e.g. road quality, proximity to wholesale market, access to storage); channels 

or selling opportunities may differ across space (especially the informal channel); and off-farm 

income opportunities may differ across space. Farm characteristics that may play a role in 

marketing choice are management ability, farm size, herd size, household labor, and farm capital 

ownership. Certain channels (e.g. the broker crop channel) may be preferred by larger producers 

since these channels can handle large purchases, which reduces the search costs of the producers. 

Households in India have expressed choosing channels in a manner consistent with this 

framework. For example, farmers have expressed choosing brokers with the goal of obtaining the 

best price, reducing search costs, and having quick transactions (Minten et al. 2009). In the study 
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area, farmers have expressed the importance of transportation costs and storage costs in choosing 

a crop channel. For milk channels, farmers in India and in the study area alike, express that milk 

price is the main factor (Kumar et al. 2011). In some cases, households sell to hotels or shops 

that require more time and transport but provide a significantly higher milk price than co-

operatives.  

 The theoretical framework also provides the basis to examine the ex post treatment effect 

of channel choice. This treatment effect identifies whether realized household income is higher 

in one channel over another; whereas the selection analysis is only focused on expected 

household income. The difference in realized outcomes is important because it can indicate if 

households are better off in one channel over the other; which may allow for welfare 

improvements through policy that enables household’s to switch channels. Additionally, the ex 

post treatment effects may vary across households based on observable characteristics which is 

important to understand when average returns are positive but participation is not universal. 

Specifically, the theoretical framework implies that channel treatment effects are a function of 

ex-post variables, such as prices and quasi-fixed factors (z variables), which vary by household 

and location.  Analysis of heterogeneity in ex post treatment effects provides insight into which 

types of households have smaller or larger benefits from a particular channel; whereas analysis 

of selection provides insight into which households choose one channel over another. These are 

undoubtedly related but can still provide distinct insights. Identifying this heterogeneity can be 

important in understanding how a channel’s structure impacts different types of households. The 

ex post treatment effects can only be identified by controlling for the unobserved counterfactual. 

This identification is discussed in detail in the empirical section. 
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2.4 Data Description 

The data come from households in 3 villages in Andhra Pradesh, India during the years 

2009-2013. This data is part of the International Crops Research Institute for the Semi-Arid 

Tropics (ICRISAT) Village Dynamics in South Asia (VDSA) project. The three villages are 

named Aurepalle, Dokur, and Pamidipadu. The data have been collected by ICRISAT’s field 

researchers who live in the villages and visit households throughout each year. The following 

provides an overview of each village and is based on a field visit (to Dokur), discussion with 

ICRISAT researchers, and information compiled by ICRISAT (Ramana Reddy et al. 2011; Rama 

Krishna et al. 2011; Siddappa et al. 2011). In this study, the empirical analysis is focused on 

households that report crop or livestock revenue at any point during the 5 year period.  

These villages exhibit variation in a number of ways relating to marketing channels. In 

Aurepalle, there is good road access, many cell phone users, and many small grocery shops. The 

nearest wholesale market is 10 kilometers from the village. Moreover, there has been an 

integrated milk co-operative since the 1970s, and multiple co-operatives operate in the village at 

present. The main road into Dokur from the highway is not yet paved, but the village has cell 

phone reception and some (but not many) grocery shops. The nearest wholesale market is 7 

kilometers from Dokur and milk co-operative collection centers have been established in the last 

5-10 years. Pamidipadu has good roads, high cell phone usage, and many grocery stores. The 

nearest wholesale market is 28 kilometers from the village. The village has a government milk 

co-operative as well as multiple private collection centers. Additionally, the village has two cold 

storage facilities available for farmers.  
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 The dataset is an unbalanced panel of 129 agricultural households; there are a total of 572 

observations. The channel options for crop marketing within these villages are the broker 

channel and the informal channel. For milk marketing, there is the co-operative channel and the 

informal channel. Specifically, the broker crop channel includes sales reported with brokers, 

traders, or commission agents. The informal crop channel includes sales to fellow farmers, 

villagers, shops, moneylenders, and input suppliers. The co-operative milk channel includes sales 

to milk co-operatives while the informal milk channel represents sales to shops, hotels, and 

villagers.  

 The base categories for crop and milk channel choices are the informal channels. The 

households are categorized as broker crop channel participants if they exclusively sell to the 

broker crop channel throughout the year. For milk marketing, the co-operative milk channel 

participants are those who sell exclusively to the co-operatives. Table 2.1 shows the proportion 

of observations in the sample that market crops, market milk, choose the broker crop channel, 

and choose the co-operative milk channel.  

 

 

 Summary statistics comparing the observations in the crop marketing channels are shown 

in Table 2.2. The appendix tables A.1 and A.2 contain the mean values for all variables used in 

Proportion

Markets crops 0.73

In broker crop channel 0.45

In informal crop channel 0.28

Markets milk 0.36

In co-op milk channel 0.25

In informal milk chanel 0.11

Table 2.1: Proportion of sample in various activities



25 
 

 

the empirical analysis. All monetary values in the tables are deflated using the state-specific 

deflators with 2009 as the base year (Government of India 2013).  

 The crop summary stats indicate a number of differences between the channels. 

Households in the broker channel tend to have higher income and crop revenue than households 

in the informal channel. Moreover, the broker households have slightly larger farms and more 

farm capital (irrigation, durables, and machinery). The market cereal price is an aggregate price 

calculated as the average of wholesale paddy, wheat, and sorghum prices. Due to the variety of 

crops grown by households, this price is used to represent the broker channel prices for 

households within a village. Interestingly, it is lower for those in the broker channel, on average. 

Another variable requiring more explanation is the dummy variable indicating a household only 

plants common Andhra Pradesh (AP) crops. This variable equals 1 for households who 

exclusively plant common AP crops: pigeonpea, sorghum, chickpea, black gram, cotton, paddy, 

groundnut, or castor. This is meant as a proxy for crop choice. The proportion of households that 

only plant these crops is higher in the broker channel than the informal channel. The broker 

channel participants also travel further throughout the year in their marketing activities but, on 

average, live closer to the wholesale markets. In addition, vehicle and mobile phone ownership 

are quite similar between the channels.  
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In Table 2.3, the summary statistics for the milk channels are shown. The co-operative 

participants generally have lower income, receive slightly lower milk prices, and have smaller 

herd sizes than the informal participants. However, the herd sizes are small in both channels. In 

addition, the co-operative households produce less milk per year but have higher production per 

cow, on average. The farm capital differences between the two channels do not paint a clear 

picture: co-operative households have less farm durables, but more farm machinery. In terms of 

marketing variables, there is much less travel for marketing milk in the co-operative channel than 

the informal channel (since the collection centers are in the village), while vehicle and mobile 

phone ownership are similar between the channels. Expectedly, co-operative households tend to 

live in villages with more co-operatives present.  

Variable

Broker 

Channel

Informal 

Channel

HH income (1000 Rs) 173 150

Crop revenue (1000 Rs) 208 131

Market cereal price (Rs/quintal) 1584 1707

Plot area (acres) 7.2 6.7

Irrigated area (acres) 3.5 1.6

AP common crops (dummy) 0.69 0.52

Net borrowing (1000 Rs) 58 73

Farm durables (1000 Rs) 26 11

Farm equipment (1000 Rs) 49 30

Marketing distance travelled by HH (Km) 7.6 3.6

Vehicles owned 0.29 0.27

Mobile phone (dummy) 0.93 0.89

Village distance to wholesale market (Km) 13.4 15.6

Village distance to nearest highway (Km) 6.3 6.7

2010 Village population density (persons/acre) 0.95 1.02

Observations 260 160

Table 2.2: Mean values for variables by crop marketing channel (select variables)



27 
 

 

 

 

 

 The average values of variables for households in each channel provide some 

understanding into selection and treatment effects of channels. However, coming to stronger 

conclusions requires more rigorous empirical analysis outlined in the next section. 

 

2.5 Empirical Framework 

 The empirical analysis is focused on the ex-ante participation decision and the ex post 

outcomes for the broker crop and co-operative milk channels. The goals of the empirical analysis 

are identifying determinants of channel choice, average treatment effects of channel choice, and 

heterogeneity within channel treatment effects.  

Variable

Co-

operative 

channel

Informal 

channel

HH income (1000 Rs) 185 204

Dairy herd size 2.0 3.6

Milk production (liters) 1712 1923

Milk per cow (liters) 754 620

Milk price (Rs/liter) 20.6 21.4

Net borrowing (1000 Rs) 76 -6

Farm durables (1000 Rs) 18 70

Farm equipment (1000 Rs) 54 35

Marketing distance travelled by HH (Km) 0.4 15.7

Vehicles owned 0.29 0.32

Mobile phone (dummy) 0.90 0.91

2010 Village milk cooperatives 6.4 3.3

Village distance to nearest highway (Km) 6.9 4.6

2010 Village population density (persons/acre) 1.03 0.84

Observations 141 65

Table 2.3: Mean values for variables by milk marketing channel (select variables)
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2.5.1 Household Participation in Broker Crop and Co-operative Milk Channels 

 As stated in the theoretical framework, the decision to participate in a channel is based on 

the expected treatment effect of that channel being positive (ex-ante). Participation is a binary 

choice and can be expressed for broker crop and co-operative milk as 

 

(6) 𝑃𝑟𝑜𝑏(𝑏𝑖𝑡 = 1|𝒑𝒊𝒕, 𝒛𝒊𝒕) = 𝑃𝑟𝑜𝑏(𝜔𝑖𝑡
𝑏 > 0) 

 

(7) 𝑃𝑟𝑜𝑏(𝑐𝑖𝑡 = 1|𝒑𝒊𝒕, 𝒛𝒊𝒕) = 𝑃𝑟𝑜𝑏(𝜔𝑖𝑡
𝑐 > 0) 

 

where i indexes the household and t indexes the time period,  bit and cit are dummy variables for 

participation in the broker crop and co-operative milk channels, pit are relevant input and 

expected output prices, zit are quasi-fixed inputs and location characteristics. The term ωit
b is the 

treatment effect of choosing the broker channel over the informal channel for crop marketing. 

The term ωit
c is the treatment effect of choosing the co-operative channel over the informal 

channel for milk marketing.  

 The probability distribution is assumed normal and, as a result, a probit model is 

employed to estimate how various factors impact participation. Various studies have used linear 

probability models or logit models to estimate channel participation decisions (Michelson 2013; 

Andersson et al. 2015; Kumar et al. 2011); however, the probit model is employed more 

frequently due to its common use as a first stage in treatment effects estimations (Hernandez et 



29 
 

 

al. 2007; Neven et al. 2009; Rao and Qaim 2011; Andersson et al. 2015; Vandeplas et al. 2013). 

Moreover, the expected treatment effect term is assumed linear (this is consistent with the 

estimation of average treatment effects below), which leads to the following reduced form 

equations for estimation, where Φ is the normal cumulative density function.  

 

(8) 𝑃𝑟𝑜𝑏(𝑏𝑖𝑡 = 1|𝒑𝒊𝒕, 𝒛𝒊𝒕) = Φ(𝒑𝒊𝒕
′ 𝜸𝒃 + 𝒛𝒊𝒕

′ 𝜹𝒃) 

 

(9) 𝑃𝑟𝑜𝑏(𝑐𝑖𝑡 = 1|𝒑𝒊𝒕, 𝒛𝒊𝒕) = Φ(𝒑𝒊𝒕
′ 𝜸𝒄 + 𝒛𝒊𝒕

′ 𝜹𝒄) 

 

 Every household is not marketing crops and milk in every year within the full sample. 

Under this circumstance, the participation decision may be biased by the decisions to produce 

and sell crops or milk. This can be avoided, and the factors related to the participation decision 

can be identified, by using conditional probit models. The conditional probit model for broker 

crop participation is estimated for households selling crops and the conditional probit model for 

co-operative milk participation is estimated for households selling milk (Andersson et al. 2015). 

 

(10) 𝑃𝑟𝑜𝑏(𝑏𝑖𝑡 = 1|𝒑𝒊𝒕, 𝒛𝒊𝒕, 𝑐𝑟𝑜𝑝𝑖𝑡 = 1) = Φ(𝒑𝒊𝒕
′ 𝜸𝒃𝒄 + 𝒛𝒊𝒕

′ 𝜹𝒃𝒄) 

 

(11) 𝑃𝑟𝑜𝑏(𝑐𝑖𝑡 = 1|𝒑𝒊𝒕, 𝒛𝒊𝒕, 𝑚𝑖𝑙𝑘𝑖𝑡 = 1) = Φ(𝒑𝒊𝒕
′ 𝜸𝒄𝒎 + 𝒛𝒊𝒕

′ 𝜹𝒄𝒎) 

 

 The variables used in the above models must be known before the channel is chosen (ex-

ante) and cannot be a result of the decision. Moreover, based on the theoretical framework, these 
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variables should be related to expected output price differences and marketing costs. For crop 

marketing, the market cereal price is used as a proxy for expected output price differences; this is 

a village-level price and represents the broker price for major crops. For milk marketing, the 

milk price received is used as a proxy for milk price differences. The price received is used 

instead of an expected price because the household generally learns this price before agreeing to 

a transaction (e.g. the co-operative offers a price and the farmer can accept or refuse and sell 

elsewhere). All other prices represent the average price faced by each household throughout the 

year. Any unobserved prices are imputed using the village average. For the broker crop channel, 

(10), the other prices included are hourly agricultural wage and hourly bullocks wage; the other 

variables included are irrigated area, farm durables value, farm machinery value, mobile phone 

ownership, number of transportation vehicles owned, net borrowing value, household only plants 

common AP crops, distance to nearest wholesale market (broker location), village population 

density (as of 2010), and year dummy variables. For the co-operative milk channel, (11), the 

non-agricultural wage is included in addition to the milk price; the other variables included are 

dairy herd size, household labor (members aged 14-60), mobile phone ownership, number of 

transportation vehicles owned, the dummy variable for forward caste, number of co-operatives 

(as of 2010), village population density (as of 2010), and year dummy variables. 

The estimations are carried out using the routines provided by Stata 11 (Stata Corp. 

2009). 
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 2.5.2 Average Treatment Effects of Channel Choices 

The econometric specification to estimate the average ex-post treatment effects of the 

broker crop and co-operative milk channel choices utilizes a reduced form household income 

equation. 

 

(12)𝐼𝑖𝑡 = 𝒙𝒊𝒕
′ 𝜷 + 𝒑𝒊𝒕

′ 𝜼 + 𝒛𝒊𝒕
′ 𝝍+𝜔𝑏𝑏𝑖𝑡 +𝜔

𝑐𝑐𝑖𝑡 + 𝜀𝑖𝑡 

 

In (12), Iit is the log household income, xit are household characteristics, and pit, zit, bit, and cit are 

the same as described in (8)-(11). In addition, εit is the error term. Log household income is used 

as the dependent variable instead of a profit function specification due to the linkages between 

farm and off-farm activities. The terms ωb and ωc are the average treatment effects of the broker 

crop and co-operative milk channels.  

 The estimation of equation (12) may be biased since channel participation is determined 

simultaneously with income. If farmers choose a channel to increase expected income, then 

unobserved variables correlated with the choice are potentially correlated with household 

income. These unobserved variables include household entrepreneurial ability, technical ability, 

and social networks. For instance, a household may have a long-standing relationship with a 

broker (e.g. friend or family) such that the household receives preferential treatment (e.g. 

lowering marketing costs) and chooses that broker each time period. This type of endogeneity 

could be time-invariant over the observed time period if the relationship was pre-existing. In 

milk channel choice, co-operatives offer services (e.g. credit, breeding, purchased feed), in 

addition to purchasing milk, that could impact household income and are not identified in the 
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dataset. This clearly presents possible bias in the impact of choosing the milk co-operative. The 

use of these services could change over time, leading to time-varying unobserved effects as well. 

These examples illustrate how potential endogeneity can plague these types of analysis. As such, 

the goal is to have a research design where the choice variables are as plausibly exogenous as 

possible or to limit the effect unobservable factors have on inferences (Barrett et al. 2011). This 

empirical analysis attempts the latter. It is important, then, to include observable variables that 

are relevant to both channel choice and household income. These variables are based on the 

channel structure characteristics discussed previously. For the estimation of (12), the control 

variables are: off farm work days, involuntary unemployment days, seriously ill days, household 

member migrates for work, off farm work wage, rent per acre, farm wage, milk price, market 

cereal price, plot area, irrigated area, dairy herd size, net borrowing value, farm durables value, 

farm machinery value, number of vehicles, mobile phone ownership, distance to nearest 

wholesale market, and village population density. There are also dummy variables for years, crop 

marketing, and milk marketing. As opposed to the probit estimations, this regression includes ex-

post variables.  

The average treatment effects are estimated with three procedures. First, (12) is estimated 

as a pooled linear regression. The standard errors are estimated with a cluster estimator where the 

errors are clustered at the household level. This allows for correlation of errors between 

observations of the same household.  

The second procedure is the fixed effects estimator (FE). This is employed in an attempt 

to control for unobserved household characteristics. The FE specification can be seen below and 
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adds a household-specific constant term, αi, to account for time-invariant factors (Greene 2008; 

Wooldridge 2002).  

 

(13)𝐼𝑖𝑡 = 𝒙𝒊𝒕
′ 𝜷 + 𝒑𝒊𝒕

′ 𝜼 + 𝒛𝒊𝒕
′ 𝝍+𝜔𝑏𝑏𝑖𝑡 +𝜔

𝑐𝑐𝑖𝑡 + 𝛼𝑖 + 𝜀𝑖𝑡 

 

The average treatment effects estimated by this model are unbiased so long as the endogeneity is 

caused by time-invariant factors. If a household responds to a time-specific, unobserved variable, 

the FE estimate is biased. The estimates are obtained using the within-groups estimator, which 

converts the variables into deviations from their household means. Once again, the standard 

errors are estimated with the cluster estimator. Moreover, this model is consistent for the 

unbalanced panel under the assumption that the error term is not correlated with the event that 

households are observed in time t (Wooldridge 2002).   

 The difference-in-difference estimator (DID) can also control for time-invariant bias 

caused by unobservable variables. This type of model is used by Michelson (2013) to estimate 

treatment effects of supermarket participation for a panel of farmers in Nicaragua. This estimator 

can be expressed as 

 

(14)Δ𝐼𝑖𝑡 = 𝚫𝒙𝒊𝒕
′ 𝜷+ 𝚫𝒑𝒊𝒕

′ 𝜼 + 𝚫𝒛𝒊𝒕
′ 𝝍+𝜔𝑏Δ𝑏𝑖𝑡 +𝜔

𝑐Δ𝑐𝑖𝑡 + Δ𝜀𝑖𝑡 

 

where Δ indicates the first differenced value of each variable (e.g. ΔIit = Iit – Iit-1). Like the FE 

model, DID does not control for selection bias caused by time-varying factors. Moreover, this 
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approach removes one cross section from the panel due to the differencing. As a result, the DID 

is not used in this analysis and instead, only FE is employed to control for time-invariant factors.  

 The third model used to estimate the average treatment effects is the Heckman (1976, 

1979) selection model. This model attempts to control for selection bias in the channel 

participation variables by using information from the probit models for the full sample, (8) and 

(9). First, consider the broker crop participation under the following formulation.  

 

(15)𝐸[𝜔𝑖𝑡
𝑏 ] = 𝒑𝒊𝒕

′ 𝜸𝒃 + 𝒛𝒊𝒕
′ 𝜹𝒃 + 𝑢𝑖𝑡

𝑏  

 

(16)𝑏𝑖𝑡 = {
1 𝑖𝑓 𝐸[𝜔𝑖𝑡

𝑏 ] > 0

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 
 

 

This is consistent with the probit model from the previous section. The possible presence of 

selection bias implies that uit
b and εit are correlated. As such, the expected log income in the 

broker crop channel can be expressed as 

 

(17)𝐸[ 𝐼𝑖𝑡|𝑏𝑖𝑡 = 1, 𝒙𝒊𝒕, 𝒑𝒊𝒕, 𝒛𝒊𝒕, 𝑐𝑖𝑡] = 

𝒙𝒊𝒕
′ 𝜷+ 𝒑𝒊𝒕

′ 𝜼 + 𝒛𝒊𝒕
′ 𝝍+𝜔𝑏 + 𝜔𝑐𝑐𝑖𝑡 + 𝐸[𝜀𝑖𝑡|𝑏𝑖𝑡 = 1, 𝒙𝒊𝒕, 𝒑𝒊𝒕, 𝒛𝒊𝒕, 𝑐𝑖𝑡] 

 

The last term in (17) causes selection bias. Under the assumption that uit
b and εit have a bivariate 

normal distribution, (17) can be re-expressed as 
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(18)𝐸[ 𝐼𝑖𝑡|𝑏𝑖𝑡 = 1, 𝒙𝒊𝒕, 𝒑𝒊𝒕, 𝒛𝒊𝒕, 𝑐𝑖𝑡] = 

𝒙𝒊𝒕
′ 𝜷 + 𝒑𝒊𝒕

′ 𝜼 + 𝒛𝒊𝒕
′ 𝝍+𝜔𝑏 +𝜔𝑐𝑐𝑖𝑡 + 𝜌

𝑏𝜎𝜀𝜆(𝒑𝒊𝒕
′ 𝜸𝒃 + 𝒛𝒊𝒕

′ 𝜹𝒃) 

 

where ρb is the correlation between uit
b and εit, σε is the standard deviation of εit, and λ is the 

inverse Mills ratio (the ratio of the probability density function to the cumulative distribution 

function). The above provides insight into how to control for this particular selection bias. By 

inclusion of the inverse Mills ratio, λ, in the estimation of (12), the estimate of ωb is unbiased. 

Moreover, the coefficient on the inverse Mills ratio indicates the direction of bias and whether 

the bias is significant (Greene 2008).  

Selection bias in the milk channel choice can be addressed similarly. This requires the 

assumption that the error term from the equation for milk participation (uit
c) has a bivariate 

normal distribution with εit. Then, the inverse Mills ratio relating to milk channel choice can be 

included in (12) to control for selection bias. This does not impact the crop selection correction 

due to the assumption of independence between crop and milk channel choices.  

The first step of the Heckman (1976, 1979) two-step approach is to estimate the probit 

models from (8) and (9), and calculate inverse Mills ratios for both channel choices using the 

estimates. The second step is to include these calculated inverse Mills ratios in the pooled model 

from (12). The resulting equation to be estimated is 

 

(19)𝐼𝑖𝑡 = 𝒙𝒊𝒕
′ 𝜷 + 𝒑𝒊𝒕

′ 𝜼 + 𝒛𝒊𝒕
′ 𝝍+𝜔𝑏𝑏𝑖𝑡 +𝜔

𝑐𝑐𝑖𝑡 + 𝜑
𝑏𝜆𝑖𝑡

𝑏 + 𝜑𝑐𝜆𝑖𝑡
𝑐 + 𝜀𝑖𝑡 
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where λit
b and λit

c are the calculated inverse Mills ratios for broker crop and co-operative milk 

participation; and φb equals ρbσε and φc equals ρcσε. The standard errors are estimated using both 

the cluster estimator and White’s robust estimator. The Heckman (1976, 1979) model and similar 

approaches (e.g. switching regression) have been employed in various studies to control for 

selection bias in channel participation (Hernandez et al. 2007; Neven et al. 2009; Rao and Qaim 

2011; Vandeplas et al. 2013).  

 Another approach that can be applied to control for selection bias is instrumental 

variables (IV).  In this study, IV requires the availability of instruments that are relevant to the 

channel choices and exogenous to household income. Imbens and Angrist (1994) propose using 

IV to estimate local average treatment effects (LATE), which are the effect of treatment on those 

who change states (untreated to treated) in response to a change in the instrument value. This IV 

approach presents a number of issues: the estimates are instrument-dependent, vary across 

samples, and vary across instruments within the same sample (Heckman 1997). As such, it is 

difficult to interpret the estimates in a meaningful economic way. For these reasons, IV are not 

employed to estimate average treatment effects of marketing channel choices. 

 Less parametric approaches can also be used to identify treatment effects. For example, 

propensity score matching estimates treatment effects by pairing treated and untreated 

households based on observable characteristics. Specifically, each household’s predicted 

probability of receiving treatment is calculated and used to create pairs across the treatment 

states. Differences in the outcome variable across these pairs represent the treatment effect and 

can be used to estimate the average treatment effect. Nonetheless, the appropriate 

implementation of this approach requires a number of conditions are met (Caliendo and 



37 
 

 

Kopeinig 2008; Vandeplas et al. 2013; Greene 2008; Barrett et al. 2011). First, propensity score 

matching assumes that participation is not impacted by unobserved variables; this is required to 

ensure the propensity scores are unbiased. In addition, if there are systematic differences 

between participants and non-participants, there may not be suitable pairs. Both of these 

assumptions are difficult to justify in the case of non-random channel selection (Barrett et al. 

2011). For this reason, propensity score matching is not used in this study. 

 

2.5.3 Heterogeneous Treatment Effects of Channel Choices 

 As mentioned in the theoretical framework, it is likely that ex-post treatment effects vary 

across households on observable characteristics. The following equation shows how 

heterogeneity enters into the ex-post treatment effect terms. 

 

(20)𝐼𝑖𝑡 = 𝒙𝒊𝒕
′ 𝜷 + 𝒑𝒊𝒕

′ 𝜼 + 𝒛𝒊𝒕
′ 𝝍+ (𝒛𝒊𝒕

𝒃′𝜽𝒃 + 𝜍𝑖𝑡
𝑏 )𝑏𝑖𝑡 + (𝒛𝒊𝒕

𝒄′𝜽𝒄 + 𝜍𝑖𝑡
𝑐 )𝑐𝑖𝑡 + 𝜀𝑖𝑡 

 

In (20), θb are the effects of zit
b variables on the broker crop treatment effect and ςit

b is an error 

term corresponding to the broker crop treatment effect; θc are the effects of zit
c variables on the 

co-operative milk treatment effect and ςit
c is an error term corresponding to the co-operative milk 

treatment effect. It is assumed that these error terms are a random component of the treatment 

effect and, as such, are independent conditional on the variables included in the estimation. This 

independence assumption is different from the presence of selection bias, which is related to 

unobservables in εit being relevant to both channel choice and income. The ex-post treatment 

effects in (20) are reduced form equations of the treatment effects presented in the theoretical 
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framework; and similar to the ex-ante treatment effects, the ex-post treatment effects are assumed 

linear. 

 The parameters of (20) are estimated using a pooled regression. Similar to the estimations 

of average treatment effects, standard errors are estimated using the cluster estimator. The 

observable variables that impact the broker crop treatment effect (zit
b) are: market cereal price, 

plot area, farm durables value, farm machinery value, marketing distance (actual distance 

travelled by the household), owns mobile phone, number of vehicles, and village population 

density. The observable variables that impact the co-operative milk treatment effect (zit
c) are: 

milk price, dairy herd size, number of vehicles, owns mobile phone, number of co-operatives in 

village, and village population density. These variables are meant to capture the various elements 

in (4) and (5), namely farm characteristics and marketing cost factors that contribute to the size 

of the individual specific treatment effects. Unlike the ex-ante models in (8)-(11), (20) includes 

ex-post variables.  

 The above specification does not explicitly control for selection bias caused by 

unobservable variables relevant to yit and the channel choice variables. The correlated random 

coefficient (CRC) model could be used because it allows for estimation of heterogeneous 

treatment effects while also controlling for selection bias. Suri (2011) and Lemieux (1998) apply 

versions of this model for hybrid maize adoption and participation in labor unions. They each 

assume that choices are made under a Roy model framework and are a function of time-

invariant, unobservable variables. This time-invariant component is assumed to impact treatment 

effects and choice. In the current study, this type of specification can be written as 
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(21)𝜔𝑖𝑡
𝑏 = 𝜔𝑏 + 𝜗𝑖

𝑏 + 𝜉𝑖𝑡
𝑏  

 

where ωb is the average treatment effect of the broker crop channel, ϑi
b is an unobserved 

individual effect, and ξit
b is a random component. Suri (2011) applies a Chamberlain (1982, 

1984) fixed effect approach of projecting the unobservable component (ϑi
b) onto the full history 

of the choice variable (bit) to obtain an estimable reduced form equation. This projection 

approach is different from a traditional additive fixed effect; in this case, the fixed effect is part 

of the treatment effect and interacts with the choice variable. In the projection, Suri (2011) also 

includes an interaction of the choice histories (e.g. with two time periods, as in Suri (2011), this 

is the choice in time period 1 multiplied by the choice in time period 2) to ensure the 

orthogonality of the projection error term in the reduced form outcome equation. The next step is 

to estimate the reduced form parameters. The reduced form estimates are then used to recover the 

over-identified structural parameters using a minimum distance estimator.  

 This approach is subject to a number of potential problems. First, the Chamberlain (1982, 

1984) projection can rapidly proliferate parameters (Greene 2008). This is especially true in the 

current study with five time periods. Second, the Suri (2011) identification criteria relies on 

household’s switching behavior due to the inclusion of the choice interaction term in the 

projection. This is problematic because it leads to identification based on the households that 

switch in the two time periods. These households are, presumably, on the margin of choosing 

hybrid and may be switching for idiosyncratic, as opposed to systematic, reasons. Moreover, 

with smaller sample sizes, the results can be sensitive to the weighting matrix used in the 

recovery of the structural parameters (Altonji and Segal 1996).  
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 The CRC approach is not used for these reasons. Moreover, the CRC approach used by 

Suri (2011) overlooks the observable variables that likely impact treatment effects. For example, 

Suri (2011) does not account for farm agro-ecology in returns to hybrid maize use (Note that Suri 

(2011) estimates a model including fertilizer use in the projection. This is not equivalent, 

however, to modelling fertilizer as explicitly impacting treatment effects; Suri (2011) is using 

fertilizer use as a proxy for the unobservable element of the treatment effect.). The estimation of 

(20) attempts to explicitly model ex-post treatment effects as functions of observable variables, 

as implied by the theoretical framework. This approach may not overcome all effects of 

unobservable variables, but it does attempt to minimize these effects by properly accounting for 

observable effects. 

 

 2.6 Results 

2.6.1 Household Participation in Broker Crop and Co-operative Milk Channels  

For the broker crop channel participation estimation, the conditional probit results can be 

seen in Table 2.4. The following variables are significant at 10%: bullocks wage, market cereal 

price, distance to nearest wholesale market, and population density.  
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 A number of these variables provide insight into the decision to market crops through the 

broker channel. First, the market cereal price has a negative effect on participation, meaning a 

lower market cereal price is associated with higher likelihood of participation. Recall that price 

differences between channels are assumed to impact participation, so a possible explanation is 

that there is more variance in the informal prices and the broker channel price is more stable. If 

this is the case, when the broker prices decrease the informal prices also decrease, but to lower 

values. Second, the results support the hypothesis that marketing channel choice is affected by 

location. Households that live further from the wholesale market are less likely to sell to through 

Coefficient

Farm wage -0.05 0.31

Bullucks wage 0.02 0.01 **

Market cereal price -0.001 0.10 *

Irrigated area 0.04 0.20

Net borrowing -0.001 0.19

Farm durables 0.001 0.53

Farm equipment -0.0001 0.72

Mobile phone -0.37 0.17

Vehicles -0.07 0.77

AP common crops 0.29 0.15

Distance to wholesale market -0.11 0.00 **

Population density -4.11 0.00 **

2010 dummy 0.53 0.13

2011 dummy 0.68 0.01 **

2012 dummy 0.73 0.00 **

2013 dummy 1.96 0.00 **

Constant 6.74 0.00 **

Observations 420

Log pseudolikelihood -176.9

Pseudo R-squared 0.37

Table 2.4: Probit estimates for broker crop participation

P-value

Note: P-values are based on standard errors that are clustered at the 

household level.  ** - significant at 5%, * - significant at 10%
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this market. These households incur higher marketing costs, largely due to transport costs, which 

make the expected returns to the broker channel lower. Moreover, households in villages with 

lower population density are more likely to sell in the broker channel. These villages generally 

have less informal channel options to compete with the brokers. These location results support 

previous findings that the incentives to participate in the broker channel vary spatially in India 

(Minten et al. 2009; Goyal 2010).    

 The co-operative milk participation estimates are shown in Table 2.5. The significant 

variables (at 10% or better) are milk price, dairy herd size, forward caste status, number of 

village co-operatives, and population density.   

 

 

Coefficient

Household labor -0.06 0.53

Milk price -0.08 0.09 *

Off-farm work wage -0.001 0.12

Dairy herd -0.23 0.01 **

Mobile phone 0.23 0.52

Vehicles 0.18 0.51

Forward caste 0.48 0.10 *

Village milk co-operatives 0.40 0.00 **

Population density 3.62 0.00 **

2010 dummy 0.12 0.73

2011 dummy 0.44 0.16

2012 dummy 0.73 0.06 *

2013 dummy 1.30 0.01 **

Constant -3.07 0.06 *

Observations 206

Log pseudolikelihood -63.2

Pseudo R-squared 0.51

Table 2.5: Probit estimates for co-operative milk participation

P-value

Note: P-values are based on standard errors that are clustered at the 

household level.  ** - significant at 5%, * - significant at 10%
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The co-operative participants tend to receive a lower milk price. Similar to the broker 

channel results, this could indicate that the co-operative price is more stable than the informal 

price; unfortunately, the counterfactual price is not observed, so the price difference between 

channels cannot be examined explicitly. In addition, the co-operative participants have smaller 

herds. This result is also shown in the summary statistics and may represent the role of search 

costs associated with selling. When total production is lower, with smaller herds, the co-

operative is chosen due to its lower search costs. The household caste affiliation is found to 

impact milk channel choice: forward caste households are more likely to participate in co-

operatives than backward or scheduled castes. Furthermore, the likelihood of households 

choosing the co-operative channel differs based on location factors. The village’s number of co-

operatives and population density have positive effects on co-operative channel participation. 

These characteristics are likely to lower the marketing costs of the co-operative channel within a 

village. For example, there could be lower transport costs with more co-operatives because it is 

likely there is a collection center closer to each household, on average; and with denser 

population, the time required to obtain information and search for prices (i.e. information and 

search costs) is assumed to be lower. 

 

2.6.2 Average Treatment Effects of Channel Choices 

 The estimated ex-post treatment effects of channel choice for the pooled, fixed effects, 

and Heckman two-step regressions are shown in Table 2.6. The full results are shown in the 

appendix (Table A.3). The estimates from the pooled and fixed effects regressions are very 
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similar. This implies that selection bias from time invariant factors may not be an issue in the 

pooled model. The broker crop channel is found to have a positive treatment effect that is 

statistically significant (p-value < 0.10). The coefficient estimate of 0.16 suggests that, all else 

equal, household income is about 17% higher in the broker crop channel than in the informal 

crop channel. However, the co-operative milk treatment effect is insignificant in both models, 

suggesting that income is not statistically different between the two milk channels. 

 

 

 

 The first step probit estimates from the Heckman two-step procedure are shown in the 

appendix tables A.4 and A.5. For the broker crop channel, the Heckman two-step results are, 

ultimately, consistent with the pooled and fixed effects results: the broker crop treatment effect is 

positive and significant. However, the Heckman results indicate that the co-operative milk 

treatment effect is positive and significant. Both of the treatment effects in the Heckman 

estimates are larger than those in the pooled and fixed effects models. For instance, the Heckman 

results suggest that household income is 39% higher in the broker crop channel than in the 

informal crop channel and 70% higher in the co-operative milk channel than in the informal milk 

Coefficient Coefficient Coefficient

Broker crop participation 0.16 0.07 * 0.16 0.09 * 0.33 0.09 * 0.06 *

Co-op milk participation 0.04 0.76 -0.02 0.85 0.53 0.10 * 0.07 *

Inverse mills-broker crop - - - - -0.11 0.32 0.27

Inverse mills-co-op milk - - - - -0.32 0.13 0.10 *

Observations 572 572 572

R-squared 0.57 0.37 (within) 0.57

P-value 

(cluster)

P-value 

(White's)

Note: P-values for pooled and fixed effect models are based on standard errors that are clustered at the household level. The Heckman two-step p-values are based 

on cluster estimator and White's robust estimator.  ** - significant at 5%, * - significant at 10%

P-value P-value

Table 2.6: Average treatment effect estimates

Pooled Fixed Effects Heckman two-step
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channel, all else equal. The coefficients on the inverse Mills ratios provide the reason for this 

difference. The negative coefficients on both inverse Mills ratios indicate that, without 

controlling for selection bias, the channel treatment effects are downward biased. The inverse 

Mills ratio is not significant for the broker crop treatment effect (cluster p-value = 0.32; White’s 

p-value = 0.27) at a level that invalidates the pooled and fixed effect results. However, the 

inverse Mills ratio corresponding to the co-operative milk channel is significant at 10% with 

White’s standard error estimates (the p-value = 0.13 for the clustered standard errors). This is 

evidence of bias that is not controlled for in the pooled and fixed effect models. This is possibly 

an outcome that the co-operative channel exposes households to services that are likely to 

increase household income. Moreover, the positive treatment effect is consistent with the 

previous finding that profitability is higher in the co-operative channel than the informal channel 

(Vandeplas et al. 2013). 

 

2.6.3 Heterogeneous Treatment Effects of Channel Choices 

 The heterogeneous treatment effects results are shown in Table 2.7. These estimates show 

how ex-post treatment effects vary within a channel and the full results can be seen in the 

appendix (Table A.6).  
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 The plot area and marketing distance travelled by the household are the only variables 

with statistically significant (p-value < 0.10) effects on the broker crop treatment effect (Table 

2.7). Households with larger farm sizes tend to have higher treatment effects; these households 

are selling larger quantities and benefit from a higher revenue to marketing cost ratio in the 

broker channel. The broker channel can handle large output quantities in a single transaction, 

whereas the informal channel may require more transactions as output increases, which increases 

the marketing costs. As such, the broker treatment effect is larger for large farms that are 

Coefficient

Broker crop effects

Constant -0.93 0.42

Market cereal price 0.0003 0.36

Plot area 0.02 0.09 *

Farm durables -0.002 0.18

Farm equipment -0.001 0.14

Marketing distance -0.02 0.00 **

Mobile phone -0.21 0.20

Vehicles 0.01 0.97

Population density 0.69 0.19

Co-op milk effects

Constant -3.38 0.02 **

Milk price 0.03 0.21

Herd size 0.06 0.31

Mobile phone 0.59 0.01 **

Vehicles -0.25 0.18

Village milk co-operatives 0.11 0.26

Population density 1.42 0.03 **

Observations 572

R-squared 0.59

Table 2.7: Heterogeneous treatment effect estimates

P-value

Note: P-values are based on standard errors that are clustered at the 

household level.  ** - significant at 5%, * - significant at 10%
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producing more output. The marketing distance coefficient implies that households who travel 

further to reach a broker tend to have lower treatment effects. In other words, transport costs 

lower the broker channel treatment effect. This does not imply that households may not benefit 

from incurring transport costs to move vertically (past the broker) in the supply chain; the result 

only indicates that, within the broker channel, households who travel more tend to have lower 

returns.   

 The co-operative milk treatment effects vary significantly based on mobile phone 

ownership and population density. Within a village, there are multiple co-operatives that may 

offer different prices at any given time, so households must incur search costs to find the best 

price; a mobile phone can reduce these search costs and increase the treatment effect of choosing 

the co-operative channel. In addition, the village population density positively affects the co-

operative milk treatment effect. The marketing costs (e.g. bringing milk to the co-operative 

locations or obtaining price information) are likely lower in more densely populated villages. 

 

2.7 Conclusion 

 Households in rural India have not yet experienced an evolution of agricultural marketing 

channels driven by modernization on the retail end. However, analysis of the current marketing 

channels in rural areas provides important insights into how households choose between 

channels, if existing channels provide differential returns from one another, and which types of 

households benefit more or less within a channel. In this analysis, channel choices are assumed 

to be static, post-harvest decisions; also, production decisions are not made in anticipation of 

channel choice. These assumptions are based on literature, consultation with researchers, and 
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discussion with local farmers. Under this decision framework, economic theory suggests that 

price differences and marketing cost differences are the key determinants in channel choice for 

crops and milk. This is supported by results from the empirical analysis of crop and milk channel 

choice.  

For crop channels, the broker channel is found to increase household income by 17 - 

39%, on average, compared to the informal channel. In addition, both selection and the size of 

treatment effects are negatively impacted by distance from the village to the wholesale market. 

This demonstrates how the broker channel structure impacts participation and outcomes. The 

broker channel requires that farmers bear transport costs in order to sell in the wholesale market. 

This study finds that households are less likely to choose the broker channel when they live 

further from the wholesale market location and, within the channel, households who travel a 

greater distance in marketing (i.e. have higher transport costs) have lower treatment effects. For 

milk channel choice, the Heckman two-step results indicate household income is roughly 70% 

higher in the co-operative channel than in the informal channel, all else equal. There is evidence 

that this treatment effect is impacted by unobserved, time-varying heterogeneity; this may be 

caused by exposure to co-operative services. An important element of milk marketing is the 

search for the best price. The selection of the co-operative channel and the individual treatment 

effects are positively affected by village population density, which is assumed to lower search 

costs. Moreover, mobile phone ownership, another means for reducing search costs, is found to 

be associated with higher treatment effects.   

 A common theme in channel choice literature is whether or not smallholders are excluded 

from certain channels due to size or technology use. The results do not indicate that size or 
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technology thresholds exist in the broker crop and co-operative milk channels in this region of 

India. In fact, the co-operative channel is developed specifically to work with small dairy farmers 

and tends to be chosen by households with smaller herds in this study. Moreover, there is a lack 

of significance of household farm characteristics (e.g. size, irrigation, machinery) in the 

estimations of channel choice selection for crop marketing. In terms of farm characteristics 

impacting outcomes within a channel, farm size is associated with a higher ex-post treatment 

effect of the broker channel. This is likely a result that these farms have higher output and benefit 

more from the broker channel’s ability to handle large-scale transactions (i.e. a single transaction 

leads to lower marketing costs than the informal channel) than smaller farms. Overall, it is likely 

that household farm characteristics are not significantly different across channels due to lack of 

variation amongst farmers and amongst channel quality and quantity requirements in the region.   

 These results provide policy suggestions to improve household welfare under the current 

marketing channel structures. First, policy should focus on reducing transport costs for crop 

marketing. The broker channel is estimated to provide considerably higher income than the 

informal channel, on average; but transport costs are decreasing broker channel participation and 

treatment effects for some households. One policy example is to improve transportation 

infrastructure, particularly in villages that are relatively far from local wholesale markets. This 

type of policy could be implemented to improve development in a number of facets, so it may be 

better to consider the reduction of transports costs as one of the many potential benefits to 

improved transportation infrastructure in rural India. In terms of milk marketing, the co-operative 

channel appears to be economically favorable to the informal channel, all else equal. An 

important aspect of co-operative selection is the presence of co-operatives within a village. As 
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such, the government should continue policies that promote the growth of collection centers in 

rural areas. This increases the likelihood of participation by reducing the marketing costs 

associated with selling to a co-operative.  

 The results, theoretical framework, and previous literature provide a basis for anticipating 

new channels in rural India. First, it is important to note that milk marketing channels are not 

likely to change dramatically at the farm end. Given the prevalence of small-scale production, 

the co-operative procurement model efficiently aggregates milk production, and there may be 

new entrants in the milk market but they are likely to mimic the co-operative channel, as in the 

case of Nestle in Punjab (Vandeplas et al. 2013).  For crop procurement, the evolution of new 

channels may provide significant opportunity for small farm households; however, there may 

also be a portion of smallholders excluded. Most likely, new channels for crop production will 

impose requirements on farmers; for example, farmers may have to transport output over a 

greater distance or meet more stringent quality demands. These requirements will lead to cost 

increases for farmers but, as seen in other developing countries, buyers will offer incentives such 

as higher prices or guaranteed purchase volumes. In this case, larger farms (in terms of area and 

capital) and farms with lower marketing costs will be the most likely to participate. Moreover, 

these channels may only appear in areas with road access, developed markets, and agro-ecology 

suited to year-round production. Consequently, many farmers will continue selling in the broker 

or informal channels. Studies from other developing countries imply there may be a positive 

average treatment effect to supply these emerging channels; however, the results from this study 

show that a positive average treatment effect may obscure the fact that some farms benefit less 

(or not at all) from a channel choice.  
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 Policymakers have multiple options in this type of new channel scenario, with different 

levels of investment. First, the government could play a very large role by working with large 

retailers and dedicated wholesalers to set up collection centers near villages, similar to the milk 

co-operative system. This would reduce transport and search costs for farmers. However, it 

would not necessarily lead to universal participation because some farmers will not meet the new 

channels’ quality requirements. The buyers would be incentivized to partake in this system 

because it would reduce their procurement costs, which is likely to be a concern for them given 

the prevalence of small-scale agriculture in India. Moreover, this policy could be targeted to 

regions that, without intervention, would be excluded from participation in these channels. 

Another potential policy is to provide farmers with daily or real-time price and quality 

information from various markets and buyers. This policy would require a smaller investment by 

the government and private companies. A similar approach has been undertaken by the private 

soybean wholesaler ITC Limited in Madhya Pradesh (Goyal 2010). With quick access to this 

information, farmers would have lower marketing costs and be able to efficiently choose 

marketing channels. It could also reduce search costs for buyers; providing them an incentive to 

participate. Additionally, this could be instituted for milk marketing because it would reduce the 

search costs associated with finding the best price for milk, which is especially important since 

milk is produced and sold frequently and the prices can change regularly within the village.  

 It is worth noting that policymakers consider a number of other factors as channels 

evolve. First, prospective changes to channel options may impose greater investment 

requirements and changes in cropping decisions for farmers; in other words, production and 

marketing decisions may become linked for farmers. In addition, the long-run sustainability of 
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positive returns to a channel choice (for current and future channels) is unclear. Policymakers 

and development economists must monitor regional equilibrium effects as participation in 

particular channels increases (Michelson 2013). 
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3 Land Market Functioning in the Presence of Transactions Costs, Missing Markets, 

and Insecure Property Rights 

 

 
3.0 Abstract 

Land leasing markets are hypothesized to improve the efficiency of land allocation and provide 

welfare gains to participating households. However, in developing countries, these markets are 

commonly impacted by transactions costs, missing or incomplete non-land markets, and insecure 

property rights. This study assesses how Indian land markets perform in terms of equity and 

efficiency, identifies land market distortions, and examines how policy can address these 

distortions. Using a panel dataset of households from rural villages in Andhra Pradesh, 

Karnataka, Madhya Pradesh, and Maharashtra, this research contributes to previous work by 

developing conceptual and empirical analyses that are consistent with the specific structure of 

land leasing decisions in India and provide insights into functioning of land leasing markets. The 

results confirm that land markets improve factor ratios by transferring land from input-poor to 

input-rich smallholder households. However, land market functioning is found to be limited by 

the presence of transactions costs and missing or incomplete non-land markets. From a policy 

standpoint, the results suggest that, due to the linkages across markets (e.g. input markets), 

policies that promote broad market development are expected to have the greatest impact on land 

markets in the short run.  
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3.1 Introduction 

Increasing access to assets and economic opportunities for poor households is a major 

goal in development research and policy (Besley & Burgess 2000; Deininger et al. 2003). This is 

especially important in rural and agrarian contexts because of the prevalence of agriculture in 

developing countries and the importance that growth in small-scale agriculture has on poverty 

reduction (de Janvry & Sadoulet 2010). In this regard, farm land is an essential component of 

both agriculture and development, and understanding the factors that impact land allocation and 

access is an important research objective.  

Ideally, land markets provide the lowest cost means for allocating land to its most 

productive use. Leasing markets, in particular, serve to equilibrate land and non-land factor ratios 

by transferring land from households with relatively high factor ratios to households with 

relatively low ratios (Feder 1985). Providing land access to land-poor households is especially 

important in developing countries where, in many cases, there is an inverse farm size-

productivity relationship (Binswanger et al. 1995). Another role of land markets is to allow 

households to pursue more lucrative opportunities off-farm. Households that are relatively 

unproductive with land, or relatively productive off-farm, can use land markets to apply their 

labor off-farm while receiving payment for the use of their land. Through these processes, land 

markets improve the efficiency of land allocation and provide welfare gains to participating 

households (Chamberlin & Ricker-Gilbert 2016). However, developing country land markets are 

commonly impacted by transactions costs, missing or incomplete non-land markets, and insecure 
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property rights. These market imperfections tend to decrease the efficiency and welfare gains 

from land markets, and in some cases, censor households out of the land market completely.  

This paper examines the functioning of rural land markets in Southern India. The analysis 

focuses on land leasing because land sales are scarce in India (Deininger et al. 2009). India made 

land reform a priority after gaining its independence with the goal of increasing productive 

efficiency and eliminating exploitation and social injustice (Government of India 1961). Despite 

the intentions of the reform, it has imposed restrictions on leasing that negatively impact land 

market functioning (Deininger et al. 2008; Awasthi 2009). Moreover, rural land markets are 

likely impacted by missing or incomplete markets for inputs, credit, and off-farm work. With this 

in mind, this analysis attempts to assess how Indian land markets perform in terms of efficiency 

and equity. The analysis also aims to identify land market distortions and examine how policy 

can address these distortions. Using a panel dataset of households from rural villages in Andhra 

Pradesh, Karnataka, Madhya Pradesh, and Maharashtra, this research contributes to previous 

work by developing conceptual and empirical analyses that are consistent with the specific 

structure of land leasing decisions in India and provide insights into functioning of land leasing 

markets.  

The results confirm that land markets improve factor ratios by transferring land from 

input-poor to input-rich smallholder households. However, the results also confirm that land 

market functioning is limited by the presence of transactions costs and missing or incomplete 

non-land markets. From a policy standpoint, the results suggest that, due to the linkages across 

markets (e.g. input markets), policies that promote broad market development are expected to 

have the greatest impact on land markets in the short run.  
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The paper is organized as follows: section 3.2 provides a literature review on developing 

country land markets and describes land markets in India specifically. Section 3.3 presents a 

theoretical framework on how farm households make land leasing decisions. Section 3.4 contains 

the empirical framework used to identify land leasing determinants. It also contains a description 

of the data and statistics. The estimation results are presented in section 3.5. Section 3.6 provides 

interpretation of the results and presents policy recommendations. Finally, section 3.7 concludes 

with a summary of the analysis. 

 

3.2 Literature Review 

Economic theory suggests that land leasing markets should reallocate land to equilibrate 

land and non-land factor ratios, improve productive efficiency by transferring land from less 

productive farmers to more productive farmers, and provide land access to smallholders whose 

primary productive asset is land (Chamberlin & Ricker-Gilbert 2016). However, in developing 

countries, land markets are subject to imperfections which can lead to unequal land distributions 

as well as inefficient and inequitable resource use (Deininger & Feder 2001). Three important, 

and highly related, sources of imperfections in developing country land markets are transactions 

costs, missing or incomplete non-land markets, and insecure property rights. The following 

discussion is informed by insights from Carter & Olinto (1998), Carter & Olinto (2003), 

Deininger & Feder (2001), Deininger et al. (2003), Deininger et al. (2005), Deininger et al. 

(2008), Deininger & Byerlee (2012), and Skoufias (1995).  

The presence of transactions costs can lead to incomplete land markets. Government 

regulations, in many countries, are the source of transactions costs. Other causes of transactions 
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costs are lack of social capital, poor information on potential rental or sales partners, poor 

information on land prices and rental rates, negotiation of contracts, and inability to enforce 

property rights on leased land. Transactions costs tend to decrease land market activity by raising 

the effective cost of leasing-in land and lowering the effective benefit of leasing-out land, which 

can lead to deadweight loss in land markets. This has been observed throughout the developing 

world. Muraoka et al. (2014) finds evidence in Kenya that transactions costs cause tenants and 

landlords to lease less land than desired. Deininger et al. (2005) find similar results for rural land 

rental markets in China. They find that proxy variables for transactions costs (obtaining price 

information and enforcing contracts) have significant effects on land leasing.  

 Another issue in land markets relates to incomplete or missing markets for labor (on or 

off farm), credit, and productive inputs. Without these markets being developed, land may not be 

allocated in an efficient manner. For instance, imperfect credit markets create borrowing 

constraints for farmers. This type of inefficiency causes land markets to transfer land to larger 

operators who have access to credit and collateral; however, these operators may not be the most 

productive with the land. When input markets are incomplete, land markets are expected to 

transfer land to households with higher endowments of inputs because these inputs are needed to 

operate larger land areas. Carter & Olinto (1998) and Deininger et al (2003) find that credit 

constraints and input endowments play a role in land markets in Paraguay and Nicaragua. In both 

cases, land sales markets transfer land to larger, capital unconstrained landowners. However, the 

authors also find the land leasing market is effective at transferring land to the capital 

constrained and labor abundant households.  
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 It has been proposed that property rights can overcome many of these market failures. 

Property rights provide important collateral (in the form of land, or land use rights) for farmers to 

use in input or credit markets. When more agents have collateral and can participate in these 

markets, the efficiency (and sometimes emergence) of these markets is improved. Deininger et 

al. (2003) find this to some degree in Nicaragua. In particular, their results show the land leasing 

market changed after property rights reform; leasing markets began to transfer from the land-rich 

to the land-poor, an important efficiency gain when economies of scale do not exist. However, 

the provision of property rights is not necessarily a panacea for problems associated with land 

market failures since they do not address missing markets for inputs, off-farm work, and 

insurance or poor access to information and technology. 

 These general characteristics are important to understand when examining how land 

markets function in developing countries. However, it is also important to look at the study area 

for information on the particulars of local land markets.   

 

3.2.1 India Land Market Characteristics and Findings 

Appu (1996), Bauer et al. (2012), Besley & Burgess (2000), Deininger et al. (2008), 

Ghatak & Roy (2007), Kochar (1997), Manjunatha et al. (2013), and Mearns (1999) provide 

background on the general characteristics of land markets in India. An important component of 

Indian land markets is the land legislation that was enacted after India gained independence. This 

reform differed across states but consisted of four main objectives: remove intermediaries, 

impose land ceilings, consolidate disparate holdings, and regulate tenancy contracts. Land ceiling 

legislation aimed to set a maximum land holding (forcing owners to dispose of all land owned 
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above the limit) and tenancy reform was meant to limit the rent paid on land (or regulate 

sharecropping) and protect tenants from eviction (i.e. tenants can receive permanent use rights to 

land). Throughout India, rent-collecting intermediaries were quickly and effectively removed, 

but other legislation was not heavily implemented until the 1970s. These reforms differed in their 

timing, application, implementation, and definition across the states; partly driven by the 

political leanings within each state government.  

Initially land reform was successful at transferring land to smallholders. However, by the 

early 2000s, transfers slowed dramatically (Kaushik 2005). This can be attributed, in part, to the 

restrictions that land reform has put on land market transactions. None of the states in India 

allow sub-leasing of land that tenants had received permanent use rights on and many states 

impose restrictions on transfers of land received from ceiling legislation.  

Land legislation has focused on improving property rights of tenants, at the expense of 

the property rights of landowners. Specifically, landlords are at risk of their tenants gaining 

permanent use rights on the land (rental payments are still required). This has had the impact of 

reducing landlord incentives to lease, thereby reducing the extent of tenancy (Conning & 

Robinson 2007). Landlords have sought to circumvent these restrictions and maintain property 

rights by pursuing short term, informal contracts. These contracts can increase transactions costs 

through a number of avenues. Firstly, informal contracts can be more difficult to negotiate and 

enforce. Secondly, short term contracts imply that landlords and tenants must find new leasing 

partners frequently and incur the associated search costs. Thirdly, landlords may incur losses in 

the form of poor land management since tenants do not have a stake in the long term productivity 

of the land.  
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 Aside from the legal restrictions on land transactions, transactions costs can also result 

from caste affiliation and rental contract type. Both of these transactions costs are related to the 

ability to find suitable leasing partners. In some cases, there are restrictions on transactions 

between members of separate castes; in particular, those in schedule castes, scheduled tribes, or 

backward castes (i.e. the socially disadvantaged in India) are restricted relative to the forward 

castes (Skoufias 1995; Deininger et al. 2008; Deininger et al. 2009). As for rental contracts, there 

are usually two types: fixed rent and sharecropping. A fixed rent contract may be difficult for a 

landlord to obtain, as it requires a tenant who can pay upfront or who is productive enough 

(without input provisions) to pay after harvest. With sharecropping agreements, the tenant may 

decrease effort because the output is to be shared with the landlord. As such, landlords may incur 

information costs in seeking tenants that will produce output at a level acceptable to the landlord. 

 Land market functioning in India is also subject to imperfections in other markets. Access 

to credit in many rural areas is incomplete. Households have multiple options for borrowing in 

rural areas: banks, moneylenders, input suppliers, microcredit institutions, or self-help groups 

(another form a microcredit). However, households may not be able to borrow as much as 

needed; for instance, banks have generally been biased towards borrowers with large ownership 

holdings, not necessarily large operational holdings, under the assumption that these households 

have higher repayment and risk bearing abilities (Kochar 1997; Manjunatha et al. 2013). 

Moreover, markets for productive inputs can be missing or incomplete. This is evidenced by the 

importance of family labor, draft animal ownership, and irrigation ownership in land leasing 

decisions (Skoufias 1995; Deininger et al. 2008; Kochar 1997). Markets for off farm work can 

also increase land market activity by providing income streams for less productive farmers. In 
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rural India, these streams could come from local markets (e.g. blacksmith services, construction) 

or migration opportunities. 

 

3.3 Theoretical Framework 

The following theoretical model is based on the Indian context described in the previous 

section. For this reason, the decision making process is static. A dynamic decision making 

process would be applicable for decisions on land sales, land purchases, or multi-period leasing 

contracts. The farm household is assumed to make land-leasing and labor allocation decisions to 

maximize the sum of agricultural profits, livestock profits, and returns to non-agricultural work. 

In this decision, the household faces transactions costs, borrowing constraints, and incomplete or 

missing markets. In this production system, land is assumed to have the following 

characteristics: land is allocated to specific activities, physical constraints limit the total 

availability of land, and output combinations are uniquely determined by the land allocation 

(aside from random factors) (Just et al. 1983) . The household’s problem is shown below. 

 

(1) max
𝐿𝐼,𝐿𝑂  ,𝑙𝐴 ,𝑙𝑀 ,𝑙𝑁𝐴

   𝜋𝐴(�̅� + 𝐿𝐼 − 𝐿𝑂 , 𝑙𝐴) + 𝑟(𝐿𝑂 − 𝐿𝐼) − 𝑇(𝐿𝐼 , 𝐿𝑂, 𝑋𝑇) − 𝑤𝑙𝐴 + 𝜋𝑀(𝑙𝑀) − 𝑤𝑙𝑀

+𝑤𝑙𝑁𝐴 

 

In (1), the superscripts A, M, and NA correspond to agricultural (A), livestock (M), and non-

agricultural (NA) variables and parameters. The choice variables are leased-in land LI, leased-out 

land LO, and labor allocated to different activities (lA, lM, lNA). The household has variable profit 

functions for agricultural and livestock activities, πA(.) and πM(.), which are the result of 
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maximizing profit with respect to the variable inputs, keeping land and labor fixed, and assuming 

a convex technology. These functions are dependent on parameters for expected output prices, 

input prices, and other fixed inputs (e.g. capital, draft animals). For notational clarity, the 

dependence on these parameters is suppressed in (1). The endowments of various inputs are 

important profit function parameters because these can be difficult to adjust in the short run if 

markets are missing or incomplete. The household’s operated land is represented by owned land, 

�̅�, plus leased-in land and minus leased-out land. The rental rate on land is represented by r. In 

(1), the price of labor is w which represents the non-agricultural wage (i.e. the opportunity cost 

of allocating labor to agricultural and livestock activities).  

Additionally, the household incurs transactions cost, T(.), when land-leasing occurs on 

either side of the market. This cost is the result of obtaining information on the costs and benefits 

of transactions; searching for a suitable plot, landlord or tenant; negotiating with the landlord or 

tenant; enforcing the rental agreement; incurring losses from mistreatment of the land (e.g soil 

depletion); and being subject to regulations that restrict or outlaw certain contract types 

(Skoufias 1995; Deininger et al.2008). This cost is assumed to be a function of leased-in land, 

leased-out land, and exogenous factors XT. These exogenous factors are location-specific and 

include (but are not limited to) a village’s or community’s level of land market restrictions, 

information availability, and property rights enforcement. The transactions cost function has a 

fixed component to it. For instance, search and negotiation costs may be incurred even if no 

leasing occurs. Depending on the situation, transactions costs could be constant for any positive 

level of leasing (e.g. a step function) or increasing with leasing quantity. The latter could result 
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for a landlord who has fragmented landholdings or multiple tenants; it could likewise result for a 

tenant who has multiple landlords.  

The objective function is maximized subject to a number of constraints. These constraints 

are listed in (2), (3), and (4).  

 

(2) 𝑙𝐴 + 𝑙𝑀 + 𝑙𝑁 ≤ 𝑙 ̅

(3) �̅� − 𝐿𝑂 ≥ 0 

(4) 𝐿𝐼 ≤ 𝐵(�̅�, 𝑋𝐵) 

 

Equation (2) is straightforward: total labor allocation cannot exceed the labor available 𝑙.̅ The 

next constraint, (3), states the amount of leased-out land cannot exceed current landholdings �̅�. 

The last constraint, (4), is a borrowing constraint. It states the amount of leased-in land cannot 

exceed the amount of land the household can lease through borrowing. This borrowing limit is 

denoted by B(.) and is assumed to be increasing in owned land and is also a function of 

exogenous community factors XB. This function is meant to capture the factors that affect a 

household’s collateral (e.g. owned land) as well as access to borrowing (e.g. local concentration 

of banks); Carter & Olinto (2003) express a borrowing constraint similarly.  

The solution to (1) subject to (2)-(4) is solved using the Kuhn-Tucker conditions. The 

first-order conditions on choosing leased-in and leased-out land are shown below. 

   

(5) 
𝜕𝜋𝐴(. )

𝜕𝐿𝐼
≤  𝑟 +

𝜕𝑇(. )

𝜕𝐿𝐼
+ 𝜑 
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(6) 
𝜕𝜋𝐴(. )

𝜕𝐿𝑂
≥ 𝑟 −

𝜕𝑇(. )

𝜕𝐿𝑂
− 𝜇 

 

The μ and φ terms refer to the shadow values associated with constraints (3) and (4). In (5), the 

left hand side is the marginal profit effect of leasing-in land and the right hand side is the 

marginal cost (in terms of the rental rate and transaction costs) and the effect of the borrowing 

constraint. When (5) holds with equality, it states that the optimal amount of leased-in land is 

determined where the marginal profit of an additional acre is equal to the rental rate plus the 

marginal transactions cost plus the shadow value of borrowing more. Condition (6) displays how 

the optimal amount of leased-out land is determined. The left hand side is the marginal profit 

effect of leasing-out land, which is the opportunity cost of leasing an additional acre. The right-

hand side is the marginal net benefit, in terms of rent received and transactions costs. For now, 

assume the leasing-out constraint, (4), is not binding. When (6) holds with equality, it states that 

the household leases out land up to the point where the net benefit of leasing-out an additional 

acre is equal to the marginal profit of operating an additional acre. Intuitively, these conditions 

illustrate how the household considers leasing in or leasing out an additional acre based on the 

marginal returns to leasing relative to the marginal costs of leasing. Also note that, at the optimal 

solution for land and labor decisions, conditions (5) and (6) are satisfied jointly with the Kuhn-

Tucker conditions corresponding to labor allocation and the constraints in (2)-(4).   

 The efficient outcome of land leasing occurs when the household adjusts operated land 

size (through leasing-in or leasing-out) to the point where the marginal profit of operated land is 
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equal to the rental rate of land. This outcome occurs when there are no transactions costs, 

borrowing constraints, or incomplete markets. Under the assumption that the marginal profit of 

land is decreasing, the above conditions can be compared to the efficient outcome to examine 

how transactions costs and borrowing constraints play a role in land leasing decisions. For a 

household who leases-in, (5) holds with equality and the right-hand side represents the marginal 

cost of leasing. Clearly the transactions costs and borrowing constraint increase this marginal 

cost which causes the household to lease-in less land than under the efficient outcome. Condition 

(5) can be represented graphically, as shown in Figure 3.1. The vertical axis is in monetary units 

and the horizontal axis represents the amount of land leased-in. The curve on the figure shows 

the marginal profit of land for a tenant household. At the efficient outcome, the rental rate of 

land is r and this household leases-in at 𝐿1
𝐼 . Figure 3.1 also displays the optimal leased-in land 

when imperfections are present, under the simplifying assumption that marginal transactions 

costs are constant; this situation is depicted by the line labelled according to the expression from 

(5). The imperfections effectively raise the rent paid by a tenant household and, as a result, they 

lease-in less land; the leasing quantity is 𝐿2
𝐼  now.  
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For the household who leases-out, (6) holds with equality and the right-hand side 

represents the marginal benefit of leasing; compared to the efficient outcome, this benefit is 

lower due to transactions costs, thereby decreasing the amount of land leased-out. This can be 

seen in Figure 3.2. The vertical axis is in monetary units and the horizontal axis represents the 

amount of land leased-out. The curve on the figure shows the marginal profit of land for a 

landlord household; it is upward sloping because leasing-out land is equivalent to decreasing 

operated land size (i.e. marginal profit of land increases as land size decreases). At the efficient 

outcome, the rental rate of land is r and this household leases-out at 𝐿1
𝑂. The presence of 

transactions costs decreases the effective rent received (here, it is assumed μ = 0). This causes 

the landlord household to lease-out less land; they lease-out at 𝐿2
𝑂 now. 
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Land markets serve to allocate land to its most productive use. This can be seen in 

Figures 3.1 and 3.2. All else equal, households with higher productivity have higher marginal 

profit lines and lease-in more land. On the other side of the market, less productive households 

have lower marginal profit lines and lease-out more land. The efficiency of the resulting land 

allocation is lower when imperfections are present; this is represented by the difference in 

household income under the efficient outcome compared to when imperfections are present. 

Looking at figures 3.1 and 3.2, which only consider agricultural profits and rental income, the 

efficiency loss from imperfections is the loss in agricultural profits for the tenant and the loss in 

rental income for the landlord. Search costs are one example of transactions costs that lower land 

market efficiency. Land market participants must obtain information on leasing partners, land 

quality, village rental rates, input prices, and future output prices before making a leasing 



71 
 

 

decision. Acquiring this information requires time and explicit costs (e.g. mobile phone), 

whether a household is a landlord or tenant.  

It is assumed that, at a given point in time, a household is not both a tenant and a 

landlord; the household chooses one or the other (or neither). As such, (5) and (6) are combined 

into one expression.  

 

(7) 𝑟 −
𝜕𝑇(. )

𝜕𝐿𝑂
− 𝜇 ≤ 

𝜕𝜋𝐴(. )

𝜕𝐿
 ≤  𝑟 +

𝜕𝑇(. )

𝜕𝐿𝐼
+ 𝜑  

 

Let 
𝜕𝜋𝐴(.)

𝜕𝐿
 be a general expression for the derivative of πA(.) with respect to changes in operated 

land. For the household who leases-out, the left-most expression of (7) holds with equality. 

Meanwhile, for a household who leases-in, the right-most expression of (7) holds with equality. 

There are also households who neither lease-in nor lease-out; (7) holds as an inequality on both 

sides. There are two possibilities for these households: they already own their optimal amount of 

land or they are censored out of the leasing market by transactions costs and borrowing 

constraints. Figures 3.1 and 3.2 illustrate this censoring. In Figure 3.1, if marginal transactions 

costs shift the effective rent line above the marginal profit line, the household will no longer 

lease-in. In Figure 3.2, if marginal transactions costs shift the effective rent line below the 

marginal profit line, the household will no longer lease-out. By jointly raising the cost of leasing-

in and lowering the benefit of leasing-out, some households who would participate in the market 

without imperfections are fixed in autarky.  
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So far the discussion has focused on how transactions costs impact land markets in the 

model, but land markets are also impacted by missing or incomplete markets for credit, 

productive inputs, and off farm work. The case of incomplete credit markets is illustrated by 

considering the effect of a binding borrowing constraint (φ > 0). In Figure 3.1, this increases the 

effective rent paid and decreases the amount that households lease-in, similar to the effect of 

transactions costs. In terms of productive inputs, households with relatively high endowments of 

productive inputs (inputs that are complements to land) have relatively higher marginal profits of 

land. As a result, the highly (poorly) endowed households are likely to demand (supply) land in 

leasing markets. The effect of incomplete off-farm labor markets can also be explained by this 

model. Where many off-farm opportunities are available, some households find it most 

beneficial to allocate labor off-farm and lease-out land. If those opportunities are unavailable, 

these households’ labor is allocated on farm and these households would operate more land (and 

decrease the amount leased-out). Agricultural profits for the household would be higher but total 

household earnings would be lower and less land would be supplied to the leasing market, 

compared to the off-farm case. The model predicts that missing labor markets for off farm work 

would decrease leasing activity and make households worse off.  

Relative to the efficient outcome, land market imperfections negatively affect equity, 

efficiency, and welfare outcomes. In particular, the decrease in land transactions caused by these 

imperfections indicates that land and non-land factor ratios are not equilibrated and land is not 

transferred to its most productive users. Additionally, welfare is directly impacted as transactions 

costs lower incomes of tenants and landlords. Welfare is also impacted for households that 
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cannot lease-in or lease-out land due to distortions. Under the efficient outcome, these 

households would have a higher household income by participating as tenants or landlords.  

This conceptual model is similar to that of previous studies (Skoufias 1995; Deininger et 

al. 2005; Deininger et al. 2008) and the implications are consistent with empirical findings from 

previous studies (Skoufias 1995; Kochar 1997; Deininget et al. 2003; Deininger et al. 2005; 

Deininger et al. 2008; Rahman 2010; Muraoka et al. 2014).  

Property rights are also an important element of land transactions, but have not been 

explicitly addressed in this framework. Property rights can be incorporated into a model in 

various ways; one example is to include the probability of losing land (or being subject to land 

reform) in the objective function (Carter & Olinto 2003; Conning & Robinson 2007). However, 

in India landlords still receive rental payments after their tenant receives permanent use rights, or 

they receive a sales payment if land ownership is given to the tenant. Ultimately, the manner in 

which property rights plays a role is through the structure of leasing markets in India: short-term, 

informal contracts. These contract types are a result of landlords’ relative loss of property rights 

in tenancy reform. In this sense, it is best to consider that the theoretical model (and resulting 

empirical model) is conditional on the current property rights environment. This implies that 

inferences can be made about how changes in property rights will affect land market decisions 

but it is difficult to empirically identify those effects. For example, changes in legislation that 

provide landlords more secure property rights could decrease transactions costs since landlords 

and tenants can more easily be partners for longer time periods (i.e. less frequent searching). 

Another example is that landlords could be more willing to partake in long term, formal contracts 
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of leasing. These contracts could be used as a form of collateral and improve tenants’ borrowing 

prospects. 

 

3.4 Empirical Framework 

 The theoretical framework indicates that optimized household profit is a function of 

prices, quasi-fixed inputs, household characteristics, and location characteristics. This insight is 

used in the empirical framework to develop estimable reduced form equations for household 

leasing behavior. A key element of the empirical framework is the choice of functional form for 

the reduced form profit function. Three common choices are the normalized quadratic, translog, 

and Cobb Douglas forms. The normalized quadratic is the preferred model for the analysis in this 

paper and is widely used in agricultural economics (Vasavada & Chambers 1986; Anderson et al. 

1996; Scokai & Moro 2005; Arnade & Kelch 2007; Fezzi & Bateman 2011). First of all, this 

form allows for negative or zero profits unlike the translog and Cobb Douglas, as well negative 

values for other variables used in the estimation. Additionally, the normalized quadratic has the 

desirable properties of being locally flexible, self-dual, and globally convex (due to its Hessian 

being a matrix of constants) (Fezzi and Bateman 2011). Defining the vector of m normalized 

input and output prices as pit, the vector of k quasi-fixed inputs as Zit, and the vector of h 

explanatory variables (e.g. household characteristics) as Xit, household i’s normalized profit 

function at time t can be written as 

 

(8) 𝜋𝑖𝑡 = 𝛼 + 𝒑𝒊𝒕
′𝜷 +

𝟏

𝟐
𝒑𝒊𝒕

′𝚩𝒑𝒊𝒕 + 𝒁𝒊𝒕
′𝜸 +

𝟏

𝟐
𝒁𝒊𝒕
′ 𝚪𝒁𝒊𝒕 + 𝑿𝒊𝒕

′𝜹 +
𝟏

𝟐
𝑿𝒊𝒕

′𝚫𝑿𝒊𝒕 

+𝒑𝒊𝒕
′𝚯𝒁𝒊𝒕 + 𝒑𝒊𝒕

′𝚿𝑿𝒊𝒕 + 𝒁𝒊𝒕′𝚼𝑿𝒊𝒕 
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The vectors β, γ, and δ and the matrices Β, Γ, Δ, Θ, Ψ, and Υ contain parameters. This function 

is linearly homogenous and imposing symmetry in the Β, Γ, and Δ matrices ensures the profit 

function is symmetric. Under this functional form, input intensities can be derived using 

Hotelling’s lemma (Chambers & Just 1989). The equation below shows the optimal land desired 

by a household under this framework; this is negative for a household that leases-out and 

positive for a household that leases-in.  

 

(9)𝐿(𝒑𝒊𝒕, 𝒁𝒊𝒕, 𝑿𝒊𝒕) = −
𝜕𝜋𝑖𝑡
𝜕𝑟𝑖𝑡

= 𝛽𝑟 + ∑𝛽𝑟𝑗𝑝𝑗𝑖𝑡

𝑚

𝑗=1

+∑𝜃𝑟𝑗𝑧𝑗𝑖𝑡

𝑘

𝑗=1

+∑𝜓𝑟𝑗𝑥𝑗𝑖𝑡

ℎ

𝑗=1

 

 

where pjit, zjit, and xjit are elements of pit, Zit, and Xit and βrj, θrj, and ψrj are elements of  Β, Θ, and 

Ψ. Both (8) and (9) are reduced form equations that correspond to the land leasing decision from 

the theoretical framework and these equations provide the basis for the econometric 

specification. In particular, equation (9) implies the quantity of leased-in or leased-out land is a 

linear function of prices, fixed inputs, and household and location characteristics. For simplicity, 

(9) is re-expressed in vector notation as 

 

(10)𝐿(𝒑𝒊𝒕, 𝒁𝒊𝒕, 𝑿𝒊𝒕) = 𝒑𝒊𝒕′𝜷𝒓 + 𝒁𝒊𝒕′𝜽𝒓 + 𝑿𝒊𝒕′𝝍𝒓 

 

where βr is a vector containing the βr and βrj terms, θr is a vector containing the θrj terms, and ψr 

is a vector containing the ψrj terms.  
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 Variables may have different effects on each side of the land market if landlord behavior 

is structurally different from tenant behavior. This may be the case since households rarely 

participate as tenants and landlords in a given time period (Chamberlin and Ricker-Gilbert 2016). 

As such, separate equations are estimated for leased-in and leased-out land. Moreover, a Tobit 

specification (Tobin 1958) is used since there are a large number of households who do not 

participate in the leasing market; these households could be at their optimal land size or, as 

discussed in the theoretical framework, censored out of the leasing market. The functions for 

leasing out and leasing in are given by 

 

(11)𝐿𝑖𝑡
𝑂∗ = 𝒑𝒊𝒕′𝜷𝑟

𝑂 + 𝒁𝒊𝒕′𝜽𝒓
𝑶 + 𝑿𝒊𝒕′𝝍𝑟

𝑂 + 𝜇𝑖𝑡
𝑂  

 

(12)𝐿𝑖𝑡
𝐼∗ = 𝒑𝒊𝒕′𝜷𝑟

𝐼 + 𝒁𝒊𝒕′𝜽𝒓
𝑰 + 𝑿𝒊𝒕′𝝍𝑟

𝐼 + 𝜇𝑖𝑡
𝐼  

 

where μit
O and  μit

I are error terms. The superscripts O and I denote the terms that are specific to 

leasing-out and leasing-in land. For households who lease-out (lease-in) land, Lit
O* (Lit

I*) is the 

actual level of land leased-out (leased-in). For those who do not lease-out (lease-in) land, Lit
O* 

(Lit
I*) is a latent variable reflecting willingness to participate. The observed values of leased-out 

land can be related to this latent value as such: 

 

(13) 𝐿𝑖𝑡
𝑂∗ = {

𝐿𝑖𝑡
𝑂        𝑖𝑓 𝒑𝒊𝒕

′ 𝜷𝑟
𝑂 + 𝒁𝒊𝒕

′ 𝜽𝒓
𝑶 + 𝑿𝒊𝒕

′ 𝝍𝑟
𝑂 + 𝜇𝑖𝑡

𝑂 > 0

0       𝑖𝑓 𝒑𝒊𝒕′𝜷𝑟
𝑂 + 𝒁𝒊𝒕′𝜽𝒓

𝑶 + 𝑿𝒊𝒕′𝝍𝑟
𝑂 + 𝜇𝑖𝑡

𝑂 < 0
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(13) can be expressed analogously for leased-in land. Moreover, it is assumed that μit
O and μit

I are 

each normally distributed with zero means and standard deviations σo and σI. Under these 

assumptions, the log-likelihood function for leasing-out land can be written as 

 

(14)𝑙𝑛 ℒ𝑂 = ∑ −
1

2
[ln(2𝜋) + ln (𝜎𝑜

2) +
(𝐿𝑖𝑡
𝑂 − 𝒑𝒊𝒕

′ 𝜷𝑟
𝑂 − 𝒁𝒊𝒕

′ 𝜽𝒓
𝑶 − 𝑿𝒊𝒕

′ 𝝍𝑟
𝑂)

2

𝜎𝑜2
]

𝐿𝑖𝑡
𝑂>0

+ ∑ 𝑙𝑛 [1 − Φ(
𝒑𝒊𝒕
′ 𝜷𝑟

𝑂 + 𝒁𝒊𝒕
′ 𝜽𝒓

𝑶 + 𝑿𝒊𝒕
′ 𝝍𝑟

𝑂

𝜎𝑜
)]

𝐿𝑖𝑡
𝑂=0

 

 

In equation (14), Φ represents the standard normal cumulative distribution. This log-likelihood 

function can be written for leasing-in land in a similar fashion using the relevant parameters. A 

number of previous studies have used the Tobit frameworks to model land decisions (Deininger 

et al. 2003; Deininger et al. 2005; Rahman 2010; Fezzi and Bateman 2011; Chamberlin & 

Ricker-Gilbert 2016). However, Rahman (2010) estimates the parameters under a bivariate Tobit 

specification to allow for households to lease-in and lease-out land within the same time period. 

The bivariate approach is not chosen in this study because, as previously stated, very few 

households lease-in and lease-out within the same year.  

Another approach is to jointly estimate the parameters on leased-out and leased-in land 

using a switching regression. This approach follows the theoretical framework more closely 

since it is assumes the household makes the leasing decision based on (7) and only chooses one 

leasing action at a given point in time. The switching regression accounts for three regimes of 

land leasing (tenant, autarkic, and landlord) and allows households to be censored on both sides, 
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while the Tobit estimations group autarkic households with landlords in the lease-in equation 

(i.e. Lit
I = 0) and with tenants in the lease-out equation (i.e. Lit

O = 0). For the switching 

regression, the dependent variable is net land leased-in, defined as Iit. In this case, if Iit < 0 the 

household is leasing-out land and is modelled with the negative of (11), and if Iit > 0 the 

household is leasing-in land and is modelled with (12). Households with Iit = 0 may be censored 

on both sides. This is expressed as 

 

(15)𝐼𝑖𝑡 =

{
 
 

 
 
𝒑𝒊𝒕′𝜷𝑟

𝐼 + 𝒁𝒊𝒕′𝜽𝒓
𝑰 + 𝑿𝒊𝒕′𝝍𝑟

𝐼 + 𝜇𝑖𝑡        𝑖𝑓 𝜇𝑖𝑡 > −𝒑𝒊𝒕′𝜷𝑟
𝐼 − 𝒁𝒊𝒕′𝜽𝒓

𝑰 − 𝑿𝒊𝒕′𝝍𝑟
𝐼  

0             𝑖𝑓 − 𝒑𝒊𝒕′𝜷𝑟
𝐼 − 𝒁𝒊𝒕′𝜽𝒓

𝑰 − 𝑿𝒊𝒕′𝝍𝑟
𝐼 ≥ 𝜇𝑖𝑡 ≥ 𝒑𝒊𝒕′𝜷𝑟

𝑂 + 𝒁𝒊𝒕′𝜽𝒓
𝑶 + 𝑿𝒊𝒕′𝝍𝑟

𝑂 

−𝒑𝒊𝒕′𝜷𝑟
𝑂 − 𝒁𝒊𝒕′𝜽𝒓

𝑶 − 𝑿𝒊𝒕′𝝍𝑟
𝑂 + 𝜇𝑖𝑡       𝑖𝑓 𝜇𝑖𝑡 < 𝒑𝒊𝒕′𝜷𝑟

𝑂 + 𝒁𝒊𝒕′𝜽𝒓
𝑶 + 𝑿𝒊𝒕′𝝍𝑟

𝑂

 

 

In (15), there is a single error term for the land leasing decision. This term μit is assumed to be 

normally distributed with mean zero and standard deviation σ. The log-likelihood function to 

estimate the leasing parameters jointly is 

 

(16)𝑙𝑛ℒ =  ∑ ln [(
1

𝜎
)

𝐼𝑖𝑡>0

𝜙(
𝐼𝑖𝑡 − 𝒑𝒊𝒕′𝜷𝑟

𝐼 − 𝒁𝒊𝒕′𝜽𝒓
𝑰 − 𝑿𝒊𝒕′𝝍𝑟

𝐼

𝜎
)] 

+ ∑ ln [Φ(
−𝒑𝒊𝒕′𝜷𝑟

𝐼 − 𝒁𝒊𝒕′𝜽𝒓
𝑰 − 𝑿𝒊𝒕′𝝍𝑟

𝐼

𝜎
)

𝐼𝑖𝑡=0

−Φ(
𝒑𝒊𝒕′𝜷𝑟

𝑂 + 𝒁𝒊𝒕′𝜽𝒓
𝑶 + 𝑿𝒊𝒕′𝝍𝑟

𝑂

𝜎
)]

+ ∑ ln [(
1

𝜎
)

𝐼𝑖𝑡<0

𝜙 (
𝐼𝑖𝑡 + 𝒑𝒊𝒕′𝜷𝑟

𝑂 + 𝒁𝒊𝒕′𝜽𝒓
𝑶 + 𝑿𝒊𝒕′𝝍𝑟

𝑂

𝜎
)] 
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where ϕ is the standard normal probability density. The switching regression has also been used 

in various studies to model land decisions (Skoufias 1995; Muraoka et al. 2014; Carter and 

Olinto 1998). Deininger et al. (2008) similarly estimate land leasing decisions with three regimes 

(lease-in, lease-out, autarky) but they utilize an ordered probit framework.  

Unmodeled heteroscedasticity would cause bias in parameter estimates in each of the 

above estimation procedures (Fezzi and Bateman 2011; Greene 2008). This can be addressed by 

allowing the standard errors to vary across observations as a function of observables v and a 

vector of parameters (which are specific to each estimation). In particular, the standard errors can 

be estimated under the assumption of multiplicative heteroscedasticity for each of the Tobit 

estimations and the switching regression estimation. These are shown below for household i at 

time t.  

 

(17)𝜎𝑜𝑖𝑡 = 𝜎𝑜 ∗ exp (𝒗𝒊𝒕′𝝇
𝑶) 

(18)𝜎𝐼𝑖𝑡 = 𝜎𝐼 ∗ exp (𝒗𝒊𝒕′𝝇
𝑰) 

(19)𝜎𝑖𝑡 = 𝜎 ∗ exp (𝒗𝒊𝒕′𝝇) 

 

Equations (17) and (18) are used in the Tobit estimations and (19) is used in the switching 

regression. The presence of heteroscedasticity is not accounted for in Skoufias (1995), Rahman 

(2010), Deininger et al. (2003), Muraoka et al. (2014), and Carter & Olinto (1998).  

The identification of the parameters on the land leasing decision requires that multiple 

sources of potential bias are addressed. First, the theoretical framework indicates that land 

leasing decisions are made simultaneously with decisions on crop production, off-farm work, 
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milk production, borrowing, and leasing contract type. As such, certain variables related to these 

areas are excluded from the estimation and the resulting estimates can be interpreted as reduced 

form effects. Notably, the estimation assumes that household endowments of labor, land, 

productive animals (milk and draft), and farm capital are not determined simultaneously with 

land leasing. This assumption is due to these endowments usually being adjusted over a lengthy 

period of time or being purchased and sold scarcely by households in the dataset; it is also 

consistent with the presence of missing or incomplete input markets in rural India (Skoufias 

1995; Rahman 2010; Deininger et al. 2008).  

Nonetheless, there could be other variables that effect both land leasing and endowment 

levels whose exclusion creates omitted variable bias. For example, households with better 

management skills, better land, and more social connections may be more likely to lease-in land 

and obtain quasi-fixed inputs over time. Panel data estimators can potentially remove this bias 

since it is likely constant over time. Chamberlin & Ricker-Gilbert (2016) provide an example of 

this, as they employ a Mundlak-Chamberlain fixed effect, following Mundlak (1978) and 

Chamberlain (1984), in their estimation of leasing equations in Malawi and Zambia. 

Unfortunately, this type of device is difficult to apply when the potentially endogenous variables 

are mostly unchanged within households during the observed time period; this would cause 

multicollinearity. As such, the approach of this study is to include controls for household 

characteristics and land quality that may account for these unobservable characteristics. In 

particular, own land irrigation characteristics, distance from home, soil depth, soil fertility, and 

slope are controlled for; none of the previous studies account for land quality to this extent. If 

these controls do not appropriately account for this bias then the coefficients on the quasi-fixed 
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inputs are likely overestimated. In light of this, the models are also estimated with the exclusion 

of some potentially endogenous quasi-fixed inputs to examine if the conclusions are robust to 

their inclusion. The excluded quasi-fixed inputs are those that contribute most directly to 

production: farm machinery value, dairy animals, and draft animals.  

Each likelihood function is estimated with maximum likelihood. The estimations are 

carried out by the maximum likelihood estimation procedure of STATA- 11 (Stata Corp 2009).  

 

3.4.1 Data, Descriptive Statistics, and Variable Choice 

The data come from households in 14 villages of Andhra Pradesh, Karnataka, 

Maharashtra, and Madhya Pradesh, India during the years 2009-2013. This data is part of the 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) Village Dynamics 

in South Asia (VDSA) project. The data have been collected by ICRISAT’s field researchers 

who live in the villages and visit households throughout each year. This is an unbalanced panel 

of 2954 households that are farmers or landowners. All relevant values are reported in 2009 

Rupees using state-level deflators (Government of India 2013).   

The inclusion of village level prices is used to account for the agricultural and livestock 

profit functions, non-agricultural wage, and the cost of renting land. The following prices are 

used in the model: expected cereal price, male farm labor wage, and land rent. The normalizing 

price is the male non-agricultural labor wage. The expected cereal price and land rent require 

more elaboration.  

The cereal price is an aggregate price calculated using simple averages of paddy, wheat, 

and sorghum prices (Fezzi and Bateman 2011). These are common crops in the study areas. It is 
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assumed that farmers make land decisions based on expected output prices. There are a number 

of ways that price expectations have been modelled in previous studies, such as adaptive 

expectations, rational expectations, and autoregressive (AR) expectations (Fezzi & Bateman 

2011; DePinto & Nelson 2009; Sckokai & Moro 2006). In this paper, expected prices are 

assumed to follow an AR-1 process: the expected prices are predicted using the results of a 

regression of the current price on the lagged price1.  

A number of issues arise when calculating these price expectations. First, it requires 

information on prices from years outside the dataset (2008 and earlier). This price information is 

obtained from the VDSA Meso-level dataset. The Meso-level data contain historical district level 

prices. Each district contains approximately 2 villages, so there is some loss of resolution 

compared to the 2009-13 data. The actual estimation of the AR-1 models utilize prices from 

2005-13 to better capture historical price trends. Another issue is that minimum support prices 

(MSP) are announced in advance and, therefore, must be accounted for in expectations (Wu et al. 

2004). As such, the price expectation of the cereal price is the higher of the AR-1 expected price 

and the MSP. Another aspect to note is the expectations are calculated separately for large and 

medium/small farms since the dataset reports separate prices for each. Large farms are those with 

greater than 3 acres while small/medium farms have less than or equal to 3 acres. This distinction 

is based on the median of operated land size.  

Another important price is the rent per acre of land leased. Each household can lease 

multiple plots, so the household rent per acre is the average across these plots. The rental value 

                                                         
1 The model was chosen based on fit. A variety of options were compared: AR-1, AR-2, and AR-1 with trend. 
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used also differs depending on the household participation. For leasing out land, the rental value 

is the observed rent on leased-out land for households participating as landlords; for all other 

households, the rental value is the household reported rental value on owned land. These are the 

values that are relevant for the leasing-out decision. For leasing in land, the rental value is the 

observed rent on leased-in land for households participating as tenants. For households that do 

not participate as tenants, the rental value is imputed using the village average of observed rent 

per acre. In this case, the rental value on own land is irrelevant because it does not impact the 

rent that would be paid if the household chooses to lease in.  

It is difficult to explicitly model transactions costs and other market distortions; but one 

approach is to include variables that impact their presence (Skoufias 1995; Deininger et al. 2005; 

Deininger et al. 2008; Deininger et al. 2009; Chamberlin & Ricker-Gilbert 2016). In India, the 

household’s caste has been observed to affect land leasing and sales; as such, dummy variables 

for whether a household is in a forward or backward caste are used (scheduled caste is the base 

category). This variable controls for potential restrictions on transactions between castes as well 

as potential unobserved effects from social status related to caste affiliation. Other included 

variables are mobile phone ownership (dummy variable), distance to nearest town, distance to 

nearest highway, village population density, state-level economic freedom rating (index), and 

state level share of households that received tenancy rights in 1980. Owning a mobile phone may 

allow households to be more easily connected to potential landlords or tenants and therefore 

decrease search costs. Distance to nearest town and nearest highway are reported by ICRISAT 

and measured in kilometers for each village. The population density is based on each village’s 

2010 population and geographical area, as reported by ICRISAT. These variables together are 
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meant to capture the costs of accessing markets for off-farm labor, inputs, and outputs. For 

instance, living further from towns and highways may have a positive (negative) effect on 

leasing-in (leasing-out) since it is more costly to access outside labor markets (in terms of 

transportation and information costs). Population density may increase land leasing on both sides 

of the market since it likely corresponds with more active non-land markets within a village. The 

state-level economic freedom rating is an index that measures economic freedom based on the 

state’s size of government (expenditures, taxes, and enterprises), legal structure and security of 

property rights, and regulation of labor and business (Anklesaria Aiyar et al. 2014). This is 

calculated by Cato Institute for the states of India for the years 2009, 2011, and 2013. The state 

level share of households that received tenancy rights in 1980 (Kaushik 2005) is a proxy for land 

reform related transactions costs: the extent to which land is restricted by the reform. Deininger 

et al. (2008) found this variable to have a significant effect on decreasing land leasing activity.  

Household endowments of various inputs are also important in a number of areas: 

agricultural and livestock production, borrowing constraints, and transactions costs. It is 

important to include these variables when their markets are missing or incomplete in the villages. 

The number of household members aged 14-60 is included to represent household labor 

endowment. This variable includes members living inside and outside the household, and it does 

not account for the allocation of household labor. The other endowments included in the 

estimation are: real farm durables value (e.g. farm buildings), real farm machinery value, number 

of dairy animals, number of draft animals, number of vehicles (cars and trucks), and own land 

area (operated plus leased out). In terms of own land characteristics, the following are included: 
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irrigated area, average distance from house, average distance from irrigation source, average soil 

depth, average soil fertility (1-4, very poor to very high), and average slope (1-4, low to high).  

 The estimations also include variables for household characteristics. Specifically, they 

include head education years, seriously ill days, and dummy variables for whether land and 

credit decisions are made exclusively by a male in the household.   

Table 3.1 shows descriptive statistics for select variables of the pooled dataset based on 

leasing market participation categories. These are average values but may provide insight to the 

applicability of the theoretical model. The appendix Table B.1 contains statistics for other 

variables used in the estimations.  
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Lease in Autarkic Lease out

Leased area (Ac.) 4.7 - 5.0

HH income sources

Crop net income (1000 Rs.) 39 28 7

Non-farm income (1000 Rs.) 54 57 69

HH characteristics

Head education (years) 4.3 4.7 5.3

Forward caste 0.22 0.23 0.26

Backward caste 0.57 0.53 0.50

Off farm work days per worker 115 128 148

HH member migrates for work 0.18 0.15 0.23

Lives in Andhra Pradesh 0.43 0.21 0.50

Lives in Karnataka 0.17 0.26 0.11

Lives in Maharashtra 0.32 0.42 0.25

Lives in Madhya Pradesh 0.08 0.10 0.14

HH endowments

Labor (members aged 14-60) 3.5 3.3 2.6

Farm durables value (1000 Rs.) 16 9 7

Farm machinery value (1000 Rs.) 35 24 17

Milk producing animals 1.3 0.9 0.6

Draft animals 0.96 0.50 0.15

Owns mobile phone 0.88 0.83 0.73

Number of transport vehicles 0.25 0.25 0.19

Own land characteristics

Area (Ac.) 4.2 4.9 7.0

Irrigated area (Ac.) 4.0 2.2 3.1

Average distance from house (Km) 1.3 1.4 1.9

Average distance from irrigation (Km) 0.4 0.3 0.4

Average soil depth (cm) 29.0 94.7 78.1

Average soil ferility (1-4, very poor to very good) 1.2 2.7 2.9

Average slope (1-4, low to high) 0.7 1.5 1.7

Location factors

Distance to nearest town (Km) 14.2 15.6 14.0

Distance to nearest highway (Km) 5.5 5.1 5.8

Village population density (persons/acre) 0.88 0.82 0.84

Observations 540 2011 403

Table 3.1: Summary statistics (means) by rental market participation (select variables)
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On average, households that lease-in have higher crop net incomes (crop revenue minus 

rental costs, labor costs, and other input costs) and lower non-farm incomes (off-farm wages, 

farm wages (as a farm laborer, not part of household crop production), and rental income) than 

households that lease-out. This is consistent with the narrative that households lease-in land to 

increase agricultural profits and lease-out land to increase off-farm income, and it sheds light on 

the role of land markets in the household income maximization process. The theoretical model 

also implied that land leasing markets allocate land from land-rich, endowment-poor households 

to land-poor, endowment-rich households. The descriptive statistics support this as households 

who lease-in land have, on average, less own land but more labor, farm capital, milk producing 

animals, draft animals, and vehicles than households who lease-out land. In terms of land 

characteristics, households that lease-in have larger irrigated areas, live closer to their land, and 

have lower quality soil (depth and fertility) than landlord households. This soil quality statistic is 

an interesting characteristic of the dataset, as it is commonly thought that soil quality is lower on 

leased land than on own land (Jin & Jayne 2013; Chamberlin & Ricker-Gilbert). The theoretical 

framework also indicated that off farm work opportunities could increase the amount of land 

being leased out. This is evident in Table 3.1 since the lease-out category has higher head 

education, yearly off-farm work days per worker, and proportion of households who have a 

member that migrates for work, on average. Looking at the autarkic households, these statistics 

align with the theoretical framework: autarkic households fall in between those who participate 

as landlords or tenants. This is true for income sources, land and non-land asset endowments, and 

off farm work.  
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 The location factors shown in Table 3.1 do not exhibit much difference, on average, 

across the three leasing regimes. The other variables related to state-level market imperfections 

are reported in Table 3.2. Lower transactions costs are expected for states with higher economic 

freedom and a lower share of households receiving tenancy reform. This table indicates that 

Andhra Pradesh has the highest level of economic freedom and Maharashtra has the highest level 

of tenancy restrictions.  

 

 

 

 In general, the descriptive statistics are consistent with the theoretical model. 

Nonetheless, examination of the empirical results is required to make strong conclusions on the 

functioning of Indian land markets. 

 

3.5 Results 

3.5.1 Tobit Results  

The estimates from the Tobit regressions with heteroscedasticity are shown in Table 3.3. 

The variance equations for each estimation have Wald statistics indicating the presence of a 

heteroskedastic error component that would cause biased parameter estimates if ignored. The 

variance point estimates for all regressions are in the appendix Table B.2. Also, the estimates of 

Andhra 

Pradesh
Karnataka Maharashtra

Madhya 

Pradesh

Economic freedom index 0.51 0.39 0.38 0.49

Share of HH receiving tenancy rights 1980 (%) 0.75 5.29 10.68 0.61

Observations 864 661 1125 304

Table 3.2: State-level transactions cost proxy variables
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the price parameters are reported in the appendix. In Table 3.3, the results from the full model 

are shown under (A) and (C) while the results with exclusions are shown under (B) and (D).  

 The results indicate that endowments are significant (at 10% or higher) on both sides of 

the leasing market. In particular, households with more household labor, dairy animals, draft 

animals, and vehicles tend to lease in more land; while farm durables have negative coefficient in 

the leasing-in equation. The estimate on own land is negative, as expected from the summary 

statistics that showed tenants tend to own less land than landlords. In addition, there are a 

number of significant effects of own land characteristics, showing the importance of controlling 

for own land characteristics when estimating leasing behavior. The estimated coefficients for the 

leasing-in equation indicate that tenant households tend to have more irrigated acres, own land 

further from an irrigation source, own land further from their home, and have land with 

shallower soil depth, less fertile soil, and a lower slope. On the other side of the market, labor, 

dairy animals, and draft animals have negative estimates; while farm machinery has a positive 

estimate. The sign of the coefficient on own land is negative, although it is only significant in the 

specification with exclusions. The results also find that landlord households tend to own more 

irrigated acres, live further from their land, and have land with deeper soil, higher soil fertility, 

and a higher slope. 

 Transactions cost variables affect leasing on both sides of the market according to the 

Tobit results. Households in backward castes tend to lease-in more land and lease-out less land 

than households in scheduled castes; households in forward castes also tend to lease-in more than 

households in scheduled castes. Mobile phone ownership has a positive effect on leasing-in 

(although not significant in both specifications) and a negative effect on leasing-out. The state-
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level economic freedom, a proxy variable for market development, increases leasing on both 

sides of the market. The proxy for state tenancy restrictions, share of households receiving 

tenancy rights, has a positive effect on leasing-in (albeit only significant in (A)) and, as expected, 

a negative effect on leasing-out. Another indicator of transactions costs are the negative constant 

terms in the lease-out and lease-in equations. These represent unaccounted-for frictions in the 

market (Skoufias 1995). 

The results also shed light on the role of geography and access to non-land markets. 

Households that are further (closer) from a town or highway tend to lease-in (lease-out) more 

land. Moreover, village population density has a positive effect on leasing for both tenants and 

landlords (only significant in (D) for landlords).  
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3.5.2 Switching Regression Results 

The next set of results are those from the switching regression, shown in Table 3.4. The 

appendix Table B.3 contains the estimates on the price and variance parameters. Once again, the 

Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value

HH characteristics

Head education (years) 0.06 0.06 * 0.00 0.95 0.05 0.08 * 0.11 0.00 **

Seriously ill days 0.00 0.84 0.005 0.29 0.02 0.00 ** 0.02 0.00 **

Forward caste 1.67 0.00 ** 2.07 0.00 ** 0.51 0.25 0.36 0.40

Backward caste 1.60 0.00 ** 1.75 0.00 ** -1.00 0.00 ** -1.08 0.00 **

Male makes credit decisions -0.58 0.07 * -0.52 0.14 -0.26 0.49 -0.48 0.20

Male makes land decisions 2.41 0.00 ** 2.66 0.00 ** -0.34 0.34 -0.31 0.40

HH endowments

Labor (members aged 14-60) 0.25 0.02 ** 0.26 0.03 ** -0.77 0.00 ** -0.95 0.00 **

Farm durables value (1000 Rs.) -0.01 0.03 ** 0.00 0.85 0.002 0.47 0.003 0.59

Farm machinery value (1000 Rs.) -0.004 0.43 0.001 0.02 **

Milk producing animals 0.35 0.00 ** -0.46 0.02 **

Draft animals 1.34 0.00 ** -2.31 0.00 **

Owns mobile phone 0.45 0.22 0.61 0.14 -1.05 0.00 ** -0.99 0.00 **

Number of transport vehicles 0.56 0.08 * 0.62 0.07 * 0.15 0.70 0.00 1.00

Own land characteristics

Area (Ac.) -0.15 0.01 ** -0.14 0.02 ** -0.03 0.72 -0.19 0.01 **

Irrigated area (Ac.) 0.62 0.00 ** 0.90 0.00 ** 0.30 0.00 ** 0.09 0.17

Average distance from house (Km) 0.26 0.00 ** 0.27 0.00 ** 0.21 0.00 ** 0.26 0.00 **

Average distance from irrigation (Km) 1.41 0.00 ** 1.52 0.00 ** 0.01 0.97 0.10 0.69

Average soil depth (cm) -0.01 0.03 ** -0.01 0.04 ** 0.004 0.01 ** 0.003 0.04 **

Average soil ferility (1-4, very poor to very good) -3.54 0.00 ** -3.96 0.00 ** 0.60 0.00 ** 0.94 0.00 **

Average slope (1-4, low to high) -1.64 0.00 ** -1.69 0.00 ** 0.65 0.00 ** 0.72 0.00 **

Location factors

Economic freedom index 10.56 0.01 ** 10.58 0.01 ** 17.77 0.00 ** 21.49 0.00 **

Share of HH receiving tenancy rights 0.16 0.01 ** 0.10 0.13 -0.19 0.00 ** -0.12 0.07 *

Distance to nearest town (Km) 0.22 0.00 ** 0.21 0.00 ** -0.09 0.00 ** -0.05 0.04 **

Distance to nearest highway (Km) 0.27 0.00 ** 0.27 0.00 ** -0.12 0.01 ** -0.09 0.04 **

Village population density (persons/acre) 4.14 0.00 ** 4.06 0.00 ** 0.20 0.75 0.99 0.09 *

Constant -17.87 0.00 ** -17.88 0.00 ** -11.20 0.00 ** -14.50 0.00 **

Log Likelihood -1906.1 -1975.2 -1844.3 -1910.1

Wald chi-square on land leasing 894.8 958.4 322.9 231.1

Wald chi-square on variance 89.6 70.7 173.6 203.5

Observations 2954

* - Statistically significant at 10% level

** - Statistically significant at 5% level

(A) (B) (C) (D)

Table 3.3: Tobit estimates of land leasing equations

Lease-in Equation Lease-out Equation
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results from the full specification are shown in (A) and (C) and the results from the specification 

with exclusions are shown in (B) and (D). These results are largely consistent with the Tobit 

results and the theoretical model in regards to endowments affecting land leasing decisions. 

Household labor, dairy animals, draft animals, and vehicles have positive estimates on leasing-in, 

while farm durables has a negative estimate. Own land area tends to be lower for tenants and the 

effects of own land characteristics have the same signs as those in the Tobit estimations. 

Landlord households tend to have less household labor, farm durables, farm machinery, dairy 

animals, and draft animals. The estimated effect of own land on leasing-out is inconclusive, as it 

changes in sign and significance between the full specification and the specification with 

exclusions. The switching regression results also find that landlord households tend to live 

further from their land, and have land with deeper soil, higher soil fertility, and a higher slope. 

 The switching regression indicates that households in backward castes tend to lease-in 

more land and lease-out less land than households in scheduled castes and households in forward 

castes tend to lease-in and lease-out more than households in scheduled castes (unlike the Tobit 

results, this is significant in (C)). Once again, mobile phone ownership has a positive estimate in 

the leasing-in equation (although not significant in either specification) and a negative estimate 

in the leasing-out equation. State-level economic freedom is estimated to have a positive effect 

on leasing-in and leasing-out. The share of households receiving tenancy rights has a positive 

effect on leasing-in and a negative effect on leasing-out. The signs of the estimates on the state-

level transactions costs proxy variables match those from the Tobit results. In addition, the 

switching regression results indicate that distances to towns or highways have positive (negative) 
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effects on leasing-in (leasing-out). Village population density tends to increase leasing-in activity 

but is insignificant in both leasing-out equations, (C) and (D). 

 

 

 

  

Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value

HH characteristics

Head education (years) 0.07 0.05 * 0.00 0.91 0.05 0.09 * 0.12 0.00 **

Seriously ill days 0.00 0.81 0.004 0.35 0.02 0.00 ** 0.02 0.00 **

Forward caste 1.62 0.00 ** 1.77 0.00 ** 0.92 0.04 ** 0.67 0.14

Backward caste 1.83 0.00 ** 1.84 0.00 ** -0.88 0.01 ** -1.03 0.00 **

Male makes credit decisions -0.58 0.07 * -0.58 0.09 * -0.91 0.02 ** -0.99 0.02 **

Male makes land decisions 2.53 0.00 ** 2.74 0.00 ** 0.14 0.72 0.02 0.95

HH endowments

Labor (members aged 14-60) 0.25 0.02 ** 0.30 0.01 ** -0.71 0.00 ** -0.97 0.00 **

Farm durables value (1000 Rs.) -0.01 0.03 ** 0.00 0.92 -0.02 0.03 ** -0.01 0.21

Farm machinery value (1000 Rs.) 0.002 0.56 -0.03 0.00 **

Milk producing animals 0.42 0.00 ** -0.52 0.00 **

Draft animals 1.37 0.00 ** -2.63 0.00 **

Owns mobile phone 0.50 0.18 0.63 0.12 -0.94 0.00 ** -0.96 0.00 **

Number of transport vehicles 0.83 0.01 ** 0.71 0.03 ** -0.31 0.43 -0.54 0.18

Own land characteristics

Area (Ac.) -0.37 0.00 ** -0.33 0.00 ** 0.15 0.02 ** -0.11 0.10

Irrigated area (Ac.) 0.72 0.00 ** 0.97 0.00 ** -0.03 0.67 -0.15 0.07 *

Average distance from house (Km) 0.56 0.00 ** 0.52 0.00 ** 0.16 0.00 ** 0.18 0.00 **

Average distance from irrigation (Km) 1.39 0.00 ** 1.47 0.00 ** -0.31 0.21 -0.14 0.57

Average soil depth (cm) -0.01 0.02 ** -0.01 0.05 * 0.003 0.06 * 0.002 0.12

Average soil ferility (1-4, very poor to very good) -3.47 0.00 ** -3.75 0.00 ** 1.30 0.00 ** 1.43 0.00 **

Average slope (1-4, low to high) -1.64 0.00 ** -1.65 0.00 ** 0.88 0.00 ** 0.96 0.00 **

Location factors

Economic freedom index 10.93 0.00 ** 11.30 0.01 ** 19.57 0.00 ** 23.61 0.00 **

Share of HH receiving tenancy rights 0.17 0.00 ** 0.13 0.05 ** -0.20 0.00 ** -0.13 0.05 **

Distance to nearest town (Km) 0.23 0.00 ** 0.21 0.00 ** -0.10 0.00 ** -0.06 0.02 **

Distance to nearest highway (Km) 0.26 0.00 ** 0.24 0.00 ** -0.22 0.00 ** -0.17 0.00 **

Village population density (persons/acre) 4.23 0.00 ** 4.02 0.00 ** -0.29 0.64 0.51 0.40

Constant -18.86 0.00 ** -18.39 0.00 ** -12.03 0.00 ** -15.24 0.00 **

Log Likelihood -3547.5 -3680.8 -3547.5 -3680.8

Wald chi-square on land leasing 1103.9 1200.5 424.7 377.7

Wald chi-square on variance 325.0 366.8 325.0 366.8

Observations 2954

* - Statistically significant at 10% level

** - Statistically significant at 5% level

(A) (B) (C) (D)

Table 3.4: Switching regression estimates of land leasing equations

Lease-in Lease-out
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3.6 Discussion 

 The econometric results provide insight into the functioning of land leasing markets in 

rural India. In terms of equity, the results indicate that land markets play a role in equilibrating 

land and non-land factor ratios. This is evidenced by the effect of input endowments in the 

leasing equations: leasing markets transfer land from the input-poor to the input-rich. 

Households with higher endowments of labor, livestock, and vehicles tend to lease-in more land; 

and the opposite is true for households who lease-out land. Moreover, households that lease-in 

land tend to own less land, showing that land markets are important in providing smallholders 

with access to land for growing their operations. An interesting element of land leasing in these 

Indian villages is that tenant households tend to own lower quality land and landlord households 

tend to own higher quality land. As such, land leasing provides these agriculturally-focused 

smallholders with access to more productive land as well.  

 The econometric results also display how market imperfections hamper the functioning 

of land markets in rural India. Missing and incomplete markets for inputs, credit, and off-farm 

work appear to be present based on the significance of input endowments in land leasing 

decisions. When these markets are incomplete or missing, households cannot adjust land size and 

inputs to levels that are consistent with their skill level. For example, when labor markets are 

incomplete, some households cannot hire enough labor that would allow them to operate larger 

land areas. Similarly, when credit markets are incomplete, households cannot obtain loans to 

purchase machinery that allows them to operate larger land areas. As such, the efficiency and 

equity of the land allocation is lower when input and credit markets are missing.  
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 The results on broader market access further show the importance of market linkages. 

Tenant households tend to live further from towns and highways; landlord households tend to 

live closer to towns and highways. This most likely represents the linkage between off-farm 

work opportunities and land markets. Households lease-out (lease-in) more land when there are 

more (less) off-farm income sources. Additionally, land leasing is more active in villages with 

higher population densities. These villages are likely to have more developed markets for off-

farm work, credit, inputs, and outputs. These findings show how land leasing can be facilitated 

by access to off farm work that allows potentially less productive farmers to increase household 

earnings by leasing-out land and allocating household labor to off-farm wage work.  

 At the household level, one of the causes of transactions cost is the caste system, which 

limits the potential trading partners for households from separate castes. The mobile phone 

dummy variable is meant to proxy for information access, and would therefore be expected to 

lower transactions costs, namely search costs, and increase leasing on both sides of the market. 

However, this variable has a positive effect in the lease-in equation and negative effect in the 

lease-out equation. The variable is likely capturing some other household characteristic; for 

example, farmers may be more likely to purchase phones to obtain price information on inputs or 

outputs.  

State-level policies also play a role in the presence of transactions costs. The overall level 

of market development in a state impacts rural land market functioning; specifically, higher 

levels of the economic freedom index positively affect land leasing. This is expected; the 

economic freedom index should be associated with less market imperfections. For example, 

states with more secure property rights and less business regulation are expected to have more 
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active land markets. Meanwhile, the level of tenancy reform implementation, represented by the 

share of households that received tenancy rights in 1980, tends to restrict leasing activities on the 

landlord side of the market. These restrictions directly impact landlords (and prospective 

landlords) and reflect policies such as tenant’s rights and sub-leasing restrictions. The proxy 

variable, however, has a positive effect on leased-in land. Since the restrictions impact tenants 

through their impact on landlords, it is possible this proxy variable is capturing some other state 

fixed effect in the leasing-in estimations. 

Additionally, these insights are robust to the exclusion of potentially endogenous input 

endowments: farm machinery value, dairy animals, and draft animals. When these variables are 

excluded, the estimation results are similar to the full specification results. This is true with 

respect to input endowments, own land characteristics, market linkages, and transactions costs. 

 

3.6.1 Policy Recommendations 

The results provide a number of policy recommendations for improving the functioning 

of land markets in India that would provide equity, efficiency and welfare gains. First, it appears 

that rural market development could play a substantial role. This would include improved access 

to productive inputs, credit, and off-farm work opportunities. Deininger et al. (2008) and 

Skoufias (1995) also suggest this policy in rural India. In this case, improved access refers to 

lowering the costs associated with participating in these markets. In many cases, even if these 

markets are missing or incomplete within a village, they do exist in outside towns or cities. 

However, participation requires transportation costs, search costs, and other transactions costs 

that can be prohibitive. Improved access to inputs allows farm households to achieve efficient 
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land and non-land factor ratios at intensity levels that are consistent with their productivity 

during each growing season. Credit access is part of this process as well, as it allows farm 

households to obtain quasi-fixed inputs that are difficult to purchase with cash. Moreover, 

increasing off-farm work opportunities allows less-productive farm households to leave 

agriculture and lease out land to the remaining more-productive farm households, allowing them 

to grow their operations. In these ways, market development improves the productive efficiency 

of the land allocation and improves the welfare of households on both sides of the leasing 

market.  

The results also suggest that the current structure of land tenancy creates transactions 

costs for landlords. The removal of tenancy restrictions, in terms of leasing restrictions and 

tenant’s rights to land, could benefit both landlords and tenants; this is also advocated by 

Deininger et al. (2008) and Awasthi (2009). This policy would make more land legally available 

to lease and would remove landlords’ fear of losing their land. These changes, especially in 

landlord property rights, could lead to the use of longer term, formal leasing contracts. These 

contracts could reduce transactions costs by improving land management by tenants, providing 

more flexible leasing terms, and reducing search costs for tenants and landlords. Longer term 

contracts give tenants the incentive to manage land using sustainable practices, which lowers the 

likelihood that landlords would incur losses from mismanagement.  Moreover, under these 

contracts, there is more flexibility in terms of contract structure than in static leasing. For 

example, the contract could mix elements of a fixed rent or sharecropping agreement and 

introduces the possibility of delayed payments. More contract options allow for a greater chance 

that landlords and tenants agree on terms that are mutually beneficial. The search costs under 
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longer term contracts are also lower. This is because the tenants and landlords do not need to 

frequently obtain information on the costs, benefits, and leasing partners associated with 

particular leasing agreements. Formal, longer term contracts provide another benefit for tenants 

by providing collateral for credit. With a written contract, a farm household is more likely to 

receive credit by proving the size of their operations over some future time period.  

These particular policy recommendations can be examined in further detail using the 

estimation results. In particular, the results are useful for predicting the short term impact of 

different policy approaches. This is done by examining the marginal effects of two policies: 

increase economic freedom and decrease tenancy law restrictions. The increase in the economic 

freedom index variable is meant to represent overall improvement in rural market development; 

the decrease in tenancy restrictions represents more land available for subleasing and weakening 

of a tenant’s right to a landlords holdings.  

Each policy is simulated by predicting leasing behavior using the Tobit estimates. The 

first step of the simulation is to use the Tobit results to predict leasing behavior under the 

observed values for all variables. The next step is to predict leasing behavior with a static change 

in the particular policy target of interest. The outcome of interest for each policy is the number of 

observations in the sample predicted to participate in the land leasing market. This value is 

compared to the number of participants predicted under the observed conditions to determine the 

efficacy of each policy. The policy of increased economic freedom is simulated by changing 

every state’s economic freedom index value to the highest observed value in the data; this is 

chosen to represent a plausible policy scenario. The maximum value is 0.56 for Madhya Pradesh 

in 2011. Decreasing tenancy restrictions is simulated by setting the share of households receiving 
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tenancy rights to zero for each state. This policy is only simulated for the landlord side of the 

market since, in the landlord equation, the results are consistent with economic theory and 

previous use of the policy variable by Deininger et al. (2008).  

The results from the simulations are shown in Table 3.5. The table shows the percentage 

change in the number of land market participants under each policy scenario. This change is 

relative to the predicted number of participants under the observed conditions. Note that the 

model under-predicts participation under the observed conditions. 

 

 

 

 The simulation indicates a considerable increase in land leasing participation occurs 

when state-level economic freedom is increased. The removal of tenancy restrictions increases 

participation, but the magnitude is much smaller. It is difficult to make statistical conclusions 

based on these results since the changes in the policy variables under each scenario are not 

comparable to each other and do not account for differences in implementation costs. However, 

there are possible inferences that can be made based on the magnitude of these predicted 

participation increases.  

The simulation results imply that rural market development may be the most effective 

short run policy. This is not surprising since it addresses multiple sources of land market 

Economic 

Freedom

Tenancy 

Reform

% change in participants 44.8 5.9

Table 3.5: Policy examination results

Total sample observations = 2954; observed participants = 943; 

predicted participants under observed consitions = 631. This chart 

shows percentage changes relative to the predicted participants 

under observed conditions.
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imperfections: access to inputs, credit, and off-farm opportunities. The predicted effectiveness of 

this policy illustrates the importance of linkages between markets. The results from the land 

reform scenario indicate that land market reform may not have a large short-run impact on land 

leasing. This is likely a result of households having already adjusted to the current laws (by 

circumventing restrictions) and the fact that land market reform, in and of itself, does not address 

issues in other markets. In addition, the long run benefits of land market reform (described 

above) are not represented in this simulation. As such, the effect of land market reform is 

expected to be greater in the long run than is predicted in this simulation. 

   

3.7 Conclusion 

The objectives of this paper are to evaluate the functioning of land leasing markets and 

identify imperfections in these markets in rural India. This is done by developing India-specific 

theoretical and empirical analyses for land leasing, which are informed by insights on land 

leasing in India as well as other developing countries. In particular, the empirical analysis 

employs a Tobit multiplicative heteroscedasticity regression and a switching regression with 

multiplicative heteroscedasticity for a panel dataset of farm households in rural villages of 

Andhra Pradesh, Karnataka, Maharashtra, and Madhya Pradesh. These regressions identify, 

separately, the parameters on leasing-in and leasing-out decisions.  

The results confirm that land market functioning contributes to allocative efficiency and 

household welfare in rural India. In particular, land markets serve to equilibrate factor ratios by 

transferring land from the input-poor households to the land-poor, input-rich households. 

Moreover, tenant households in these villages are able to access higher quality land through 
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these markets. Participation in land leasing enables households to improve their welfare by 

increasing agricultural production or by allocating labor off-farm and receiving rental payments.  

However, this functioning is hindered by the presence of transactions costs and 

incomplete non-land markets. In particular, leasing is found to be impacted by state-level 

economic policy (e.g. regulations, security of property rights), land laws, the caste institution, 

and incomplete markets for inputs and off-farm work. Given the presence of these imperfections, 

policymakers have multiple options to improve land market functioning. One policy approach is 

to invest in the development of rural markets for inputs, credit, and off-farm work. Improved 

access, through lowering participation costs, in these markets should improve land allocation 

efficiency and provide welfare gains to households. Another policy option is land reform, 

specifically, the restructuring or removal of leasing restrictions and tenant’s rights. Changing 

land laws is likely to decrease transactions costs and, in the long run, lead to the use of long-term 

leasing contracts. The efficacy of these two policy scenarios is examined using the results from 

the Tobit estimations. Directly addressing land market restrictions provides a modest increase in 

land market transactions in the short run; the simulation does not capture long run effects (such 

as changes in contract structure). The rural market development policy is predicted to provide a 

much larger short run increase in land market activity. This result reflects the importance of 

linkages across markets.  

It is necessary to acknowledge that the policy choice considers other factors as well. First, 

the costs and benefits of each policy must be weighed to assess the feasibility of implementation. 

In addition, policy aimed at land will require strong political motivations because actions 

regarding land may impact religious, cultural, and economic factors in India (Manjunatha et al. 
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2013). Finally, smallholder farm economies are changing over time and policymakers (as well as 

researchers) must monitor how land leasing evolves in response to changing conditions. With 

these considerations and the insights of this analysis, policymakers have the opportunity to 

improve Indian farm economies through improved functioning of land leasing markets.  
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4 The Role of Land Markets and Policy in Rural Household Resilience 

 

4.0 Abstract 

This study identifies household economic resilience as the ability of a household to avoid low 

values or loss of economic value in the presence of changing conditions over time. In much of 

the development literature, research aims to identify ways of improving the well-being of 

households in developing countries. Understanding resilience adds a new dimension to this by 

examining a household’s current state of well-being along with possible future states (better or 

worse) and what factors contribute to these. This is especially relevant for agricultural 

households that are subject to varying biophysical and economic conditions. Land markets can 

play a role in household resilience by allowing households to adjust their operated land area as 

conditions change. This type of adjustment can improve welfare by enabling households to 

pursue different activities (on or off-farm) with the goal of household income maximization. The 

relationship between land markets and resilience is examined empirically by predicting land 

market participation and resulting welfare outcomes under a variety of price and policy 

scenarios. The goal is to provide evidence that households use land markets to adjust to price 

changes and that policy addressing land market imperfections can increase that adjustment, in 

terms of land market participation and resulting welfare. This analysis utilizes estimates from 

econometric models of land leasing and household welfare, and it focuses on cereal price 

changes and a market development policy. The results support the hypothesis that land markets 

contribute to household resilience by enabling households to respond to changing conditions and 
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improve their welfare. Moreover, the results indicate that policy aimed at land market 

imperfections can further increase household resilience.  
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4.1 Introduction 

In economics, there is not a consensus on how to analyze resilience. Many economists 

have looked to other fields as a starting point for conceptualizing resilience. For example, in 

ecology, resilience is considered the ability of a system to absorb a shock without changing; in 

engineering, resilience is the ability of a system to return to a previous state after the occurrence 

of a shock (Holling 1973; Alinovi et al. 2009; Martin 2012; Bruneau et al. 2003). Economists 

have generally considered resilience in terms of the ability of an economy or economic agent to 

minimize losses and/or recover from a shock over time (Barret and Constas 2014; Hallegatte 

2014; Briguglio et al. 2008; Rose 2007; Di Falco and Chavas 2008; Antle and Capalbo 2010). 

This paper identifies household economic resilience as the ability of a household to avoid low 

values or loss of economic value in the presence of changing conditions over time. 

Resilience analysis should be a focus for economic development given the high number 

of households that live at or below thresholds for poverty and food security. In much of the 

development literature, the research aims to identify ways of improving the well-being of 

households in developing countries. Understanding resilience adds a new dimension to this by 

examining a household’s current state of well-being along with possible future states (better or 

worse) and what factors contribute to these. This is especially relevant for agricultural 

households that are subject to varying physical and economic conditions. Variation in physical 

factors can occur due to natural disasters or climate change. Price and cost variation can occur 

due to changes in market structures or shortages in input availability. Resilience analysis can 

account for these situations by examining households’ ability to achieve specific levels of well-

being for a variety of price, climate, biophysical, and policy scenarios. 
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Land markets can play a role in household resilience in rural areas of developing 

countries. These markets allow households to adjust their operated land area as conditions 

change. This type of adjustment can improve welfare by enabling households to pursue different 

activities (on or off-farm) with the goal of household income maximization. For example, at a 

given rental rate, tenant households can increase their operated land area when conditions are 

favorable for crop production; or decrease their operated area when conditions are unfavorable 

(and pursue off-farm work). On the other side of the market, landlord households can increase 

their leased-out area if off-farm work opportunities improve. This paper attempts to show that 

land markets contribute to household resilience in these ways. 

The data for this study come from rural villages in Southern India where land leasing is 

common and households obtain income from a variety of sources, such as crop production, 

livestock, and off-farm work. In these villages, there is evidence that numerous imperfections 

exist in land markets, decreasing land market participation. The relationship between land 

markets and resilience is examined empirically by predicting land market participation and 

resulting welfare outcomes under a variety of price and policy scenarios. The goal is to provide 

evidence that households use land markets to adjust to price changes and that policy addressing 

land market imperfections can increase that adjustment, in terms of land market participation and 

resulting welfare. This analysis utilizes estimates from econometric models of land leasing and 

household welfare, and it focuses on cereal price changes and a market development policy.   

The rest of this study is organized as follows. The following section reviews the 

conceptualization of resilience and summarizes the concept as it pertains to this study. In the next 

section, there is a discussion of how land markets can contribute to resilience, with a focus on 
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rural India. Then the paper turns to the empirical analysis. This section outlines previous 

empirical approaches, addresses their applicability to this study, and describes the approach used. 

The results are then presented and discussed. The final section contains conclusions. 

 

4.2 Conceptualization of Resilience 

It is important to clarify how this study considers resilience because its definition and 

conceptualization differ across fields of study. Two of the main resilience definitions come from 

ecology and engineering. Holling (1973) was the first to examine the issue in ecology and 

referred to resilience as the ability of a system to absorb a shock without changing.  In this vein, 

resilience can also be thought of as the magnitude of shock that can de-stabilize and push a 

system into another stable state or configuration (Martin 2012). Engineering resilience focuses 

on the ability of a system to return to a previous state after the occurrence of a shock (Alinovi et 

al. 2009; Martin 2012). In particular, Bruneau et al. (2003) propose that the resilience of a system 

has three aspects: reduced probability of failure, reduced consequences of failure, and reduced 

time to recovery.  

These definitions of resilience are highly influential in how economists have chosen to 

approach the issue. Hallegatte (2014) states that economic resilience is the ability of an economy 

to minimize welfare losses for a given shock. Multiple researchers have considered resilience as 

the ability to withstand and/or recover from shocks (Briguglio et al. 2008; Rose 2007; Di Falco 

and Chavas 2008; Antle and Capalbo 2010). Rose (2007) expands this into two concepts: static 

and dynamic resilience. He defines static resilience as, “the ability of an entity or system to 

maintain function (e.g. continue producing) when shocked,” and dynamic resilience as, “the 
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speed at which an entity or system recovers from a severe shock to achieve a desired state.” 

Barrett and Constas (2014) synthesize these ideas into a development resilience concept: 

“Development resilience is the capacity over time of a person, household, or other aggregate unit 

to avoid poverty in the face of various stressors and in the wake of myriad shocks. If and only if 

that capacity is and remains high over time, then the unit is resilient.”  

Similar themes arise across these versions of economic resilience. This paper uses these 

concepts to consider household economic resilience as the ability of a household to avoid low 

values or loss of economic value in the presence of changing conditions over time. This ability 

encompasses household behavior and the actions a household can take in pursuit of wealth of 

income (i.e. economic value). Moreover, the concept accounts for changing conditions that 

households are subjected to over time. For instance, economic, climatic, and biophysical 

conditions can change regularly and affect household income and wealth. These changes may be 

transitory (e.g. drought) or permanent (e.g. climate change). Household behavior may not change 

due to transitory shocks (e.g. stable distribution of weather), but it is likely to change as a result 

of permanent changes to parameters (e.g. changing distribution of weather). Analysis of 

household economic resilience must account for household behavior, changing conditions, and 

the interaction of the two. This concept is consistent with the resilience themes from previous 

work: avoidance of and recovery from undesirable states.  

 

4.3 The Conceptual Role of Land Markets in Resilience 

It is assumed that rural household income has multiple sources; for example, crops, 

livestock, and off-farm work. Households pursue these activities to varying extents based on 
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their objective of household income maximization subject to a number of constraints, including 

household labor availability. Well-functioning land leasing markets allow relatively productive 

households to increase operated land size and relatively unproductive households to decrease 

operated land size, receive rental payments, and pursue other work. (This model is formally 

presented in the previous chapter.) Moreover, these markets enable households to change 

operated land size in response to changing conditions. For instance, if agricultural output prices 

increase, some households may be able to increase income by leasing in additional land and 

increasing income from crop production, for a given rental rate. Efficient land markets allow 

households to respond to changes in the off-farm wage in a similar manner. If the off-farm wage 

increases, a household may allocate more labor off-farm and as a result, decrease crop 

production by leasing-out land. Well-functioning land markets allow households to respond to 

non-economic parameter changes too. If rainfall is expected to decrease, some households may 

expect lower crop net income and, at the current rental rate, choose to lease-out more land and 

increase their focus on off-farm work.  

These examples illustrate the ways efficient land markets can contribute to resilience, the 

ability of a household to avoid low values or loss of income in the presence of changing 

conditions over time. Participation in land leasing directly addresses a household’s ability to 

avoid income loss and/or poverty because transactions are voluntary and assumed to be part of 

the household income maximization process. The examples above illustrate how participation in 

land markets allows a household to adjust to changing conditions (e.g. prices, weather). Lastly, 

the efficiency of land markets can impact households dynamically. In India and other developing 

country settings, land leasing is a static decision since contracts are generally short-term. As a 
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result, the status of land market functioning impacts a household’s ability to make adjustments in 

each time period.  

 In India and many developing countries, land markets are subject to a number of 

imperfections which limit transaction sizes, and in some cases, censor households out of the 

market completely (Deininger et al. 2008; Conning and Robinson 2007; Skoufias 1995; Ghatak 

and Roy 2007; Kochar 1997). These imperfections include transactions costs, missing or 

incomplete non-land markets, and insecure property rights. Land laws in India create transactions 

costs and insecure property rights. Missing or incomplete non-land markets impact the 

functioning of land markets because households cannot easily adjust inputs or obtain off-farm 

work, which affects the amount of land they choose to lease-in or lease-out. An in-depth 

description of Indian land markets is presented in the previous chapter. These types of 

imperfections are likely to decrease resilience for households by hampering their ability to make 

welfare improving adjustments through land leasing. As such, policies that improve land market 

efficiency by addressing these imperfections may also improve household resilience. This paper 

seeks to examine if and to what extent this is true. 

 

4.4 Empirical Analysis 

The goal of empirical work on resilience is to provide policymakers and researchers with 

insight on the level of resilience and/or how resilience can be improved. The specific aim of this 

study is to examine if land markets contribute to resilience by allowing welfare-enhancing 

adjustments by households and whether or not policy can play a role. Before discussing the 
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empirical approach of this paper, a survey of the literature on measuring and analyzing resilience 

is presented.  

 

4.4.1 Empirical Approaches to Resilience 

Each element of the economic resilience concept can be addressed via traditional 

economic methods. Adoption or market participation analysis (e.g. choosing technology, 

adjusting input levels, selling output, receiving credit, or finding work (on- or off-farm)) can 

provide evidence of the capacity to avoid unacceptable standards of living (e.g. poverty, 

starvation). The time element of resilience can be accounted for by utilizing a dynamic approach 

and allowing for path-dependence of outcomes or steady-state outcomes, where appropriate. The 

changing conditions that households face can be studied by allowing for variation in parameters 

relevant to household well-being (e.g. weather, prices) and examining outcomes in the case of 

extreme events (e.g. drought). This can be carried out for both transitory and permanent changes. 

Moreover, this variation can be incorporated into traditional risk management analysis. Previous 

researchers have, in fact, examined resilience using a variety of these methods based on the 

elements of resilience they sought to address.  

Both Simmie and Martin (2010) and Martin (2012) provide meaningful and extensive 

discussions on the components and definition of regional economic resilience. However, neither 

provides a measurement or empirical analysis of significant rigor. Simmie and Martin (2010) use 

a mostly descriptive analysis to examine the resilience of regions in the UK. Using employment 

as the outcome of interest, Martin (2012) measures resistance to a recession in a region as the 
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ratio of decline in regional employment to the decline in the country as a whole, and measures 

recovery as the average growth rate after a recession.  

Another approach to measuring resilience has been the construction of a resilience index. 

Alinovi et al. (2009) propose and implement a methodology for measuring household resilience 

to food insecurity in Palestine. Their resilience index is a function of stability, social safety nets, 

access to public services, assets, income and food access, and adaptive capacity. Since all of 

these variables are latent, including resilience, the authors estimate their values using factor 

analysis and relevant observable variables. Briguglio et al. (2008) also calculate an index for 

resilience but focus on the macroeconomic scale. They use various national statistics (e.g. 

employment, inflation, health and security, governance) on factors theorized to be relevant for 

resilience.  

Rose (2007) measures static resilience “as the extent to which direct output reduction 

deviated from the likely maximum potential reduction given an external shock.” These 

reductions are percentages and this resilience value can be thought of as a percentage avoidance 

of the maximum economic impact resulting from a shock. As for dynamic resilience, Rose 

(2007) measures it as the difference between the resilient time path and the non-resilient time 

path. The static case requires specification of the maximum losses and plausible losses and the 

dynamic case requires specification of the time paths. Rose (2007) advocates using simulation 

techniques to perform these calculations. Rose and Liao (2005) apply this measurement to assess 

resilience in Portland, OR to an earthquake. They estimate output losses using a CGE model in a 

business-as-usual case and in the case of improved infrastructure. These cases provide the basis 

for assessing static resilience resulting from the improved infrastructure. 
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Di Falco and Chavas (2008) examine how crop biodiversity affects the resilience of 

agroecosystems. They do this for southern Italy cereal production. They estimate a flexible 

functional form production function and simulate how rainfall and biodiversity affect production 

using their estimation results. In particular, they find that biodiversity can buffer against the 

negative impacts of decreased rainfall; in this way, they declare that resilience is improved by 

crop biodiversity. However, their analysis does not explicitly include economic outcomes.  

Hallegatte (2014) examines resilience using a utility function framework. First, welfare is 

defined in an area as a weighted average of utility from discounted consumption for different 

household types. With concave utility functions, disasters that affect poor households will be 

understated by only examining consumption changes (i.e. marginal utility is decreasing). Micro-

economic resilience ends up being defined as the ratio of consumption losses to welfare losses.  

Cisse and Barrett (2016) present one of the more extensive empirical applications on 

economic resilience. They employ a conditional moment approach to develop a measure of 

resilience following the Barrett and Constas (2014) concept. They estimate the conditional 

moments of an outcome variable using lagged outcomes (allowing for higher-order polynomial 

terms) and household characteristics. Using these estimates and an assumption on the outcome 

distribution, the authors estimate a household level density function for the outcome variable. 

This density function is used to estimate the probability of a household meeting a certain 

threshold (e.g. poverty line). The authors define this probability as the resilience of a household 

and state that the threshold probability, “can also be used to categorize the household as resilient 

or not with reference to some normative minimal threshold probability.” This household level 

measure is also used by Cisse and Barrett (2016) to construct population level measures of 
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resilience under a Foster, Greer and Thorbeke (1984) approach. Cisse and Barrett (2016) 

demonstrate the approach for northern Kenya pastoralist households. They use livestock holdings 

as the outcome variable of interest, they treat this as a measure of household assets.  The 

threshold level of livestock holdings is set at 6 livestock units based on estimation and previous 

literature. As such, the resilience of a household in this paper is the probability of having 6 or 

more livestock units. The authors find that resilience increases with previous livestock holdings 

and decreases with drought. 

There is not a consensus among economists on measuring resilience. In some cases, 

traditional methods are used to address the concept. In other cases, researchers attempt to 

explicitly measure resilience. The next subsection discusses how various approaches can be 

applied to examine the relationship between land markets and resilience.  

 

4.4.2 Empirical Analysis of Land Market Contribution to Resilience 

Researchers can examine resilience in regards to a particular outcome variable (e.g. 

income) or by calculating an index. These approaches can be applied to understand land markets’ 

contribution to resilience and the role of policy. This subsection outlines how these approaches 

could be implemented and motivates the approach used by this paper. 

A resilience index has the benefit of aggregating outcomes related to household social, 

health, and economic well-being. In principle, the index could embed the role of land markets in 

resilience. Land market policy can be analyzed by comparing the household resilience index 

value with and without the policy. However, the calculation of an index can be challenging 

because it is difficult to correctly choose the elements of the index, to find observable variables 
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for each element, and to properly weight each element. In addition, it can be difficult to interpret 

changes in an index value (e.g. what does it mean to have a 10% increase in resilience?). For 

these reasons, this paper does not attempt to calculate a resilience index. 

Looking at resilience with regards to a particular welfare indicator (e.g. household 

income) allows for insight on a household’s ability to avoid a welfare threshold (e.g. poverty 

line) and respond to changes in parameters under various policy scenarios. Land market policies 

can be examined based on predicted welfare outcomes under various scenarios; both in terms of 

overall outcome level (e.g. highest income) and the probability of meeting a threshold level (e.g. 

highest probability of being above poverty line).  

This type of approach is employed by Cisse and Barrett (2016) (motivated by Barrett and 

Constas 2014). Their approach has the desirable characteristics that it is dynamic, captures 

variation in outcomes, and allows for policy analysis. Additionally, the interpretation of the 

resilience measure and its changes are rather straightforward; for example, in their livestock 

study, an increase of 0.10 in household resilience means that the household is 10% more likely to 

have at least 6 livestock units. In the examination of land markets and resilience, this measure 

could be calculated by estimating the household income distribution under various land market 

scenarios. Policies could be assessed based on changes in household resilience, where resilience 

represents the probability that a household achieves a certain income level (e.g. national poverty 

line, rural poverty line).  

Nonetheless, the Cisse and Barrett (2016) resilience measurement faces a number of 

impediments when implemented empirically. Consider the case where resilience is based on 

household income. The first step of this approach is to estimate conditional moment functions for 
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household income and include lagged values of household income as explanatory variables. 

However, using these lagged values as explanatory variables introduces endogeneity, which 

obscures the effects of other variables. This is especially true for variables that are time invariant. 

For example, policy variables are embedded in the previous value of household income; and 

when both are included in an estimation, the effect of the policy variable cannot be determined. 

Another issue is that the approach requires many functional form assumptions to arrive at a 

resilience value. The researcher must assume a form for the conditional moment functions of 

household income (which may include higher level polynomial terms for lagged household 

income, in keeping with Cisse and Barrett (2016)), then assume a household level density 

function that takes predicted values from the conditional moment estimations as parameters. The 

estimated level of resilience is likely to be sensitive to these assumptions, which is especially 

troublesome if many of the households are living close to the threshold level of household 

income. Another issue arises when household income is not available or reasonably estimated. In 

these cases, the approach can be difficult to apply to other outcome variables. For example, using 

an asset value as the outcome is difficult because there are not standard thresholds for these 

outcomes. Another issue arises in using assets that are also inputs in production (e.g. land, or 

herd size as in Cisse and Barret (2016)). This approach associates a higher value of the 

input/asset with higher resilience; which may not be appropriate if there is an optimal level of the 

input, such that households are worse off when they exceed it.  

This paper seeks to examine resilience through changes in land leasing participation. The 

analysis focuses on household income as an indicator of welfare. Using results from econometric 

models, land leasing participation and the resulting household welfare are predicted as output 



121 
 

 

prices change and as policy is implemented. Land markets should allow households to adjust 

leasing quantities in response to price changes. This leasing is assumed to be part of household 

income maximization and, therefore, represents the household’s ability to avoid lower levels of 

income than would occur in autarky. The predicted household welfare under each price and 

policy scenario can illustrate whether and to what extent this hypothesis is true. In terms of 

policy evaluation, a resilience-enhancing policy is identified based on positive changes in this 

adjustment process. Given the presence of land market imperfections in India, it is expected that 

improving land market efficiency through policy would increase land market participation and 

household welfare. If this is the case, then this policy improves resilience by making adjustment 

less costly for households. The following subsections detail the data and the implementation of 

this empirical approach. 

 

4.4.3 Data Description 

The data come from households in 14 villages of Andhra Pradesh, Karnataka, 

Maharashtra, and Madhya Pradesh, India during the years 2009-2013. This data is part of the 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) Village Dynamics 

in South Asia (VDSA) project. The data have been collected by ICRISAT’s field researchers 

who live in the villages and visit households throughout each year. This is an unbalanced panel 

of 2954 observations on households that are farmers or landowners. All relevant values are 

reported in 2009 Rupees using state-level deflators (Government of India 2013). A detailed 

description of the variables used in the empirical analysis can be found in subsection 3.4.1. 
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Summary statistics of the data are shown Table 4.1. The table shows average yearly values for 

households based on their leasing status: lease-in, autarkic, lease-out. 

 

 

 

The mean values for households in each of the leasing regimes are consistent with the 

theorized links between land markets and resilience. For instance, average crop net-income (crop 

revenue minus rental costs, labor costs, and other input costs) is highest among tenant 

households and lowest among landlord households; while average non-farm income (off-farm 

wages, farm wages (as a farm laborer, not part of household crop production), and rental income) 

is highest for landlord households and lowest for tenant households. (Note: These two income 

sources do not sum to household income; there are other sources not represented here.) 

Tenants Autarkic Landlords

HH income sources

Crop net income (1000 Rs.) 39 28 7

Non-farm income (1000 Rs.) 54 57 69

HH characteristics

Head education (years) 4.3 4.7 5.3

Off farm work days 390 404 388

Seriously ill days 17 18 26

HH member migrates for work 0.18 0.15 0.23

Formal borrowing institution 0.70 0.69 0.61

Forward caste 0.22 0.23 0.26

Backward caste 0.57 0.53 0.50

HH endowments

Labor (members aged 14-60) 3.5 3.3 2.6

Farm capital value (1000 Rs.) 51 33 23

Milk producing animals 1.3 0.9 0.6

Draft animals 1.0 0.5 0.1

Own Land Area (Ac.) 4.2 4.9 7.0

Observations 540 2011 403

Table 4.1: Summary statistics of select variables
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Additionally, tenant households have more household labor, more farm capital, and more 

productive animals, but own less land than landlord households, on average. These statistics 

suggest that land markets allow some households to lease-in land because they are relatively 

profitable in crop production and some households to lease-out land because they are relatively 

profitable pursuing wage work and rental income. 

 

 4.4.4 Estimating Land Market Participation 

The first step in examining land leasing and resilience is to estimate econometric models 

to parametrize land leasing functions. The Tobit with heteroscedasticity models from the 

previous chapter are used. The previous chapter included separate estimations for leasing-in and 

leasing-out behavior for household i at time t. In both cases, these equations are estimated as 

functions of prices (pit), quasi-fixed inputs (Zit), and household and location characteristics (Xit). 

The functions for leasing out and leasing in are given by 

 

(1)𝐿𝑖𝑡
𝑂∗ = 𝒑𝒊𝒕′𝜷

𝑂 + 𝒁𝒊𝒕′𝜽
𝑶 + 𝑿𝒊𝒕′𝝍

𝑂 + 𝜇𝑖𝑡
𝑂  

 

(2)𝐿𝑖𝑡
𝐼∗ = 𝒑𝒊𝒕′𝜷

𝐼 + 𝒁𝒊𝒕′𝜽
𝑰 + 𝑿𝒊𝒕′𝝍

𝐼 + 𝜇𝑖𝑡
𝐼  

 

where μit
O and  μit

I are error terms. The superscripts O and I denote the terms that are specific to 

leasing-out and leasing-in land. For households who lease-out (lease-in) land, Lit
O* (Lit

I*) is the 

actual level of land leased-out (leased-in). For those who do not lease-out (lease-in) land, Lit
O* 
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(Lit
I*) is a latent variable reflecting willingness to participate. The observed values of leased-out 

land can be related to this latent value as such: 

 

(3) 𝐿𝑖𝑡
𝑂∗ = {

𝐿𝑖𝑡
𝑂        𝑖𝑓 𝒑𝒊𝒕

′ 𝜷𝑂 + 𝒁𝒊𝒕
′ 𝜽𝑶 + 𝑿𝒊𝒕

′ 𝝍𝑂 + 𝜇𝑖𝑡
𝑂 > 0

0       𝑖𝑓 𝒑𝒊𝒕′𝜷
𝑂 + 𝒁𝒊𝒕′𝜽

𝑶 + 𝑿𝒊𝒕′𝝍
𝑂 + 𝜇𝑖𝑡

𝑂 < 0

 

 

Equation (3) can be expressed analogously for leased-in land. Moreover, it is assumed that μit
O 

and μit
I are each normally distributed with zero means and standard deviations σo and σI. Under 

these assumptions, the log-likelihood function for leasing-out land can be written as 

 

(4)𝑙𝑛 ℒ𝑂 = ∑ −
1

2
[ln(2𝜋) + ln (𝜎𝑜𝑖𝑡

2 ) +
(𝐿𝑖𝑡
𝑂 − 𝒑𝒊𝒕

′ 𝜷𝑂 − 𝒁𝒊𝒕
′ 𝜽𝑶 − 𝑿𝒊𝒕

′ 𝝍𝑂)
2

𝜎𝑜𝑖𝑡
2 ]

𝐿𝑖𝑡
𝑂>0

+ ∑ 𝑙𝑛 [1 − Φ(
𝒑𝒊𝒕
′ 𝜷𝑂 + 𝒁𝒊𝒕

′ 𝜽𝑶 + 𝑿𝒊𝒕
′ 𝝍𝑂

𝜎𝑜𝑖𝑡
)]

𝐿𝑖𝑡
𝑂=0

 

 

In equation (4), Φ represents the standard normal cumulative distribution. This log-likelihood 

function can be written for leasing-in land in a similar fashion using the relevant parameters. In 

addition, the error term is assumed to be heteroscedastic because unmodeled heteroscedasticity 

causes bias in parameter estimates in a Tobit estimation procedures (Fezzi and Bateman 2011; 

Greene 2008). This is addressed by allowing the standard errors to vary across observations as 

functions of variables vit and equation-specific parameters. In particular, the standard errors are 
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estimated under the assumption of multiplicative heteroscedasticity for each of the Tobit 

estimations. These are shown below for household i at time t.  

 

(5)𝜎𝑜𝑖𝑡 = 𝜎𝑜 ∗ exp (𝒗𝒊𝒕′𝝇
𝑶) 

 

(6)𝜎𝐼𝑖𝑡 = 𝜎𝐼 ∗ exp (𝒗𝒊𝒕′𝝇
𝑰) 

 

Each likelihood function is estimated with maximum likelihood. The estimations are carried out 

by the maximum likelihood estimation procedure of STATA- 11 (Stata Corp 2009). An in-depth 

discussion of these equations (e.g. assumptions, derivation, and variables) can be found in the 

previous chapter.  

The results from the Tobit estimations are shown in tables 3.3 and B.2 and discussed at 

length in the previous chapter. Households that lease-in land tend to have more household labor, 

more draft and dairy animals, less own land, and lower quality own land (in terms of soil depth 

and fertility). Households that lease-out land tend to have less household labor, less draft and 

dairy animals, and higher quality own land. These results display how land markets play a role in 

improving allocative efficiency by equilibrating land and non-land factor ratios as land is 

transferred from the input-poor households to the input-rich households. The results also indicate 

the presence of market imperfections: leasing is impacted by transactions costs (state-level 

economic freedom, state-level tenancy restrictions, and household caste affiliation) and missing 

markets for inputs.  
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4.4.5 Estimating how Leasing Contributes to Household Welfare 

The goal of the following approach is to approximate the average effect of land leasing 

on household welfare outcomes so that population outcomes can be predicted under various price 

and policy scenarios. Chamberlin and Ricker-Gilbert (2016) suggest using linear equations for 

various household welfare outcomes (such as crop net income and off-farm income) with leased-

in and leased-out area as right-hand-side variables. This approach is applied here by estimating 

the following equations  

 

(7)𝑌𝑖𝑡
𝐴 = 𝛾𝐼𝐿𝑖𝑡

𝐼 + 𝒑𝒊𝒕′𝜸𝒑
𝑨 + 𝒁𝒊𝒕′𝜸𝒁

𝑨 + 𝑿𝒊𝒕′𝜸𝑿
𝑨 + 𝑻𝒕′𝜸𝑻

𝑨 + 𝑒𝑖𝑡
𝐴 

 

(8)𝑌𝑖𝑡
𝑁 = 𝛾𝑂𝐿𝑖𝑡

𝑂 + 𝒑𝒊𝒕′𝜸𝒑
𝑵 + 𝒁𝒊𝒕′𝜸𝒁

𝑵 + 𝑿𝒊𝒕′𝜸𝑿
𝑵 + 𝑻𝒕′𝜸𝑻

𝑵  + 𝑒𝑖𝑡
𝑁 

 

where Yit
A represents crop net income and Yit

N represents off-farm income for household i at time 

t. The superscript A is used for elements specific to the crop net income equation while the 

superscript N is used for elements specific to the off-farm income equation. The terms Lit
I and 

Lit
O represent the amount of land leased-in and leased-out, measured in acres. The other variables 

in (7) and (8) represent realized prices (pit), quasi-fixed inputs (Zit), household/location 

characteristics (Xit), and time effects (Tt). The error terms are eit
A and eit

N.   

Crop net income is calculated as crop revenue minus rental costs, labor costs, and other 

input costs (e.g. seed, fertilizer); the right-hand side variables in (7) are the village agricultural 
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wage, village bullocks wage, village pulse price (index), village cereal price (index)2, household 

labor equivalents (members aged 14-60), farm durables value, farm machinery value, dairy 

animals, draft animals, own land area, household seriously ill days, a dummy variable for 

whether the household transacts with a formal borrowing institution (e.g. bank, microfinance 

lender), and year dummy variables. In (8), off-farm income is calculated as income from off-

farm work, farm work (as a farm laborer, not part of household crop production), and rental 

income. This is estimated as a function of the household off-farm wage, household labor 

equivalents, farm durables value, farm machinery value, dairy animals, draft animals, own land 

area, household seriously ill days, a dummy for whether the household transacts with a formal 

borrowing institution, a dummy for whether a household member migrates for work, and year 

dummy variables.  

There is potential omitted variable bias in these specifications because leasing decisions 

may be affected by household characteristics that are unobserved and also affect household 

welfare outcomes, such as farm management skill or off-farm skills. These household 

characteristics are unlikely to vary much over time and, as a result, can be controlled for using 

panel estimators. The equations are estimated with the fixed-effects within estimator and the 

standard errors are clustered at the village level, as in Chamberlin and Ricker-Gilbert (2016). 

There is still the potential for time-varying unobservable factors to cause bias. The household 

seriously ill days is included as a proxy variable for major unobservable changes that impact 

                                                         
2 The pulse price index is an average of chickpea and pigeonpea prices; the cereal price index is an average of 

paddy, wheat, and sorghum prices. These index calculations follow Fezzi and Bateman (2011).  
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both leasing decisions and household welfare. Any leftover time-varying unobservables are 

assumed to be uncorrelated with land leasing decisions.  

The results from these estimations can be seen in Table 4.2 (full results are in tables C.1 

and C.2 of the Appendix). For crop net income, leasing-in has an average positive effect that is 

significant at 5%; for off-farm income, leasing-out has an average positive effect that is 

significant at 1%. These results imply that the average increase in crop net income from leasing-

in an additional acre is about 934 rupees per year and the average increase in off-farm income 

from leasing-out an additional acre is about 2949 rupees per year. Together, these results provide 

evidence that households who participate in leasing markets are increasing household income by 

increasing crop net income as tenants or by increasing non-farm income as landlords.  

 

 

 

4.4.6 Predicting Land Market Participation and Household Welfare under Price-Policy 

Scenarios 

The parameter estimates from (1) and (2) are used to predict land market participation 

under various price-policy scenarios. The price scenarios represent changes in the cereal price 

index. These cereals (paddy, sorghum, and wheat) are widely produced in these villages and, as 

such, represent an important output price. In the land leasing models, the leasing decision is a 

Coefficient P-value Coefficient P-value

Leased-in area 933.6 0.03 Leased-out area 2949.5 0.00

Observations 2954

Table 4.2: Estimates of leasing impacts on welfare

Crop net income Off-farm income

Note: P-values are based on standard errors that are clustered at the village level.  
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function of the expected village cereal price, which is modelled using an AR-1 process. This 

variable is found to positively impact both leasing-in and leasing-out quantities and is 

statistically significant at 1% in both equations. From a structural standpoint, the leasing-in result 

follows economic theory: the demand for land (i.e. expected marginal value of land) increases 

with the expected output price. However, this result requires more explanation for the leasing-out 

(supply) of land. The leasing out decision is assumed to be based on the expected marginal 

opportunity cost of leasing, which is determined by the expected marginal value of operating the 

land. This marginal value increases when the expected output price increases and reduces the 

supply of land, all else equal. It is important to recall from the previous chapter that the leasing 

equations are modelled as reduced form equations and account for the interaction of demand and 

supply. The net effect of the expected output price increase is an increase in leasing at the 

interaction of demand and supply because the demand for land shifts more than the supply.  

In terms of policy, there are two scenarios considered. The first is the observed policy 

conditions; this is meant to examine the current role of land markets in household resilience. The 

second policy scenario focuses on the removal of transactions costs and other distortions in land 

markets; it is aimed at improving market development. This market development is represented 

by the state-level economic freedom index; this index measures economic freedom based on the 

state’s size of government (expenditures, taxes, and enterprises), legal structure and security of 

property rights, and regulation of labor and business (Anklesaria Aiyar et al. 2014). This is 

calculated by Cato Institute for the states of India for the years 2009, 2011, and 2013. In 

particular, this index captures elements of the state economies such as regulations, missing 

markets, and security of property rights that contribute to efficiency loss in land markets (and 
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other markets as well). The results from the land leasing estimations support this representation 

since a higher value of this index is positively associated with leasing on both sides of the market 

and is statistically significant at 1%.   

Leasing behavior is predicted under 7 price change scenarios for the expected cereal 

price: -75%, -50%, -25%, no change (i.e. observed), +25%, +50%, +75%. In this case, it is 

assumed the percentage change in the expectation carries over into the realized price of the 

current period. There are two cases considered for the market development scenario. The first 

case is characterized by changing each observation’s state-level economic freedom index to the 

highest observed value in the dataset, which is 0.56 from Madhya Pradesh in 2011; this is the 

medium case. The second case is characterized by changing each observation’s index value to 

the highest observed value for any state in India over the time period (0.65, Gujarat in 2013); this 

is the high case. For both cases, the change in the variable represents a plausible improvement in 

overall market development within each state and time period.  

The parameter estimates on land leasing decisions are used to define household leasing as 

linear functions of the right hand side variables from (1) and (2).  

 

(9) �̂�𝑖𝑡
𝐼 (𝒑𝒊𝒕, 𝒁𝒊𝒕, 𝑿𝒊𝒕, �̂�

𝑰, �̂�𝑰, �̂�𝑰) 

 

(10) �̂�𝑖𝑡
𝑂 (𝒑𝒊𝒕, 𝒁𝒊𝒕, 𝑿𝒊𝒕, �̂�

𝑶, �̂�𝑶, �̂�𝑶) 

 

In (9) and (10), �̂�𝑖𝑡
𝐼  is the predicted leasing-in quantity and �̂�𝑖𝑡

𝑂  is the predicted leasing-out 

quantity for household i at time t. These are functions of pit, Zit, Xit, and the estimated parameters 
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from (1) and (2), denoted by �̂�𝑰, �̂�𝑰, �̂�𝑰, �̂�𝑶, �̂�𝑶, �̂�𝑶. Using (9) and (10), leasing behavior is 

predicted for price changes by changing the expected output price value in each of these 

functions. Similarly, the policy variable (economic freedom index) is changed in these equations 

to predict leasing behavior under the market development policy. (Any negative leasing 

predictions are replaced with zero.) 

For each price and policy, one outcome of interest is the sample predicted participation 

rates on each side of the land market, the proportion of households that are leasing-in or leasing-

out a positive amount of land. This is calculated using the above predictions. Another outcome is 

the average household welfare under each scenario. This is approximated with the results from 

the estimations of (7) and (8). Specifically, the parameter estimates from (7) and (8) are used to 

define crop net income and off-farm income as linear functions of land leasing quantities, quasi-

fixed inputs, prices, location and household characteristics, and time effects.  

 

(11)�̂�𝑖𝑡
𝐴(𝐿𝑖𝑡

𝐼 , 𝒑𝒊𝒕, 𝒁𝒊𝒕, 𝑿𝒊𝒕, 𝑻𝑡 , �̂�𝐼, �̂�𝒑
𝑨, �̂�𝒁

𝑨, �̂�𝑿
𝑨, �̂�𝑻

𝑨) 

 

(12)�̂�𝑖𝑡
𝑁(𝐿𝑖𝑡

𝑂 , 𝒑𝒊𝒕, 𝒁𝒊𝒕, 𝑿𝒊𝒕, 𝑻𝑡 , �̂�𝑂, �̂�𝒑
𝑵, �̂�𝒁

𝑵, �̂�𝑿
𝑵, �̂�𝑻

𝑵) 

 

In (11) and (12), �̂�𝑖𝑡
𝐴 is the predicted crop net income and �̂�𝑖𝑡

𝑁 is the predicted off-farm income for 

household i at time t. Crop net income is a function of Lit
I, pit, Zit, Xit, Tt, and the estimated 

parameters from (7): �̂�𝐼, �̂�𝒑
𝑨, �̂�𝒁

𝑨, �̂�𝑿
𝑨, �̂�𝑻

𝑨. Off-farm income is a function of Lit
O, pit, Zit, Xit, Tt, and 

the estimated parameters from (8): �̂�𝑂, �̂�𝒑
𝑵, �̂�𝒁

𝑵, �̂�𝑿
𝑵, �̂�𝑻

𝑵. For each price-policy scenario, the 
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predicted leasing quantities and appropriate variable changes are input into (11) and (12) to 

predict average household welfare and examine how it changes.  

These results are used to assess if land markets contribute to resilience under the current 

conditions and whether or not resilience is improved with a market development policy. In 

particular, predicted land market participation and welfare outcomes for each price under the 

observed conditions illustrate the extent to which households use land markets to adjust to 

changing conditions. The changes in these outcomes under the market development policy 

illustrate if policy aimed at market improvements also contributes to household resilience. It is 

important to note that this is a partial equilibrium approach that assumes all other factors are held 

constant; it is akin to an examination of the marginal effects of changes in the right-hand side 

variables used in (1), (2), (7), and (8). In terms of the policy change scenario, the results can be 

interpreted as short-term impacts because it is likely that other right-hand side variables would 

change with improvements in market development over time. Overall, the predictions on leasing 

behavior and welfare are meant as approximations that provide initial insights into the 

relationship between land markets and resilience. 

 

4.5 Results 

The predicted land market participation under each price scenario for the observed 

conditions and medium market development case are shown in Table 4.3. A similar comparison 

of the observed conditions and the high market development case are shown in Table C.3. Under 

the observed conditions, land market participation changes in response to changes in the 

expected cereal price; this displays how rural households use land markets for adjustment. 
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Specifically, as the expectation increases, there are more participants on both sides of the leasing 

market. Leasing is stimulated by higher prices that make crop production more profitable for 

tenants. Moreover, at lower prices, crop production is less profitable, making land less valuable 

for tenants and potential tenants, and leasing decreases at a given rental rate.  

 

 

 

The role of land markets in households’ ability to adjust to changing conditions can be 

illustrated further by looking at the average income predictions that result from price and 

predicted leasing changes. Table 4.4 shows the sum of predicted crop net income and off-farm 

income for land market households at each price. The first column denotes the price change 

scenario, the second column shows this average income measure when households are restricted 

to autarky, the third column shows the average income measure for households at their predicted 

leasing quantities, the fourth column shows the difference in income, and the fifth column shows 

this income difference in terms of the off-farm work days. This last column is calculated based 

on the sample average off-farm wage of 166 Rupees per day and is meant to provide context on 

the magnitude of the income differences.  

Price change Tenant Landlord Total Tenant Landlord Total

75% decrease 10.6% 1.2% 11.8% 15.2% 3.9% 19.1% 7.3%

50% decrease 12.2% 2.0% 14.2% 17.1% 5.0% 22.1% 7.9%

25% decrease 14.8% 3.3% 18.1% 19.0% 8.3% 27.4% 9.2%

no change 16.7% 5.0% 21.7% 20.4% 11.3% 31.7% 10.0%

25% increase 18.2% 7.1% 25.4% 21.7% 15.8% 37.4% 12.1%

50% increase 19.8% 9.8% 29.6% 23.3% 20.8% 44.1% 14.5%

75% increase 21.6% 12.9% 34.5% 25.6% 27.0% 52.6% 18.1%

Table 4.3: Predicted land market participation rates under price-policy scenarios (Medium Market Development)

Observed Conditions Market Development (Medium)

Difference 

in Total
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Before examining the values in this table it is important to clarify the sample represented 

in it. This table displays predictions for the subsample of households participating as tenants or 

landlords under the observed conditions and the highest expected price. These households are 

considered to be land market participants or on the margin of participating under each price; and 

all of these households are participants when leasing participation is the highest (under the 

highest price scenario). This subsample represents the households whose welfare changes due to 

changes in leasing behavior across the scenarios. Including the autarkic households in Table 4.4, 

who make up close to two-thirds of the sample and whose income does not change due to 

leasing, would depress the changes in welfare across the scenarios, making it difficult to draw 

conclusions about land markets contribution to resilience. The goal in focusing on this subsample 

is to have a group of households who are impacted by land market participation and whose 

outcomes can be compared across scenarios. This subsample is referred to as the land market 

households for the remainder of this chapter3.  

 

                                                         
3 All of the econometric models are estimated using the full sample and household welfare predictions are calculated 

for the full sample but not presented here.   



135 
 

 

  

 

For each price change, the average predicted income for the land market households is 

higher when they are able to participate in the leasing market. When prices decrease, households 

are subject to income losses; with land markets, households can avoid lower levels of income 

than would occur in autarky. For example, with the large price decrease of 75%, households in 

the land market scenario have average income that is 1138 Rupees higher than in autarky, which 

equates to 6.9 days of average off-farm wages.  Moreover, land markets allow households to 

benefit more from high prices than in autarky, as the income differences grow with the price 

changes.  

These results provide evidence that land markets improve resilience: households can 

participate in land markets to achieve higher levels of income in the presence of changing prices. 

Specifically, land market participation allows households to avoid lower income levels that 

would result if they were restricted to autarky as parameters change. In this case, as agricultural 

output prices decrease, some households focused on crop production are better off by decreasing 

their amount of operated land and increasing the income they receive from off-farm work. As 

Price change

Autarky 

(1000 Rs)

Leasing 

(1000 Rs)

Income 

Difference 

(Rs)

Off-farm 

work days

75% decrease 68.5 69.6 1138 6.9

50% decrease 70.6 72.1 1431 8.6

25% decrease 72.8 74.6 1843 11.1

no change 74.9 77.3 2368 14.3

25% increase 77.1 80.1 3042 18.3

50% increase 79.2 83.1 3894 23.4

75% increase 81.3 86.3 4945 29.8

Table 4.4: Welfare outcomes across price changes (Autarky and Leasing)

Note: Off-farm works days are calculated as the income difference 

divided by the average off-farm wage in the data (166.1 Rs). 
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prices increase, these households can increase their operated land and benefit from higher crop 

net income; landlords also benefit from higher prices as they increase the rental value of land. 

This contribution to resilience also has a time component to it: a household can utilize land 

markets in each time period since leasing contracts are usually short-term in rural India.  

Table 4.3 also shows the predicted land market participation rates under the medium 

market development policy scenario. This policy is predicted to increase land market 

participation compared to the observed conditions. This is true for both sides of the market and 

for every expected cereal price level. Specifically, the total participation is 7-18 percentage 

points higher than under the observed conditions. This difference increases with the price, which 

is expected since both the price and economic freedom variables are found to positively impact 

leasing. Moreover, in Table C.3, the high market development policy leads to further 

participation increases: predicted participation is 17-39 percentage points higher than the 

observed conditions across the price scenarios.  

The welfare outcomes related to the participation changes in the market development 

policy can be seen in Tables 4.5 and C.4. These tables show the average predicted crop net 

income, off-farm income, and total (crop net income plus off-farm income) for each price and 

policy for the land market households (same subsample as in Table 4.4 above); Table 4.5 shows 

the observed conditions and the medium market development case while Table C.4 shows the 

observed conditions and the high market development case. Moreover, these tables show the 

predicted income differences between the observed conditions and policy scenarios and how 

these differences convert to days of off-farm wages. For each price level, the average income 

increases as a result of the policy that increases leasing. In the medium market development case, 
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this income difference is between 719 and 1136 Rupees for the lower price scenarios; which is 

approximately 4-7 days of off-farm wages. The income differences are greater for the high 

market development case: between 1903 and 3041 Rupees (11-18 days of off-farm wages) across 

the lower price scenarios. The policy effectively lowers transactions costs borne by both tenants 

and landlords, which increases the quantity of land demanded by tenants and supplied by 

landlords. Given that leasing positively impacts income on average, the increase in leasing leads 

to higher average welfare for these households across the various prices.  

 

 

 

The outcomes under the market development policy provide evidence that improvements 

in land market functioning can improve household resilience. This insight is especially relevant 

in developing country settings such as India, where land markets are subject to a number of 

imperfections related to leasing restrictions and missing or incomplete markets for inputs, credit, 

and non-farm work (previous chapter; Skoufias 1995; Deininger et al. 2008; Kochar 1997; 

Price change

Crop net 

income 

(1000 Rs)

Off-farm 

income 

(1000 Rs) Total

Crop net 

income 

(1000 Rs)

Off-farm 

income 

(1000 Rs) Total Income (Rs)

Off-farm 

work days

75% decrease 18.8 50.9 69.6 19.2 51.1 70.4 719 4.3

50% decrease 21.1 51.0 72.1 21.6 51.3 73.0 916 5.5

25% decrease 23.5 51.1 74.6 24.1 51.7 75.8 1136 6.8

no change 25.9 51.4 77.3 26.5 52.1 78.7 1410 8.5

25% increase 28.3 51.8 80.1 29.0 52.8 81.8 1694 10.2

50% increase 30.8 52.3 83.1 31.5 53.5 85.0 1945 11.7

75% increase 33.3 53.0 86.3 34.1 54.3 88.4 2080 12.5

Note: Off-farm works days are calculated as the income difference divided by the average off-farm wage in the data (166.1 

Rs). 

Table 4.5: Welfare outcomes across price changes for each policy scenario (Medium Market Development)

Observed Conditions Market Development (Medium) Differences
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Deininger et al. 2009; Ghatak & Roy 2007; Conning & Robinson 2007; Besley and Burgess 

2000). This analysis has focused on market development in regards to land markets, but it is 

likely this type of policy could further improve household resilience by addressing problems in 

multiple interlinked rural markets. For example, in the long run, market development could lead 

to increased farm productivity (by improving household access to productive inputs and 

technology) and increased off-farm income opportunities. 

 

 

4.6 Conclusion 

 Household economic resilience is defined here as the ability of a household to avoid low 

values or loss of economic value in the presence of changing conditions over time. Developing 

country land markets are hypothesized to contribute to household resilience in rural areas by 

enabling households to increase or decrease operated land area in pursuit of income and in 

response to changing agricultural (e.g. biophysical, climatic) or economic (e.g. off-farm work 

opportunities, prices) conditions. Empirically, this hypothesis is examined by predicting land 

market participation and the resulting household welfare under various price and policy 

scenarios. These predictions are made using econometric estimates from land leasing and 

household welfare (crop net income and off-farm income) equations. It is predicted that land 

market participation increases as the expected cereal price increases. Moreover, this participation 

is predicted to improve the welfare of land market households at each price level, compared to 

the scenario where households are restricted to autarky; for instance, the average income 

difference at the observed price level is equal to 14 days of off-farm wages. This analysis 
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supports the hypothesis that land markets contribute to household resilience by enabling 

households to respond to changing conditions and improve their welfare. 

 Outcomes are compared between the observed policy conditions and a market 

development policy. The market development policy represents lower transactions costs and 

improvement in rural markets for inputs, credit, and off-farm labor. This policy is predicted to 

improve household resilience by improving land market efficiency and allowing households to 

more easily adjust to changing prices, compared to the observed policy scenario. This result is 

reflected by predictions of higher participation in land markets and higher average welfare 

outcomes for land market households across the price scenarios. In particular, participation is 7-

18% higher and average income is 700-2000 Rupees (worth 4-12 days of off-farm work) higher 

under the medium market development case than under the observed policy conditions. As such, 

policies that address land market functioning may improve household welfare under a variety of 

conditions, thereby improving household resilience.  

 The characteristics of farm land in India— increasing fragmentation, decreasing sizes, 

and imperfect markets— suggest that land market-based policy may improve household welfare 

in rural areas. The results of this study support this relationship and indicate that these policies 

can improve household resilience. However, improvements in household resilience do not 

necessarily lead to resilient households in rural, agricultural regions. This may require additional 

development, such as less dependence on agriculture for some households and adaptation of 

agricultural systems for others. There need to be ample off-farm opportunities for landlords and 

potential landlords to incentivize these households to increase their supply of land (Manjunatha 

et al. 2013). Additionally, there need to be improvements in productive efficiency for tenants 
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(and potential tenants) so that these households can effectively manage the land (and potentially 

handle larger plot sizes). Employing practices such as increased crop diversification, integrated 

crop-livestock systems, and integrated agriculture-aquaculture can improve the productive 

efficiency of agricultural land (Manjunatha et al. 2013; Herrero et al. 2010; The Royal Society 

2009). Moreover, these approaches can be applied in areas with resource depletion and can 

provide additional income streams. Overall, the goal of household resilience will only be 

achieved as household welfare is addressed multi-dimensionally; in terms of welfare 

components, their variability, and time. This paper shows how land markets and improvements 

in these markets can contribute to this goal. 
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5 Conclusion 

This dissertation examines the relationship between markets and household welfare in 

rural villages of India. It is hypothesized that household welfare is linked to the availability of 

output marketing channels and to the functioning of land leasing markets. Understanding these 

relationships can inform policy that promotes development in small-scale agriculture, which has 

a strong link to overall poverty reduction in developing countries (de Janvry & Sadoulet 2010). 

The first essay (Chapter 2) examines the selection and impact of agricultural marketing channels 

for crops and milk. The second essay (Chapter 3) is an analysis of rural land leasing markets in 

multiple states across Southern India. The third essay (Chapter 4) continues to focus on land 

markets and, in particular, illustrates the role of land markets in household resilience.  

Agricultural marketing channels are changing rapidly in developing countries as modern 

retail grows in urban areas. This process is beginning in India, represented by the growth of 

supermarket, food processing, and food service sectors in recent years. However, these new 

channels are not generally available to rural farmers yet. As such, the first essay evaluates the 

link between channel choice and household welfare for the current crop and milk channels. The 

essay seeks to provide insights on how households choose between channels, if existing channels 

provide differential returns from one another, and which types of households benefit more or less 

within a channel. These insights can be used by policymakers to improve welfare under the 

current channel structures and emerging channel structures. The analysis utilizes panel data on 

households in 3 villages from Andhra Pradesh during 2009-13. For crop channel selection, the 

broker channel is found to increase household income by 17 - 39%, on average, compared to the 

informal channel. These values are estimated using pooled (with no explicit bias correction), 



145 
 

 

fixed effects, and Heckman two-step regressions. In addition, this study finds that transport costs 

play a significant role in the selection and impact of the broker channel: households are less 

likely to choose the broker channel when they live further from the wholesale market location 

and, within the channel, households who travel a greater distance in marketing (i.e. have higher 

ex-post transport costs) have lower treatment effects. For milk channel choice, the Heckman two-

step results indicate household income is roughly 70% higher in the co-operative channel than in 

the informal channel, all else equal. There is evidence that this treatment effect is impacted by 

unobserved, time-varying heterogeneity. An important element of milk marketing is the search 

for the best price. Variables that are assumed to proxy for search costs have significant effects in 

selection and impact of the co-operative milk channel. These results confirm that policies that 

reduce transport costs (e.g. transportation infrastructure improvements, collection centers near 

villages) and search costs (e.g. price information services) associated with marketing output can 

improve household welfare under current and emerging channels.  

Economic theory suggests that land markets improve the efficiency of land allocation and 

provide welfare gains to participating households (Chamberlin & Ricker-Gilbert 2016). 

However, developing country land markets are commonly impacted by market imperfections, 

such as transactions costs, missing or incomplete non-land markets, and insecure property rights. 

These distortions tend to decrease the efficiency and welfare gains from land markets, and in 

some cases, censor households out of the land market completely. The objectives of the second 

essay are to evaluate the functioning of Indian land leasing markets and identify distortions in 

these markets in rural villages of Andhra Pradesh, Karnataka, Maharashtra, and Madhya Pradesh. 

This essay contains India-specific theoretical and empirical analyses for land leasing, which are 
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informed by insights on land leasing in India as well as other developing countries. In particular, 

the empirical analysis employs Tobit and switching regressions with multiplicative 

heteroscedasticity for a panel dataset of farm households. These regressions identify, separately, 

the parameters on leasing-in and leasing-out decisions. The estimates confirm that land markets 

serve to equilibrate factor ratios by transferring land from the input-poor households to the land-

poor, input-rich households. Moreover, tenant households in these villages are able to access 

higher quality land through these markets. However, this functioning is hindered by the presence 

of market imperfections caused by state-level economic policy (e.g. regulations, security of 

property rights), land laws, the caste institution, and incomplete markets for inputs and off-farm 

work. Policymakers have multiple options to address these imperfections and improve land 

market functioning. One policy approach is to invest in the development of rural markets for 

inputs, credit, and off-farm work. Another policy option is land reform, specifically, the 

restructuring or removal of leasing restrictions and tenant’s rights. Changing land laws is likely 

to decrease transactions costs and, in the long run, lead to the use of long-term leasing contracts. 

The efficacy of these two policy scenarios is examined using the results from the Tobit 

estimations. Both policies are predicted to increase land market participation but the rural market 

development policy is predicted to provide a much larger short run increase in land market 

activity. This result reflects the importance of linkages across markets.  

Household economic resilience is defined in this dissertation as the ability of a household 

to avoid low values or loss of economic value in the presence of changing conditions over time. 

Developing country land markets are hypothesized to contribute to household resilience in rural 

areas by enabling households to increase or decrease operated land area in pursuit of income and 
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in response to changing agricultural (e.g. biophysical, climatic) or economic (e.g. off-farm work 

opportunities, prices) conditions. The third essay empirically examines this proposition by 

predicting land market participation and resulting household welfare under various price and 

policy scenarios. These predictions are made using econometric estimates from land leasing and 

household welfare (crop net income and off-farm income) equations. It is predicted that land 

market participation increases as the expected cereal price increases. Moreover, this participation 

is predicted to improve the welfare of land market households at each price level, compared to 

the scenario where households are restricted to autarky; for instance, the average income 

difference at the observed price level is equal to 14 days of off-farm wages. This result supports 

the hypothesis that land markets contribute to household resilience by enabling households to 

respond to changing conditions and improve their welfare. Additionally, the empirical analysis 

indicates that policies addressing land market functioning may improve household welfare under 

a variety of conditions, thereby improving household resilience.  

This dissertation illustrates a number of ways market-based policy can improve 

household welfare in rural India. The analysis has relied on partial equilibrium approaches and 

focused on the short run effects of policy. As such, policymakers and researchers must monitor 

regional equilibrium and long-run effects of such policy. Policy may need to be altered as 

marketing channels and land leasing, along with other facets of smallholder farm economies, 

evolve over time.  
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Appendix A: Supplement to Chapter 2 

 

 
  

Variable

Broker 

Channel

Informal 

Channel

HH income (1000 Rs) 173 150

Crop revenue (1000 Rs) 208 131

HH head age 50.7 49.0

HH head education (years) 3.7 4.3

HH size 4.6 4.4

HH labor (aged 14-60) 3.2 3.1

Forward caste (dummy) 0.36 0.26

HH off-farm work days 426 455

HH involuntary unemployment days 14 14

HH seriously ill days 9 7

HH migration (dummy) 0.26 0.29

Off-farm wage (Rs/day) 159 160

Farm wage (Rs/hour) 15 15

Bullocks wage (Rs/hour) 59 48

Rent (Rs/acre) 2.69 2.62

Market cereal price (Rs/quintal) 1584 1707

Plot area (acres) 7.2 6.7

Irrigated area (acres) 3.5 1.6

AP common crops 0.69 0.52

Net borrowing (1000 Rs) 58 73

Farm durables (1000 Rs) 26 11

Farm equipment (1000 Rs) 49 30

Marketing distance travelled by HH (Km) 7.6 3.6

Vehicles owned 0.29 0.27

Mobile phone (dummy) 0.93 0.89

Village distance to wholesale market (Km) 13.4 15.6

Village distance to nearest highway (Km) 6.3 6.7

2010 Village population density (persons/acre) 0.95 1.02

Observations 260 160

Table A.1: Mean values for variables by crop marketing channel (all variables)
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Variable

Co-

operative 

channel

Informal 

channel

HH income (1000 Rs) 185 204

HH head age 48.0 50.9

HH head education (years) 4.0 5.1

HH size 4.6 4.9

HH labor (aged 14-60) 3.3 3.4

Forward caste (dummy) 0.33 0.63

HH off-farm work days 401 336

HH involuntary unemployment days 9 15

HH seriously ill days 7 8

HH migration (dummy) 0.20 0.23

Dairy herd size 2.0 3.6

Milk production (liters) 1712 1923

Milk per cow (liters) 754 620

Milk price (Rs/liter) 20.6 21.4

AP common crops 0.42 0.60

Net borrowing (1000 Rs) 76 -6

Farm durables (1000 Rs) 18 70

Farm equipment (1000 Rs) 54 35

Marketing distance travelled by HH (Km) 0.4 15.7

Vehicles owned 0.29 0.32

Mobile phone (dummy) 0.90 0.91

2010 Village milk cooperatives 6.4 3.3

Village distance to nearest highway (Km) 6.9 4.6

2010 Village population density (persons/acre) 1.03 0.84

Observations 141 65

Table A.2: Mean values for variables by milk marketing channel (all variables)
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Coefficient Coefficient Coefficient

Off-farm work days 0.001 0.00 ** 0.001 0.00 ** 0.001 0.00 ** 0.00 **

Involuntary unemployment days 0.001 0.17 0.003 0.00 ** 0.001 0.16 0.10

Seriously ill days 0.001 0.29 0.003 0.02 ** 0.001 0.21 0.29

Migration 0.22 0.02 ** 0.16 0.11 0.22 0.03 ** 0.01 **

Off-farm work wage 0.001 0.08 * 0.002 0.00 ** 0.002 0.07 * 0.06 *

Rent 0.11 0.00 ** 0.06 0.04 ** 0.11 0.00 ** 0.00 **

Farm wage -0.01 0.70 -0.01 0.64 -0.02 0.46 0.36

Milk price 0.04 0.01 ** 0.03 0.03 ** 0.04 0.00 ** 0.00 **

Market cereal price -0.001 0.01 ** -0.001 0.00 ** -0.001 0.02 ** 0.03 **

Plot area 0.05 0.00 ** 0.06 0.00 ** 0.05 0.00 ** 0.00 **

Irrigated area 0.01 0.66 -0.01 0.74 0.01 0.59 0.52

Dairy herd 0.08 0.01 ** 0.09 0.05 ** 0.02 0.71 0.66

Net borrowing -0.0002 0.35 -0.001 0.03 ** -0.0003 0.28 0.29

Farm durables 0.001 0.11 0.001 0.03 ** 0.001 0.11 0.04 **

Farm equipment -0.0001 0.42 -0.0001 0.22 -0.0001 0.26 0.13

Vehicles 0.20 0.09 * 0.26 0.02 ** 0.16 0.18 0.10 *

Mobile phone 0.35 0.01 ** 0.26 0.02 ** 0.32 0.01 ** 0.00 **

Crop marketing distance -0.001 0.82 -0.004 0.05 * -0.0005 0.89 0.87

Milk marketing distance -0.002 0.48 -0.001 0.61 -0.001 0.77 0.71

Distance to wholesale market 0.01 0.25 - - 0.002 0.86 0.84

Population density -0.08 0.86 - - -0.38 0.41 0.30

2010 dummy 0.28 0.01 ** 0.25 0.03 ** 0.28 0.01 ** 0.03 **

2011 dummy 0.03 0.79 0.05 0.70 0.02 0.84 0.84

2012 dummy 0.32 0.00 ** 0.38 0.00 ** 0.29 0.01 ** 0.01 **

2013 dummy 0.13 0.28 0.15 0.29 0.07 0.59 0.63

Markets crops 0.01 0.97 -0.14 0.26 -0.05 0.77 0.68

Broker crop participation 0.16 0.07 * 0.16 0.09 * 0.33 0.09 * 0.06 *

Markets milk 0.03 0.84 -0.12 0.49 0.05 0.76 0.74

Co-op milk participation 0.04 0.76 -0.02 0.85 0.53 0.10 * 0.07 *

Inverse mills-broker crop - - - - -0.11 0.32 0.27

Inverse mills-co-op milk - - - - -0.32 0.13 0.10 *

Constant 9.52 0.00 ** 10.30 0.00 ** 9.76 0.00 ** 0.00 **

Observations 572 572 572

R-squared 0.57 0.37 (within) 0.57

Table A.3: Average treatment effect estimates (full results)

Pooled Fixed Effects Heckman two-step

Note: P-values for pooled and fixed effect models are based on standard errors that are clustered at the household level. The Heckman two-step p-values are based 

on cluster estimator and White's robust estimator.  ** - significant at 5%, * - significant at 10%

P-value P-value

P-value 

(cluster)

P-value 

(White's)
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Coefficient

Farm wage 0.04 0.45

Bullucks wage 0.02 0.00 **

Market cereal price -0.001 0.07 *

Irrigated area 0.17 0.00 **

Net borrowing -0.001 0.34

Farm durables 0.001 0.63

Farm equipment 0.0000 0.98

Mobile phone -0.25 0.29

Vehicles 0.20 0.35

AP common crops 1.28 0.00 **

Distance to wholesale market -0.02 0.36

Population density -1.85 0.01 **

2010 dummy 0.49 0.09 *

2011 dummy 0.47 0.03 **

2012 dummy 0.55 0.02 **

2013 dummy 0.99 0.00 **

Constant 0.95 0.47

Observations 572

Log pseudolikelihood -249.8

Pseudo R-squared 0.37

Table A.4: Probit estimates for broker crop participation (full sample)

P-value

Note: P-values are based on standard errors that are clustered at the 

household level.  ** - significant at 5%, * - significant at 10%
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Coefficient

Household labor 0.11 0.17

Milk price -0.06 0.18

Off-farm work wage -0.001 0.46

Dairy herd 0.48 0.00 **

Mobile phone 0.10 0.66

Vehicles 0.24 0.29

Forward caste 0.21 0.46

Village milk co-operatives 0.43 0.00 **

Population density 1.41 0.15

2010 dummy 0.01 0.92

2011 dummy 0.00 1.00

2012 dummy 0.04 0.85

2013 dummy 0.14 0.49

Constant -4.43 0.03 **

Observations 572

Log pseudolikelihood -218.1

Pseudo R-squared 0.32

P-value

Note: P-values are based on standard errors that are clustered at the 

household level.  ** - significant at 5%, * - significant at 10%

Table A.5: Probit estimates for co-operative milk participation (full sample)
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Coefficient

Off-farm work days 0.001 0.00 **

Involuntary unemployment days 0.002 0.09 *

Seriously ill days 0.001 0.29

Migration 0.25 0.02 **

Off-farm work wage 0.001 0.13

Rent 0.10 0.00 **

Farm wage -0.03 0.23

Milk price 0.02 0.21

Market cereal price -0.001 0.01 **

Plot area 0.03 0.00 **

Irrigated area 0.02 0.26

Dairy herd 0.04 0.31

Net borrowing -0.0002 0.41

Farm durables 0.002 0.09 *

Farm equipment 0.001 0.25

Vehicles 0.22 0.14

Mobile phone 0.26 0.12

Crop marketing distance 0.01 0.00 **

Milk marketing distance 0.001 0.77

Distance to wholesale market 0.02 0.12

Population density -0.63 0.25

2010 dummy 0.28 0.01 **

2011 dummy 0.02 0.84

2012 dummy 0.36 0.00 **

2013 dummy 0.25 0.05

Markets crops 0.07 0.65

Markets milk 0.12 0.44

Constant 10.61 0.00 **

Broker crop effects

Constant -0.93 0.42

Market cereal price 0.0003 0.36

Plot area 0.02 0.09 *

Farm durables -0.002 0.18

Farm equipment -0.001 0.14

Marketing distance -0.02 0.00 **

Mobile phone -0.21 0.20

Vehicles 0.01 0.97

Population density 0.69 0.19

Co-op milk effects

Constant -3.38 0.02 **

Milk price 0.03 0.21

Herd size 0.06 0.31

Mobile phone 0.59 0.01 **

Vehicles -0.25 0.18

Village milk co-operatives 0.11 0.26

Population density 1.42 0.03 **

Observations 572

R-squared 0.59

Note: P-values are based on standard errors that are clustered at the 

household level.  ** - significant at 5%, * - significant at 10%

Table A.6: Heterogeneous treatment effect estimates (full results)

P-value
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Appendix B: Supplement to Chapter 3 

 

 

Lease in Autarkic Lease out

Leased area (Ac.) 4.7 - 5.0

In sharecropping arrangement 0.33 - 0.28

HH income sources

Crop net income (1000 Rs.) 39 28 7

Non-farm income (1000 Rs.) 54 57 69

HH characteristics

Head education (years) 4.3 4.7 5.3

Seriously ill days 17 18 26

Male makes credit decisions 0.42 0.45 0.31

Male makes land decisions 0.48 0.45 0.37

Forward caste 0.22 0.23 0.26

Backward caste 0.57 0.53 0.50

Off farm work days per worker 115 128 148

HH member migrates for work 0.18 0.15 0.23

Borrows from formal institution for non-ag purpose 0.08 0.15 0.12

Borrows for agricultural purpose 0.76 0.61 0.49

Net borrowing (1000 Rs.) 19 18 -12

Lives in Andhra Pradesh 0.43 0.21 0.50

Lives in Karnataka 0.17 0.26 0.11

Lives in Maharashtra 0.32 0.42 0.25

Lives in Madhya Pradesh 0.08 0.10 0.14

HH endowments

Labor (members aged 14-60) 3.5 3.3 2.6

Farm durables value (1000 Rs.) 16 9 7

Farm machinery value (1000 Rs.) 35 24 17

Milk producing animals 1.3 0.9 0.6

Draft animals 0.96 0.50 0.15

Owns mobile phone 0.88 0.83 0.73

Number of transport vehicles 0.25 0.25 0.19

Own land characteristics

Area (Ac.) 4.2 4.9 7.0

Irrigated area (Ac.) 4.0 2.2 3.1

Average distance from house (Km) 1.3 1.4 1.9

Average distance from irrigation (Km) 0.4 0.3 0.4

Average soil depth (cm) 29.0 94.7 78.1

Average soil ferility (1-4, very poor to very good) 1.2 2.7 2.9

Average slope (1-4, low to high) 0.7 1.5 1.7

Location factors

Distance to nearest town (Km) 14.2 15.6 14.0

Distance to nearest highway (Km) 5.5 5.1 5.8

Village population density (persons/acre) 0.88 0.82 0.84

Observations 540 2011 403

Table B.1: Summary statistics (means) by rental market participation (all variables)
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Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value

Prices

Male farm wage 2.63 0.01 ** 3.44 0.00 ** -0.29 0.76 -0.41 0.66

Expected cereal price 0.30 0.00 ** 0.30 0.00 ** 0.25 0.00 ** 0.19 0.01 **

Land rent -0.07 0.00 ** -0.06 0.00 ** 0.005 0.64 -0.01 0.40

Variance

HH labor 0.04 0.05 ** 0.07 0.00 ** 0.06 0.01 ** 0.06 0.01 **

Milk producing animals 0.02 0.27 -0.04 0.28

Draft animals -0.05 0.02 ** 0.03 0.75

Farm capital value^ 0.002 0.00 ** 0.00 0.80 -0.001 0.01 ** -0.002 0.02 **

Own land 0.03 0.00 ** 0.04 0.00 ** 0.07 0.00 ** 0.08 0.00 **

Sigma 2.75 0.00 ** 2.85 0.00 ** 2.70 0.00 ** 2.56 0.00 **

Log Likelihood -1906.1 -1975.2 -1844.3 -1910.1

Wald chi-square on land leasing 894.8 958.4 322.9 231.1

Wald chi-square on variance 89.6 70.7 173.6 203.5

Observations 2954

^ - Farm durable value is used in (B) and (D)

Table B.2: Tobit estimates on price and variance parameters

Lease-in Equation Lease-out Equation

(C) (D)

* - Statistically significant at 10% level

** - Statistically significant at 5% level

(A) (B)

Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value

Prices

Male farm wage 2.76 0.00 ** 3.69 0.00 ** -1.43 0.13 -1.22 0.21

Expected cereal price 0.28 0.00 ** 0.26 0.00 ** 0.26 0.00 ** 0.21 0.00 **

Land rent -0.07 0.00 ** -0.07 0.00 ** 0.01 0.22 -0.01 0.28

Variance

HH labor 0.03 0.02 ** 0.04 0.00 ** 0.03 0.02 ** 0.04 0.00 **

Milk producing animals 0.00 0.90 0.00 0.90

Draft animals -0.05 0.02 ** -0.05 0.02 **

Farm capital value^ 0.001 0.00 ** -0.001 0.48 0.001 0.00 ** -0.001 0.48

Own land 0.06 0.00 ** 0.07 0.00 ** 0.06 0.00 ** 0.07 0.00 **

Sigma 2.76 0.00 ** 2.82 0.00 ** 2.76 0.00 ** 2.82 0.00 **

Log Likelihood -3547.5 -3680.8 -3547.5 -3680.8

Wald chi-square on land leasing 1103.9 1200.5 424.7 377.7

Wald chi-square on variance 325.0 366.8 325.0 366.8

Observations 2954

^ - Farm durable value is used in (B) and (D)

Table B.3: Switching regression estimates on price and variance parameters

Lease-in Lease-out

(C) (D)

* - Statistically significant at 10% level

** - Statistically significant at 5% level

(A) (B)
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Appendix C: Supplement to Chapter 4 

 

 
 

Coefficient P-value

Leased-in area 933.6 0.03

Own land area 2510.8 0.04

HH labor -681.8 0.57

Farm durables value -12.8 0.88

Farm equipment value -7.7 0.68

Dairy animals 2109.1 0.28

Draft animals 2846.6 0.14

Farm wage 61.8 0.58

Bullocks wage -25.3 0.32

Pulse price index -2.1 0.58

Cereal price index 6.5 0.55

Seriously ill days -23.4 0.46

Formal borrowing institution -3148.4 0.07

2010 Dummy 1122.1 0.82

2011 Dummy -11076.4 0.01

2012 Dummy 1610.4 0.70

2013 Dummy 605.7 0.94

Constant 16435.1 0.41

Observations 2954

R-squared (within) 0.04

Note: P-values are based on standard errors that are 

clustered at the village level.  

Table C.1: Crop net income estimates
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Coefficient P-value

Leased-out area 2949.5 0.00

Own land area 625.7 0.44

HH labor 8144.2 0.00

Farm durables value 17.7 0.27

Farm equipment value -0.1 0.99

Dairy animals -1293.7 0.33

Draft animals -1639.9 0.47

Off-farm wage 148.3 0.00

Seriously ill days -41.3 0.07

Migrates for work 21645.0 0.00

Formal borrowing institution 690.4 0.66

2010 Dummy 2052.9 0.30

2011 Dummy 4868.3 0.12

2012 Dummy 3846.8 0.14

2013 Dummy 1035.7 0.61

Constant 8.2 1.00

Observations 2954

R-squared (within) 0.36

Note: P-values are based on standard errors that are 

clustered at the village level.  

Table C.2: Off-farm income estimates

Price change Tenant Landlord Total Tenant Landlord Total

75% decrease 10.6% 1.2% 11.8% 18.2% 11.3% 29.5% 17.6%

50% decrease 12.2% 2.0% 14.2% 19.9% 16.1% 36.0% 21.8%

25% decrease 14.8% 3.3% 18.1% 21.3% 21.3% 42.6% 24.4%

no change 16.7% 5.0% 21.7% 22.5% 26.8% 49.4% 27.7%

25% increase 18.2% 7.1% 25.4% 24.2% 33.3% 57.6% 32.2%

50% increase 19.8% 9.8% 29.6% 26.5% 38.5% 64.9% 35.3%

75% increase 21.6% 12.9% 34.5% 29.0% 45.3% 74.2% 39.7%

Table C.3: Predicted land market participation rates under price-policy scenarios (High Market Development)

Observed Conditions Market Development (High) Difference 

in Total
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Price change

Crop net 

income 

(1000 Rs)

Off-farm 

income 

(1000 Rs) Total

Crop net 

income 

(1000 Rs)

Off-farm 

income 

(1000 Rs) Total Income (Rs)

Off-farm 

work days

75% decrease 18.8 50.9 69.6 19.7 51.9 71.5 1903 11.5

50% decrease 21.1 51.0 72.1 22.1 52.4 74.5 2461 14.8

25% decrease 23.5 51.1 74.6 24.6 53.1 77.7 3041 18.3

no change 25.9 51.4 77.3 27.1 53.8 80.9 3614 21.8

25% increase 28.3 51.8 80.1 29.6 54.6 84.2 4124 24.8

50% increase 30.8 52.3 83.1 32.1 55.5 87.6 4525 27.2

75% increase 33.3 53.0 86.3 34.6 56.4 91.1 4802 28.9

Note: Off-farm works days are calculated as the income difference divided by the average off-farm wage in the data (166.1 

Rs). 

Table C.4: Welfare outcomes across price changes for each policy scenario (High Market Development)

Observed Conditions Market Development (High) Differences


