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Abstract

We examine the role of delivery of subsidized seeds and fertilizers in the form
of agricultural minikits by local governments in three successive farm panels in
West Bengal spanning 1982-95. These programs significantly raised farm value
added per acre, accounting for almost two thirds of the observed growth. The
estimates are robust to possible endogeneity of program placement, controls
for farm and year effects, other programs of agricultural development, local
weather and price shocks. The effects were uniform across farms of varying
size, and raised farm employment of hired workers. The effects of the kits
delivery program overshadowed the effects of other rural development programs,

including the tenancy registration program Operation Barga.
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1 Introduction

Recent research on agricultural performance in developing countries have important
implications for policies of subsidized provision of agricultural inputs such as seeds and
fertilizers and their effects on productivity and farmer incomes (Foster and Rosenzweig
(1996, 2010), Conley and Udry (2010), Duflo, Kremer and Robinson (2009)). Much of
this literature has focused on incentives of farmers to adopt new technologies and the
diffusion of such technologies via processes of individual and social learning. These
papers examine econometric evidence for under-utilization of new technologies and
underlying causes, such as lack of knowledge among farmers concerning effectiveness
of new seed varieties, free-riding on information generated by adoption efforts of
neighbors, credit constraints and self-control problems. All of these factors constitute
sources of market failure that can provide possible rationales for government programs
of subsidized delivery of seeds and fertilizers. This gives rise to the need for empirical

evidence concerning effectiveness of such programs in raising agricultural productivity.

This paper provides empirical estimates of the effectiveness of subsidized farm
input programs, based on the experience of the Indian state of West Bengal during
the last two decades of the 20th century when it witnessed rapid growth in foodgrains
production and yields. This period, sometimes referred to as West Bengal’s Green
Revolution, transformed its status from one of the lowest performing states in India in
the 1970s to the best in succeeding decades: the annual rate of growth in foodgrains
production rose from 1.7% in the 1970s to 3.4% in the 1980s and 4.6% in the early
1990s (Lieten (1992), Saha and Swaminathan (1994), Sengupta and Gazdar (1996)).
This transformation was characterized by rising production of rice, increased cropping
intensities and rapid diffusion of high-yielding rice varieties. It was also accompanied
by growth of rural wages, and a marked drop in head-count measures of poverty.
During this period local government offices of the agriculture department of the West

Bengal state government delivered subsidized agricultural minikits to farmers contain-



ing mainly seeds (rice, potato, oilseeds and other vegetables), besides some fertilizers
and insecticides. Other rural development programs included a land redistribution
and a tenancy registration program which protected sharecroppers from eviction and
regulated their cropshares, creation of village roads and irrigation facilities which em-
ployed local workers, provision of subsidized credit to poor and low caste households

to enable them to invest in income earning assets.

Using a series of three successive farm panels covering the period between 1982-95,
we examine the role of the minikit program in generating farm productivity growth in
West Bengal during these year, while controlling for the other programs being simul-
taneously implemented. Specifically, we estimate the effects of provision of minikits at
the village level in any given year on productivity in randomly chosen individual farms
in the same village in subsequent years. This can be interpreted as the reduced form
impact on average farm productivity in the village, which incorporates diffusion and
spillover from treated farms to other farms in the village. It avoids the econometric
challenges in identifying incentives and patterns of learning at the micro-level (e.g.,
see Foster and Rosenzweig (2010) for a lucid discussion), at the cost of not learning
the precise channels through which the programs may have operated. We control
for fixed farmer characteristics, year dummies, as well as village-level time-varying
variables such as rainfall, price of rice, and various complementary rural development

policies pursued by state and local governments.

Our OLS double difference estimate of the effect of distributing one kit per house-
hold in a village is a 42-49% increase in value added per acre of a representative
farm in that village in subsequent years, statistically significant at 1%. This esti-
mate turns out to be robust to potential endogeneity of program placement, thus
addressing concerns that program placements may have responded to unobserved
time-varying shocks in the village that raised demands among farmers for such in-
put subsidy programs and independently raised farm productivity at the same time.

We instrument program placement in any given village by district, state and national



level determinants of the scale of the program at the state level, and political economy

determinants of its allocation across jurisdictions.*

Of the various agricultural development programs in West Bengal, we focus on the
minikit program partly because our results show it to be the most effective, and we
are able to check the robustness of the estimates to possible endogeneity of program
placement. But it is important to highlight that it was one of a whole package of
programs; the OLS estimates show that many of other programs were also effective

to varying degrees.

In particular, we subsequently examine in some detail the effect of the tenancy
registration program called Operation Barga, whose role in raising rice yields in West
Bengal over a similar period has been studied by Banerjee, Gertler and Ghatak (2002).
Our analysis differs from the latter study by focusing on effects on productivity at the
farm level (rather than at the district level), by using different measures of produc-
tivity (value added per acre, rather than rice yields) as well as of program intensity
(proportion of cultivable land in the village covered by the program, rather than pro-
portion of sharecroppers in the village registered). Besides, we control for other rural
development programs being implemented at the same time, and examine robustness
with respect to possible endogeneity of the implementation rate of Operation Barga.
For the latter purpose we use an instrument set which includes external determinants

of political competition in local government (gram panchayat (GP)) elections inter-

4The rationale for this identification strategy is the following. The scale of the program at
the level of the state as a whole fluctuated from year to year, reflecting resources available to the
department of agriculture at the state-macro level. The minikits were subsequently allocated across
different districts by state level bureaucrats, and filtered down district and block offices of the state
agriculture department, eventually allocated across and within villages in any given block as a result
of discussions between local village governments (gram panchayats (GPs)) and block level agriculture
officials. This was an inherently political process, affected by the inclination of state level politicians
at higher levels of government to allocate the program across districts and blocks, and lobbying by

GP officials on behalf of their residents.



acted with lagged incumbency patterns (following the political economy analysis of
West Bengal’s land reforms in our earlier work, Bardhan and Mookherjee (2010)).
For reasons explained in further detail in the paper, the instruments affected minikit
delivery and Operation Barga in different ways, generating sufficient independent fluc-
tuations in placement of the two programs to enable us to identify their respective

effects.

We obtain a statistically significant OLS estimate of the impact of Operation
Barga on farm productivity, with a 1% increase in area covered by the program gen-
erating an increase in value added per acre for a representative farm in the village in
subsequent years by 0.4%. However the IV estimate of the effect of Operation Barga
turns out to be approximately half the OLS estimate, and fails to be statistically
significant, unlike the estimates of the minikits program. Besides, the scale of Oper-
ation Barga in terms of cultivable area registered was small, generating a predicted
impact on farm productivity that was substantially smaller than that of the minikits

program.

We thereafter examine cropping pattern and intra-village distributional effects of
the minikit and tenancy registration programs. The land reforms increased cropped
intensity and adoption of high-yielding rice varieties, while the minikit program had
no discernible effect on either of these. We find no evidence of any adverse distribu-
tional effect of the minikit program: it did not affect marginal or small farms any
differently from larger farms, nor did it affect the wage rate for hired workers, while
it significantly raised employment of these workers. In contrast Operation Barga had
no observable effect on marginal farms below 1.25 acres, possibly because most ten-
ant farms exceeded this size. Moreover, Operation Barga had no significant effect
on wages and employment of hired workers in owner-cultivated farms, while reducing

these in tenant farms by inducing substitution of hired by family labor.

Apart from minikits and tenancy registration, other programs with a significant

effect on farm productivity included minor irrigation schemes of the local government



and subsidized credit distribution through the IRDP program. This period witnessed
substantial growth in private investment in shallow tubewells as well. The role of
private and public investments in minor irrigation is examined in a subsequent paper
(Bardhan, Mookherjee and Neha Kumar (2010)), which provides evidence of comple-

mentarities between the tenancy registration program and private investments.

Section 2 of the paper describes the setting of West Bengal agriculture and govern-
ment policies, the nature of the data and some useful descriptive statistics. Section
3 explains the regression specification, followed by Section 4 which presents the basic
set of OLS estimates. Section 5 examines robustness of the OLS estimate of effec-
tiveness of the minikit program to potential endogeneity concerns. Section 6 then
examines the effects of Operation Barga. Section 7 examines effects of the minikits
and Operation Barga on cropping patterns and distribution of benefits within the

village, while Section 8 concludes.

2 Background and Data

West Bengal is a state in eastern India with a population exceeding 80 million, over
two-thirds of which live in rural areas. Approximately half of the rural population
owned cultivable land and were engaged in farming in the early 2000’s, the remaining
population relying on employment in agricultural and nonagricultural labor markets.
With regard to levels of per capita income or indices of human development, West
Bengal ranks in the middle among Indian states. From the early 1950s until the
mid-60s the state government was dominated by a center-right party, the Indian
National Congress. From 1966 until 1971 coalition governments formed, in which
some Left parties (including the Communist Party of India (Marxist), or CPM) played
part. This was followed by a period in the first half of the 1970s when the Congress
returned to power in the state government. Throughout this period policies of rural

development were administered by bureaucrats of various state government ministries.



In 1977 a Left-front coalition headed by the CPM won an absolute majority in
the state government, a phenomenon which continues to the present day. Soon upon
assuming power, the Left-front government delegated delivery of development and
welfare programs to a newly created three-tier system of directly elected local govern-
ments called panchayats, of which the gram panchayats (GPs) formed the bottom-
most layer. A GP typically oversees a jurisdiction of 10-15 hamlets (mouzas), thus
operating at the village level, while upper tiers correspond to block and district levels.
During this period a number of rural development programs jointly sponsored by the
national and state governments were initiated throughout India. The West Bengal
GPs played an important role in lobbying higher level panchayats for resources un-
der various development programs, and in selecting beneficiaries of these programs
within their jurisdictions. They also participated actively in the implementation of
land reform programs at the local level in collaboration with farmer organizations,
by identifying landowners and tenants within villages, appropriating land from those
owning more than the legislated land ceilings and distributing corresponding land
titles (pattas) to the poor, and registering tenants under Operation Barga. Further

details of these rural development programs are described below.

2.1 Farm Service Delivery Programs

Besides their role in implementing land reforms, the principal responsibilities en-
trusted to the panchayats included administration of (a) the two principal poverty
alleviation schemes: the Integrated Rural Development Program (IRDP) which gave
subsidized credit to the poor, and employment programs such as Food for Work
(FFW), National Rural Employment Program (NREP), Rural Labour Employment
Guarantee Program (RLEGP) in the 1980s which were merged into the Jawahar
Rozgar Yojana (JRY) from 1989 onwards), (b) distribution of subsidized agricultural

inputs in the form of minikits containing seeds, fertilizers and pesticides, (c) selection



and construction of local infrastructure projects (including roads and irrigation), and
(d) miscellaneous welfare schemes (old-age assistance, disaster relief, housing pro-
grams for the poor etc.). The bulk of the resources for these programs were devolved
to the local governments under various schemes sponsored by the central and state
government. The resources percolated down from the central government to GPs
through the state government, its district-wide allocations, and then through the
upper tiers of the panchayats at the block and district levels. Upper tiers of the pan-
chayats selected their allocation across different GPs. The responsibility of the latter
was either to allocate them across households and farms within their jurisdiction, or
to recommend beneficiaries to local implementing agencies such as government banks

and agriculture offices.

The agricultural minikits were disbursed at throwaway prices to beneficiaries se-
lected by the local government by the agriculture office in the relevant block (the tier
of local government intermediate between the village and district). Table 2 shows
that approximately one out of every seven households in the early 1980s received kits
in any given year, a rate which progressively fell to approximately half that amount in
the late 1990s. Table 3a describes the content of the kits: mainly rice seeds, followed
by seeds for potato, oilseeds, vegetables, and lentils, and finally some fertilizers and
insecticides. Using the cost of cultivation data for farms in these villages to estimate
prices of these inputs, the estimated value of the kits distributed per household per
year over the 1978-98 period was Rs 176 at 1993 prices.

Subsidized credit was provided by state-owned banks under the Integrated Rural
Development Program (IRDP) from 1978 onwards. The target groups were scheduled
castes and tribes, agricultural workers, artisans, marginal and small farmers owning
less than 5 acres of land. Part of the loan consisted of a subsidy, which did not need to
be repaid. The proportion of the loan constituting the subsidy was highest (50%) for
scheduled castes and tribes, and lower (ranging from 25 to 33%) for others depending
on how much land they owned. Table 3b shows that the subsidy component for the



IRDP loans amounted to approximately Rs 29 per household per year over the perod
1978-98, at 1993 prices. Apart from the lower scale of this program compared with
the minikits in terms of monetary value of the subsidies, the majority of the recipients
were landless workers who did not cultivate themselves on a commercial scale. Hence
the expected impact of the credit program on farm productivity is likely to be smaller

compared with the minikit program.

Apart from selecting beneficiaries of the kit and IRDP program, GPs were respon-
sible for building and maintaining local infrastucture such as roads, medium irrigation
and school buildings under the aegis of the Jawahar Rozgar Program (JRY) or its pre-
decessor programs FFW, NREP and RLEGP. These programs provided employment
and a source of earnings for poor households (also selected by the GPs). The scale of

these programs per village for selected years is indicated in Table 2.

A detailed discussion of these programs and their targeting is contained in an
earlier paper (Bardhan and Mookherjee (2006)). That paper showed that within
villages these programs were targeted fairly well by GPs, though the inter-village
allocations exhibited biases against villages with a high proportion of landless and

low caste groups.

2.2 Land Reform Programs

There were two principal land reform programs. The first represents appropriation of
lands (a process known as vesting) above the legislated ceilings from large landowners,
and subsequent distribution of this land to the landless in the form of titles to small
land plots (called pattas). Most of the vesting had been carried out prior to 1978.5
According to the Left Front government’s own admission, it had been unable to

markedly increase the extent of land vested over the amount available in 1978. Hence

5We were able to get data on the time pattern of vesting in 34 of our sample villages, where we

found 70% had been vested prior to 1978.



its main initiative has been the distribution of vested land in the form of land titles.
For the state as a whole, P.S. Appu (1996, Appendix IV.3) estimates the extent of
land distributed until 1992 at 6.72% of its operated area, against a national average of
1.34%.% However, many of the distributed land titles pertained to very small plots: in
our sample villages, the average plots distributed were approximately half an acre in
size. Since large landowners would be expected to select their least productive lands
to hand over to the land reform authorities, one would also expect the distributed

plots to be of low quality.

The other land reform program was Operation Barga, involving registration of ten-
ancy contracts. Upon assuming reins of the state government in 1977, the Left Front
government amended the 1971 Land Reforms Act, making sharecropping hereditary,
rendered eviction by landlords a punishable offense, and shifted the onus of proof
concerning identity of the actual tiller on the landlord. Subsequently they initiated a
mass mobilization drive with the assistance of farmer unions (Kisan Sabha) and newly
empowered local governments to identify sharecropping tenants and induce them to
register their contracts with the local Land Records office. Registration was also ac-
companied by a floor on the share accruing to tenants, amounting to 75% (replaced
by 50% if the landlord paid for all non-labor inputs). Over a million tenants were
registered by 1981, up from 242,000 in 1978 (Lieten (1992, Table 5.1)), increasing to
almost one and a half million by 1990. Lieten (1992, p. 161) estimates on the basis
of different assumptions concerning the actual number of sharecroppers in the state,
that upwards of 80% of all sharecroppers were registered in the state by the early
1990s. Banerjee et al (2002, p.242) estimate this proportion to be around 65%, while
our estimate is about 48%. Nevertheless, the proportion of farmland and farmers
that were registered was substantially smaller, owing to the relatively low incidence

of tenancy during the period in question, as explained in more detail below.

50nly one other state (Jammu and Kashmir) achieved a higher percentage, with the vast majority

of states distributing less than 1.5% of operated area.
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2.3 Data

Our study is based on data from cost of cultivation surveys carried out by the De-
partment of Agriculture of the state government. These surveys were carried out for
the purpose of estimating agricultural costs of principal crops in the state. These are
aggregated at the state level and eventually sent to the Commission for Agricultural
Costs and Prices at the central government in New Delhi, which uses this information

to set procurement prices for agricultural commodities on a cost-plus basis.

A number of reasons make the data from these surveys especially reliable. First,
the surveys are not used by the government to estimate agricultural production levels
in the state. So they are not subject to reporting biases that have been argued to afflict
published statistics of the state government used by most previous studies (including
Besley-Burgess (2000) and Banerjee et al (2002)).” Second, the surveys were based
on a stratified random sample of farms in West Bengal, selecting blocks randomly
within each district, then selecting pairs of neighboring villages randomly within
blocks, and finally selecting a random sample of 8 farms in each village, stratifying
by landholdings. Every five years the samples were redrawn and freshly chosen.
Each selected farm was visited on a bi-weekly basis for five successive years. Trained
investigators measured principal outputs and inputs of farms on a weekly basis, and
every year filed an assessment of costs on various items, following prescribed norms

by the agriculture department. Prices of main inputs and outputs were also collected

"Considerable doubt has been raised about the reliability of agricultural output data of the West
Bengal state government, by Boyce (1987) and Datta Ray (1994). They describe how the West
Bengal state government has often shifted between agricultural statistics collected from sample
surveys and crop cutting surveys initiated by P.C. Mahalanobis in the 1940s, and those based on
subjective ’eye estimates’ from the state Directorate of Agriculture. These concerns are aggravated
by the frequent use of published statistics by the West Bengal state government to claim credit for
their policies in generating a high rate of agricultural growth during the 1980s and the first half of
the 1990s.

11



at the farm-year level. Self-provided inputs were imputed costs based on their market
prices, with careful treatment of depreciation of fixed assets such as farm equipment

and pumps.

Unfortunately we were not able to locate all the detailed farm-level records, result-
ing in some gaps in coverage. Detailed farm records could be located for three suc-
cessive five year panels, spanning 1982-85, 1986-90 and 1991-95 respectively. Within
each panel, data is available for 8 farms in each village for between three to five years.
A farm corresponds to an operational holding cultivated by a single household, with
multiple plots and crops. The data is organized by crop for each farm in any given
year, including revenues from products and by-products sold, and expenditures on

various inputs. Prices and quantities are not always separately available.

We were not successful in getting access to the farm-level data for a number of
villages in the sample, owing to the nature of the rotating panel design, and differences
in record-keeping practices across various local offices of the Agriculture department
responsible for conducting the cultivation surveys.® This is especially true for the
1982-85 panel where data was available from only 6 districts.” The data coverage for
the post-1985 period is better, with 10 districts in the 1986-90 panel and 12 in the
1991-95 panel.!? Altogether 16 districts are represented in the sample, but only two
districts are represented in all three panels. Hence we shall present the descriptive
statistics and decompositions for the three panels separately. The size of the sample
also varies across the panels, with 20 villages represented in the first panel, 29 in the
second and 35 in the third. Altogether there are 550 farms represented for an average

of four years each, generating data for approximately 2200 farm-years.

8 Approximately 20 villages had to be dropped owing to missing farm-level records. These villages
however did not vary significantly from included villages with respect to any of the program levels.

9These were 24 Parganas (South), Coochbehar, Birbhum, Purulia, Bankura and Jalpaiguri.

10The 1986-90 sample did not cover Birbhum, Jalpaiguri, Malda, Medinipur, Hugli and Bard-

haman. The 1991-96 sample left out Purulia, Bankura and Jalpaiguri.
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The farm data is complemented by village data collected from a variety of sources.
We carried out household surveys in these villages, with a complete enumeration of
land holdings, cultivation, caste, literacy and occupation of all households in the
village for two years 1978 and 1998. Another dataset pertains to composition and
activities of local governments, spanning the period 1978-2004. These include com-
position of elected GPs; details of infrastructure programs and yearly budgets of
these GPs. We visited local land reform offices to obtain data on yearly land reform
implementation (land titles distributed and tenants registered, including names of
beneficiaries and cultivation areas involved). Visits to local lead banks and block
development offices generated yearly data on distribution of IRDP credit and agricul-
tural minikits in each village. GP records yielded yearly allocation of spending and
scale of various infrastructure projects. We also collected data on rainfall from local
recording centers of the state Meteorological department, leading economic indica-
tors at the district or regional level from published statistics of the state government,
and outcomes of elections to the state and national legislatures in each constituency

spanning the sample areas.

2.4 Descriptive Statistics

Summary statistics concerning the villages in our sample are provided in Table 1.
The sample includes 89 villages in 57 GP jurisdictions. Each GP consists of ten to
twenty elected members of a council governing administration of the jurisdiction of
the GP, which usually consists of eight to fifteen villages or mouzas. On average each

district comprises 20 blocks and 200 GPs.

Table 1 shows statistics pertaining to village demographics and land distributions
at the beginning and end of the sample period, based on an indirect household survey

administered in each village in 1998.1! It also shows the extent of land reform im-

1 The latter involved selection of voter lists for 1978 and 1998, and interviews with four or five
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plemented in the sample villages, based on the official land records. The proportion
of households registered under Operation Barga by 1998 was 4.4%. Aggregating the
two programs, the land reforms affected about 8% of operational land area and 11%

of the households between 1978 and 1998.

Tables 2 and 3 depict trends in subsidized farm services delivered by local govern-
ments in our sample villages. They illustrate how the scale of these services (e.g., in
terms of the proportion of households affected) greatly overshadowed the scale of the
land reforms. For instance, Table 2 shows that approximately one out of every nine
households received agricultural minikits every single year in the 1980s, of the same
order of magnitude as the total number of direct beneficiaries of the land reforms for

the entire twenty year period between 1978 and 1998.

The bottom of Table 2 also shows an estimate of the proportion of land under
tenancy from the cost of cultivation data. In the first panel lasting until 1985, there
was a downward trend in tenancy: the percent land area leased fell from 13% in 1982
to 7% in 1985. In later panels (1986-90, 1991-95) no trends are visible, averaging
between 1-2% during 1986-90 and around 6% during 1991-95.'2 These are consistent
with state-wide estimates of the extent of sharecropping tenancy in West Bengal based
on the National Sample Survey (approximately 12% of cultivated area in 1981 and
7% in 1991).13 The low incidence of sharecropping helps explain why despite the high
rate of registration of tenants (over 50%), the proportion of land area covered by the

tenancy registration program was only of the order of 4%.

different senior citizens in each village to identify land and demographic status of each household for

those two years respectively. In particular the land distribution obtained thereby when aggregated

to the district level matches quite closely the distributions reported in the state Agricultural Census

as well as National Sample Survey (NSS) decadal surveys of operational holdings in West Bengal.
12The wide variation across panels reflects their differing regional coverages.

13For instance, the Operational Holdings survey of the National Sample Survey (NSS) for the year
1991-92 indicates that 10.4% of the area was leased in. Of the total area leased in, about 48% was

on sharecropped contracts, which implies that 7% of area was sharecropped in that year.
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Table 3a provides the per village average yearly flow of different seeds and chem-
icals delivered through the minikits for each five year time-block corresponding to a
distinct elected GP between 1978 and 1998. In terms of the market value of these
kits, the flow of benefits rose initially, peaked during the mid-1980s, and subsequently

shrank thereafter.

Table 3b provides corresponding data concerning the scale of the IRDP program.
Using data on IRDP loans provided to farmers in each village, we calculated the
total value of the subsidy on the basis of an assumed market interest rate of 50%
per annum. Within participating villages in our sample, the total volume of credit
subsidy in any given year was Rs 6700 (in 1980 prices), amounting to about Rs 29
per household. The average subsidy component of an individual loan was Rs 826,
constituting approximately 80% of the loan amount. On average eight households
out of a population of about three hundred received an IRDP loan in any given
year. Table 2 shows that the IRDP program measured by subsidy per household fell
progressively between 1982 and 1995.

Expenditures incurred on local road programs and on local irrigation programs by
GPs decreased somewhat in the latter part of the period, yet remained substantial,
indicating a considerable increase in village infrastructure. In comparison there was
relatively little growth in irrigation provided by the state government in the form of

state canals and state roads.

The bottom of Table 2 shows for the sake of comparison the scale of the land
reform in the sample villages in each of the three panels, based on the government
land records. The scale of the land reforms is measured by the cumulative proportion
of cultivable land area covered relative to the mean proportion for this period (nor-
malized to unity). For the kits, credit and employment programs it is measured by
growth respectively in the cumulative number, subsidy and mandays per household
generated (relative to the respective means, normalized to unity). Substantial growth

in area affected by land reform occurred only in the first panel 1982-85, while the kit
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and credit programs continued to grow at almost the same pace throughout the first

two panels, slowing somewhat thereafter in the third panel.

The separate contribution of the different programs can be estimated precisely
only if they were not highly inter-correlated with one another. The partial correlations
were low and statistically insignificant at the 10% level. For instance a regression of
the Barga implementation rate on the other programs, yielded a coefficient of -.145
with respect to the minikit program (p-value of 0.25), -0.100 with respect to the
credit program (p-value of 0.32), and 0.065 with respect to the land title distribution
program (p-value of 0.27), after controlling for village fixed effects, year dummies
and other controls used in each regression. Interestingly, the sign of the partial
correlation between the tenancy reform and the farm service programs was negative.
It was not the case, therefore, that GPs implementing one of these intensively in a
given year were doing the same with the other programs at the same time. This
helps us to disentangle their respective contributions to year-to-year changes in farm

productivity.

Table 4 shows average allocation of cropped area across different crops in our
farm sample, and their respective yields (measured by value added per acre). Rice
accounted for two-thirds of cropped area, with HYV rice accounting for 28% on
average across the entire period. HYV rice yields were two and a half times those
of traditional rice varieties. Only potatoes generated a higher return (measured by
value added per acre) than HY'V rice; however the short potato season (which lasts
70-90 days) limits the acreage devoted to this crop. Other cash crops such as jute
and tobacco generate high returns, followed by pulses, vegetables and oilseeds, with

wheat generating the lowest returns.

Table 5 shows changes over time in cropping patterns, yields and incomes: these
are weighted averages across farms in the sample for the beginning and end of each
separate panel (1982-85, 1986-90 and 1991-96). Cropped area per farm did not grow
until the early 1990s, following which it grew sharply. HY'V rice adoption rates were

16



stationary and below 10% in the first panel. In the second panel they rose from 26

to 40% of rice area, and in the third panel from 58 to 67%.

We measure farm yields in terms of value added per acre, which subtracts from the
revenues earned from sale (plus self-consumption valued at prevailing market prices)
all costs incurred excepting family labor. Costs of all self-provided inputs (such as
bullock labor, farm equipment, seeds and water) are imputed at market prices. We
avoid valuing family labor at the market wage rate owing to distortions on the labor
market emphasized in the classic literature on surplus labor in developing countries
(e.g., Sen (1966), Jorgensen (1967), Bardhan (1973)). In the case of rice, we obtain
similar results upon measuring yields by kilograms of rice produced per acre, as in
Banerjee, Gertler and Ghatak (2002). The advantage of using value added per acre
is that it incorporates the cost of inputs, as well as allowing us to aggregate returns
across different crops to form a composite measure of value added per acre in each

farm-year.

The middle rows of Table 5 show the rapid growth in farm productivity. Value
added per acre in rice grew much faster than value added per acre aggregated across
all crops, with respective growth of 59%, 86%, 29% and 22%, 41% and 4.5% in the
three panels. Since cropped area per farm did not rise much, the growth of value
added per farm was comparable to that of value added per acre (except in the third

panel where the former grew 9% as against 4.5% for the latter).

The wage rate of hired workers remained stationary throughout the 1980s, but
grew about 15% in the first half of the 1990s. Employment increased 15%, 7% and
17% in the three panels respectively. Hence incomes of agricultural workers, the
poorest section of the rural population, grew more slowly than incomes of farmers in

the 1980s, a trend which was reversed in the 1990s.
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3 Regression Specification

Provision of complementary inputs such as seeds, fertilizers and credit at heavily
subsidized rates, besides investments in road and irrigation infrastructure, are likely
to raise farm productivity through a variety of channels. First, the farmers that
directly receive the subsidized mini-kits would be expected to raise their yields by
utilizing the seeds and fertilizers, which were typically superior to traditional varieties
used. The credit provided would augment their access to working and fixed capital,
and the income effect associated with the subsidy components might induce higher
investments in farm improvement. Second, there could be spillovers to neighboring
farms, through social learning (the demonstration and competitive effects generated
by the direct recipients) and possible sharing of some of the benefits. As examples
of the latter, purchase of fixed farm assets or irrigation wells and pumps by credit
recipients are likely to be accompanied by offers to rent these to their neighbors,

raising access and lowering cost of water and farm equipment rentals to the latter.'

The cost of cultivation data for farms does not include the names of the house-
holds involved, which prevents us from merging it with the data collected from the
village surveys. As a result we cannot identify whether a particular farm was a direct
beneficiary of any of the programs. We estimate the effect of variations in program
intensity measured at the village level on subsequent productivity growth in a sample
of randomly selected farms located in the village, without regard to whether these

farms were direct beneficiaries of the programs.

In any case, the key question of interest concerns the effectiveness of the village
level interventions. With regard to the effect of various farm service programs, mod-
els of social learning in agriculture (e.g., Foster and Rosenzweig (1995)) lead us to

expect diffusion of benefits to neighbors, resulting in spread of benefits to the entire

14We explore the role of such spillovers operating through investments in groundwater capacity in

a companion paper Bardhan, Mookherjee and Neha Kumar (2009).
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village which would persist into future years. Programs which augmented credit ac-
cess (Operation Barga or IRDP) helped contribute to the stock of fixed capital assets
in the village whose effect would also persist into the future. One can similarly view
the benefits of social learning from minikit distribution (which were accompanied by
demonstrations by state agriculture officers in the farms of recipients) as an increase
in the stock of ‘knowledge capital’ concerning best practices with regard to use of

new varieties of seeds, fertilizers and insecticides.

Models of social learning (Foster and Rosenzweig (1995)) indicate the appropriate
specification of the effects of the various farm service programs ought to distinguish
between current and lagged program effects, plus interactions between these. Effects
of one’s own past adoption would differ from neighbor’s adoption, but this cannot be
incorporated owing to our inability to identify direct recipients of the farm services.
Separation of current and lagged effects into their respective effects and interactions
between them requires a nonlinear model which is difficult to estimate with a reduced
form estimation approach. The estimation of lagged effects as distinct from current
effects also raises some econometric complications, which we avoid by using a single

cumulative measure of program implementation until the current year.'

With regard to the tenancy registration program, the implementation is measured
by the cumulative proportion of land in the village registered until any given year.
This is a first approximation for the probability that a randomly selected farm would
have been registered under the program. Even for tenants that did not register, the
option of registering would be expected to generate a reduction in Marshallian share-

cropping distortions. Nevertheless, these improvement in farmer incentives would

158pecifically, we would lose considerable degrees of freedom in using lagged effects as distinct
from current effects, owing to the large number of programs (there would be at least five additional
variables to include in the regression, corresponding to the five programs). Controls for endogeneity
would require a corresponding expansion in the number of instruments. Besides there is the problem

of potential bias in the estimation of lagged effects in the presence of serially correlated errors.
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arise only in tenant farms. We therefore include an interaction between a dummy for
whether or not the farm leases in land with the implementation rate of Operation
Barga in the village. This picks up the differential effect of the program on tenant
and owner-cultivator farms, representing the direct effect of the reform on the former.
The registration rate by itself thus represents the spillover effect on owner-cultivated
farms located in the same village, resulting from social learning, competitive or gen-

eral equilibrium effects.

The set of variables representing implementation rates of different programs there-
fore include cumulative values upto the previous year of minikits distributed in the
village per household, proportion of cultivable land distributed in the form of pattas,
and registered under Operation Barga respectively. We control for other programs
with a possible bearing on farm productivity, such as IRDP credit subsidy delivered
per household, mandays of employment generated per household in the village gen-
erated by the concerned GP in the same year, as this (rather than the cumulative of
past values) represents the effect on the wages and productivity of hired workers (via
their effect on their outside options on the labor market). We include as additional
controls cumulative GP expenditures (in constant 1980 prices) per household on lo-
cal irrigation and road projects, representing investments in relevant infrastructure

by the local government.

The OLS regression specification

Viwe = PiBvi—1+ BoByi—1+ BsLfu ¥ By
+B4Pyt—1 + Bs Lot + BeAgor + 57143%,5 + BsCut + vf + 0p + €fun (1)

explains value added per acre V, in farm f located in village v in year ¢ in terms of
E,;_1 a vector of cumulative (per household) delivery in village v until year ¢t — 1 of
minikits, IRDP credit subsidy, GP expenditures on local road and irrigation projects,
and employment mandays per household in the current year. Also included among

predictors are B, ;1 the cumulative proportion of agricultural land registered under
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Operation Barga in the village until year ¢—1, and P, ;_; the cumulative proportion of
cultivable land in village v distributed till year ¢t —1 in the form of land titles (pattas).
Additional farm level controls include tenancy status (L, denotes the dummy for
whether farm f in village v in year ¢ leased in land) and farm size (Ay,, is the gross
cropped area in the farm in year t).!5 The coefficient (3 represents the differential
impact of the tenancy reform on tenant farms, relative to pure owner cultivated
farms. The effect on the latter, represented by the coefficient (5, thus represents
spillover or general equilibrium effects of the tenancy reform on non-tenant farms in
the village. C); includes additional time-varying village controls such as the annual
rainfall at the nearest weather station, the log of the rice price received by the farmer,
canals and roads provided by the state government in the district. Finally, a farm
dummy is included to pick up unobservable farmer-level characteristics such as wealth,
education and farming skills, while year dummies represent effect of common macro

shocks affecting all farms in the state in the same way.

4 OLS Estimates

Table 6 presents OLS estimates of the effects of minikits delivered to a village on
log value added per acre of farms located that village in subsequent years. Column
1 shows the regression estimate which controls only for farmer and year dummies.
Column 2 adds in village level controls for rainfall, rice price, roads and irrigation
provided by the state government, and for farm size and tenancy status. Column 3

then adds in controls for the other major programs that might affect farm produc-

16The theoretical literature indicates that agency problems with respect to hired labor in con-
junction with credit market imperfections may cause farms to rely on family labor as far as possible
(Eswaran and Kotwal (1986)). Given family size, increases in cropped area cause increasing reliance
on hired labor, which therefore tends to increase agency problems and lowers farm profits. On the
other hand there may be various sources of technological scale economies or diseconomies. We thus

allow for nonlinear effects of scale by including both acreage and its square.
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tivity: the two land reform programs, the IRDP credit program, and mandays of
employment generated by the GP infrastructure programs. All of these generate an
estimate of minikits that is statistically significant at the 1% level, varying between

42 to .49.

Column 3 allows us to appraise the comparative effect of different development
programs. The land titling program does not have a significant effect, while the effects
of IRDP and of Operation Barga are both statistically significant, with coefficients
of 0.4 and 0.5 respectively. The lack of significance of the titling program is not
surprising, as the distributed plots were small and poor in quality. In contrast plots
registered were larger: the average size registered in these villages was approximately
1.5 acres, three times as large as the average plot distributed. Note however that
the effect of Operation Barga shown is the effect on the average farm in the village,
irrespective whether or not it was leasing land. Given the small fraction of farms
and farmland that were leasing in land, this represents mainly a spillover effect on
non-tenant farms, which comprise about 90% of the sample. To confirm this inter-
pretation, column 4 runs the same regression for the sample consisting only of pure

owner-cultivated farms, and obtains similar estimates.

Standard errors in columns 1 through 3 were clustered at the village level, to in-
corporate the possibility of correlation across farms in the same village in unobserved
time-varying sources of farm productivity. To check for possible serial correlation in
errors, we also clustered standard errors at the farm level and found the significance
patterns unchanged. Finally, Column 5 presents the corresponding village-level re-
gression. It uses as dependent variable the average farm productivity in the village,
obtained by weighting productivity of farms by their respective cropped areas. This
is to check if standard errors of the regression run at the individual farm level were
underestimated owing to correlation in errors across farms in the same village, de-
spite clustering standard errors at the village level (Donald and Lang (2007)). The
magnitude of the effect of minikits and Operation Barga is slightly attenuated, but
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they remain significant at 5%.

5 Controlling for Endogeneity of Program Imple-

mentation

We now examine robustness of the estimates in Table 6 to possible endogeneity of
program implementation. It is conceivable that villages with farmers more motivated
to raise productivity would have lobbied their elected panchayat representatives to
try to get more minikits from higher level panchayats. If so the OLS estimate of the
effect of rising minikit provision in the village would be proxying for unobserved time-

varying productivity-raising efforts of local farmers unrelated to minikit procurement.

As explained previously the minikits were distributed through the hierarchy of
the state government across district and block offices of the agriculture department,
and then distributed across villages within any given block through a process of
consultation with concerned GP officials. Lobbying by the GP officials with the
block agricultural officers would be expected to play a part in determining how many
kits were allocated to the concerned GP. The GP officials would also have a say in the
allocation of kits across villages and farmers within those villages. Similarly, officials
in the block and district panchayats would be able to influence the allocation of the

kits across different regions within their jurisdiction.

The allocation of kits to any given village would thus be expected to depend
partly on the scale of the program in the state as a whole, as well as the party
composition of the concerned GP. Party composition would matter in two ways. A GP
dominated either by the Left Front or the Congress would be less subject to problems
of divided control and inter-party conflict, thus facing less problems in collective
action in lobbying higher level governments. Moreoever, the party composition in

the GP often mirrors that in the higher level panchayats. A Left-dominated GP is
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more likely to arise in a region where the Left Front dominates, and the higher level
panchayats are also likely to be dominated by the Left Front. If kits are allocated in
a partisan manner by the latter, a block level panchayat dominated by the Left Front
would allocate more kits to Left-dominated GPs compared to Congress-dominated
GPs within its jurisdiction. On the other hand if the kits are offered to woo ‘swing’
voters, more kits may be allocated to constituencies that are divided rather than
dominated by one of the two parties. Hence the allocation to a given GP may not be

monotonically related to the fraction of its officials that belong to the Left Front.

We therefore allow for possible non-linearities in the relation of kits allocation
to the Left Front share of the concerned GP. Our regression specification for kits

allocated to village v in year ¢ is then
Kot = i LSy + pa LS3, + po K7 % LSy + pia K3 # LS, + g+ iy, + e (2)

where LS, is the Left share in the GP associated with village v in year ¢, K} denotes
the state average for kits allocation per household in year ¢, y; is a year dummy, pu,

is a village dummy, and €*, a white noise process.

The village-year varying predictor of kits delivery here is the Left share of GP
seats in the same year, which however cannot serve as an instrument since unobserved
shocks affecting farm productivity growth in the village may be correlated with the

outcome of GP elections. We therefore need to predict the latter.

In our previous work on this issue, we have found that factors at the district and
national levels that affect the relative popularity of the Left Front and Congress,
combined with lagged incumbency in the GP, are successful in predicting the success
of the Left in any given GP election (Bardhan-Mookherjee (2010)). The popularity of
the Congress at the national level is proxied by INC; the number of seats it secured
in the preceding elections to the national Parliament. Within West Bengal (where
the Left Font has a far more significant presence), the relative popularity of the Left

Front is measured by AV.SD,;, the vote share difference between the candidates of
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the two parties in the preceding elections to the state legislature, averaged across
all constituencies in the district in which the village happens to belong to. These
elections to the national and state legislatures typically occur two or three years prior
to the local GP elections. Swings in INC; and AV .SD,; thus represent the effect of
state and national level events on the relative loyalties of voters to the two parties,
which affect their competitive position in local elections. Since a district typically
contains about 2000 to 3000 villages, these measures of popularity of the parties are

unlikely to be driven by factors specific to any given village.

We predict local GP composition on the basis of these measures of relative pop-
ularity of the two parties, in addition to and interacted with lagged GP composition

which represents the effect of local incumbency patterns:
LSy =81 LSy s 1+ 0 INCy % LS, 41 + 03AVSD, + 6, + €, (3)

where LS, ;1 denotes Left share in the previous GP administration, ¢, is a GP fixed
effect, and €2, is an i.i.d. GP-year shock. Note that GP elections are held once every
five years, so the incumbency variable LS, ;_; represents the share of the Left not in
the current GP, but the one preceding the current one which is no longer in office
(and was elected five to ten years ago). As shown in Bardhan-Mookherjee (2010), this
Arellano-Bond specification of the dynamics of the GP composition (i.e., the lack of
seria correlation in the errors, after controlling for the GP fixed effect) is not rejected

by the data.

Combining equations (3) and (2), we obtain a prediction of the kits delivered
to a village in any given year as a function of lagged incumbency, its square and
interactions with measures of relative popularity of the two parties at the district and
national levels and with the scale of the program for the state as a whole:

Ky =1K]* LS, + 1K * LSit_1 +vs K« INCy x LS, ;1 + +va )+ AVS D,y
+vs LSy -1+ VﬁLSit_l + v INCy % LSy -1 + vgAV.SDy % LS, ;-1 ¥ INC,
+19 AV SDy + 1AV SDyy % LSy 11 + 111 AV SD,; % LSit,l +uv,+v,+e, (4
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where we ignore some higher order terms. The identification assumption is that
these time-varying fluctuations in these predictors of GP composition and scale of
the program at the state level are uncorrelated with unobserved time-varying shocks
to farm productivity in a given village. This is plausible once we have controlled for
all state-sponsored programs for rural development that may have an impact of farm

productivity in the second stage regression.

Table 7 presents the estimated first stage equation, with all corresponding vari-
ables cumulated upto any given year. We see a U-shaped pattern with respect to GP
composition, suggesting the role of collective action problems within the GP com-
bined with partisan distribution of kits by higher level governments. The regression
has an R-squared of 0.38 and an F statistic of 27.7, indicating that the instruments

do explain a substantial portion of the observed variation in kits delivered.

Table 8 presents the second stage equation for effect of kits on farm productivity,
first without village controls, then adding in these controls and other productivity
related programs in the subsequent columns. All three versions show the effect of
kits to be statistically significant at the 10% level. Adding in the controls and other
programs, it is significant at 5% and its magnitude is almost the same as the OLS esti-
mate in Table 6. Tests for the rank condition for identification, and of overidentifying

restrictions are not rejected.

6 Effects of Operation Barga

The OLS estimates in Table 6 showed Operation Barga was the other program with
consistently significant effect on farm productivity. However, this effect was not
confined to tenant farms which comprise 10% of the sample, and was just as powerful
for farms that did not lease in any land (as shown in column 4 of Table 6). This

indicates that the effects of the tenancy registration program were also subject to
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considerable spillover. The nature of that spillover has been invstigated in a related
paper (Bardhan, Mookherjee and Neha Kumar (2009)), where we provide evidence of
significant effects of Operation Barga on investments in groundwater capacity which

lowered the price of groundwater, benefitting tenant and non-tenant farms alike.

The OLS estimate is potentially vulnerable to endogeneity bias, both because
registration was a voluntary decision made by tenants, and the scale of the program in
any given village was the result of efforts made by local GP and land reform officials.
Our earlier analysis (Bardhan and Mookherjee (2010)) of the political economy of
the land reforms indicates the role of political competition at the local GP level
in the implementation of Operation Barga. Accordingly we need to instrument for

Operation Barga implementation to examine the extent of endogeneity bias.

Our earlier analysis of the political economy of the reforms suggests using deter-
minants of political competition at the district and national levels, interacted with
lagged incumbency as instruments for Barga registration. Specifically, Operation

Barga implementation in village v in year ¢ can be predicted as follows:
th = ’}/ILSvt + 72Lsgt + VBAVSth
+ LSy x AVSDy + 45 LS% + AVSDyy + 7, + 1) + €y (5)
GP composition (Left share and its square) matters owing to differences in ideological
motivation between Left Front and Congress party officials to register tenants. These
motivations are modified by electoral competition: as loyalties of voters in the dis-
trict (measured by AV.SD,;) swings in favor the Left, the motivation to implement
the reform among Left party officials slackens in Left-dominated GPs. Combining
equation (5) with (3), we obtain a prediction for Barga implementation in terms of
district and national-level loyalties of voters, interacted with lagged incumbency:
By = wnLSy1+1vLS}, | +vsINCy* LS,y + v1yAVSD,,
+v5s AV SDyy % LS, 41 % INCy + v AV SDyy % LS, 14
+1v7AVSDy % LSS,y + vy + v + € (6)
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with some higher order interaction terms dropped in order to limit collinearity prob-

lems.

Table 7a shows the regression estimates for (6), with all corresponding variables
cumulated upto any given year. We see an inverted-U of implementation rates with
respect to GP Left share, and a corresponding slackening of implementation rates in
Left-dominated GPs when voter loyalties shift towards the Left, consistent with the
political economy hypothesis described above. The regression has an R-squared of

0.77 and an F statistic of 19.5, indicating that the instruments have predictive power.

Moreover, changing GP composition has different effects on Barga implementation
and delivery of minikits. Changes in Left share alone (i.e., when the scale of the
kit program is low) have a significant effect on Barga registration but not on kits
delivery. They have a significant effect on kits delivered only when the scale of
the kits program is large, which is what one would expect intuitively. Hence an
instrument set which includes the predictors used in Tables 7 and 7a has the capacity
for explaining independent variations in kits delivery and Operation Barga. This
implies we can expect to identify the effects of these two programs separately using

the same instrument set used for kits in Table 8.

Table 8a shows corresponding IV estimates of cumulative delivery of kits and
Barga implementation in a village on farm productivity. Column 1 reproduces the
earlier IV estimate of the kits delivery alone from Table 8, without including other
agricultural development programs in the regression, for purposes of comparison.
Columns 1 and 2 instrument for both kits and Barga, using the same set of in-
struments, without and with controls for IRDP credit, land titling and employment
respectively. The null hypothesis of violation of the rank condition for identification
is rejected at 6% and 3% respectively. The Hansen test for overidentifying restrictions

is not rejected.

Table 8a shows the IV estimate of Operation Barga is substantially smaller than
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the corresponding OLS estimate, and statistically insignificant at 10%. In contrast
the IV estimate of kits delivered remains significant, and its magnitude is consistently
above 0.4. This indicates absence of significant endogeneity bias for the effectiveness

of kits delivery, unlike Operation Barga implementation.

It is important to reiterate the differences in our analysis from Banerjee, Gertler
and Ghatak (2002). The most fundamental is the level of aggregation: their analy-
sis examines district level yields, whereas we focus on productivity within individual
farms. Our analysis captures reductions in Marshallian sharecropping distortions,
either owing to increased security or shares accruing to tenants, or to declining in-
cidence of leasing-in of land within farms. But aggregate yields at the district level
would additionally include possible general equilibrium effects on the distribution of
land, resulting from possible induced effects on entry or exit, or the size distribution
of farms. For instance, it is possible that Operation Barga reduced the profitablity
of leasing out land, inducing large landowning families to sub-divide, sell off part of
their lands, or switch to self-cultivation. The resulting changes in the composition of
farms could alter aggregate yields even if they did not affect the productivity within
any type of farm distinguished by ownership status or size.!” Hence our respective
estimates are not comparable. Other differences include our controls for endogeneity
bias, controls for other rural development programs implemented at the same time,
the use of productivity measure (value added per acre rather than rice yields, and

use of cost of cultivation survey data rather than official government statistics for

"Tn a subsequent paper (Bardhan, Luca, Mookherjee and Pino (2010), we use a longitudinal
household survey of landholdings in the same set of villages studied here, to examine changes in the
distribution of landownership between 1967 and 2003, and the possible role of the land reform in
inducing the observed changes. We find a substantial increase in inequality, owing mainly to high
rates of household division, and of immigration. We do not find any significant effects of Operation
Barga, either directly or indirectly through induced effects on rates of household division, migration
patterns or land market transactions. The patta program on the other hand lowered inequality and

landlessness to some degree.
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agricultural performance in the state), the measure of Operation Barga implementa-
tion (proportion of cultivable land registered, rather than proportion of sharecroppers
registered) and the exact period covered (their analysis covered 1979-93, whereas ours

covers 1982-95).

In order to gain some perspective on the relative quantitative significance of differ-
ent programs in explaining observed changes in farm productivity, Table 9 calculates
the contribution of different agricultural development programs in each of the three
farm panels, using the OLS estimates from column 3 in Table 6. The predicted
change in productivity for each farm from any given program is calculated by mul-
tiplying the estimated effect of the program by the observed change in the program
for the farm in question. The first set of columns constructs an unweighted mean
of these productivity changes, while the second set weights by size of cultivable ar-
eas of the corresponding villages.'® We see that the kits program is consistently the
most conspicuous contributor to rising farm productivity, except the early 90s when
GP spending on local irrigation was more important. Operation Barga mattered
only in the unweighted estimates of the first panel, but even then its contribution
was less than a quarter of the contribution of minikits delivered, and less important
than the effect of IRDP credit or GP spending on local irrigation. This is despite
the significant and large elasticity of 0.4 of farm productivity with respect to Barga
implementation, which was comparable in size to the elasticity with respect to kits
delivered. The small overall contribution thus owes to the relatively small scale of the
Barga program, measured by proportion of land area covered (which we have seen
earlier in Table 2 was of the order of 4% between 1982 and 1995). The tailing off of
the role of the program in subsequent panels similarly owes to the fact that most of

the coverage under the program had already been completed by the mid-1980s. This

18The regression specification postulated a uniform effect across all farms within each village, so
weighting by village land areas yields the same estimate as would obtain if we weighted by areas of

all farms in the village, which in turn is more precise than weighting by all farms in the sample.
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indicates that by starting the analysis in 1982 rather than the late 1970s we have
missed some of the period when Operation Barga was in full swing. Nevertheless, as
long as we have an unbiased estimate of the elasticity of productivity with respect
to Barga registration based on post-1982 data, we can estimate the effect of all prior
registration by multiplying the implied effect by the extent of Barga registration prior
to 1982, which was of the order of 3%. This will cause the (unweighted) estimate of
the contribution of Operation Barga to rise to 7.5%, still substantially smaller than

the contribution of the minikits.

7 Cropping Patterns and Distributional Impacts

Table 10 shows OLS double-difference estimates of the impact of the programs on
cropping decisions. The kits program had no discernible impact on total cropped
area. There is a small positive effect on acreage allocated to HYV rice and potato,
both high value-added crops, but these effects are statistically insignificant. Hence
the major effects of the kits seems to have operated by raising yields on given crops,

rather than altering cropping patterns or changing the total cropped area.

In contrast, both land reform programs increased total cropped area significantly
by raising cropping intensities. Operation Barga had dissimilar effects on tenant and
owner cultivated farms. The tenant farms did not increase total cropped area, but
switched to HYV rice from traditional rice varieties. Non-tenant farms raised total
cropped area, mainly by raising cropping intensities of traditional rice varieties. The

patta program also induced a similar response, though at a somewhat lower intensity.

Table 11 examines the differential impact of each program on marginal and non-
marginal farms. We use two different thresholds for a marginal farm, corresponding
to cropped areas of 1.25 and 2.5 acres respectively. The kits program effects did

not vary across farm-sizes, consistent with evidence reported in earlier work that the
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intra-village allocation of kits was remarkably uniform across households with varying
landownership status. In contrast, Operation Barga was significantly less effective on
the smallest farms below 1.25 acres, though above that the effects did not vary with

size. This may owe to the fact that most tenant farms exceeded 1.25 acres in size.

These results indicate that the benefits of the kits program accrued uniformly
across farms of varying size. What about impacts on the poorest section in the village:
the landless who rely mainly on agricultural employment, and comprise almost half
the village population? Table 12 presents estimated effects on log wages paid to
hired workers and hours employed. Kits delivered increased the number of hours that
farms hired workers for, with an elasticity of 0.3 which is significant at 10%. This is
what one would expect from a rise in crop yields which would have resulted in larger
harvests, raising the most important source of demand for hired labor. There were

no corresponding effects on wage rates.

This evidence suggests that the kit program raised earnings of landless agricultural
workers, though one cannot derive this conclusion in the absence of evidence concern-
ing other sources of earnings of these workers (e.g., whether the increased agricultural
employment displaced non-agricultural employment). At the very least the results
imply the absence of any adverse impact on agricultural workers. Combined with
the evidence concerning distributional effects across different farm sizes in Table 11,
we infer that the kits delivery program did not raise inequality among farmers, nor
did it raise poverty within the village. However, implications for inequality between
farmers and workers is difficult to draw in the absence of evidence concerning non-
agricultural earnings. If there were no substitution effects between agricultural and
non-agricultural earnings, the program raised incomes of farmers at a slightly higher

rate than it raised earnings of agricultural workers.!®

Regarding the impacts of Operation Barga, Table 12 shows that the farms leasing

9This follows from the fact that the elasticity of farm incomes with respect to the kits program

was 0.45 as against 0.31 for earnings of agricultura workers.

32



in land paid lower wages on average, as they hired fewer hired workers, and applied
more family labor. Operation Barga widened the wage differential between tenant
and non-tenant farms significantly. As columns 2 and 3 show, this is accounted by an
almost one-for-one substitution of family labor for hired labor on tenant farms induced
by Operation Barga. Owner cultivated farms hired more workers (with an elasticity
of 0.24) and paid higher wages (an elasticity of 0.08), though these are imprecisely
estimated. Hence it is difficult to infer the effects of Operation Barga on earnings of
agricultural workers on owner-cultivated farms which comprise the majority of the
sample. But the effects on worker earnings was significantly negative among those

employed on tenant farms, owing to a significant reduction in the wage rates paid.

8 Conclusion

To summarize, we have found that minikits delivered by local governments in West
Bengal had a large impact on farm productivity, contributing 17%, 16% and 8%
respectively to productivity growth in each of the three periods studied (1982-85,
1986-90, 1991-95). Collectively this amounts to over 40% growth, out of a total ob-
served growth of 67%. The kits had no significant effect on cropping patterns or areas,
implying that they were effective principally by raising crop yields. These benefits
accrued uniformly across farms of varying size, and raised agricultural earnings of
hired workers by an extent slightly smaller than the effect on farm incomes. Some of
the other programs also contributed to rising productivity, such as tenancy registra-
tion, local government minor irrigation programs, and IRDP credit provision. But

the most significant contribution was made by the minikit program.

Our analysis is subject to a number of shortcomings. The coverage of the farm
data in each of the panels was incomplete, though the data concerning the village
programs was not subject to this problem. The coverage of the early years of Left-

Front rule was thin, owing to the absence of farm-level data prior to 1982, and the
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limited coverage of the first panel between 1982-85. Our inability to match the
farmers with direct recipients of the various extension programs prevented us from
separating direct effects from their diffusion. A structural model could have thrown
more light on the channels by which the reform effects spread through the village, via

learning, competition or induced private investments.

It is also important to reiterate that our results pertain to effects on productivity
within farms, rather than to possible effects on the composition of farms distinguished
by size or ownership status. Analysis of the latter channels is beyond the scope of this
paper, as it necessitates examining induced general equilibrium effects on leasing, or
entry and exit of farms via the land market or patterns of household division. We are

studying these in a subsequent paper (Bardhan, Luca, Mookherjee and Pino (2010)).
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