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ABSTRACT

We exploit substantial variation in land-market institutions across Indian states and detailed
household-level panel data to assess the effect of land-market distortions on agricultural pro-
ductivity. We develop a model of heterogeneous farms and distorted land markets, featuring
(a) state-level barriers to land-market participation and (b) idiosyncratic (farm-level) distor-
tions to farm size. We use the framework to separately identify and estimate the two sources
of land-market distortions in each state using farm data on productivity, land endowment,
land-market participation, and operational farm size. We find substantial differences across
states in rental barriers with large negative effects on agricultural productivity. An efficient
reallocation of land in India increases agricultural productivity by 65 percent and by more
than 100 percent in some states, with more than 50% of these effects attributed to state-level
rental barriers. Distortions associated with land-market participation contribute substan-
tially to agricultural productivity differences across Indian states.
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1 Introduction

Low productivity in agriculture is a key contributor to the large income differences between
rich and poor countries (Gollin et al., 2002; Restuccia et al., 2008). While the evidence
suggests that poor countries are characterized by lower allocative efficiency across production
units that dampen aggregate productivity (Adamopoulos and Restuccia, 2014), the sources
of these inefficiencies are less well understood. In this paper, we explore one potential
source of low agricultural productivity in developing countries, the misallocation of factors
of production associated with land-market institutions, and examine differences in land-
market institutions across states in India. By focusing on differences in institutions within
a country, we address a common challenge in cross-country studies where land institutions
may be related with other factors that affect agricultural productivity. We consider the
substantial variation in land institutions across states in India that have their origins in
the nature and timing of the colonial conquest across regions. We emphasize state-level
differences in barriers to land rental-market participation and the substantial role they play

in depressing agricultural productivity across Indian states.

India provides a unique setting to study land markets and agricultural productivity for
three reasons. First, agricultural labor productivity in India remains very low despite strong
advances in other countries. For instance, real value added per worker in 2010 Indian agri-
culture was only 5 percent of that in the United States, whereas in non-agriculture this ratio
was 32 percent; and the share of employment in agriculture in India remains very high, 58
percent in 2010, indicative of a low agricultural productivity level (Timmer et al., 2015).
Second, Indian states exhibit substantial variation in both land institutions and agricultural
outcomes. The variation in GDP per worker in agriculture across states in 2011-12 is a
factor of 13.5-fold and the share of employment varies between 5 and 75 percent (MOSPI,
2011; Census of India, 2011). These are enormous variations across states that resemble the

patterns observed across countries but that occur within a common national institutional



framework. The market for buying and selling of land is virtually non-existent in all states
in India as most agricultural land is inherited (Foster and Rosenzweig, 2017). At the same
time, states in India exhibit different degrees of land rental-market activity that allow us
to study the effects of rental barriers separately from farm-level distortions associated with
other aspects of land institutions in Indian states. Third, we use detailed household-level
data, collected under the same survey design across all states, that distinguishes between
cultivated land, owned land, and leased land. This feature of the data allows us to separately
identify state-level rental barriers from idiosyncratic (farm-level) distortions faced by farmers

participating in the land-rental market.

We document large differences in land institutions across states in India resulting from both
historical variation in land revenue systems under the British rule and state-level variation
in post-independence land reforms (Besley and Burgess, 2000; Banerjee and Iyer, 2005; NITT
Aayog, Govt. of India, 2016). In an attempt to protect tenants from exploitation by landown-
ers, states imposed restrictions on land-leasing, but to different degrees. Some states, such
as Kerala, explicitly prohibit the leasing of land. Others, such as West Bengal, only allow
sharecropping. Land reforms also impacted landowners’ willingness to rent out land either
formally or informally for fear of losing their land to tenants. As a result, land rental activity

differs markedly across states.

To quantify the importance of land-market distortions in Indian states for agricultural pro-
ductivity, we use household-level data from two waves of the Indian Human Development
Survey (IHDS), wave I 2004-2005 (Desai et al., 2005) and wave II 2011-2012 (Desai et al.,
2012). The IHDS contains not only detailed information on farm-specific agricultural output
and inputs, but also information on the amount of land that a household owns and leases
to or from other land-market participants. We exploit the panel structure of the data to
construct a robust measure of farm-level total factor productivity (TFP) as the household
fixed effect of a panel regression, thus removing any systematic and idiosyncratic shocks to

productivity over time, and then adjusting for state-level factors. Using the estimates of



farm productivity, we characterize misallocation in each state and provide evidence on the

strong link between land rental-market activity and misallocation across states in India.

To examine how land-market distortions affect the allocation of land and agricultural pro-
ductivity across states, we embed the production framework into an equilibrium model of
heterogeneous farms and distorted land markets. We model two sources of land-market
distortions that create resource misallocation. First, we introduce a novel type of distor-
tion where farmers face state-wide barriers to engaging in rental-market transactions, which
manifest themselves as a difference between a farmer’s cost and return to leasing land. This
feature is motivated by two important observations: (a) land institutions vary across states
and these institutions imply disparate restrictions on renters and rentees and (b) the ex-
tent of land rental market participation of farmers varies across states. We show that the
wedge between the land price to rent in and rent out results in some farmers choosing not to
participate in the rental market. Second, farmers face idiosyncratic (farm-level) distortions
to implicit rental prices, a more standard component of misallocation. We show that these
two sources of distortions can be separately identified and estimated in our framework using
the household-level data on farm productivity, land endowment, rental-market participation,
and operational scale of farms. We show that among rental-market participants, measured
idiosyncratic (farm-level) distortions are well approximated by a systematic component with
respect to farm productivity, summarized by an elasticity parameter; and a random compo-
nent summarized by a dispersion parameter of a log normal distribution (Restuccia, 2019).
We exploit these empirical features to parameterize idiosyncratic land distortions in our

quantitative analysis.

We apply the structural framework by estimating the parameters of state-level and farm-
specific distortions using the first-order conditions from the farm’s profit maximization prob-
lem. We identify distortion parameters using three sources of variation in the data: (a) the
share of farmers not participating in land-rental markets, (b) the covariance between the

marginal product of land and productivity across farmers, and (c¢) the overall variance of the



marginal product of land across farmers. We confirm a strong link across states between the
estimated rental barriers and the share of farms not participating in land-rental markets, the
elasticity of farm distortions with respect to productivity and the covariance between the
marginal product of land and productivity, and the variance of farm-level distortions and

the variance of marginal product of land across farms.

We use the estimated model to perform counterfactual experiments in order to quantify the
effects of land-market distortions on agricultural productivity across Indian states, and in
particular to assess the role of state-level rental barriers separately from the more standard
idiosyncratic (farm-level) distortions. We find that land-market distortions have substantial
negative effects on agricultural productivity with important differences across states: an
efficient reallocation of land in India would increase agricultural productivity by 65 percent
and by more than 100 percent in some states. More importantly, more than 50% of these
effects are attributed to state-level rental barriers. For instance, in Tamil Nadu where rental
barriers imply an effective tax rate on rental income of more than 95%, eliminating rental
barriers contribute to an increase in agricultural productivity of 139 percent. In Karnataka
and Maharashtra, the increase in agricultural productivity associated with rental barriers is
46 and 45 percent, respectively. Even in Punjab, the state with the lowest efficiency gains
at 25 percent, rental barriers contribute to 14 percentage points of these gains. Land market
distortions associated with barriers to land-market participation contribute substantially to

agricultural productivity differences across states.

Our work relates to the broad literature on resource misallocation (Restuccia and Rogerson,
2008; Hsieh and Klenow, 2009) and within this literature articles emphasizing misallocation
in agriculture (Adamopoulos and Restuccia, 2014, 2020; Chen et al., 2023; De Janvry et al.,
2015; Chen, 2017; Gottlieb and Grobovsek, 2019; Chari et al., 2021; Le, 2020). We contribute
to the literature on land misallocation by exploiting a feature of our data that allows us to
identify state-level barriers to rental-market participation as well as idiosyncratic (farm-

level) distortions among farmers that participate in rental markets. Since our data allow



us to differentiate between endowed land and operated land, we are able to shed light on
an important feature of land misallocation in agriculture: the extensive margin of farmers’
rental market participation. The typical approach in the literature is to assume that all
farmers have access to land markets and estimate frictions that affect the intensive margin
of land use. We argue that important institutional differences across states such as restrictive
tenancy laws and quality of land records can manifest as rental barriers that result in farmers

not participating in land markets altogether.

We also connect with a literature studying the impact of economic institutions in India
(Besley and Burgess, 2004; Aghion et al., 2008; Boehm and Oberfield, 2020) and land in-
stitutions (Besley and Burgess, 2000; Banerjee et al., 2002; Banerjee and Iyer, 2005; Besley
et al., 2016). We also build on the literature using household-level data to study agricultural
productivity in India such as Rosenzweig and Wolpin (1993) and Foster and Rosenzweig
(1995). A key difference is that we focus on the effect of property rights institutions on agri-
cultural productivity through misallocation. By emphasizing rental markets, we relate to a
large literature studying institutions and land markets (Deininger and Feder, 2001; Holden
et al., 2011; Chen et al., 2022; Beg, 2021). Our strategy of analyzing variation across states
in India is inspired by the work of Lahiri and Yi (2009) who emphasized the relative eco-
nomic performance of West Bengal and Maharashtra, two important states in India, using

a general-equilibrium sectoral model.

The paper proceeds as follows. In the next section, we describe the institutional context of
India, with reference to the determinants of land-market institutions across states. We also
provide details of the data, our estimate of farm productivity, and suggestive evidence of
the link between land rental-market participation and misallocation. Section 3 describes the
model of heterogeneous farms and distorted land markets and discusses the identification
and evidence of land-market distortions. In Section 4, we estimate the parameters of land-
market distortions in each state and provide our main quantitative results. We conclude in

Section 5.



2 Context

We provide a brief description of the institutional context regarding land across states in
India, details of the data and variables we use in our analysis, and a characterization of
the extent of land rental markets and misallocation across Indian states. The discussion
of institutional context is to highlight differences across Indian states and the importance
of studying them as separate markets with specific frictions. While we do not use these
institutional details in our quantitative analysis, we show suggestive evidence that they

contribute to land misallocation in states.

2.1 Land Institutions in India

Present day variation in land institutions across India is a combined result of differences in
colonial land administrative systems and land reforms undertaken by state governments after
independence in 1947. There were three types of land revenue systems in British India: (i)
landlord-based, which assigned property rights to the landlord in charge of collecting rents;
(ii) individual-based, where individual farmers had property rights and taxes were collected
directly from them; and (iii) village-based, where property rights were diffused depending

on who was in charge of collection.

Banerjee and Iyer (2005) argue that the choice of revenue system by the British across Indian
regions were mostly influenced by individual administrators, precedents prior to annexation
and political events unrelated to factors determining agricultural productivity. As a result,
regions in India experienced different degrees of land inequality and tenant exploitation
prior to independence. After independence, the 1949 Indian Constitution granted states full
control over their land administration law and land-tenure issues, as a nationwide policy
would not work for all states. The key elements of state land reforms were the abolition of

intermediaries, regulation of the size of land holdings (land ceiling legislation), and tenancy



reforms to improve tenure security. Appendix A provides details on all types of land reforms

enacted by each state (see Table A.1).

We focus our discussion on tenancy reforms enacted by the states since these institutions
impose heavy restrictions on the leasing of agricultural land, which tend to prevent the
reallocation of land to more efficient use. There is important variation across states in the
intensity of leasing restrictions. Some states such as Kerala and Jummu & Kashmir legally
prohibit leasing agricultural land, whereas Andhra Pradesh and Rajasthan allow leasing only
under restrictions involving sharecropping or minimum lease periods. Appendix A (Table
A.2) provides a detailed summary of all tenancy reforms implemented by Indian states
between 1950 and 1980. The implementation of tenancy reforms reduced formal land rental
market activity in India: the share of households reporting leasing land declined from 26% in
1970 to 12% in 2001 (World Bank, 2007). While informal and short-term tenancies continue
to exist, they lack recognition leading to a lack of access to credit and other benefits that

prevent farmers to cultivate land efficiently.

Restrictive tenancy laws also discourage landowners from leasing out land even in regions
where leasing is legal or where informal leasing is widespread but ignored by the government.
Some landowners prefer to keep their land fallow for fear of losing their land. This suggests
that renters and rentees face different frictions to participating in the land rental market,

which is a feature of the institutional setting that we exploit in our quantitative analysis.

The different revenue collection systems under the British also resulted in variation in the
quality of land records maintained across India. The degree to which the British depended
on land records to collect taxes varied based on the revenue collection system in place.
Independent India inherited this variation in land records and titles, leading to vast regional

differences in the quality of land property rights.

India also follows a deeds registration system to facilitate land transactions, which cannot

guarantee the legality of a transaction (World Bank, 2007; Mishra and Suhag, 2017). The low



quality of land records and the historical registration systems imply that the registrar has no
obligation or ability to check whether a transaction is valid. The right claimed in a registered
deed usually has priority over unregistered ones, and subsequently registered deeds. This
makes land titles in India presumptive. Moreover, the burden of verifying the validity of
a seller’s ownership claims is borne by the buyer, who also incurs the cost of an invalid
transaction. In 2004 India ranked 123 out of 140 countries in terms of the cost of registering
land transfers measured as a share of property values (e.g. high stamp duties, complex
regulations, and money and time spent on duplicate and inefficient procedures) (World Bank,
2007). In contrast, under a title registration system the government provides and guarantees
the information about past ownership, and the buyer cannot be sued for damages in case
of a fraudulent transfer. While reforms have been implemented to consolidate and digitize
land records (Digital India Land Records Modernization Programme), the outcomes are
limited since states vary in terms of the scope of historically inadequate land records and
the extent of computerized records presently (Mishra and Suhag, 2017). For instance, as of
2019 the percentage of digital Record of Rights issued by states varies from close to 100%
in Andhra Pradesh, Tamil Nadu, and Tripura to close to 3% in Haryana (Deptartment of

Land Resource, Goverment of India, 2020).

Without well-defined land property rights, Indian farmers face frictions in accessing land
rental markets as well as credit markets. The absence of clear land property rights has also
contributed to land-related conflicts. There is also large variation in backlogs of land-related
cases across states in India: the share of pending land-related cases that are more than 10
years old range from 45% in Gujarat (GJ) and Uttar Pradesh (UP) to 0% in Punjab (PB)
and Haryana (HR).



2.2 Data

We use panel micro data from the India Human Development Survey (IHDS). This is a
panel household-level survey that contains detailed information on agricultural and other
commercial activities. The survey is representative at the state and country level in India.
We use two available waves: wave I corresponding to years 2004-2005 (Desai et al., 2005)
and wave II corresponding to years 2011-2012 (Desai et al., 2012). For households operating
in the agricultural sector, the survey provides detailed information on farm output and all
inputs into production. We focus on the household farm as our unit of analysis as opposed

to a plot of land operated by the household farm (Aragén et al., 2024).

The primary variables we use in our analysis are farm output, and various farm inputs
such as labor, capital (machinery, draft animals, and rented capital services), intermediates
(seeds, fertilizers, pesticides), and most importantly, operated land. The survey reports three
primary categories of land for each household: (a) own land cultivated by the household, (b)
own land rented-out, and (c) other land rented-in for cultivation by the household. We use
total cultivated land (own land plus rented in land minus rented out land) as our measure
of operated land by the farm household. We construct a farm indicator of renting-out if the
household reports a positive value in land rented out and another farm indicator of renting-in

if households report a positive value in land rented in.!

We construct measures of real gross output, and input levels and expenditure using common
prices and deflators as necessary. Appendix B.1 describes in detail the construction of real
gross output and input measures from the reported household-level data. After restricting
our analysis to states with an estimated population of more than 20 million, we construct
a balanced panel of 8,147 households in 15 states for the analysis. Sample selection details

are also described in Appendix B.1.

LA very small fraction of farms (=~ 0.32% of our final sample) report positive values of land rented out
and rented in. We classify these households as renting in or renting out based whether they are net renters
or rentees.
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Table 1: Average Farm Size and Land Distribution in Indian States

Ag. Census (2010-11) IHDS-1T (2011-12)

Avg. %< % > Avg. %< % >
Size 2 Ha 20 Ha Size 2 Ha 20 Ha

India 1.15 85.0 0.12 1.45 79.4 0.20

State:
[AP] Andhra Pradesh 1.08 86.0 0.03 2.12 59.7 0.00
[AS] Assam 1.10 85.5 0.08 1.05 89.5 0.00
[BR| Bihar 0.39  96.9 0.00 0.86  90.6 0.00
[GJ] Gujarat 2.02 66.4 0.11 2.39 64.6 0.67
[HR] Haryana 2.25 675 0.54 1.68  69.5 0.00
[KA] Karnataka 1.55 76.4 0.08 1.92 70.1 0.03
[KL] Kerala 0.22 989 0.00 0.64  93.6 0.00
[MP] Madhya Pradesh 1.78 71.4 0.11 2.58 65.7 0.68
[MH] Maharashtra 1.44 785 0.06 220 627 0.67
[OR] Orissa 1.03 91.8 0.02 1.01 85.3 0.00
[PB] Punjab 3.76 34.1 1.01 2.76 53.8 0.88
[RJ] Rajasthan 3.06 58.3 1.31 1.54 77.8 0.12
[TN] Tamil Nadu 0.79 91.7 0.03 1.01 91.0 0.67
[UP] Uttar Pradesh 0.75 924 0.01 093  89.0 0.00
[WB] West Bengal 0.77 95.9 0.00 0.62 95.4 0.00

Notes: All data refers to cultivated land by farms in hectares. Data from 2010-2011 Agricultural Census
(Agriculture Census Division, 2011) and from THDS wave II 2011-2012 (Desai et al., 2012). We focus on the
largest 15 states with population size greater than 20 million.

Differences in land legislation and administration across states are at the heart of contem-
poraneous differences in the operational scale of farms. Table 1 reports the average farm
size and other moments of the distribution of cultivated land in farms across states in India
using data from the 2010-2011 Agricultural Census (Agriculture Census Division, 2011) and
IHDS wave II 2011-12 (Desai et al., 2012). We emphasize two observations from Table 1.
First, the survey data provide a good characterization of farm land sizes in Indian states as
compared with the Census data. Second, there are substantial differences in average farm
sizes across states consistent with differences in land institutions. For example, in our survey

Punjab’s average farm size is more than 4-fold that in Kerala (2.76 to 0.64 ha). In Punjab,
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53.8 percent of farms operate less than 2 hectares of land, whereas in Kerala 93.6 percent
operate less than 2 hectares. These differences in the operational size of farms resemble the
large differences in farm size observed between rich and poor countries (Adamopoulos and

Restuccia, 2014).

Figure 1: Land Rental Market Activity
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Notes: Panel A plots the share of operated land that is rented in against the share of farms that rent in
land across states. Panel B plots the share of own land that that is rented out against the share of farms
that rent out land across states in India. Data are from THDS wave II 2011-12 (Desai et al., 2012).

We also find that rental market activity differs markedly across states. Figures 1 and 2 show
the variation in rental market activity across states and how they correlate with institutional
features at the state level. Figure 1 shows the extent of rental market activity across Indian
states. Panel A shows the variation in the extensive and intensive margins of land rent-in
activity. In several states, such as Tamil Nadu, Kerala, Maharashtra, less than 10% of farms
rent-in land, and less than 5% of total operated land is rented in, whereas some states feature
relatively active land markets such as Punjab where 23% of farms rent-in land and 22% of
all cultivated land is rented. Panel B of Figure 1 shows similar differences in the extent of

land rental market participation in renting out.

State differences in land rental market activity are associated with institutional features.
Using state-level estimates of the share of arable land transferred as a result of tenancy

legislation from Kaushik and Haque (2005), Figure 2 shows that states with higher shares of
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Figure 2: Land Reforms and Rental Market Participation
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Notes: Land rental market activity across states, measured by the percentage of cultivated land rented in,
plotted against the share of agricultural land affected by land reforms from Kaushik and Haque (2005).

land affected by tenancy reforms tend to have less active rental markets. For instance, in the
state of Maharashtra, where 27% of land was transferred as a result of tenancy legislation,
only 3.4% operated land is rented in, whereas in Punjab less than 5% of the land was affected
by tenancy reform and more than 20% of operated land is rented in. Similarly, ill-defined
property rights combined with weak contract enforcement raise the effective transaction costs
beyond the level implied by de jure regulation. Following Boehm and Oberfield (2020), we
collect state-level estimates of the age of pending cases that pertain to land disputes from the
National Judicial Data Grid (Verma, 2018). The age of pending cases differs substantially
across states, from zero to more than 12 years. In Punjab and Haryana where the percentage
of land rented in is high, the age of pending cases is below 2 years, whereas in states with
a low level of land rented in such as Maharashtra, Tamil Nadu, and Gujarat, the age of

pending cases is more than 6 years.
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2.3 Measuring Farm Productivity

An important component for our analysis is farm total factor productivity which we measure
using the farm output and input data. We assume that farms produce a homogeneous good
and have a common production function that only differs in terms of their total factor
productivity. The amount of real gross output produced by a farm household ¢, located in

state s, and in year ¢, y;s is given by:
o g8 l1-a—p 1-0 0 ?
Yist = Qist <kist£istnist > Mgt > @& Bv (97 e (07 1)7 (1>

where k;,; is the real capital stock, ¢;; is operated land size, n; is total labor in hours, m;
is real intermediate inputs, and z; is time-varying farm productivity. We measure a;s as a
residual from the production function with data on output and inputs. Note that the farm
technology features decreasing returns to scale in variable inputs (v < 1), which is essential
in determining the size of the farm (Adamopoulos and Restuccia, 2014). While specifying a
common production function at the outset may seem restrictive, the evidence suggests that
it generates a reasonable distribution of farm productivity, similar to that of an alternative
approach of estimating the production function using panel data methods (Aragén et al.,

2022). Our approach is restricted by the short time dimension of our panel data.

It is straightforward to show that while the farm-level production function features decreas-
ing returns to scale on variable inputs, the aggregate production function in agriculture
features constant returns to scale with the number of farms as an input (Hopenhayn, 1992;
Adamopoulos et al., 2022). Following this insight, we use aggregate expenditure shares of
revenue of factor inputs for all farms in the data to calibrate the production function pa-
rameters, an approach that is common in the macroeconomics literature (Valentinyi and
Herrendorf, 2008; Adamopoulos and Restuccia, 2014). Using the data from THDS wave I, we
find that the expenditure shares of capital, land, labor, and materials are 0.11, 0.25, 0.19,

and 0.20, respectively. These parameters imply from equation (1) that a = 0.20, 8 = 0.43,
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0 = 0.28, and v = 0.75. The resulting parameter estimates are broadly consistent with
estimates from other studies (Adamopoulos et al., 2022; Aragén et al., 2022; Chen et al.,
2022).

Using the estimated production function parameters, farm total factor productivity a;s is
measured as a residual from equation (1) for each farm and survey wave. Recognizing
that the residual from the production function in each year is potentially comprised of a
permanent component of farm productivity that we are interested in measuring, as well as a
stochastic component that varies every year, we back out the permanent component of farm
productivity using the two-wave panel data with farm and time fixed effects. In particular,
we follow Adamopoulos et al. (2022) to decompose the logarithm of farm TFP (Ina,s) as
follows:

Ina;g = Ina;s +Ina; + vig, (2)

where In a; is a year fixed effect component that captures time-varying shocks to productiv-
ity (e.g., weather) that are common across farmers, Ina;s is a household farm fixed effect
component that captures persistent productivity differences across farmers including state
level differences, and v;4 is an error term that reflects farmer- and time-specific productivity
shocks. We estimate equation (2) using panel data methods to extract the household farm
fixed effect In a;s which is inclusive of location-level differences (e.g. land quality). We then
remove location-level differences by regressing In a;s on location dummies and extracting the

residual. Using the state location information of each farmer, denoted by s, we estimate

Ina;s = Inas + In z;,

where the predicted error term In z;, is our estimate of permanent farm-specific TFP after
removing farm-specific time varying shocks to the farm residual, as well as a state-specific

component.?

2We continue to denote farm productivity z;s with index s to indicate that farm i produces in state s
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Table 2 summarizes the distribution of farm productivity (In z;) for India as a whole and for
each state in our sample. There is substantial dispersion in farm productivity in all states,
with a standard deviation of log farm productivity of 0.37 in West Bengal and 0.89 in Kerala.
For India, the standard deviation of log farm productivity is 0.62. Comparatively, these
dispersion measures of farm productivity are consistent with findings for the agricultural
sector in other contexts such as a standard deviation of log farm productivity of 0.93 in
Malawi (Chen et al., 2023) and 0.64 in China (Adamopoulos et al., 2022); as well as findings
in the range of 0.85-1.16 for other sectors such as manufacturing plants in China, India, and
the United States (Hsieh and Klenow, 2009). Despite the limited time dimension of the panel
data, the variance of the permanent component of log farm productivity, In z;,, in our data
is about 60 percent of the cross-sectional variance of Ina;s, hence, controlling for variation
across time and space reduces the cross-sectional dispersion of farm productivity by about

40 percent.

Estimates of productivity are subject to several potential concerns of measurement and mis-
pecification (Bils et al., 2021; Gollin and Udry, 2021). Invariably the data may be measured
with error and our analysis makes important abstractions that may create bias. Nevertheless,
we emphasize three features of our analysis that provides some perspective on the extent of
mismeasurement. First, our analysis focuses on the household farm as unit of production
instead of a plot operated by the farm. Measuring productivity at the farm has been shown
to greatly reduce observed productivity dispersion at the plot level and to generate a relevant
assessment of misallocation in agriculture (Aragén et al., 2024). Second, our analysis uses
the panel dimension of the data to remove transitory variation in productivity. Moreover,
we focus on reallocation within states to minimize the impact of state-level differences. We
have shown that removing transitory variation and state-level differences contribute to a sub-
stantial 40 percent reduction in productivity dispersion in our baseline measures compared

to cross-sectional measures of productivity. Third, our analysis below restricts variation in

even though productivity z;s is devoid of state-level differences.
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Table 2: Farm Total Factor Productivity

Distribution of
log Farm TFP (In z;)

SD  90-10  75-25

India 0.62 1.58 0.82

States:
[AP] Andhra Pradesh ~ 0.62  1.60 0.89
[AS] Assam 0.71  1.82 0.76
[BR] Bihar 052 132 0.7
[GJ] Gujarat 0.85 238 1.21
[HR] Haryana 0.61  1.59 0.89
[KA] Karnataka 0.78  2.10 1.13
[KL] Kerala 0.89  2.29 1.45
[MP] Madhya Pradesh ~ 0.59 1.54 0.83
[MH] Maharashtra 0.64 175 0.83
[OR] Orissa 054 135 0.73
[PB] Punjab 0.49  1.17 0.66
[RJ] Rajasthan 0.76  2.02 1.07
[TN] Tamil Nadu 0.83 2.38 1.00
[UP] Uttar Pradesh 0.51  1.36 0.70
[WB] West Bengal 037 097 0.48

Notes: Statistics on the distribution of log farm TFP In z;5 are the standard deviation and the difference
between the 90 and 10 percentiles and the 75 and 25 percentiles of the productivity distribution in India and
in each state.

input ratios across farms which may be due to farmers using alternative technologies or
making different cropping choices. Appendix C shows that efficiency gains with land input
is a conservative measure of misallocation representing 75% of the efficiency gains when us-
ing all inputs. In addition, we also consider potential variation in production technologies
across crops and how they might affect estimated farm productivity in Appendix B.2. We
use crop-level output information to classify farms that produce more than 50 percent of
their estimated revenue from a single crop and re-estimate factor shares by crop. We find
that factor shares are roughly similar across the major crops produced in India, and that

the implied farm productivity with crop-specific factor shares are highly correlated with our
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baseline measure (average correlation of 93 percent across farms within states). Lastly, in
robustness analysis we restrict reallocation within districts in a state and reallocation across

farms producing similar crops, finding similar reallocation gains (see Appendix C).

2.4 Land Rentals and Misallocation

Using our estimates of farm productivity, we now provide a characterization of misallocation
in agriculture across Indian states and its connection with the extent of land rental markets,

a connection we assess in more detail in our quantitative analysis.

Figure 3: Land Rentals and Misallocation
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Notes: Operated land-TFP elasticity refers to the elasticity of operated land with respect to our measure of
farm TFP. Efficiency gain refers to the ratio of aggregate efficient output relative to aggregate actual output,
where output is modeled as productivity times a composite land input as defined in section 3. Circles are
the data in each state in our sample and the solid line is the best fit.

Figure 3 reports two commonly used measures of misallocation in the literature: the pro-
ductivity gradient of cultivated land in farms, measured by the elasticity of cultivated land
on farm productivity, and the aggregate productivity gain from efficient factor reallocation
across farms. Appendix C provides a detailed characterization of the efficient allocation
and a definition of efficiency gains. In particular, note that the efficient allocation implies

a high land-productivity elasticity, hence a low elasticity is associated with misallocation of

resources. Panel A in Figure 3 shows that these two measures of misallocation are strongly
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related and that there are important differences in misallocation across states. For instance,
Punjab features the lowest efficiency gain of 1.25-fold (a 25% increase from efficient real-
location) and the highest land-productivity elasticity, whereas several other states feature
efficiency gains higher than 1.8-fold and land-productivity elasticity near zero. We also note
that states differ slightly in the relationship between land endowment and farm productivity,
with Tamil Nadu featuring the lowest correlation (in logs) of —0.04, most other states with
correlation between 0.1 and 0.3, and Punjab with the higher correlation of 0.55. This weak
correlation of land endowments and farm productivity implies a need for active land rental

markets to achieve a more efficient allocation of land across productive uses.

Panel B in Figure 3 shows that states with less active land rental markets (higher rates of
non participation) feature higher misallocation in agriculture. A similar pattern arises when

using the percentage of land not rented as a measure of the extent of rental markets.

We use this suggestive evidence connecting the extent of land rental markets with misalloca-
tion across Indian states to develop a model of distorted rental markets in the next section

in order to quantify the role of land market distortions on agricultural productivity.

3 Model

To assess the quantitative relevance of land rental market activity on agricultural productiv-
ity across Indian states, we develop a model of agricultural production with heterogeneous
farms and distorted land rental markets, building on Deininger and Nagarajan (2010) and

Adamopoulos and Restuccia (2014).

3.1 Description

We consider an agricultural economy that comprises S regions called states indexed by s.

Each state s is endowed with an aggregate amount of land L, and a finite number of farm

19



households F§ indexed by ¢ that differ in their farming productivity z;s, land endowment
l;s, and land distortions that we describe below. Individual farms produce a homogeneous
output good using the following decreasing returns to scale technology,

— Y
Yis = Zisg

1S9

0<vy<l,

where /;, is the amount of land operated by the farm. We normalize the price of the output
good to one. There is no trade or factor mobility between states. The model is static and

for ease of exposition we abstract from time subscripts.

We focus on the institutions that affect land rental markets across states and model the
effect of these institutions through land distortions. We argue that a suitable approach to
capture the effect of these institutions on farm decisions is for land distortions to impact all
other inputs so that input ratios are unaffected. We follow this approach in specifying the
model below. It is straightforward to show that this approach is equivalent to modeling land
as a composite input in production since all the input ratios are constant (see Appendix B.2)
and that it delivers a conservative measure of misallocation (see Appendix C). The evidence
from many different contexts is supportive of this approach (Hsieh and Klenow, 2009; Chen

et al., 2023; Adamopoulos et al., 2022; Chen et al., 2022).

We assume farmers cannot sell their endowed land so that land reallocation occurs only
through rentals. While this assumption may seem restrictive, in practice there are very few
land sale transactions in India. In our data, only 3% of farming households purchased the
land they own, while 95% acquired the land through family. In contrast, about 10% of
households participate in the rental market in either wave. Farmers can rent land to (¢£2)
out

or from (£i") other farmers, but face implicit farmer-specific transaction prices ¢/ and ¢

per unit of land rented in and rented out.

For ease of exposition and without loss of generality, we model farm-specific land rental

prices as effective taxes or subsidies on the rental price of land ¢,. In practice, the wedges to
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land rental rates stand in for a myriad of explicit and implicit taxes, regulations, and features
of land institutions in each state that affect land transactions. We distinguish between two
components of land distortions: a novel state-level rental barrier common among farmers in a
state that creates a wedge between the land rent-in and rent-out rates 7, and an idiosyncratic
(farm-level) component of distortions that differs across farmers in a state which we denote
by 7;s as is standard in most of the misallocation literature. Hence, effective land rental
prices are given by:
in
@ =a(+m),  at=t
Ts
A key feature of this framework is that the state-level rental barrier 7, allows the model to
generate non-participation in the land-rental market, a prevalent feature in our data that

varies systematically across states.

3.2 Decentralized Allocation

For each state, given farm productivity z;, land endowment ¢;,, price gs, and land-market
distortions (75, 75), farms choose the operational scale, that is the amount of cultivated land
l;s, which is equal to the amount of endowed land /;, plus land rented in ¢ minus land

rented out £9%, to maximize profits:

18

3 S 1 18 ou
max Tis = Ziézs - QS(l + Tzs)gig + a ( T )Eistv (3)
{tisut iz >0} Ts

18 —

subject to

gis = Zis + g;? - ff:t~

A competitive equilibrium is a land rental price ¢, and allocations {/;, £, £5'} such that: (i)

187 718

Given prices, farmers’ allocations maximize profits, i.e., solve the problem in equation (3),
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and (ii) the land market clears, i.e., >, f;s = L,. Appendix D.1 describes the procedure we

use to solve for the competitive equilibrium in each state.
Within a state, given farm productivity, land endowment, and rental prices, farm land choices
{lis, 17,19} are characterized by:

s Vis

QS(l + Tis)

¢(1+7,) > MPLj, = —"——"%  if (" =0 and (5" > 0, (4)
Ts
s 1 s . ;
w47 = MPLy> 0T e g e — g, (5)
Ts
s 1 s . ;
w7 > MPL,> BT g e — g (6)
TS

where M PL;, = vzisﬁzs_l is the marginal product of land of farm ¢ in state s. In equilibrium,
the first order conditions in equations (4) and (5) are binding for farmers participating in
the land rental market, that is farmers rent in or rent out land up to the point where
their marginal product of land equals the effective rental prices they face. We exploit this
feature of the model and the fact that our data distinguish between own and rented land as
well as rental market participation, to separately identify state-level rental barriers 7, and

idiosyncratic distortions 7;5 as we discuss below.

3.3 Discussion

It is instructive to note in the characterization of operational scales (farm size) that without
distortions, that is when 7, = 1 and 7;, = 0 for all ¢, operated land /;; in equilibrium is such
that the marginal product of land for each farmer in a state is equalized to the common price
¢s- This implies in our model that operated land is proportional to farm productivity z;,
with elasticity 1/(1 — ), irrespective of the land endowment (see Appendix C). Moreover,
in this case all farmers participate in the land rental market (save for a measure zero case

where optimal farm size is the same as the land endowment for an individual farmer).
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Role of state-level rental barrier 7,. Recall that 7, > 1 creates a wedge between the
land rent-in and rent-out rates. Figure 4 illustrates how farm productivity, land endowment,
and distortions influence farm operational scale and hence land allocations and land rental-
market participation. The x-axis represents the farm operational scale (land size ¢) and the
y-axis the marginal product of land and land rental prices. The solid lines represent the
marginal product of land schedule for farmers with different total factor productivity z, with

more productive farmers featuring higher marginal product of land schedules (z3 > 21 > 2).

Figure 4: Characterizing Land Rental-Market Participation
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We want to establish that the rental barrier 7, > 1 implies an inaction zone where farmers
choose not to participate in the land rental market and simply operate the farm with their
land endowment. Assuming that farmers are endowed with the same amount of land ¢

outy " Figure 4 displays the optimal farm

and are facing the same land rental prices (¢™, ¢
allocation in three different cases. First, if the marginal product of land at the endowment
is higher than the cost of renting in land, point A for farmer with productivity z,, then the

farmer rents land (increasing operational scale) until the point where the marginal product

of operated land equalizes the rent in price ¢"*. Second, if the marginal product of endowed
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land is below the rent out price, point C for farmer with productivity zy, then the farmer
rents out land until the point where the marginal product of operated land equalizes the rent
out price ¢°“*. Third, if the marginal product of endowed land is between the rent in and rent
out rates, point B for farmer with productivity z;, then the farmer does not to participate
in the rental market and operates the land endowment /. Hence, when 7, > 1, there is an
inaction zone in land market participation where a subset of farmers simply operate their
land endowment. Moreover, a higher rental barrier 75, other things equal, imply a larger gap
between the rental rates and a higher proportion of farmers not participating in the land
rental market since the zone of inaction is larger. Land rental market participation is a key
moment determining the wedge between the effective land rental rates, a feature we exploit

in our quantitative strategy to determine 7, across states.

Figure 5 illustrates the stylized relationship between operated land and farm productivity
for all farmers. The two solid lines represent the land demand for farms facing the rent
in and rent out rates, where 7, > 1 implies a wedge between the rental rates, which in
turn creates a wedge between the operated land demands of farmers renting in and renting
out. The horizontal distance between the rent-in and rent-out land demands determines
the inaction zone, the range of farm productivity for which farmers simply operate their
land endowment. Figure 5 depicts behavior of farmers with different land endowments. At
high land endowment, ¢, farmers with low productivity rent out land until they reach an
operational scale that makes their marginal product of land equal to their rental rate, q;/7s.
However at high enough farm productivity, the farmer would prefer to not participate in the
rental market. At low land endowment, ¢, farmers with low productivity do not participate
in the rental market, but high productive farmers demand more land. These farmers rent
in land until they reach an operational scale where the marginal product of land equa